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Building a Pharmaceutical Manufacturing
Plant from Scratch (Oto 1): A
Comprehensive Guide

Establishing a pharmaceutical manufacturing plant from the ground up is a complex, multi-year
endeavor that requires meticulous planning, significant investment, and strict compliance with
global regulatory standards. This guide provides an authoritative, step-by-step roadmap for
pharmaceutical professionals on how to build a manufacturing facility from concept through
commissioning. It covers feasibility and business planning, product and market strategy,
regulatory requirements, site and design considerations, equipment and utilities, project
execution, quality systems, validation, technology transfer, regulatory approval, and operational
readiness. Real-world examples, best practices, and key checklists are included to illustrate
each stage.

1. Concept Development and Feasibility Study

Every successful project starts with a well-defined concept and a rigorous feasibility study.
Concept development involves defining the scope of the plant: the products to be made, the
scale of production, the target markets, and the core technologies involved. A feasibility study
then evaluates whether the project is viable from technical, financial, and regulatory
perspectives ethixelite.com corpseed.com. This stage should answer fundamental questions and
provide a go/no-go decision for the investment.

Key areas to evaluate in a feasibility study include:

¢ Market Analysis: Determine the demand for the intended pharmaceutical products, market size,
growth trends, and competitors. Understanding the therapeutic needs and competitive landscape
will guide product selection and scale ethixelite.com. For example, a feasibility study might reveal
high demand for generic sterile injectables in emerging markets but also identify strong competition
and stringent regulatory hurdles.

¢ Product and Technology Assessment: Assess the technical feasibility of manufacturing the chosen
drug forms. This involves evaluating required manufacturing processes (e.g., chemical synthesis for
APls, aseptic processing for injectables, high-shear granulation for tablets) and whether the
necessary expertise and technology can be acquired or developed. The study should consider
multiple process alternatives and choose the most feasible option downloads.unido.org.
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¢ Financial Projections: Estimate the capital investment (land, construction, equipment) and
operational costs (materials, labor, utilities), and project the revenues from product sales
ethixelite.com. The feasibility study should include detailed financial models (Net Present Value,
Return on Investment) and identify funding sources. It's critical to confirm that the project can
achieve profitability within a reasonable timeframe corpseed.com.

e SWOT and Risk Analysis: Analyze strengths, weaknesses, opportunities, and threats (SWOT).
Identify risks such as regulatory changes, intellectual property issues (patent landscape for chosen
products), supply chain reliability for raw materials, and project execution risks. Develop mitigation
strategies (e.g., contingency funds, secondary suppliers) as part of the plan.

e Regulatory Feasibility: Consider the regulatory pathway and requirements for the intended
products and markets. If the project involves innovative technology or a new region, factor in the
time and complexity of obtaining regulatory approvals. The feasibility study should ensure the
concept aligns with current Good Manufacturing Practices (cGMP) and other regulations from the
outset.

A comprehensive feasibility study will cover the project background, market demand and
production forecasts, raw material supply, proposed site, technology and equipment needs,
organizational and staffing needs, implementation timeline, and a financial/economic evaluation
downloads.unido.org downloads.unido.org. For instance, the United Nations Industrial
Development Organization (UNIDO) advocates that the investment decision for a new
pharmaceutical plant be based on a feasibility study that determines the most advantageous
technical and economic options downloads.unido.org. As a real-world example, UNIDO
conducted a detailed feasibility and conceptual design study for establishing a pharmaceutical
manufacturing facility in Botswana ungm.org - this highlights how early planning is critical,
especially when aiming to create capacity in new markets.

The outcome of concept development and feasibility analysis is typically a Business Plan and
project charter. This document concisely outlines the plant’s business model, the products to be
manufactured, the projected costs and revenues, the timeline, and key assumptions. It provides
the rationale for the project and is used to secure management and investor approval. In
summary, thorough concept and feasibility planning sets a strong foundation, ensuring
that subsequent steps are built on realistic goals and sound analysis corpseed.com.

2. Market and Product Selection

Choosing the right product mix and target market is a strategic decision that will drive all
aspects of the plant’s design and operations. Pharmaceutical manufacturing spans a range of
products and dosage forms, each with different requirements. The main categories include:

¢ Finished Dosage Form Manufacturing: Producing final drug products such as tablets, capsules,
ointments, liquids, or injectable dosage forms. This is often called formulation manufacturing and
requires formulating APIs with excipients into the final medicinal form ethixelite.com. Within this,
there is a further distinction:
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e Non-sterile products (e.g., oral solids like tablets and capsules, syrups, topicals) — generally simpler
to manufacture and lower cost to set up, but highly competitive markets.

e Sterile products (e.g., intravenous injectables, ophthalmic drops) - require aseptic processing or
terminal sterilization, involving much more stringent environmental controls and higher capital and
running costs.

e API (Active Pharmaceutical Ingredient) Manufacturing: Synthesizing or biologically producing the
raw active ingredients of medicines ethixelite.com. API production (often termed primary
manufacturing) involves chemical reactors or biotech fermenters, multi-step purification, and solvent
handling. It typically requires a different skill set and facility design than formulation (secondary)
manufacturing. If the plant will produce APIs, compliance with specialized GMP guidelines (such as
ICH Q7 for API GMP) is required to ensure the purity and quality of the bulk drug substances fda.gov.

¢ Biopharmaceutical/Biologics Production: Manufacturing biotech products (e.g., monoclonal
antibodies, vaccines, cell therapies). These facilities involve cell culture or fermentation suites,
sterile processing, and often unique infrastructure (like single-use systems, cold chains). They have
high technical complexity and must meet additional guidelines (e.g., viral safety, biosafety).

e Contract Manufacturing and Outsourcing: Some plants are designed from the start as contract
development and manufacturing organizations (CDMOs), producing products for third-party
clients under contract ethixelite.com. In this case, flexibility toaccommodate various product types
and client specifications is key, and regulatory compliance must be robust to handle audits from
multiple clients and authorities.

Selecting the product types involves bawnloads.unido.org/ot/48/39/4839038/10001-
15000_13243E.pdf#:~:text=of a pharmaceutical manufacturing plant,the investment has been
determined)._ For instance, the United Nations Industrial Development Organization (UNIDO)
advocates that the investment decision for a new pharmaceutical plant be based on a feasibility
study that determines the most advantageous technical and economic options
downloads.unido.org. As a real-world example, UNIDO conducted a detailed feasibility and
conceptual design study for establishing a pharmaceutical manufacturing facility in Botswana
ungm.org — this highlights how early planning is critical, especially when aiming to create
capacity in new markets.

The outcome of concept development and feasibility analysis is typically a Business Plan and
project charter. This document concisely outlines the plant’s business model, the products to be
manufactured, the projected costs and revenues, the timeline, and key assumptions. It provides
the rationale for the project and is used to secure management and investor approval. In
summary, thorough concept and feasibility planning sets a strong foundation, ensuring
that subsequent steps are built on realistic goals and sound analysis corpseed.com.

2. Market and Product Selection
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Choosing the right product mix and target market is a strategic decision that will drive all
aspects of the plant’s design and operations. Pharmaceutical manufacturing spans a range of
products and dosage forms, each with different requirements. The main categories include:

¢ Finished Dosage Form Manufacturing: Producing final drug products such as tablets, capsules,
ointments, liquids, or injectable dosage forms. This is often called formulation manufacturing and
requires formulating APIs with excipients into the final medicinal form ethixelite.com. Within this,
there is a further distinction:

e Non-sterile products (e.g., oral solids like tablets and capsules, syrups, topicals) — generally simpler
to manufacture and lower cost to set up, but highly competitive markets.

e Sterile products (e.g., intravenous injectables, ophthalmic drops) - require aseptic processing or
terminal sterilization, involving much more stringent environmental controls and higher capital and
running costs.

¢ API (Active Pharmaceutical Ingredient) Manufacturing: Synthesizing or biologically producing the
raw active ingredients of medicines ethixelite.com. API production (often termed primary
manufacturing) involves chemical reactors or biotech fermenters, multi-step purification, and solvent
handling. It typically requires a different skill set and facility design than formulation (secondary)
manufacturing. If the plant will produce APIs, compliance with specialized GMP guidelines (such as
ICH Q7 for API GMP) is required to ensure the purity and quality of the bulk drug substances fda.gov.

¢ Biopharmaceutical/Biologics Production: Manufacturing biotech products (e.g., monoclonal
antibodies, vaccines, cell therapies). These facilities involve cell culture or fermentation suites,
sterile processing, and often unique infrastructure (like single-use systems, cold chains). They have
high technical complexity and must meet additional guidelines (e.g., viral safety, biosafety).

e Contract Manufacturing and Outsourcing: Some plants are designed from the start as contract
development and manufacturing organizations (CDMOs), producing products for third-party
clients under contract ethixelite.com. In this case, flexibility to accommodate various product types
and client specifications is key, and regulatory compliance must be robust to handle audits from
multiple clients and authorities.

Selecting the product types involves balancing market opportunity with the company'’s
capabilities and risk tolerance. Key considerations include:

e Demand and Market Need: Focus on products that have strong or growing demand in the target
markets. For example, if chronic diseases are on the rise regionally, solid oral dosage generics (like
antidiabetics or antihypertensives) might be attractive. If there is a shortage or local need for sterile
injectables (such as oncology drugs or vaccines), a sterile manufacturing facility could fill a high-
value niche — but this comes with higher costs and risks. Market research and health policy trends
(e.g., essential medicines lists) inform these choices.
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e Regulatory Complexity: Different product categories have different regulatory hurdles. Sterile and
biological products face the strictest regulations (e.g., requirement to comply with aseptic
processing guidelines and perform sterility validation), while solid orals follow well-established
guidance. If the company is new to manufacturing, starting with non-sterile, simpler forms might be
prudent before attempting more complex products. This phased approach is often recommended by
development agencies in emerging markets downloads.unido.org.

¢ Facility Requirements and Segregation: The chosen products will dictate facility design. High-
potency or high-risk compounds may require dedicated facilities or containment. For instance,
penicillin antibiotics or certain cytotoxic/cancer drugs must be manufactured in segregated,
dedicated areas or separate buildings due to the risk of cross-contamination. Regulatory guidelines
explicitly state that depending on the risk, dedicated premises and equipment might be necessary
for certain product classes picscheme.org. If a plant plans to handle beta-lactam antibiotics (like
penicillins) and other drugs, it usually needs completely separate facilities to avoid any cross-
contamination issues. Similarly, hormone products or potent steroids often require specialized

containment and air handling.

¢ Technology and Expertise: Align product choices with technical know-how. If the team has strong
expertise in oral solid dosage technology but little experience in sterile processing, it might focus on
tablets and capsules initially. Conversely, a company with biotech R&D strength might build a
biologics facility despite the higher complexity. It is common to stage product introduction — for
example, start with simpler formulations and later expand into injectables once the team gains
experience and additional capital downloads.unido.org.

¢ Regulatory Pathway for Products: If targeting regulated markets (US, EU, etc.), consider whether
products will be new drug applications, generics (ANDA in US), or biosimilars, as this affects
development and approval timelines. For generic product selection, examining patent expirations and
identifying high-value generics can guide which molecules to produce (often done in feasibility). If
aiming for domestic markets, ensure products meet local health needs and registration requirements.
Engaging with regulators early (e.g., scientific advice meetings) can de-risk the product
development path.

Example: A new manufacturing venture might decide to produce a mix of essential generic
tablets (to serve local healthcare needs with lower profit margins) and a few higher-margin
specialty injectables for export. The essential drugs (e.g., antibiotics, analgesics) ensure
utilization of capacity and alignment with public health needs but may not be very profitable
individually. To improve economic feasibility, the company could incorporate other products with
better margins downloads.unido.org — for instance, producing oncology injectables for export,
which, while complex, can command high prices. This strategy needs careful analysis: the sterile
injectable capability will substantially increase project cost and complexity (requiring an aseptic
suite, isolators, etc.), but it could make the overall venture more economically viable if the
market demand and pricing justify it downloads.unido.org.

In summary, product selection is a critical early decision that influences every subsequent step
— from regulatory strategy and plant design to financing and staffing. It should be driven by
robust market data and a clear-eyed assessment of what the company can manufacture
successfully. Many new plants start with a limited product range and then expand: for example,
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begin with oral solids and later add an injectable line once the core plant is operational and
generating revenue downloads.unido.org. This phased approach can spread out capital costs
and allow accumulation of GMP experience.

3. Regulatory Landscape Overview by Region

Pharmaceutical manufacturing is one of the most heavily regulated industries worldwide. From
the very start of planning, it is imperative to understand the regulatory requirements in target
regions (both where the facility is located and where the products will be marketed) and
incorporate those into the project. Non-compliance can halt a project or lead to costly
redesigns. Below is an overview of major regulatory frameworks:

United States (FDA)

The U.S. Food and Drug Administration (FDA) oversees drug manufacturing through strict
regulations known as Current Good Manufacturing Practices (cGMP), codified in Title 21 of
the Code of Federal Regulations (CFR) Parts 210 and 211. Any facility supplying drug products to
the U.S. must comply with these cGMP requirements. Key points include:

¢ cGMP Facility Requirements: Regulations explicitly require that facilities be adequately designed,
constructed, and maintained to assure proper operations and product quality. For example, 21 CFR
§211.42 states that buildings used in manufacturing “shall be of suitable size, construction and
location to facilitate cleaning, maintenance, and proper operations”, and they “shall have
adequate space for the orderly placement of equipment and materials to prevent mixups ... and
to prevent contamination” law.cornell.edu. There must be defined areas for each operation
(ingredient storage, compounding, packaging, etc.) or other controls to prevent mix-ups and cross-
contamination law.cornell.edu. These regulations drive the basic design criteria for any plant
intending to serve the U.S. market.

¢ Quality System and Procedures: The FDA expects a robust Quality System. Written Standard
Operating Procedures (SOPs) are mandatory for all critical operations. As per 21 CFR §211.100,
“there shall be written procedures for production and process control designed to assure that
the drug products have the identity, strength, quality, and purity they purport to possess”, and
these procedures must be followed; any deviations must be recorded and justified law.cornell.edu.
Similarly, a Quality Control unit with authority to approve/reject all components, materials, and
products is required (21 CFR §211.22).
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¢ Facility Registration and Approval: Drug manufacturers must register their facility with the FDA and
list all manufactured drug products. For a new plant, this means once the facility is built and before
commercial distribution, an establishment registration is filed. However, more critically, if the plant is
manufacturing a new drug product, the FDA will evaluate the facility as part of the New Drug
Application (NDA) or Abbreviated New Drug Application (ANDA) review. The FDA commonly
conducts a Pre-Approval Inspection (PAI) to ensure the site is GMP-compliant and capable of
making the product per submitted data. “A pre-approval inspection (PAl) is performed to contribute
to FDA's assurance that a manufacturing establishment named in a drug application is capable of
manufacturing a drug, and that submitted data are accurate and complete.” fda.gov. In practice, the
FDA will send a team of investigators and subject matter experts to audit the new facility prior to
approving the product. They will scrutinize everything from equipment qualification and process

validation data to quality systems and laboratory controls.

¢ Ongoing Compliance: After approval, FDA can inspect facilities at any time (typically every 2-3
years for routine surveillance, or more frequently for cause). Maintaining compliance with evolving
FDA guidances is important. For instance, data integrity (21 CFR Part 11 for electronic records) and
supply chain security (track-and-trace requirements) are part of the regulatory landscape in the U.S.
A new facility's design should incorporate these (e.g., validated computerized systems for batch
records, and secure warehousing for serialization of drug packages if applicable).

e Applicable Guidelines: In addition to regulations, FDA publishes guidance documents that, while not
law, articulate current expectations. For example, Guidance for Industry: “Sterile Drug Products
Produced by Aseptic Processing — Current GMP" is a key guidance for plants making sterile
products, detailing design of cleanrooms, personnel practices, and environmental monitoring.
Similarly, FDA has adopted international guidelines such as ICH Q7 for APl manufacturing fda.gov
and ICH Q8-Q10 for quality systems and risk management, which new facilities should heed if
relevant to their operation.

Note: Engaging with the FDA early via meetings (e.g., for novel technologies or new drugs) can
clarify expectations. Many companies also hire consultants or former FDA experts during facility
design to ensure no regulatory requirements are overlooked.

European Union (EMA and National Agencies)

In the European Union, pharmaceutical manufacturing is governed by EU GMP guidelines, which
are fundamentally similar to U.S. regulations but have some differences in structure and
emphasis. EU GMP is published in the EudraLex — Volume 4, which contains “EU Guidelines to
Good Manufacturing Practice for Medicinal Products for Human and Veterinary Use.” These
guidelines are legally mandated by directives (e.g., Directive 2003/94/EC for human medicines)
and are enforced by each member state’s national competent authority (such as EMA in
cooperation with local inspectors, or agencies like Germany's BfArM, France's ANSM, etc.).
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e Manufacturing Authorization: Any pharmaceutical manufacturing site in an EU country must obtain
a Manufacturer's/Importer’s Authorisation (MIA) from the local authority. This involves a GMP
inspection of the facility. Likewise, if a new facility outside the EU wants to supply the EU market, it
must typically be inspected or have its GMP compliance confirmed (for example, through mutual
recognition agreements or by being in a country whose regulatory authority is recognized). Without a
manufacturing authorisation or valid GMP certificate, products cannot be marketed in the EU. From
the outset, the project should target compliance with EudraLex Volume 4 requirements to ensure it
can pass these inspections health.ec.europa.eu.

e EU GMP Guidelines: The EU GMPs cover similar territory to FDA's regulations: facility, equipment,
personnel, documentation, production, quality control, etc., with additional Annexes addressing
specific types of products or systems (e.g., Annex 1 for sterile manufacturing, Annex 2 for biologics,
Annex 15 for qualification and validation, etc.). An example of a general EU GMP principle: “Premises
and equipment must be located, designed, constructed, adapted and maintained to suit the
operations to be carried out. Their layout and design must aim to minimise the risk of errors and
permit effective cleaning and maintenance in order to avoid cross-contamination, buildup of dust or
dirt, and any adverse effect on product quality.” picscheme.org. This aligns with FDA requirements
but is phrased as proactive guidelines. During design, adhering to such principles (e.g., smooth
surfaces, logical workflow, segregation of areas) is essential.

¢ Qualified Person (QP): A unique aspect of EU regulation is the requirement for a Qualified Person.
Each batch of medicinal product must be certified by a QP before release for sale or export. A QP is
an experienced professional (with specific educational credentials and experience defined by law)
responsible for ensuring that each batch was made and tested in compliance with GMP and the
marketing authorization. Early in the project, the company must plan to either hire or contract a QP.
According to EU rules, "an Authorised Person (Qualified Person) must ensure that each batch of
medicinal products has been manufactured and checked in compliance with the laws in force
and in accordance with the requirements of the marketing authorisation.” picscheme.org. The
QP's presence (and independence) is a legal prerequisite, and they often get involved in setting up
quality systems during plant establishment.

¢ International Harmonization: The EU is part of the Pharmaceutical Inspection Co-operation
Scheme (PIC/S), which means EU GMP standards are aligned with those of many other major
regulatory agencies (Australia, Canada, Japan's PMDA as observer, etc.). Designing the facility to EU
GMP by extension often meets PIC/S member expectations. Additionally, EU (through EMA) is part of
ICH, so guidelines like Q7 (for APIs), Q9 (Quality Risk Management), Q10 (Pharmaceutical Quality
System) are adopted in the EU. A plant targeting both U.S. and EU markets can thus rely on a largely
harmonized approach to GMP, with adjustments for specific local requirements (for example,
incorporating the QP release step for EU, or ensuring data systems meet both FDA 21 CFR Part 11
and EU Annex 11 for electronic records, which are similar).

e EMA and Local Oversight: For new facilities, it's wise to engage with local EU inspectors or
consultants during the project. If the facility will be producing a new drug for EMA approval, the
EMA’'s Committee for Medicinal Products for Human Use (CHMP) will coordinate the review and an
EU PAI equivalent may occur (European inspectors verify GMP compliance before approval). Also,
environment, health, and safety regulations (like emissions, waste disposal, worker safety) in the EU
are strict and should be considered - though not GMP per se, they run in parallel (e.g., obtaining
environmental permits, which may differ by country).
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WHO and Other International Standards

Beyond the ICH regions (US, EU, Japan, etc.), many countries base their GMP requirements on
the WHO GMP guidelines or join PIC/S to harmonize with international standards. The World
Health Organization publishes GMP guidelines that cover general manufacturing practices and
specialized topics, which serve as a model for regulators in numerous countries (especially in
Africa, Asia, and Latin America). Even if one’s facility is national or regional in scope, aligning
with WHO GMP ensures a high level of quality compliance:

e WHO GMP: The WHO's main GMP text (updated in WHO Technical Report Series, e.g., No. 986 and
later) lays out principles very similar to PIC/S and EU. It emphasizes quality management, sanitation,
validation, and so forth. For example, WHO GMP requires that facilities have adequate space and
logical flow to prevent mix-ups and contamination, and defined areas for different operations
ispe.org — essentially the same core tenets as US/EU. Adhering to WHO-GMP is often a minimum
requirement for obtaining manufacturing licenses in many countries. As one guide states, “adhering
to WHO-GMP standards is critical. These guidelines ensure that pharmaceutical products are
consistently produced and controlled according to quality standards.” ethixelite.com

e WHO Prequalification: If the goal is to produce medicines for international procurement (e.g., for
UN agencies or global health programs), the facility and products may need WHO Prequalification.
This involves submitting a product dossier to WHO and undergoing a WHO audit of the
manufacturing site for GMP compliance. The WHO Prequalification Programme often references both
WHO guidelines and ICH standards. Building the plant to meet WHO expectations (which align with
PIC/S) is important if seeking this approval.

e Other Regions: Each country may have its own regulatory authority and nuances:
¢ |n Canada, Health Canada expects compliance with PIC/S GMP (Canada is a PIC/S member).

¢ In Japan, the PMDA has GMP requirements largely harmonized with ICH, but language and
documentation specifics can differ.

¢ In India, the national Schedule M GMP standards apply for domestic manufacturing, but many Indian
manufacturers choose to comply with WHO GMP or even US/EU GMP to facilitate exports.

e China's NMPA has its GMP regulations, which have been significantly modernized and also share
principles with WHO/ICH guidelines.

e Many emerging markets (Malaysia, Indonesia, South Africa, etc.) are PIC/S members and thus
recognize a plant built to PIC/S/EU standards.

Given this, a best practice for a new facility intended for international markets is to design for
the highest applicable standard among your target markets. It is common to declare compliance
with multiple standards (e.g., "Facility built to comply with US FDA, EU EMA, and WHO GMP
requirements”), but this must be backed by actual implementation and will be tested by
inspections. In practical terms, many requirements overlap. For instance, Good Documentation
Practices, equipment qualification, process validation, and change control are expected by all
regulators.
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Tip: Implement a global quality management system that can generate the specific
documentation each regulator needs (for example, the EU requires a Site Master File
summarizing the facility; the US FDA does not require an SMF but will expect the info via other
documents). Having a modular documentation approach can satisfy all. Additionally, consider
certifying to ISO 9001 (quality management) or ISO 14001 (environmental management) if
relevant — while not replacing GMP compliance, these can bolster the credibility of the
operation’s quality and environmental systems.

4. Site Selection and Environmental Considerations

Choosing the right location for the pharmaceutical plant is a crucial decision that affects
operational efficiency, regulatory compliance, cost, and even product quality. The site selection
process should incorporate a variety of factors:

¢ Geographical and Logistical Factors: The plant should ideally be located in an area with good
access to transportation networks (near highways, ports or airports for raw material import/export of
finished goods). Proximity to key suppliers can reduce lead times and freight costs corpseed.com.
For example, being near a cluster of API suppliers or packaging component manufacturers can
simplify the supply chain. Proximity to distribution channels or major markets is also advantageous
(e.g., a centrally located warehouse to dispatch products nationally). Consider the trade-off between
being in an industrial zone near cities (better infrastructure, easier to hire skilled staff) and more
remote areas (possibly lower land costs, fewer neighbors to be concerned about environmental
impact).

¢ Infrastructure and Utilities: Evaluate the availability and reliability of essential utilities at the site —
electricity, water, natural gas, telecommunications. Pharmaceutical plants are energy-intensive (for
HVAC, cleanroom ventilation, large equipment) and require uninterrupted power or backup
generators to maintain critical systems (e.g., freezers for biologics, or just to avoid batch losses
during production). Water supply is critical both for production (especially if making parenterals or
using water in formulations) and for utility systems (boilers, chillers). Many pharmaceutical plants
drill their own borewells or have large water treatment systems, but the incoming water quality
should be reasonably consistent. The site should support the construction of necessary utility
systems like large air handling units, WFI (Water for Injection) systems, wastewater treatment, etc.
corpseed.com. Availability of waste management facilities (for hazardous waste incineration or
solvent disposal) in the vicinity is a plus.

¢ Regulatory and Zoning Considerations: The site must be properly zoned for industrial or
pharmaceutical manufacturing use. In many countries, drug factories are encouraged to be in
designated industrial parks or special economic zones. Being in a recognized industrial zone can
simplify obtaining permits and ensures separation from residential areas (important for both
regulatory and community relations). Some regions offer tax incentives, grants, or faster clearances
if you locate in specific zones or regions targeted for pharmaceutical industry development.
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¢ Environmental Impact and Permits: Pharmaceutical manufacturing can have significant
environmental aspects: solvent emissions, effluents, biohazard waste (for biologics), etc. During site
selection, consider how to minimize and manage environmental impact. Many jurisdictions require an
Environmental Impact Assessment (EIA) before construction. This entails studying the potential
effects on local water sources, air quality, and ecology. Environmental permits will be needed for
waste water discharge and air emissions. For instance, in India, a No Objection Certificate from the
Pollution Control Board is required ethixelite.com, and similar permits are needed elsewhere (e.g.,
EPA permits in the US for emissions or waste). A good site is one where the risk of environmental
non-compliance is low — for example, not adjacent to protected wetlands or not in an area with
already high pollution where adding an industrial effluent could be problematic. Additionally, the site
should allow for proper effluent treatment plant (ETP) construction on-premises if needed.

¢ Climate and Natural Disaster Risks: Evaluate the local climate and geology. If in a hot and humid
climate, the HVAC design will be more robust (to maintain low humidity in certain production areas).
If in a cold climate, ensuring year-round water supply and preventing freezing is key. Natural
disasters: check seismic zone (earthquake-resistant construction may be needed), flood plains
(avoid flood-prone areas or build appropriate flood defenses), hurricane/cyclone frequency, etc. A
noteworthy example is how pharma plants in Puerto Rico must be built with strong hurricane
resilience (backup power, flood control) due to the known risks. Selecting a site with minimal natural
hazard risk can save a lot of headache and cost in designing mitigations.

¢ Local Workforce and Community: Accessibility to a skilled workforce is essential. A plant located
near cities or universities can draw on a larger pool of pharmacists, chemists, engineers, and trained
technicians. If the plant is in a remote area, the project might need to invest in significant training
programs or even housing/transport for staff. Additionally, consider the quality of life and amenities —
attracting top talent may be easier in areas with good schools, healthcare, etc. Community relations
matter too: engaging with local community early (especially if in a small town) to explain the project
and address concerns (like emissions, traffic) can foster goodwill.

¢ Space and Expansion: Ensure the selected plot has enough land area for the planned facility and
future expansion. A typical medium-scale pharma plant (for solid dosage forms) might require
10,000-30,000 square feet (approx. 1,000-3,000 m?) of built space ethixelite.com — which might
correspond to a land plot of 2-5 acres when including setbacks, green spaces, and potential future
buildings. If future expansion (additional production lines or warehousing) is anticipated, securing a
larger plot initially can be cost-effective. The site should accommodate necessary buildings:
production block, warehouse, quality control laboratory, utilities block (boiler/chiller), waste
treatment, security gate, etc., with proper layout.

¢ Site Conditions: A geotechnical survey should confirm the land can support the construction (soil
bearing capacity). If substantial leveling or grading is needed, that adds time and cost. Also, ensure
good drainage can be established — heavy rain should not flood the facility. The site should be
accessible by road for heavy equipment delivery during construction.

Environmental sustainability is an emerging consideration. Modern projects often aim for
greener design — for example, choosing a site where renewable energy (like solar panels on site)
could supplement power, or designing systems to minimize waste. While not a regulatory
requirement, demonstrating environmental stewardship can be beneficial for corporate image
and may ease regulatory scrutiny in environmental approvals.
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Regulatory Example: WHO GMP guidance notes that premises should be situated in an
environment that poses minimal risk of contamination to products picscheme.org. In practice,
this could mean avoiding locations downwind of heavy pollution (to reduce chances of air
contamination entering HVAC systems) or away from dusty roads or grain mills (to avoid spore
contamination for sterile products). It also implies implementing site security and access control
— ensuring that only authorized personnel enter production areas (e.g., by fencing the site and
having gate security).

Real-world example: Many pharmaceutical companies set up manufacturing in industrial
clusters like the Pharma City in Hyderabad, India or Jukun Industrial Area in Shanghai,
China because these locations provide integrated infrastructure (common effluent plants,
incinerators, easy utility hookups) and supportive government policies. Another example is how
vaccine manufacturers often choose sites near major research hospitals or biotech hubs (like in
Massachusetts or Basel) to tap into talent and synergies, despite higher costs — illustrating how
strategic site selection aligns with broader goals.

In summary, site selection is a multi-disciplinary decision. It involves input from business
(logistics costs, incentives), engineering (utilities and construction feasibility), environmental
science (impact and safety), and human resources (labor pool). Taking the time to perform due
diligence on sites — perhaps scoring options against each criterion — and obtaining necessary
pre-approvals (like initial nod from environmental authorities, zoning clearance) will de-risk later
stages of the project corpseed.com. Once the site is chosen, the project can move into detailed
site master planning and architectural design, knowing the location’s constraints and
advantages.

5. Plant Design and Layout (Complying with GMP)

The design and layout of the pharmaceutical facility are pivotal to ensuring efficient operations
and compliance with Good Manufacturing Practices. From the architectural blueprint to room
finishes, every aspect of design should facilitate product quality and compliance. Regulatory
guidelines provide clear principles for facility design:

e Optimize Layout to Prevent Errors and Contamination: A pharmaceutical plant’s layout must be
carefully planned to minimize the risk of mix-ups, contamination, and errors. Both FDA and PIC/S
GMP stress this. For instance, FDA cGMP requires adequate space and orderly flow: “The flow of
components, drug product containers, closures, labeling, in-process materials, and drug products
through the building... shall be designed to prevent contamination.” law.cornell.edu law.cornell.edu.
Likewise, PIC/S (EU) GMP states that the layout should permit “effective cleaning and
maintenance in order to avoid cross-contamination, build-up of dust or dirt, and any adverse
effect on the quality of products.” picscheme.org. In practical terms, this means separating areas
for different purposes and ensuring smooth movement of materials and personnel without
crisscrossing.
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¢ Defined Areas for Each Activity: There should be designated rooms or zones for all key functions:
raw material dispensing, component sampling, manufacturing, packaging, quality control labs,
quarantine storage, etc. For example, 21 CFR 211.42© explicitly lists areas that must be separate or
well-controlled (receipt and storage of raw materials, processing, packaging, quarantine, etc.) to
prevent mix-ups law.cornell.edu. In facility design, this translates to an layout where materials enter
in one area (warehouse receiving), get tested (QC sampling room), move to manufacturing suites,
then finished goods are sealed and move to a quarantine storage, and finally to a released finished
goods area — with walls or access controls separating each stage. Logical workflow is key: typically
a U-shaped or linear flow from incoming to outgoing.

¢ Personnel and Material Flow: Good design separates personnel traffic and material movement to
the extent possible. Hallways for raw materials, for example, should not be the same as corridors
used by operators to enter change rooms. Many facilities implement color-coded or physically
segregated corridors for “clean” vs "dirty” movement. GMP guidelines note that the flow of
personnel and materials should be designed to prevent contamination risks usp.org. This often
involves airlock systems at entries to production zones - e.g., a person will change into gowning in
stages (crossing from gray to clean areas through airlocks), and materials might be passed through
pass-through chambers. Unidirectional flow — where product moves forward in processing without
backtracking — helps prevent mix-ups.

¢ Airlocks and Pressure Cascades: For facilities with cleanliness requirements (especially sterile or
certain high-sensitivity products), the layout must include airlocks (for both personnel and
equipment/material entry). These are small buffer rooms that ensure dust or microbes are not carried
from one area to another. Cleanrooms are usually maintained at pressure differentials: e.g., in sterile
manufacturing, Grade B room around an aseptic filling Grade A zone is kept at positive pressure
relative to adjacent corridors, so air only flows outward, preventing ingress of contaminants who.int.
Conversely, if handling potent powders, certain areas might be under negative pressure to prevent
escape. The design must accommodate HVAC duct routes and space for these systems (often on a
mezzanine or technical ceiling).

e Segregation to Prevent Cross-Contamination: The layout should consider any incompatibilities
between products. If multiple product types will be made, high-level segregation is needed. For
example, beta-lactam antibiotics should be in a completely separate facility (or self-contained
module with separate HVAC) to avoid cross-contaminating other products — regulatory agencies will
inspect for this rigorously. Even for products made in the same facility, the design might use
dedicated rooms and equipment for certain product families if risk of cross-contamination exists.
Multi-product campaign manufacturing is common (different products in same line with cleaning
validation in between), but facility design must make such changeovers easy and effective (e.g.,
cleaning stations, no hard-to-clean surfaces). EU GMP is explicit: “Cross-contamination should be
prevented for all products by appropriate design and operation of manufacturing facilities.
Depending on the level of risk, it may be necessary to dedicate premises and equipment for certain
products.” picscheme.org.
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¢ Hygienic Design and Finishes: All construction and finish materials inside production areas should
be chosen for ease of cleaning and robustness. Walls are typically epoxy-coated or made of
sandwich panels with smooth, impervious surfaces; floors are seamless epoxy or similar coved up at
walls to eliminate corners where dirt can accumulate. Ceilings are sealed. Utilities (pipes, ducts) are
often hidden or flush to avoid dust collection. Coving, smooth transitions, and slope for drainage in
wet areas are employed. There should be no false ceilings or ledges in clean areas unless absolutely
necessary (and then cleaning access must be provided). Light fixtures should be flush-mounted and
sealed. Doors should be self-closing. These design details are guided by GMP requirements for
cleanability and sanitization pharmagmp.in.

e Spatial Considerations and Ergonomics: Adequate space must be provided not just for equipment,
but also for personnel to operate and maintain it safely, and for quality oversight. Overcrowding
equipment can lead to errors or difficulties in cleaning. GMP expects that operators can move
without obstruction and not accidentally intermingle materials. The facility should also have space
for temporary holding of in-process materials and clearly marked flows (for example, a staging area
for materials cleared by QC, etc.). Support areas like gowning rooms, wash areas for equipment
parts, and documentation offices for supervisors should be integrated into the layout conveniently.

¢ Utilities Layout: Utilities (discussed more in the next section) like purified water, compressed air,
steam, etc., often have a centralized generation but need to reach points-of-use in production. The
facility layout should include utility corridors or pipe chases. A common approach is a technical
corridor adjacent to production rooms, from which utilities can be accessed without entering the
clean room. This way maintenance can happen without contaminating production space. The plant
design should ensure these do not conflict with GMP zoning (for example, not passing a pipe
carrying unfiltered air through a sterile area, etc.). Also, consider placing noisy or vibration-causing
utilities away from sensitive production areas (e.g., large air handlers on the roof or separate utility
building).

e Warehousing and Material Handling: The layout of warehouses (for raw materials, packaging, and
finished goods) is part of GMP compliance. There should be separate areas for quarantined
materials (not yet released by QC) and released materials law.cornell.edu. These can be achieved
either by physical barriers, clearly demarcated zones, or by using separate rooms. Similarly, rejected
or expired materials need a segregated area under lock. Ensure warehouse design includes
temperature/humidity control if needed (certain actives might require <25°C storage, etc.), and
perhaps refrigeration for certain excipients or products. Adequate space for orderly storage (racks,
pallets) is needed so that different items don’t mix (and to allow FEFO - first-expiry-first-out
handling).

¢ Personnel Facilities: While not directly impacting product quality, the plant should include
appropriate personnel facilities designed per GMP: locker rooms, toilets, and cafeterias should be
separated from production areas (no direct opening into manufacturing rooms). GMP often requires
that toilets or lunchrooms are not in production zones to avoid contamination. The design should
route personnel from entry to gowning to work areas in a one-way fashion ideally. Also, consider
offices for support staff — placing them outside manufacturing rooms but perhaps with windows for
oversight into production (many facilities have “viewing corridors” so managers or QA can observe
without entering).
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e Security and Controlled Access: The facility layout should also incorporate security. There may be
a gate and security office at the site entrance, a perimeter fence, and internal locked doors for
critical areas (like controlled drug storage, or IT server rooms). Modern designs use access badge
systems to control who enters production or warehouses. Not only is this good practice, but for
certain regulated materials (controlled substances, high-value APIs) it's often required by law to have
extra security.

Example of Layout in Practice: Consider a solid dosage (tablet) manufacturing plant layout on
one floor: Raw materials enter the warehouse at one end (with a dock). Adjacent is a sampling
room where QC samples incoming raw materials in a controlled environment. There's a
quarantine storage area in the warehouse for materials awaiting QC clearance. Once released,
materials are taken to a dispensing room where they are weighed and dispensed for a batch.
Through an airlock, dispensed materials enter the granulation area (with equipment like mixers
and granulators). Then material moves to blending and compression rooms sequentially. Each
room is separate, with its own wash-up airlock where equipment parts can be taken out to a
washing area. After tablets are compressed, they might go to a coating room. Finally, tablets
move to a packaging area (often in a separate zone, possibly lower cleanliness requirement but
still controlled). Packaged product then goes to a finished goods quarantine storage.
Throughout this flow, personnel change into appropriate gowning in changing rooms that lead
into these production areas, and there are strict procedures to not take intermediate products
back into earlier areas. The entire production area is typically a “controlled area” with
restricted entry, HVAC maintaining a slight positive pressure relative to non-production
corridors to protect the product. Airlocks between each step prevent dust transfer. This kind of
linear or U-shaped flow is commonly seen in GMP facilities to satisfy the requirement of
segregation and smooth flow.

In facilities with multiple floors (sometimes used to take advantage of gravity, e.g., moving
powders down via chutes from milling to tableting), the principle remains: separate each stage,
and maintain control of who/what goes where. Multi-floor layouts often dedicate floors: e.g.,
second floor for raw material prep, first floor for final processing and packaging, with dust-
control and chutes connecting, but always ensuring no mix-ups.

Design Reviews and Compliance: It's advisable to conduct formal design qualification (DQ)
or design reviews with GMP in mind. Teams should review floorplans against regulatory
checklists (e.g., “Do we have adequate space for each operation? Are there any unmarked
areas? How is mix-up prevented at every interface?”). Often, quality assurance and experienced
validation or engineering consultants take part in these design reviews. Regulators expect
documentation of such reviews in some cases (EU’'s Annex 15 suggests verifying the design
against user requirements and GMP principles as part of DQ health.ec.europa.eu).

In modern practice, computer-aided simulations (like computational fluid dynamics to simulate
airflow patterns, or process flow simulations) might be used during design to fine-tune the
layout for GMP and efficiency. Additionally, utilizing ISPE Baseline Guides for facility design is
helpful. The ISPE Baseline Guide series provides industry best practices for layout and
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operation, emphasizing risk-based design, regulatory compliance, proper material and personnel
flows, and life-cycle considerations from construction to operation zamann-pharma.com. Using

these guides, designers can benchmark their layout against proven models for, say, an oral solid

dosage facility or a sterile products facility.

In summary, the plant layout and design should be done "with GMP goggles on” at all times. It is
far easier and cheaper to build compliance into the facility than to try to fix issues later. A well-
designed facility not only satisfies regulators but also operates more smoothly, with less
downtime for cleaning and lower risk of errors or contamination events. The layout is the
physical manifestation of your quality philosophy — a transparent, logical flow of people and
product that inherently supports making high-quality medicines.

6. Equipment Selection and Qualification (URS, DQ, I1Q, OQ,
PQ)

Pharmaceutical manufacturing relies on a variety of specialized equipment — from reactors and
mixers to filling machines and sterilizers. Selecting the right equipment and then qualifying it
(verifying it performs as intended) is a critical process that ensures the plant can consistently
produce quality product. This is often addressed through the framework of URS, DQ, 1Q, OQ, PQ:

¢ User Requirements Specification (URS): For any major piece of equipment or system, the process
starts with defining the requirements. A URS is a document that lists all the essential requirements
the equipment must meet — capacity, materials of construction, control features, regulatory and
safety requirements, etc. According to EU GMP Annex 15, “The specification for equipment, facilities,
utilities or systems should be defined in a URS... The essential elements of quality need to be built in
at this stage and any GMP risks mitigated to an acceptable level. The URS should be a point of
reference throughout the validation lifecycle.” health.ec.europa.eu. In practice, the project team
(engineers, process owners, QA) will create URS documents for each system (e.g., a tablet press
URS might specify output rate, adherence to 21 CFR Part 11 for electronic data, ability to be cleaned
easily, etc.; an HVAC URS might specify air change rates and ISO cleanliness class). A clear URS
helps in selecting the right vendor and ensures the purchased equipment will be fit for intended use.

¢ Vendor Selection and Procurement: With URS in hand, various equipment vendors are evaluated.
Criteria include technical capability to meet URS, compliance track record (have their machines been
used in GMP environments? Do they follow good engineering practices?), cost, maintenance support,
and delivery time. Often, an FAT (Factory Acceptance Test) is negotiated — meaning the vendor will
test the equipment at their site in presence of the buyer’s engineers to verify key functions before
shipment health.ec.europa.eu. For complex or custom equipment, a functional specification and
design documents from the vendor are reviewed.
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¢ Design Qualification (DQ): Once a specific design or model is chosen (either off-the-shelf or
custom-engineered), a formal DQ can be performed. DQ is the documented verification that the
proposed design meets the requirements of the URS and complies with GMP. “The next element in
qualification is DQ where the compliance of the design with GMP should be demonstrated and
documented. The requirements of the URS should be verified during the design qualification.”
health.ec.europa.eu. In practice, DQ might involve reviewing the vendor’s design drawings, P&IDs
(piping and instrumentation diagrams), materials certificates, and making sure, for example, that all
product contact surfaces are stainless steel 316L or better, all gaskets are food/pharma grade, the
control system has audit trails, etc., as specified. Any gaps are addressed before
building/installation.

¢ Installation Qualification (1Q): IQ is performed once the equipment is delivered and installed at the
plant. It verifies that the equipment is installed correctly according to specifications and drawings,
and that the environment around it is suitable. Annex 15 describes I1Q as including: verification of the
correct installation of components and instruments against engineering drawings and specs,
verification of proper utilities connections, collection of manuals and maintenance requirements,
calibration of instruments, and verifying materials of construction health.ec.europa.eu. Essentially, IQ
is a checklist: Is the machine in the right location? Bolted down if needed? All parts received? Utility
hookup (electric, water, compressed air) as per spec? Instruments like pressure gauges calibrated?
For example, IQ for a fluid bed dryer would confirm the model and serial number, check that the
filters and bowl installed are correct, electrical connections match requirements, and all safety
interlocks are present.

¢ Operational Qualification (0Q): After installation, OQ tests whether the equipment operates as
intended throughout its intended operating ranges. According to GMP, “OQ should include tests that
have been developed from knowledge of processes, systems and equipment to ensure the system is
operating as designed; and tests to confirm upper and lower operating limits (worst-case
conditions).” health.ec.europa.eu. In practice, OQ is a series of functional tests. For example, for a
vial filling machine OQ might involve running the machine at slow, medium, and maximum speeds
with a placebo solution to ensure fill volume accuracy is maintained at each speed, checking the
stoppering and capping functions under various settings, challenge alarms and interlocks (open a
door to see if machine stops, etc.). OQ should also verify critical process parameters can be
controlled and are repeatable. Annex 15 also notes that completion of a successful OQ should allow
finalization of SOPs and operator training health.ec.europa.eu - i.e., by the end of OQ you've
established how to run and maintain the equipment.
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¢ Performance Qualification (PQ): PQ is the final qualification step where the equipment (or entire
process) is tested under load with actual product or simulated product to ensure it consistently
performs in an integrated process. PQ often overlaps with Process Validation (especially for
manufacturing process equipment). Annex 15 notes “PQ should include tests using production
materials, qualified substitutes or simulated product... under normal operating conditions with worst-
case batch sizes. Tests should cover the operating range of the intended process.”
health.ec.europa.eu. For example, PQ for an autoclave (sterilizer) would involve loading it with items
in patterns representing the largest and smallest loads and running sterilization cycles with biological
indicators to ensure even the hardest-to-sterilize locations achieve sterility. For a tablet compression
machine, PQ might involve making several full-scale batches with actual formulation and showing
that tablet weight, hardness, content uniformity, etc., consistently meet specifications across all
batches - proving the machine can perform with the actual product over time. PQ effectively
demonstrates that when the equipment is used in the real process, it produces output of the
intended quality repeatedly.

Commissioning vs Qualification: It's worth noting that many firms perform Commissioning of
equipment (basic functional checks, safety checks, ensuring it runs without load) prior to formal
IQ/OQ. Some non-GMP tests may be done in commissioning. Modern approaches (aligned with
ASTM E2500 and risk-based validation) often merge commissioning and qualification tasks to
avoid duplication, focusing on GMP-critical functions in IQ/OQ. Also, leveraging vendor testing is
encouraged: if a test was done thoroughly at FAT and the functionality isn't affected by
shipping/installation, you might not repeat it on-site health.ec.europa.eu (with justification). This
can save time.

Documentation: Each step 1Q, OQ, PQ must be pre-approved via protocols and results
documented in reports. Any deviations are investigated. At project end, a Qualification
Summary Report often ties together the whole equipment validation package.

e Calibration and Maintenance: In parallel with qualification, systems for ongoing calibration
(for instruments like pressure gauges, temperature probes, balances, etc.) and preventive
maintenance are established. By the end of OQ, SOPs for operation, cleaning, and
maintenance of the equipment should be ready health.ec.europa.eu and operators should be
trained on them.

Equipment Selection Considerations: While qualification ensures the equipment works as
intended, selecting the right equipment in the first place is equally critical. Considerations
include:

e Throughput and Capacity: Equipment throughput should align with production forecasts. It can be
inefficient to run a huge blender at 10% capacity, or conversely to have a tiny sterilizer that becomes
a bottleneck. The URS should reflect current and near-future capacity needs, possibly planning for
some growth.
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e GMP Compliance Features: Prefer equipment models that are “designed for GMP" — e.g., sanitary
design with minimal crevices, easy to clean surfaces, FDA-compliant materials for product contact,
and documentation packages (material certificates, software validation documentation) readily
available. For instance, a GMP mixer might have a drain port for cleaning solutions, whereas a

general industrial mixer may not.

e Automation and Data Integrity: Modern pharma equipment is often PLC or computer-controlled.
Systems that generate electronic data (like printouts of temperature curves, or electronic batch
records) should comply with data integrity requirements (audit trails, user access controls). This is
part of URS now because of regulatory focus on data integrity. Ensuring the vendor’s control system
can meet 21 CFR Part 11 | EU Annex 11 requirements avoids a lot of custom rework later.

e Utilities and Footprint: Check compatibility with site utilities — e.g., does a lyophilizer need 300 kW of
power and -80°C glycol, and can your site provide that? These practical aspects must match the
site's capabilities or else upgrades will be needed.

e Vendor Support and Spares: Evaluate if the vendor or their local agent can provide timely service,
spare parts, and training. Especially for complex equipment (like an injectable filling line or high-
performance liquid chromatography system in QC lab), local support is invaluable. Regulatory
agencies expect that equipment remains in validated state — so quick repairs and calibrations matter.

e Safety and Compliance: Equipment should meet safety standards (electrical certifications, pressure
vessel codes, etc.). EHS requirements like proper ventilation for solvent-using equipment (fume
hoods or exhaust needed?) should be integrated.

e Examples: If building a sterile injectables plant, key equipment includes: water for injection
generation stills, sterilizing-grade filters, autoclaves, depyrogenation ovens, aseptic filling machines
(possibly with isolator technology), lyophilizers for freeze-drying if making certain injectables, etc.
Selecting an isolator filling line versus a traditional cleanroom filling line is a strategic decision -
isolators offer better containment and sterility assurance (and are recommended by modern Annex 1
guidelines), but come with higher cost and complexity. Such decisions should be made early, as they
significantly influence facility design and validation scope.

Real-world perspective: Many firms use a matrix of URS vs vendor specs to score how
different vendor options meet requirements. For example, when choosing a tablet press, three
vendors might be compared on 50 URS points (output, automated weight control, cleaning time,
etc.) and cost. The one that best fits the requirements (not just the cheapest) is chosen because
any shortfall in equipment capability can become a compliance risk or efficiency problem later.

Qualification Example: Suppose we are installing a new automatic capsule filling machine:

e URS: We specify it should fill 50,000 capsules/hour, support capsule sizes #0 to #4, have 21 CFR
Part 11 compliant recipe control and data logging, be made of SS316 for all contact parts, and have
an in-process weight checker with rejection for out-of-tolerance capsules.
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e DQ: We review the vendor’s design — the machine model X can do up to 60,000/hour (good), covers
capsule sizes #0-#4 (check), uses a known control software with audit trail (vendor provides
documentation), contact parts SS316 (certificate provided), includes a checkweigher (yes). The
design meets URS except perhaps one point (maybe it doesn’t automatically sort rejected capsules
out to a separate bin — we address this by procedural control or a slight custom modification). We
document that the design is acceptable and note any approved deviations from URS.

¢ /Q: Machine arrives, we check it against P&ID and layout drawing — all parts present, utilities
(electrical, compressed air, vacuum) hooked up properly, sensors like the weight sensor calibrated,
lubrication points identified and initial lubrication done, etc. All installation steps signed off.

¢ OQ: We run the machine empty and then with placebo powder, testing different speeds. We
intentionally cause minor faults (remove a capsule from the feeding line) to see if it detects and
rejects correctly. We confirm that at low and high speed, weight variation stays within spec (using
dummy fills). We test the integrity of the audit trail by attempting an unauthorized log-in (should be
prevented). We also confirm alarms (e.g., if a hopper is opened, machine stops). Everything is
documented. We might find an issue, e.g., at maximum speed the weight variation was slightly high —
we adjust settings or consult vendor and repeat that test.

e PQ: We then run actual capsules with real formulation (or a very close surrogate if APl is expensive,
but ideally real product). We produce, say, three consecutive validation batches at nominal speed.
During these, we carefully measure capsule weights, content, and other quality attributes throughout
the run. We show consistency and that quality specs are met. We also monitor downtime or jams —
PQ should show the process is stable in actual use. After successful PQ, we conclude the machine is
qualified and process validation for encapsulation is completed.

By following this rigorous approach, we ensure the equipment will reliably produce medicines of
the intended quality. Furthermore, all this qualification documentation will be crucial during
regulatory inspections to demonstrate that the equipment and processes are in control and
validated en.wikipedia.org.

7. Utility Systems (HVAC, Water, Clean Steam,
Compressed Air, etc.)

Pharmaceutical facilities require a suite of critical utility systems to support manufacturing and
maintain GMP conditions. These utilities often have direct or indirect product impact, so they
must be designed, installed, and qualified to high standards. The major utility systems include:
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e HVAC (Heating, Ventilation, and Air Conditioning): The HVAC system in a pharmaceutical plant
not only provides comfortable working conditions, but more importantly controls the air quality in
manufacturing areas. HVAC design determines temperature, humidity, particle counts, airflow
patterns, and pressure differentials. For non-sterile production, the focus is on preventing cross-
contamination (e.g., using pressure cascades to keep dust from spreading between rooms) and
maintaining reasonable comfort/humidity for processing (some processes require low humidity to
prevent API degradation or tablet sticking). For aseptic/sterile production, HVAC is absolutely
critical: cleanrooms are classified (e.g., ISO Class 5 / EU Grade A for critical zones) and require high
air change rates with HEPA-filtered air who.int. Typically, sterile suites have unidirectional (laminar)
airflow in critical areas and maintain positive pressure relative to less clean adjacent areas to push
contaminants out. Conversely, if dealing with toxic or potent compounds, HVAC might maintain
negative pressure in those rooms to contain any leaks (with HEPA filters on exhaust to protect
environment). The design must also control temperature and humidity within ranges that equipment
and products require. GMP guidelines state that “lighting, temperature, humidity and ventilation
should be appropriate such that they do not adversely affect either the medicinal products during
manufacture and storage, or the accurate functioning of equipment” picscheme.org. This means, for
example, you need sufficient cooling to offset heat from equipment so that a coating process stays
within the validated temperature range; or humidity control so that hygroscopic powders aren’t
exposed to moisture that could affect quality. Airlocks and pressure differential monitoring are key
parts of the HVAC system. The HVAC also typically includes dust extraction in solid dosage facilities
(to collect and filter dust at source, protecting both product and workers). HVAC systems in pharma
are usually segmented by area classes — you might have separate AHUs (air handling units) for each
manufacturing zone to avoid cross-contamination via air. These systems require qualification
(HVAC PQ) - measuring air change rates, particle counts (for clean areas), airflow visualization
studies (smoke studies) to ensure no stagnant areas or unintended airflow patterns, and pressure
cascade testing. Once qualified, they must be continuously monitored (especially in sterile areas,
where particles and microbiological levels are monitored regularly). A robust HVAC system is often
the largest energy consumer in a plant, and its design significantly impacts operating cost and

compliance.

¢ Water Systems: Water is often called the "lifeblood” of a pharmaceutical plant. Different grades of
water are used for different purposes:

e Purified Water (PW): Used for formulating non-sterile products, cleaning equipment, and
sometimes as feed water for further purification. Purified water must meet pharmacopoeial
specifications for Purified Water (conductivity, microbial count, organic carbon, etc.).

e Water for Injection (WFI): This is a higher grade - essentially sterile, pyrogen-free water — used for
formulating injectable solutions, washing equipment that contacts sterile product, preparing certain
test solutions, etc. Traditionally WFI was produced by distillation (multi-effect stills or vapor
compression) to ensure removal of endotoxins. Newer regulations (like EU since 2017) allow
alternative methods (ultrafiltration + reverse osmosis) with proper controls.

e Pure Steam (Clean Steam): Often generated from WFI or similarly purified feed, used for equipment
sterilization (SIP — steam-in-place of tanks, autoclaves use clean steam) and sometimes for
humidification in HVAC for sterile areas. Clean steam must not introduce contaminants (e.g., no
boiler additives, hence generated in stainless steel generators).
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The design of water systems is governed by GMP guidelines like WHO and FDA water guides.
Key design features include: loop distribution systems — water is typically generated and then
circulated continuously in a loop throughout the facility to points of use, to avoid stagnation
(since stagnant water can breed microbes). The loops are often maintained at hot temperature
(e.g., 80°C for hot PW or WFI loops) or periodically sanitized (either by heat or chemical means)
to control biofilm growth. The materials of construction are sanitary (316L stainless steel tubing
with orbital welds, or PVDF in some cases), with smooth internal surfaces and zero dead-legs
on valves (meaning tees and valves are designed so water flows through without leaving
pockets) who.int. Slope in the pipework (about 1:100) is maintained for drainage who.int. Storage
tanks for water have vent filters (hydrophobic 0.2 micron filters to block contaminants) who.int
and are often kept continuously circulating.

Water system qualification is extensive: 1Q verifies all piping, welds, slopes, instrumentation
(conductivity meters, temperature sensors) are installed as per design. OQ might involve testing
the sanitization cycles, alarm functions, etc. PQ entails intensive sampling of water at various
points over an extended period (e.g., 2-4 weeks) to demonstrate that quality specifications are
consistently met under normal operations, including after worst-case idle times or after
sanitization. This includes chemical tests (conductivity, TOC) and microbial tests (bioburden,
endotoxin for WFI). Guidelines such as WHO TRS 1025 Annex 3 (2020) provide detailed best
practices for water system design, operation, and validation gmp-compliance.org. A properly
designed water system ensures that any water that contacts the product (or surface that
contacts product) does not introduce impurities or contamination.

e Clean Steam: As mentioned, clean steam is used for sterilization processes. It's basically WFI in
vapor form. The clean steam generator will feed steam lines that go to use points like autoclaves or
SIP connections on tanks. The distribution of clean steam must avoid corrosion (hence stainless
steel lines) and condensate should be captured via steam traps. The condensate of clean steam,
when cooled, should meet WFI quality (this is often tested as part of qualification). Clean steam
systems are qualified by testing steam temperature, pressure, and condensate quality and ensuring
capacity (e.g., can it maintain sterilization temperature for the largest equipment being steamed).
After installation, things like steam quality tests (dryness fraction, non-condensable gases,

superheat) are done especially for autoclaves to ensure effective sterilization.

e Compressed Air and Gases: Many plants use compressed air, nitrogen, or other gases in
production. Compressed air can be used for operating pneumatic valves, as process air that contacts
product (e.g., air blow in a fluid bed dryer), or instrument air for lab instruments. When compressed
air or gas contacts the product or equipment surfaces, it is considered a critical utility and must be
of appropriate quality. Essentially, “gases and air coming into contact with a pharmaceutical
product must be of an appropriate chemical, particulate, and microbial quality.”
americanpharmaceuticalreview.com. This means:

e Qil-free compressors or adequate oil removal systems (to avoid oil vapors in the air).

e Filtration of particles (usually a series of filters down to 0.2 micron if the air contacts sterile product).
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e Dryers to ensure low dew point (dry air prevents microbial growth and won't add moisture to product
inadvertently).

e [f used in sterile operations, often the air is sterile filtered.

e Regular monitoring of compressed air quality (particulates, moisture, oil aerosol, sometimes
microbial if high risk).

Similarly, nitrogen gas is often used to purge tanks or maintain inert atmospheres (to prevent
oxidation of products). Nitrogen used in direct contact should be of high purity and similarly
filtered. These gas systems should be qualified: test for pressure, flow, and purity at points of
use. ISO 8573-1is a common standard used to classify compressed air quality levels (for
particles, water, oil) gmp-compliance.org; pharma companies typically define classes that meet
their needs (for instance, "Instrument Air" for non-product contact can be a lower purity than
"Process Air" that directly contacts product).

e Vacuum Systems: Some processes need vacuum (e.g., vacuum drying, or to convey powders).
Central vacuum systems might be installed. These need oil-free vacuum pumps or sufficient traps if
vacuum contacts product, to prevent backstreaming of oil. Filters on the vacuum lines avoid
contamination of the pump and environment. Qualification ensures the vacuum level achievable
meets process requirements.

e Electrical and Control Systems: Not often highlighted as “utility” in GMP, but the plant’s electrical
supply (including backup generators or UPS for critical systems like freezers, incubators, IT servers,
fire alarm, etc.) is vital. While one doesn't qualify an electrical panel in the same way, it should be
robust (voltage stabilizers if needed to protect sensitive equipment, etc.) and comply with safety
codes. Computerized building management or environmental monitoring systems that watch over
utilities (like EMS that logs temperature/humidity in warehouses or cleanrooms) should be validated.

e Waste Handling: Utility systems also cover effluent treatment (ETP or WWTP — wastewater
treatment plant) if the plant generates chemical or bio waste. A GMP facility must not only produce
quality drugs but also manage its waste safely. Depending on the materials, the plant may need a
solvent recovery unit or a hazardous waste storage area. These are typically designed per
environmental regulations. While not “qualified” in the GMP sense, their proper function is often
inspected by environmental authorities and sometimes by GMP inspectors (e.g., to see that
biohazard waste from a vaccine facility is decontaminated).

¢ Fire Safety and HVAC Redundancy: Pharmaceutical facilities often include robust fire detection
(linked to HVAC in case of smoke detection) and sometimes explosion venting (if handling solvent
vapors). While these are safety systems rather than quality systems, they should be accounted for in
design (for example, solvent handling areas might need classified electrical equipment to avoid
ignition sources).

Utility Qualification and Monitoring: Just as with equipment, utility systems undergo
IQ/OQ/PQ:
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e For HVAC PQ, one might do air visualization (smoke studies) to confirm airflow direction (especially
in sterile areas — this is often videotaped for records), measure room recoveries (how quickly particle
counts return to spec after disturbance), and perform extensive environmental measurements
(temperature mapping, humidity control tests, HEPA filter integrity tests, etc.). Once in operation,
HVAC performance is continuously monitored by checking differential pressure gauges, periodic
requalification of cleanroom classification (e.g., twice a year particle counts in cleanrooms), and
environmental monitoring (microbiological sampling of air and surfaces in critical areas).

e For Water systems, after initial PQ where sampling might be daily at many points, routine monitoring
is done at a reduced frequency at representative points for chemical and microbial quality. Alert and
action levels are set so that if the water quality begins to trend worse (but still in spec), maintenance
or sanitization is triggered before it goes out of spec.

e Alarm systems for utilities are often installed (e.g., alarm if purified water conductivity goes high, or
if cleanroom pressure drops). These alarms should be tested during qualification (challenge tests).

e Redundancy: Critical utilities often have redundancy - e.g., duplex pumps (if one fails, the other
takes over), backup generator for WFI system, multiple compressors in parallel, or at least
contingency plans (like an emergency liquid nitrogen hookup if the nitrogen generator fails).
Qualification should verify the switching or backup mechanism works (e.g., simulate failure of one
pump and see the other kick in).

Example of Utility Integration: In a typical oral solid plant: you have large AHUs providing
temperature/humidity-controlled air with dust filtration for production areas, maintaining slight
positive pressure to corridors (except maybe the granulation area dealing with potent API might
be under negative to corridor with dedicated dust extraction to protect workers). Purified water
is generated via reverse osmosis and circulated to be used in making tablet granulation solution
and cleaning equipment; compressed air provides pneumatic power to the tablet press and also
blows out any product residues from machines during cleaning (so it's filtered). Nitrogen might
not be needed for tablets, but in an injectable plant, nitrogen could blanket product tanks. All
these must operate reliably: a failure in HVAC can force production to halt if conditions go out of
spec; a problem with water quality can contaminate a whole batch. Thus, a lot of engineering
effort goes into these support systems.

In summary, utility systems are the backbone of the facility. They ensure the environment and
inputs to manufacturing meet strict quality requirements. Guidelines like the ISPE Baseline
Guides for Water & Steam and HVAC, and WHO guidelines gmp-compliance.org, should be
followed to implement best practices in design and operation. Properly functioning utilities often
go unnoticed by operators — which is how it should be — but any deficiency can have immediate
impact on product quality (like a sudden loss of HEPA filtration or water microbial excursion).
Therefore, ongoing maintenance and validation of utilities is as important as that of process
equipment. Many regulatory inspections pay close attention to water system logs, HVAC
monitoring records, and calibration of utility instruments because these systems underpin
consistent GMP compliance.
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8. Construction and Project Management

Building a pharmaceutical plant from scratch is a large capital project that requires effective
project management to stay on schedule, within budget, and to meet quality specifications. The
construction phase translates the designs and plans into a physical facility, and it must be
executed with an understanding of GMP needs (even though production hasn’t started yet). Key
aspects include:

¢ Project Planning and Scheduling: A detailed project plan is essential. This includes timelines (often
developed using tools like Gantt charts or more advanced project management software) that cover
all stages: design finalization, site preparation, construction, equipment procurement and
installation, utilities commissioning, qualification, regulatory submission, etc. Pharmaceutical
projects are frequently schedule-driven, especially if tied to a product launch or a market need
source.aacei.org. Missing a timeline could mean delayed product availability and financial loss. The
plan should integrate regulatory milestones (e.g., when validation data must be ready to file with
authorities) with construction milestones source.aacei.org. Commonly, projects use a phased
approach: Conceptual Design - Basic Design - Detailed Design - Construction > Commissioning &
Qualification. Each phase might be gated by management reviews.

¢ Project Team and Governance: A multi-disciplinary team is needed: project manager, construction
manager, process engineers, architects, validation lead, QA representative, EHS (environment,
health, safety) officer, and procurement specialist, among others. Clear roles and responsibilities
help avoid gaps. Often a steering committee of senior stakeholders monitors progress and resolves
major issues (like scope changes or extra funding needs).

¢ General Contractor vs. EPC Approach: One decision is whether to hire a general construction
contractor and manage them closely or to engage an EPC (Engineering, Procurement,
Construction) firm that handles most aspects turnkey. EPC firms experienced in pharma can
accelerate timelines by overlapping design and construction activities (fast-tracking) and ensuring
GMP considerations are built-in. On the other hand, a more hands-on approach by the company
(managing multiple contractors for civil, HVAC, electrical, etc.) can allow more control and potentially
cost savings, but requires strong internal project management capability.

e Construction in Compliance Context: During construction, even though GMP is not "active” yet,
decisions and workmanship will directly impact GMP compliance later. For instance, wall and floor
finishes must be applied carefully to achieve smooth, crevice-free surfaces; ducts and pipes must be
installed per design to maintain required slopes and cleanability. If a construction error occurs (like a
drain installed with an upward slope), it can be very expensive to correct after walls are closed. Thus,
having QA or validation engineers do walkthrough inspections at various stages of construction is
prudent — they can spot issues that might violate GMP design principles and get them fixed early.
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e Managing Trades and Contractors: A pharma construction site will involve many trades: concrete,
steelwork, mechanical (HVAC piping, plumbing), electrical, automation, special systems (like BMS -
building management system, or EMS - environmental monitoring), etc. Coordination is crucial to
prevent delays. Often, the facility build is done in stages (e.g., complete the building shell and
utilities rough-in, then interior finishes and equipment rigging). Cleanrooms might be among the last
constructed to avoid dust contamination during building (requiring a very clean installation
environment). Strict change control should be enforced: if any change in design is needed during
construction (and changes do happen), assess for impact on schedule, cost, and compliance. For
example, deciding to add an extra door in a cleanroom later could affect air balancing — so it must be
properly evaluated and documented.

e Quality Control in Construction: Use of Good Engineering Practices (GEP) and standards is
expected. Material certificates (for steel grades, etc.), welding qualifications (for orbital welds in
pipes), pressure testing of utilities, and so on should be documented. Construction quality control
ensures the plant can be qualified successfully. It's common to have daily or weekly meetings
reviewing progress, safety, and quality issues. Also, implementing safety management
(construction sites have hazards — ensure OSHA or local safety regulations are followed) is important
for protecting workers and avoiding accidents that can also cause delays.

¢ Timeline and Duration: Constructing and validating a pharmaceutical plant is not a quick endeavor.
Industry benchmarks suggest a greenfield facility (new site, building, all new systems) can take on
the order of 3-5 years from project inception to start of production bioprocessonline.com. For
example, year 1 might be design and permitting, year 2-3 construction and equipment installation,
year 4 qualification and regulatory approval, and production ramp-up by year 5. Of course, timeline
varies by project scope and aggressiveness. There are strategies to speed it up: fast-tracking
(overlap design and build phases), modular construction (fabricating complete facility modules off-
site and installing them), etc. Modular construction in particular has shown potential to cut schedule
by 20-50% for certain facility types bioprocessonline.com. For instance, modular cleanroom pods
can be built off-site while the building shell is constructed, then craned in and connected - saving
time. However, planning modular requires a design philosophy from the start bioprocessonline.com.

e Budget and Cost Management: Pharmaceutical plants are capital-intensive. The project manager
must also keep track of expenditures, manage contingencies, and avoid cost overruns. Changes,
delays, or regulatory-driven modifications can inflate costs. Proper procurement (negotiating fixed-
price contracts where possible, locking in equipment costs early) and monitoring is needed. Many
projects set aside a contingency budget (e.g., 10-15%) for unforeseen issues, which is particularly
important given the high quality standards (sometimes expensive rework or additional systems are
needed when a risk is identified late).

e Communication and Documentation: Throughout construction, maintaining thorough
documentation is crucial. Turnover packages (documents that construction contractors hand over to
the owner) will include as-built drawings, certificates, test results (like weld inspections, hydrostatic
tests for pipes, etc.). These form part of the GMP archive for the facility. Also, keeping regulatory
bodies informed if needed (for instance, if local FDA or EMA inspectors want to visit during
construction or if the project is part of a government incentive program requiring progress reports).
Internally, transparent communication up and down the chain helps - e.g., letting the validation team
know when a system will be ready for them to start IQ, or conversely, validation might need to train
contractors in GMP awareness when they work on final connections in cleanrooms.
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¢ Risk Management: Identify and mitigate risks systematically. For example, one risk is delay in
equipment delivery (maybe a custom isolator takes longer to build). Mitigation could be to have
strong vendor management, maybe a penalty clause for late delivery, and tracking progress. Another
risk: if initial construction quality is poor (e.g., micro-cracks in cleanroom panels), schedule could
slip to redo it. To mitigate, use reputable suppliers and do factory acceptance of critical components
(e.g., test cleanroom panel quality at supplier). Regulatory risk is also considered - being aware of
any upcoming changes in GMP regulations and building flexibility for them. E.g., the EU updated its
Annex 1 for sterile in 2022; a project designing a sterile facility around that time needed to adapt to
new requirements (like much stronger emphasis on contamination control strategy, which might
mean adding more automation or monitoring points).

e Example: A pharmaceutical company building a new injectable plant in 2025 might break the project
into work packages: civil construction (foundations, structure, roof), cleanroom installation, HVAC
installation, utility plant installation, process equipment installation, then qualification. Each has a
team lead. Weekly coordination meetings resolve interface issues (for example, HVAC ducts need to
be installed before ceiling panels go in; electrical cabling must be pulled through conduits that lie
above the cleanroom ceiling, etc.). The project manager tracks a master schedule; if one activity is
falling behind (say, delayed shipment of the WFI still), they evaluate options like expediting shipping
or temporarily using an alternative method to generate WFI to not hold up other qualifications. They
also enforce that construction completion of each area is followed by a thorough cleaning before
qualification begins (construction debris can otherwise compromise IQ/OQ, especially in clean
areas).

e Regulatory Inspections of New Facilities: While the formal regulatory inspection (like FDA PAI)
happens after the plant is built and just before approval, some regulatory regimes might do pre-
inspections or expect updates. For example, if a company is leveraging government funding,
authorities might come check progress. Being always "“inspection-ready” even during project phase
is wise: maintain good housekeeping at site, have documentation organized, and have the quality unit
engaged. It sets a culture that will carry into operations.

In summary, project management in pharma facility construction is about balancing the iron
triangle of time, cost, and quality — with quality being paramount because any corners cut could
result in non-compliance that would prevent the facility from ever operating. As one industry
source highlights, improper planning and delays can “constantly jeopardize the release of
new products” source.aacei.org, emphasizing that investing in robust planning and project
controls is not just about building a plant, but enabling the business objectives (delivering
medicines to market on time). Thus, methodologies from the Project Management Institute (PMI)
or PRINCEZ2, tailored to the pharma context, are often employed. Regular status reporting, risk
reviews, and stakeholder engagement keep the project aligned with its goals.

When construction is completed, the project transitions into the commissioning and validation
phase — often overseen by a validation manager rather than the construction manager — but a
smooth handover is critical. All that was built must now be verified to be in compliance and ready
for operations.
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9. Quality Systems and Documentation (QMS, SOPs,
Batch Records)

Even before the plant starts producing, a robust Quality Management System (QMS) must be
designed and implemented. The QMS is the framework of policies, procedures, and processes
that ensure that products are made consistently to quality standards and that regulatory
compliance is maintained. Regulatory bodies will not approve a facility without evidence of a
functional QMS in place. Key components of the quality system and documentation include:

¢ Quality Manual and Policy: A high-level document (Quality Manual) typically outlines the company’s
commitment to GMP and describes the quality system structure. It sets the tone that management
endorses and supports compliance and continuous improvement.

e Standard Operating Procedures (SOPs): SOPs are detailed, written instructions for routine
operations. The GMP mandate is clear: “There shall be written procedures for production and
process control... and they shall be followed. Any deviation from the written procedures shall be
recorded and justified.” law.cornell.edu. This applies not only to production steps but to all GMP-
relevant activities (quality control tests, equipment cleaning, facility maintenance, etc.). During the
project phase, a hierarchy of SOPs should be developed. Critical SOPs that must exist before
production include:

e SOPs on document control: how to issue, revise, and archive SOPs (to ensure only current, approved
procedures are in use and changes are tracked).

e Production and Packaging SOPs: actual instructions for each process, e.g., “Operating Procedure for
Granulation Suite” detailing how to execute a batch, parameter ranges, in-process checks, etc.

e Fquipment cleaning and operation SOPs: for each piece of equipment, covering setup, operation,
cleaning, and preventive maintenance.

e Quality Control SOPs: for sampling of raw materials, analytical testing methods (often these are
written as methods or protocols rather than SOP text, but managed similarly), handling of out-of-
spec results, use of lab instruments, stability testing procedures.

e Warehouse SOPs: for goods receipt, sampling, storage conditions monitoring, inventory
management, and distribution of finished goods.

e \Validation and Change Control SOPs: how the company conducts qualifications, process validation,
and how changes are managed and documented.

e Deviation and CAPA (Corrective Action/Preventive Action) SOPs: guiding how to handle incidents
(deviations from procedures or unexpected results), investigations, root cause analysis, and
implementing fixes.

e Training SOP: describing how personnel training is organized, documented, and evaluated (often
includes a requirement for annual GMP refreshers).
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By the time of inspection/approval, hundreds of SOPs may be in place. They should be well-
organized (often by functional areas) and readily accessible to employees.

e Master Batch Records and Batch Documentation: For each product, a Master Batch Record
(MBR) is prepared, which is a template that defines how to make the product and the packaging
steps, along with in-process checks and acceptance criteria. When manufacturing, a Batch
Production Record (BPR) or batch manufacturing record is created by filling in the MBR with actual
data for that batch (lot numbers of ingredients, weights measured, times, equipment IDs, operator
initials, etc.). GMP rules (21 CFR 211.186 and 211.188) require detailed batch records that document
each significant step of production, with dates, identities of materials, individuals performing and
supervising each step, equipment used, and results of in-process and lab tests. These records serve
as proof that the batch was made per approved procedures and are reviewed by Quality Assurance
prior to batch release. During the plant setup, one of the tasks is to draft MBRs for each product to
be made, perform trial (engineering) batches to refine them, and get them approved. They must
incorporate any conditions from development or regulatory filings (e.g., blend for X minutes, target
assay between Y-Z, etc.). Batch records often contain checklists and sign-offs at critical points to
ensure nothing is missed.

e Quality Control Documents: Aside from SOPs and batch records, QC labs require analytical
methods (for raw materials, in-process samples, finished products, stability samples). These
methods could be compendial (from pharmacopeia) or specific. They might be in form of method
documents and standard test forms where analysts record results. Calibration and maintenance
records for analytical instruments (HPLC, GC, spectrometers, etc.) need to be kept.

¢ Validation Documentation: There will be protocols and reports for each qualification/validation
(URS, DQ, 1Q, OQ, PQ for equipment/utilities; process validation protocols; cleaning validation
protocols; etc.). These are part of the quality documentation set and should be organized such that
an inspector can review them. Additionally, a Validation Master Plan (as discussed later) outlines
the overall strategy.

¢ Training Records: Every employee whose role can affect quality must be trained in GMP and their
job-specific procedures. As FDA states, “Training shall be in the particular operations that the
employee performs and in current good manufacturing practice... and shall be conducted by
qualified individuals on a continuing basis.” learngxp.com learngxp.com. The QMS must have a
system to maintain records of each person'’s training: which SOPs they have read/been trained on,
dates of training, and assessments if any. Before the plant goes live, training sessions will be
conducted for all new SOPs, and employees should sign or acknowledge training completion. Lack of
proper training documentation is a common FDA 483 finding, so this is taken seriously.

¢ Change Control System: As part of the QMS, a formal change control procedure is established to
evaluate and approve any changes to process, equipment, materials, or procedures. For instance, if
after starting up, an alternative raw material source is to be used, the change control process
ensures regulatory impact is assessed, testing is done if needed, and approvals are obtained before
implementation. During the project phase, a change control process is also used to handle
modifications in design or specs (some companies start this once the quality unit is formed, others
earlier informally).
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¢ Deviation Management: A system for deviations (any departure from an approved procedure or
unexpected event during manufacturing or testing) must be in place from day one of production.
This includes forms or software to log the deviation, investigation steps, root cause determination,
and CAPA assignment. The QMS should enforce that all deviations are resolved (with appropriate
product impact assessment) before product release.

¢ CAPA and Continuous Improvement: The QMS will include CAPA procedures, whereby issues (from
deviations, complaints, audits, etc.) lead to actions that correct and prevent recurrence. Even before
producing, internal audits of the system should be planned (to check readiness). Post-start, trending
of deviations and other quality metrics is done under the QMS for continuous improvement.

¢ Documentation Practices: All these documents must follow Good Documentation Practices
(GDP) — meaning they are dated, signed by responsible persons, no use of pencil or white-out
(corrections done by single-line strike-through with initial & date), etc. There should be SOPs on
documentation practices and record retention. Typically, batch records and associated data are
retained for at least 1 year past expiration of the batch (or per local law, often longer).

¢ Electronic Systems and Data Integrity: Many modern plants use electronic systems for document
management (like an EDMS for SOPs), electronic batch records (EBR), or LIMS for lab data. If
implemented, these must be validated and secure. Regardless of paper or electronic, data integrity
principles must be upheld: data should be attributable, legible, contemporaneously recorded, original
or true copy, and accurate (ALCOA). Regulators (FDA, MHRA, WHO) have emphasized data integrity,
so procedures might specifically cover audits of logbooks, audit trail reviews, etc.

e Release Procedures: The QMS defines how final product release is done. Typically, after a batch is
made and QC tested, QA performs a batch record review - verifying all steps were done per
procedure, all deviations resolved, all QC results within spec — and then a Qualified Person (in EU)
or authorized QA person releases the batch for sale. There should be a SOP on batch disposition.
Also, procedures for handling out-of-spec (00S) lab results (with a defined investigation process
per FDA/EMA guidelines) are needed, and for out-of-tolerance calibration events (if an instrument
was found out of calibration, how to assess impact).

e Examples of QMS Implementation: Before startup, the company might conduct a mock recall as a
test — ensuring that in case a product needs to be recalled, there is a procedure to do so and to trace
all distribution. They might also perform internal audits or "walkthroughs” simulating a regulatory
inspection to test if documentation is readily available and staff understand their responsibilities.

Authoritative References: Guidelines like ICH Q10 provide a model for a Pharmaceutical
Quality System that links development and manufacturing and promotes a lifecycle approach to
quality. ICH Q10 (adopted by FDA, EMA, etc.) emphasizes management responsibility, continual
improvement, and effective process performance monitoring. A new facility's QMS should align
with ICH Q10 principles, meaning it's not only about compliance but also about improving and
managing change over the lifecycle. Additionally, WHO's "Quality Assurance of Pharmaceuticals:
A Compendium of Guidelines" includes GMP guidelines on documentation that highlight the
importance of adequate documentation to prevent errors ispe.org.

Real-world perspective: When inspectors come to a new facility for a pre-approval inspection,
they will often start by reviewing the quality unit’s structure and the key SOPs (change control,
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deviation, etc.), then trace a sample batch through all records. They might pick an example
deviation and see how it was handled. They might ask to see training files for operators to
ensure they were trained before doing the operations. They will definitely check if all equipment
qualifications and process validations are done and reports approved. Thus, by the time one is
seeking regulatory approval, the documentation set is massive, and it must be indexed and
controlled such that any requested document can be retrieved quickly. It's common to prepare
an "inspection readiness” package or summary of all key quality system elements for quick
reference.

In summary, quality systems and documentation are the nervous system of the plant -
connecting all parts and ensuring every action is done correctly and recorded. While the
physical facility and equipment enable manufacturing, it is the QMS that ensures each batch is
made and tested in compliance with GMP and that any issues are promptly addressed. Setting
up this system early (many pharma companies begin drafting SOPs and training personnel
during construction/installation phases) is essential so that when the facility is physically ready,
the organization is also ready to operate in a state of control from day one.

10. Workforce Planning and Training

A pharmaceutical plant is only as good as the people running it. Thus, careful workforce
planning and training is a critical element in building a new manufacturing site. This involves
determining staffing needs, hiring or allocating qualified personnel, and providing extensive
training in both technical operations and GMP compliance.

e Organizational Structure: Early in the project, outline an organization chart for the facility. Key
departments typically include Production, Quality Assurance, Quality Control (QC) Laboratory,
Engineering/Maintenance, Warehouse/Materials Management, and Regulatory/Compliance. In GMP,
certain roles are mandated to be independent: for example, Production and Quality Control should be
separate with their own heads, and Quality Assurance often acts independently to review and
approve activities. EU GMP explicitly calls for Key Personnel such as a Head of Production, Head of
Quality Control, and an Authorized Person (Qualified Person) responsible for release picscheme.org.
Each of these must have defined responsibilities and ideally no conflicts of interest. Plan how many
shifts the plant will run (24/7 or single-shift, etc.), which determines staffing numbers for operators
and technicians.

e Hiring Strategy: Decide what expertise is needed and whether to hire locally or bring in experienced
staff from other company sites. A new plant often blends some experienced hires (to bring
knowledge of established GMP operations) with local hires (to build long-term workforce). Critical
positions to fill with experienced individuals would be:

e Quality Assurance Manager/Director — someone who deeply understands GMP and can set up the
QMS.

e QC Laboratory Manager — experienced in analytical methods and lab compliance.
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e Production Manager — with background in the dosage form being made, to supervise manufacturing.

e Engineering/Maintenance Lead - to oversee equipment and utilities upkeep (may hire engineers with
pharma or other regulated industry experience).

e Validation Lead - if separate from QA, someone to coordinate validation activities.

¢ Inthe EU or PIC/S context, a Qualified Person (QP) - legally responsible for certifying batches,
must have specific qualifications (pharmacist or related degree plus experience) and be named on
the manufacturing license. If the QP is not hired full-time (sometimes small companies contract a
QP), ensure one is available before production.

For operators and analysts, one strategy is to hire in advance and send them for training at an
existing facility (either sister plant or even to equipment vendors for hands-on training). This was
done, for example, when new vaccine plants were built in emerging countries — key staff were
trained overseas for months. Keep in mind language skills if markets are international
(documentation is typically in English for FDA/EMA context, so employees need to have
adequate proficiency to follow procedures and document data in English or the chosen
language).

e Education and Qualifications: Regulators expect that “each person engaged in the manufacture,
processing, packing or holding of a drug product shall have education, training, and experience... to
enable that person to perform their assigned functions.” learngxp.com. When hiring, consider at
least minimal qualifications: e.g., production operators often have a science degree or technical
diploma, QC analysts usually have a BSc or MSc in chemistry/pharmacy, QA staff often have a
pharma or quality background. Senior personnel like the Head of QC or QP in EU need specific
educational credentials (pharmacist or related science degree) by law. During an inspection, the CVs
and training records of these key people may be examined. It's wise to have job descriptions for each
role, outlining responsibilities and qualification requirements learngxp.com; this helps ensure you hire
competent individuals and provides clarity for training.

e Training Program: Initial and ongoing training is a GMP requirement. A training program should be
established early, overseen by QA or HR with QA input. It includes:

¢ GMP Induction Training: Before the plant starts, every employee (even maintenance, custodial staff,
admin who enter GMP areas) should receive basic GMP training: covering principles of hygiene,
cleanliness, contamination risks, data integrity, etc. They need to know why GMP is important
(patient safety) and the basics of how it is implemented (procedures, documentation rules, etc.). As
FDA regulations note, “Training shall be in the particular operations the employee performs and in
current GMP (including the GMP regulations and written procedures) as they relate to the
employee’s functions.” learngxp.com.

¢ Job-Specific Training: This involves training on the actual operations and SOPs each person will
carry out. For example, a compression machine operator must be trained on the SOP for operating
that machine, the cleaning SOP for it, the manufacturing batch record steps for tableting, etc. Often
this includes hands-on training under supervision until competence is demonstrated. In QC, an
analyst is trained on each test method or instrument they will use. A maintenance technician is
trained on safety and the specific equipment maintenance procedures.
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e Qualified Trainers: FDA also states “Training in CGMP shall be conducted by qualified individuals”
learngxp.com. So identify trainers (could be the department heads or external consultants or
equipment vendor engineers for technical training). For example, when a new sterilizer is installed,
the vendor might provide training sessions to the users on its operation and maintenance; this should
be documented.

¢ Continuing/Refresher Training: GMP is not a one-time thing. Implement a schedule for annual GMP
refreshers (to cover updates, reinforce key concepts, maybe lessons learned from any issues). If
regulations change or new techniques are adopted, provide update training. This also includes
training whenever an SOP is revised — staff must be informed and sometimes re-qualified if critical
changes happen.

e Assessment: It's good practice to assess effectiveness of training — e.g., through quizzes, practical
demonstrations, or supervisors certifying that an individual can perform the task correctly. Records
should show that after training, the person was evaluated (even informally) and deemed competent.

¢ Training Records: Maintain training files for each employee: a list of SOPs they have been trained
on (with dates and trainer signatures), GMP training attendance logs, any certifications (like if
someone attended an external GMP course or got an internal qualification status for an operation).
As LinkedIn examples or GMP training guides emphasize, regulators will verify that personnel have
“education, training, and experience, or any combination thereof, to perform their duties”, and
will check these records learngxp.com.

e Culture and Mindset: Beyond formal training, instilling a quality culture is important. Management
should encourage employees to speak up about issues, follow procedures, and never take shortcuts.
New plants sometimes suffer from a “startup mentality” where people are eager to get things running
— management must reinforce that compliance and doing things right is top priority, even if it means
delaying a batch to investigate a problem. A phrase often used is “Quality is everyone’s
responsibility.” This cultural element often comes from continuous engagement, e.g., periodic
townhall meetings by the Plant Manager or Quality Director emphasizing patient impact of their work,
recognition programs for identifying and solving quality issues, etc.

¢ Staffing Levels and Workload: Plan adequate staffing for all functions. Understaffing, especially in
QA/QC, is a common pitfall that leads to errors or delays. For example, if you plan to run two shifts in
production, ensure QA coverage for both (at least on-call QA for off-shifts to handle any deviation
decisions), and enough QC analysts to handle testing load timely. EU GMP requires an Authorized
Person/QP to be continuously available (they can delegate tasks but must ensure oversight)
picscheme.org, meaning if one QP goes on leave, another must be available. Cross-training people
for multiple roles (to provide backup) is wise.

e External Resources: Consider what roles might be outsourced vs in-house. Some facilities, for
instance, outsource their microbiological testing to a contract lab initially if they don’t want to build
full microbiology capability — but then ensure the contract lab personnel are qualified. Similarly, you
might hire consultants or temporary experienced operators for the start-up phase and gradually
replace with permanent staff once systems stabilize. If contract workers or construction personnel
are present during start-up, they also need GMP awareness training if they enter GMP areas.
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e Safety and Other Training: Don't forget EHS (Environmental Health and Safety) training —
working in a pharma plant may involve handling potent chemicals or sterile operations. Staff should
be trained on material safety (reading MSDS), gowning (also for personal safety, e.g., not bringing
contaminants in or exposing themselves to actives), and emergency procedures (like what to do if a
chemical spill or if someone is accidentally exposed). Especially if potent compounds are handled,
specialized safety training and possibly medical surveillance of workers might be needed.

e Ramp-up: Align the hiring/training schedule with the project timeline. Typically, you hire critical
QA/engineering personnel early (even during construction) because they help with validation and
writing procedures. Production operators might be hired a few months before trial batches so they
can be trained and perhaps participate in equipment FAT/SAT or demo runs. It's common to have
overlapping roles at the very beginning: e.g., process engineers who set up the equipment might
initially operate it until the manufacturing operators are fully up to speed, then transition out.

e Real-world Example: When a major vaccine manufacturer opened a new plant, they hired recent
graduates as well as experienced people from other companies. They instituted a “buddy system”
where each newbie was paired with a mentor from an existing facility (sometimes even bringing
mentors on temporary assignment from a different country site). They also simulated the
manufacturing process in a non-GMP pilot area for training — allowing operators to practice without
risk to actual product. FDA inspectors later commented positively on the robust training program as
evidenced by confident, knowledgeable staff (inspectors often ask operators questions to gauge
training effectiveness).

In summary, people are central to GMP. Plans should ensure that by the time of commissioning,
the facility is not just technically ready, but the staff know what to do. A new shiny plant can still
fail an inspection if staff cannot answer basic GMP questions or if records show someone with
insufficient qualifications released a batch. Regulators expect to see that management has put in
place an ongoing program to keep skills sharp. “Employees must be trained in cGMP relevant to
their job functions, and training must be continuous and frequent enough to assure they remain
familiar with requirements.” learngxp.com. A well-trained workforce will minimize human error,
which is a significant cause of deviations in manufacturing. Moreover, it fosters a proactive
quality culture where issues are caught and addressed by the people on the shop floor,
contributing hugely to the success of the plant.

11. Validation Master Plan (VMP)

When building a plant from scratch, validation activities span facilities, utilities, equipment,
processes, cleaning, analytical methods, and more. A Validation Master Plan (VMP) is a high-
level document that provides a structured plan and overview of all validation and qualification
work to be done. It serves as a roadmap to ensure no aspect of validation is overlooked and that
there is a coherent strategy aligned with regulatory expectations.
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e Purpose and Scope of the VMP: The VMP outlines the principles and scope of
qualification/validation for the entire project. It defines what needs to be validated and to what
extent. As one definition puts it, “A VMP outlines the principles involved in the qualification of a
facility, defining the areas and systems to be validated, and provides a written program for
achieving and maintaining a qualified facility.” en.wikipedia.org. In essence, the VMP is the
umbrella document under which all individual validation protocols and reports reside. Regulatory
bodies (like FDA, EMA, WHO) often ask to review the VMP during inspections as it shows the
company's validation strategy and whether it's well thought-out and comprehensive en.wikipedia.org.

¢ Contents of a VMP: According to WHO and industry guidelines who.int who.int, a robust VMP
typically includes:

¢ Introduction & Facility Background: A brief description of the project, facility, and the purpose of
the VMP (e.g., setting up a new manufacturing site for X products).

¢ Validation Policy & Philosophy: The company’s overall approach to validation — for example,
commitment to follow lifecycle validation per FDA/ICH guidelines, use of risk-based methodology
(focusing on critical aspects first), etc.

¢ Organization & Responsibilities: Who is responsible for validation activities - e.g., a Validation
Manager or team, roles of departments (Production provides process info, QA approves protocols,
etc.). It may include an organization chart for the validation team.

¢ Inventory of Systems to be Validated: A list of all equipment, utility systems, control systems, and
processes that require qualification or validation. This could be tabular, grouping systems into
categories like manufacturing equipment, laboratory instruments, HVAC system, water system, etc.,
and indicating their qualification status or plan. Each system might have an identifier and reference
to its URS or protocol.

¢ Validation Schedule: A timeline or plan showing the sequence of validation activities. For a new
plant, this is crucial — which systems must be done first (often utilities need qualifying before
process equipment PQ, etc.), target dates, and the interdependencies (e.g., must have HVAC
qualified before process validation in the rooms).

¢ Documentation Structure: References to the SOPs or protocols for qualification (like referencing
master protocol templates) and how documentation will be managed (perhaps using a validation
document tracker or library).

e Scope Detailing: For each category - e.g., Facilities & Utilities Qualification: covering URS, 1Q, OQ,
PQ for premises, HVAC, water, compressed gases, etc.; Equipment Qualification: listing
manufacturing and packaging equipment qualification; Computer System Validation: any critical
computer systems (like SCADA, LIMS, manufacturing execution systems) to be validated; Process
Validation: plans for product process validation (number of batches, acceptance criteria); Cleaning
Validation: which product or equipment cleaning procedures will be validated and how; Analytical
Method Validation: list of assays to validate or verify (if compendial methods).

e Acceptance Criteria: The VMP might not list detailed criteria for each test, but outlines how
acceptance criteria are established (based on regulatory guidelines, industry standards, or
development data).

© 2025 IntuitionLabs.ai. All rights reserved. Page 36 of 50


https://en.wikipedia.org/wiki/Validation_master_plan#:~:text=A%20Validation%20Master%20Plan%2C%20also,2
https://en.wikipedia.org/wiki/Validation_master_plan#:~:text=Food%20and%20Drug%20Administration%20inspectors,based%20on%20a%20risk%20assessment
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs1019-annex3-gmp-validation.pdf#:~:text=7,intention%20and%20approach%20to%20validation
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs1019-annex3-gmp-validation.pdf#:~:text=%E2%96%A0%20documentation%20required%20in%20qualification,validation%3B%20%E2%96%A0%20computerized%20system%20validation
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-plant-development-from-concept-to-commissioning.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-plant-development-from-concept-to-commissioning.pdf

P reiiontabs Pharmaceutical Plant Development: From Concept to Commissioning

¢ Change Control and Revalidation: The VMP should mention how changes post-validation will be
handled (i.e., via the change control system) and when revalidation or periodic review might be
required (e.g., if a critical piece of equipment is relocated, or every X years doing a requalification of
major systems).

¢ References: Key guidance documents or regulations considered (like EU Annex 15, FDA Process
Validation guidance 2011, ICH Q7/Q8/Q9/Q10, WHO guidelines, etc.).

e Appendices: Possibly an appendix with the validation matrix — a table summarizing each
system/process, its validation status or plan, and cross-references to protocol numbers who.int.
Also, maybe definitions/glossary of terms used.

e Approval and Authorization: The VMP is typically approved by senior management (Plant Manager,
QA Head, etc.) as it often involves cross-departmental resources and commitments who.int. It may
also have an authorization page showing that the relevant responsible persons agree to the plan.

e Using the VMP: The VMP is a living document during the project. It should be kept up-to-date as
the project evolves (WHO recommends reviewing it periodically who.int). For instance, if an
additional piece of equipment is added to scope, the VMP should be amended to include it.
Conversely, if some validation activity is deemed not necessary (maybe a utility is clearly non-
product contact and is demoted in priority), the VMP should reflect that rationale. The VMP becomes
a guiding document for auditors and inspectors: it tells a logical story of how the company
approached validation. Inspectors often examine if the firm followed its VMP - e.g., if the plan said
three batches for process validation, did they do three? If the VMP said all critical utilities will be
qualified before manufacturing, was that done?

¢ Risk-Based Approach: Modern validation approaches are very risk-driven. The VMP would typically
mention how risk assessment is used to prioritize and determine the extent of validation. For
example, a risk assessment might determine which parameters in a process are critical and therefore
need challenging during OQ/PQ. The VMP provides logical reasoning for what is included or excluded
from full qualification en.wikipedia.org. For instance, maybe certain standard off-the-shelf lab
equipment will be qualified by vendor certs and calibration only, not full IQ/OQ, based on low risk —
the VMP should justify that approach so inspectors see it's been considered systematically.

¢ Maintaining the Validated State: Beyond initial validation, the VMP often touches on how the state
of control will be maintained. This could reference the calibration program, preventative maintenance
program, periodic review of systems, and ongoing process verification (continuous monitoring of
process performance). For example, the FDA's process validation paradigm (2011) describes Stage 3
Continued Process Verification — the VMP might incorporate plans for heightened sampling of
initial commercial batches and trending programs.
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e Example Excerpt: A portion of a VMP for a solid dosage facility might say: “The tablet
manufacturing process for Product X will be validated by the execution of three consecutive
successful full-scale batches (Process Performance Qualification — PPQ) following the approved
manufacturing process. These batches will be manufactured after the completion of equipment
qualifications (mixers, mills, tablet press, coater) and utility qualifications (HVAC, compressed air,
etc.). In-process controls such as blend uniformity, lubricant mixing time, tablet hardness, and
coating weight gain will be evaluated stringently during these batches to demonstrate consistency.
The acceptance criteria for PPQ are detailed in the Process Validation Protocol PV-001 and are
based on development data and regulatory requirements. Continued Process Verification will involve
sampling tablets from the first 10 commercial batches for content uniformity to ensure the process
remains under control.” This sort of summary in the VMP helps regulators quickly grasp the strategy.

e WHO/FDA Stance: WHO guidelines assert that a manufacturer should have a VMP that “reflects the
key elements of validation” and lists at least all major areas including premises, utilities, equipment,
processes, cleaning, analytical methods, etc., along with documentation and schedules who.int
who.int. FDA inspectors often ask for the VMP to see if the facility’s validation strategy is well-
organized. If something is missing in the VMP, it might hint at a gap in validation. Conversely, a
thorough VMP gives confidence that the firm understands validation comprehensively.

¢ Master Plan vs Individual Protocols: It's important to distinguish that the VMP is not a protocol
itself — it doesn’t contain detailed test steps or data — those reside in IQ/OQ/PQ protocols and
reports. The VMP is the master reference that points to all those and ensures alignment. It should
be concise and clear who.int (some regulators caution against overly long, unwieldy VMPs that try to
include too much detail).

In short, the Validation Master Plan is like the playbook for how the company will achieve a
validated facility. It demonstrates management's proactive planning. By reading the VMP, one
should understand all the validation work that will be or has been done and why. Having this
single document provides an excellent communication tool internally (for aligning departments
on validation tasks) and externally (to show regulators a top-level view). It is often one of the
first documents a quality assurance consultant or auditor will review when assessing a new
facility's readiness.

Once initial validation is completed and the plant moves into operation, the VMP can also be
updated to become a plan for re-validation or ongoing validation maintenance. But at the startup
phase, it's primarily a planning and tracking tool to get through the intensive validation period
efficiently and completely.

12. Technology Transfer

Technology transfer is the process of transferring product and process knowledge from one
site (or developmental setting) to another to achieve product realization at the receiving site. In
the context of building a new plant, tech transfer typically involves transferring manufacturing
processes (and analytical methods) from R&D or from an existing manufacturing facility (sending
unit, SU) to the new facility (receiving unit, RU). Successful tech transfer is crucial to ensure that
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the products made in the new plant match the quality and performance of those made at the
original site or as developed in the lab/pilot scale.

¢ Definition and Scope: The WHO defines tech transfer as “a logical procedure that controls the
transfer of any process together with its documentation and professional expertise between
development and manufacture or between manufacturing sites”. It is systematic and passes along
documented knowledge and experience to an authorized receiving unit who.int. The tech transfer
covers both transfer of documentation (process descriptions, batch records, formulations,
specifications, SOPs) and the demonstrated ability of the receiving unit to perform the process
to produce acceptable product who.int. In simpler terms, it's not enough to hand over documents;
the RU must prove it can get the same results. This implies training and possibly equipment trial runs
are part of tech transfer.

¢ Planning a Tech Transfer: It should begin with a clear Transfer Plan, sometimes called a
technology transfer protocol. WHO guidelines recommend a well-planned approach with trained
personnel and working under a quality system who.int. Key elements include:

e Forming a Tech Transfer Team: Include representatives from the sending unit (process development
scientists, engineers, QA, analytical experts) and receiving unit (manufacturing leads, process
engineers, QA/QC at new site). If a product is being transferred from one commercial site to another,
experts from the original site's production and QC are invaluable.

e Defining What to Transfer: List all the process steps, critical process parameters, critical quality
attributes of the product, raw material specifications, in-process controls, analytical methods, etc.,
that need to be replicated. Also, any specific techniques or tricks known at SU that might not be fully
captured in documents (often experiential knowledge).

e Gap Analysis: Compare the capabilities of the RU vs SU. For example, is the equipment similar or
different in scale or technology? If the original used a certain granulator model and the new site has
a different one, how will that affect the process? Does the RU have the same analytical instruments
or do methods need adjustment? Identify any gaps and plan experiments or adjustments to address
them. Maybe a small bridging study is needed to confirm equivalence on new equipment. If the RU
staff are inexperienced with the product type, additional development runs might be scheduled.

e Raw Materials and Components: Ensure the same grade and source of raw materials are available at
RU, or if sourcing locally, demonstrate equivalence. Sometimes tech transfer includes qualifying a
new vendor for raw material if the original source can’t supply the new region.

e Documentation Transfer: Provide the RU with all master documents — development reports, pilot
batch records, standard manufacturing procedures, and analytical methods. These should be
reviewed and approved by RU’s quality unit as well (often as “transfer documents” or being adapted
into RU's format).

e Training: Often personnel from RU will go to SU to observe or train, or vice versa. For example, for a
new biological product, sending unit experts might be on-site at the new plant for the first few
batches to guide and troubleshoot. Training should cover nuances not obvious from reading SOPs
(e.g., "mix for 5 minutes or until you see a clear solution — which usually happens by 4 minutes” -
such practical insight).
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¢ Execution of Tech Transfer: The core of execution is usually engineering or demonstration
batches at the receiving site. This might start with small scale or practice runs if feasible (some
processes can be trialed in a pilot lab), then proceed to full-scale process performance
qualification batches. During these runs:

e The sending unit will often provide specific acceptance criteria that need to be achieved to declare
the transfer successful (e.g., yield within X% of target, assay and impurity profile matching reference
batches, etc.).

e Extensive sampling might be done to compare intermediate results to those from the SU’s batches
(for example, check that the blend uniformity is as good, or tablet dissolution profile matches the
original).

o |If differences are observed, the team will adjust parameters or investigate cause (maybe the new
mixer has a different shear, so mixing time needs to be increased).

e More runs may be done until confidence is achieved that RU can consistently produce equivalent
product.

e Validation at RU: Typically, after the initial transfer batches prove the process works, formal
process validation batches at RU are executed (as part of PPQ as discussed earlier in validation).
Regulators often expect the first commercial batches at RU to be under heightened scrutiny to
confirm successful transfer.

e Knowledge Transfer: Tech transfer is not just about the manufacturing steps, but also transferring
underlying knowledge: why certain steps are done, what the critical parameters are and why, how
variability in raw materials is handled, etc. This is often conveyed through development reports or
direct discussions. Having this knowledge helps the RU handle any unexpected events or
improvements in the future.

¢ Regulatory Considerations: If the product is already approved (say in US or EU by SU) and now
being added at a new manufacturing site, a regulatory submission (supplement or variation) is
required to get approval for RU to produce. Regulators will review data from the transfer batches as
evidence the new site’s product is equivalent. They may expect side-by-side comparison with
batches from the SU (including stability data). For tech transfer of an in-development product,
regulators expect that the process at RU is the one described in the submission, so any changes
made during scale-up or transfer should be updated in the regulatory filing. WHO guidelines
emphasize documenting the transfer process well, in case prequalification or other approvals require
reviewing it who.int.

e Maintaining Quality: The sending unit’s quality unit often audits the receiving unit to ensure they
can comply with the process’s needs. Conversely, during transfer, more QA oversight is present on
batches (maybe joint QA release or review by SU and RU). The goal is no drop in quality or
compliance due to the site change.

¢ Examples of Tech Transfer:
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e A solid dose example: A company developed a tablet formula and made clinical batches at a pilot
plant. For commercial launch, they transfer to the new manufacturing site. The pilot scale was 10kg,
the commercial scale is 300kg. Tech transfer studies might include a scale-up mix study (to ensure
content uniformity scales linearly), granulation endpoint adjustment (if using a different granulator
type), and tablet compression tooling differences (different press model). They produce a few trial
batches at 300kg, compare dissolution and assay to the smaller batches to ensure similar profiles,
and adjust as needed. They document that blending needed 20 minutes at large scale instead of 10
at small scale, etc., based on sampling. Once satisfied, they run three validation batches. Analytical
methods developed at R&D lab are transferred to the QC lab at the plant: this involves cross-
validating the methods (running them on both labs and comparing results) and training the new
analysts.

e A sterile product example: Transferring an aseptic process is even more complex — one has to ensure
the new cleanroom and equipment yield the same sterility assurance. Media fills (process
simulations) are performed at the new site to prove aseptic technique. If a lyophilized product is
involved, the freeze-drying cycle might need slight tuning if the new lyophilizer has different heat
transfer characteristics.

¢ Documentation of Transfer: Prepare a Technology Transfer Report at the end, summarizing all
activities, data, any adjustments made, and concluding if the transfer was successful (i.e., the RU
process is validated and producing acceptable product). WHO recommends documenting the
transfer process thoroughly, including plans, protocols, and reports, as part of the quality system
who.int.

¢ Professional Expertise: Often, tech transfer involves significant on-site presence of experts from
the sending unit. Their "professional expertise” is an asset — sometimes companies temporarily
relocate a group of engineers or technicians to the new site until it's fully up to speed. This prevents
miscommunication that can occur if only documents were sent.

¢ Quality System Oversight: A tech transfer should occur under the QMS of both sites. Deviations
during transfer batches should be handled, change control should manage any process changes
needed at RU, and both QA teams should be aligned on how to address any discrepancies.
Essentially, even though it's a learning phase, GMP still applies fully (especially for any batches that
will be sold or used in validation).

Tech transfer is complete when the receiving site can routinely produce the product at quality
standards without further assistance. At that point, the product is considered “commercialized”
at the new site. From a business perspective, successful tech transfer means the new plant can
start supplying product (often freeing capacity at the original site or expanding supply).

In summary, technology transfer is about ensuring continuity of quality and knowledge
between two locations. It requires careful control and documentation: “technology transfer
embodies both the transfer of documentation and the demonstrated ability of the receiving unit
to effectively perform the critical elements of the transferred technology, to the satisfaction of
all parties and any applicable regulatory bodies.” who.int. The new facility's staff should emerge
from the transfer process not only having executed some batches, but truly understanding the
process and product, such that they can own it going forward.
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13. Regulatory Submission and Approval

No pharmaceutical plant can distribute products without the necessary regulatory approvals.
Building the plant and even validating it is not the final step — you must also obtain regulatory
authorization for the facility and for the products made there. The process and requirements
vary by region and scenario, but generally involve preparing submission dossiers, undergoing
inspections, and securing licenses or approvals.

Key aspects include:

¢ Incorporating the Facility into Product Filings: If the new plant will produce existing products
(e.g., transferring manufacture of a product already approved elsewhere), regulatory filings must be
updated to include this new manufacturing site. For example:

e Inthe U.S., this is typically done via a Prior Approval Supplement (PAS) to the New Drug Application
(NDA) or Abbreviated NDA, which FDA must approve before the product made at the new facility can
be marketed. The supplement will contain detailed information on the new facility (address, FDA
registration number if available, evidence of GMP compliance, etc.), updated batch records, process
validation data from the new site, and sometimes comparability data showing the new site’s product
is equivalent to the old site's (same specifications met, etc.).

¢ Inthe EU, adding or changing a manufacturing site is a Type Il Variation to the Marketing
Authorization (unless it's for just primary packaging or such which might be a lesser change). The
variation is reviewed by EMA (or the national authority) and usually requires a GMP certificate from
an inspection as part of approval. The dossier (CTD Module 3) sections on manufacturing would be
updated with a description of the new facility, equipment, and process.

e Other countries will have their own variation processes but generally align on requiring prior approval
for a site change for drug product and sometimes even for APl manufacturing changes.

¢ GMP Inspection for Approval: Regulatory agencies typically perform a pre-approval inspection
(PAI) for a new manufacturing site that will produce a product for their market (especially for high-
risk product types or critical products). As noted earlier, the FDA's PAI program is intended to verify
the establishment's capability and data integrity for the product in question fda.gov. The PAl is
scheduled after the regulatory submission has been reviewed and when FDA is ready to verify the
facility. Similarly, EU inspectors (from one of the EU countries’ inspectorates) will likely audit a new
facility prior to granting the variation approval and issuing a GMP certificate. To prepare, the facility
should be in full operational mode - all systems running, personnel trained, and ideally having some
demonstration or validation batches to show (and corresponding records). As part of a PAI,
inspectors examine both the specific product’s manufacturing data and the general quality system of
the site. A successful inspection will result in no or minor observations, and the product approval can
then proceed.

¢ Facility Registration and Licensing: In addition to product-specific approval, many jurisdictions
require facility licenses:
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e Inthe U.S., drug manufacturers (domestic or foreign) must register their establishment with FDA and
list all drug products made. This is done online (FDA's Drug Establishments Registration and Listing)
and is more of a notification, but must be updated annually. Also, if producing controlled substances,
a separate DEA registration is required.

¢ Inthe EU, the plant needs a Manufacturing Authorization from the local health authority. This is
given only after GMP compliance is confirmed (via inspection). The authorization will specify the
types of products (dosage forms, sterile/non-sterile, etc.) the site can manufacture. The QP is
named in it as well. Many countries outside the EU have similar licensing — e.g., Indian FDA (CDSCO)
issues a Manufacturing License to operate, which one must secure by presenting facility layout,
equipment lists, and an inspection by state FDAs.

e WHO Prequalification: If seeking WHO prequalification (often for products for UN procurement), the
site may need to undergo a WHO inspection. A site master file is submitted, and GMP must meet
WHO standards.

¢ Regulatory Dossier Requirements: For a new facility, certain sections of the CTD (Common
Technical Document) are particularly relevant:

e Module 3.2.A: Facilities and Equipment — description of manufacturing facility, including the design,
floor plans or flow diagrams, equipment list. Regulators want to see that the facility is suitable for the
product (e.g., if sterile, does it have grade A/B cleanrooms and appropriate design; if biological API,
does it have containment for recombinant organisms, etc.). Often a Site Master File is prepared
which describes the facility’'s GMP systems and is submitted or available upon request gmp-
compliance.org.

e Module 3.2.P: Drug Product Manufacturing Process — updated to show any changes that might have
occurred due to the new site (like scale changes). It will also list the new site in the manufacturing
chain. Data from process validation at the new site is included either in Module 3 or as an
attachment.

¢ Module 3.2.S (if transferring API production) — similar considerations for API site changes, requiring
process comparability data if needed.

e For generic products in some regions, a separate section on pharmaceutical development (3.2.P.2)

may not be required, but evidence of equivalence to reference product is needed regardless of site.

e Engaging with Regulators Early: If the new facility involves new technology or will be making a
novel product, it can be wise to engage regulators through pre-submission meetings or scientific
advice. For example, if implementing a continuous manufacturing process in a new plant, FDA and
EMA may want to discuss the control strategy early. This can de-risk the approval.

e Compliance of Initial Batches: Regulators may ask for data on initial production batches (like the
first three commercial batches) as part of the submission. They will also want assurance that the
plant's quality systems are in place and functioning - for instance, include a summary of the

media fill results (for sterile facilities) or cleaning validation results, etc.
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¢ Local Regulatory Approvals: If the facility is in a country that has its own regulatory authority, you
must get approval from that authority to operate and perhaps separate approval to export. For
instance, a plant in India needs Indian FDA license (to operate domestically) and if exporting to US,
needs FDA approval through the drug application and potentially a Foreign Manufacturer Inspection.

¢ Timeline: The regulatory approval timeline should be built into the project plan (as discussed in
project management). If FDA takes 6-10 months to review a supplement and scheduling a PAIl adds
time, the company must plan product launch accordingly. It's risky to assume the plant will be
approved exactly when expected — sometimes agencies have backlogs or ask additional questions
(deficiency letters).

¢ Pre-Approval Inspection Readiness: In preparation for regulatory inspection, companies often
conduct mock inspections using internal or third-party auditors simulating FDA or EMA. This helps
fine-tune the responses and fix any lingering issues. Checklists based on FDA's compliance programs
or EU GMP annexes can be used. As noted, the FDA PAIl team can include specialized experts
fda.gov, so the site should be ready for probing questions in areas like microbiology or process
engineering relevant to the product.

e Operational Readiness vs Approval: One must differentiate that being operationally ready (fully
validated, trained, making consistent product) does not automatically mean you can sell product —
the final green light is regulatory approval. Some companies in a rush might produce “at-risk”
stock (making commercial batches prior to approval) to have inventory ready for launch, but that
product cannot be distributed until the approval is granted. If approval is delayed or denied, those
batches might be scrapped. Therefore, confidence in approval is important if manufacturing at risk.

e Real Example: A new biotech facility built by Company X to produce a monoclonal antibody had to
be added to their existing Biologics License Application (BLA). They submitted extensive
comparability data showing that the antibody produced in the new bioreactors had the same critical
quality attributes (like glycosylation profile, potency, etc.) as those from the original facility. FDA
scheduled a PAI where inspectors spent a week reviewing batch records, environmental monitoring
data, and the myriad validations (sterilization, aseptic media fills, etc.). Only after successfully
addressing the few observations from that inspection and getting the BLA supplement approved
could Company X start shipping product from the new site. Meanwhile, EMA (for the EU market)
required a separate inspection via the local agency and a separate variation approval. Coordinating
multi-region approvals is a project in itself; sometimes one regulator’s queries can lead to changes
that must be communicated to another if filings are ongoing in parallel.

¢ Post-Approval Monitoring: Once operational with approval, expect continued routine inspections.
FDA might come back 6-12 months after start for a full GMP inspection (since a PAl is focused on
pre-approval aspects, a general GMP inspection might follow). Many authorities will inspect a new
facility within the first year or two of operation. Therefore, maintaining the state of control from the
get-go is crucial.

In summary, regulatory submission and approval is the final gateway to being able to legally
manufacture and sell products from the new facility. It ties together many threads: the dossier
must reflect the facility’s design and validated state; the facility must prove itself through
inspections. Thorough preparation, high-quality submission documents, and excellent GMP
compliance are needed to clear this hurdle. As the adage goes, "If it's not documented, it didn’t
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happen” — regulators will rely on documents and inspection observations to decide if your plant
can be trusted to produce medicine. Achieving approval is a major milestone that effectively
transitions the project from construction mode to commercial production mode.

14. Operational Readiness and Commissioning

With construction complete, equipment and utilities qualified, processes validated, and
regulatory approvals in hand or imminent, the focus turns to achieving operational readiness -
ensuring the plant can smoothly start routine production. This final phase includes
commissioning any remaining systems, conducting initial operations under close monitoring, and
organizational preparedness for full manufacturing.

e Commissioning vs Qualification: Commissioning generally refers to the process of making systems
operational and verifying they function according to design specifications (not necessarily under
GMP protocols, but to prove basic operation). Much of commissioning overlaps with IQ/OQ for
utilities and equipment, but it can also include non-GMP tests like test runs with water or placebo to
debug equipment without formal protocol. By the time of operational launch, all systems (HVAC,
water, compressed air, production machines, etc.) should have been commissioned — meaning they
are powered up, tuned, and stable. In fact, they should all be fully qualified (IQ/OQ/PQ) as well,
except possibly for some non-GMP systems like an office HVAC.

¢ Final Preparations and Dry Runs: Often, before making live product, teams do a final dry run or
engineering batch. For example, they might run a manufacturing process with placebo materials or at
half scale to ensure operators are confident, all equipment interplay is working, and that the SOPs
accurately reflect how to run the process. These practice runs are extremely valuable for identifying
any last-minute procedural issues or equipment settings. If the product is too expensive or potent to
do a full dummy run, sometimes a surrogate material is used (e.g., using a dummy API with similar
properties).

e SOPs and Documentation in Effect: By now, all SOPs should be approved and effective, and all
personnel trained on them. Operational readiness checks include verifying that people have access
to the current SOPs at their work stations and understand them. Documents like batch record
templates should be printed and controlled, ready to be used for actual production. The completion
of OQ should have allowed finalization of SOPs and training health.ec.europa.eu — this checkpoint
ensures no procedural drafts remain; everything is finalized.

e Materials and Supply Chain: Ensure that raw materials, components, and packaging materials
required for production are in stock, have passed QC, and are in the appropriate storage conditions.
The supply chain should be primed - contracts with suppliers in place, lead times confirmed, and
inventory management system (ERP or manual) set up to track materials. For a new plant, initial
supplies might have been used for validation batches; now it's time to replenish for continuous
manufacturing. Also, ensure laboratory supplies (standards, reagents, culture media for micro labs,
etc.) are ready for QC testing of the upcoming batches.
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¢ Maintenance and Calibrations: All preventative maintenance schedules and calibration
schedules should be started. For example, if balances must be calibrated monthly, the first
calibration might have been done during qualification — now put them on the calendar for the next
due date. The maintenance department should have a computerized maintenance management
system (CMMS) or at least a log to ensure that routine services (like HVAC filter changes,
lubrications, etc.) are conducted on time. Operational readiness includes verifying the maintenance
team knows the schedule and has spare parts in stock for critical equipment. Any spare parts
inventory for machines should be built up (because if something breaks in early production, you
want minimal downtime).

¢ Final Facility Checks: Do a thorough walkthrough of production areas to ensure they are clean and
free of construction remnants (no tools left, no temporary labels or tapes, etc.). The cleaning staff
or operators should do a top-to-bottom cleaning right before starting production (even if facility was
in PQ, you want it pristine for GMP production). Environmental monitoring baseline should be
established - for instance, an environmental monitoring run in the cleanrooms after static conditions
and after a trial operation to ensure counts are within spec before actual production.

e Operational Readiness Review: Many companies conduct a formal “Operational Readiness Audit”
or checklist. This can involve:

e Confirming all critical positions are staffed and trained.

e Ensuring all quality systems (deviation management, change control, CAPA, etc.) are active and
understood by staff.

e Double-checking that all required approvals (internal and regulatory) are in place.

e Simulating a production day: from issuing raw materials to batch processing to QC testing to QA
release — see if any bottlenecks or uncertainties arise.

e Verifying that utilities are stable under load. For example, run all major equipment simultaneously to
see if the electrical or chilled water system can handle peak load.

e Verifying the IT systems (ERP, LIMS, etc.) are working for batch traceability and data capture.
¢ First Batches (Start-up phase): Plan the first few production batches with extra attention:

e Often they are made under heightened sampling/testing. For instance, even after process validation,
some companies test more samples from the first commercial batches to reinforce that everything is
in control (aligned with Continued Process Verification stage where ongoing monitoring is done).

e Have additional QA presence on the floor to immediately catch any compliance issues.
e Possibly have vendor technicians on standby in case equipment has hiccups in extended runs.

e The batch record and SOP authors might shadow the operators to ensure procedures are followed
and see if any clarifications are needed.

Essentially, treat initial batches almost like extension of validation — not in the sense of holding
product (the product can be released if all is good), but in terms of observation and data
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collection.

e Batch Release and Commissioning of Quality System: Once the first batches are manufactured
and tested, the QA batch release process will happen for the first time in real production. QA should
carefully scrutinize these initial records to ensure they are flawlessly documented (no missing
signatures, etc.) and that the process outcomes meet expectations. It's a test of both the process
and the documentation workflows. After these first releases, any improvements (for efficiency or
clarity) to documentation can be implemented via change control.

e External Logistics: If product distribution is to start, ensure distribution channels and storage are
ready. For example, if cold chain is needed, the qualified cold rooms or refrigerated trucks are ready
to go. Warehouse and shipping staff should practice the dispatch process (including applying any
track-and-trace labels if required by regulations).

e Emergency Preparedness: As part of readiness, ensure that even unlikely events have plans. E.g., if
power fails, does the backup generator auto-start and cover critical equipment (tested during
commissioning); are there SOPs for handling a batch during power failure? If a QA key person is sick
during a production day, is there a backup QA person to advise? These contingencies should be
thought out.

e Management Review: Often, management will hold a review meeting or “pre-commercial
operations” review to sign off that the plant is ready. They will consider a checklist: all qualifications
done, all critical issues closed, training done, initial validation successful, regulators have given
approval, and costs are under control. Only then do they authorize routine manufacturing. In some
cases, companies also involve external consultants or corporate quality auditors to give an
independent green light that everything is ready.

e Continuous Monitoring: Once operations begin, maintain a vigilant monitoring especially in the first
months. This includes trending of environmental data, yields, cycle times, equipment performance
(breakdowns or alarms), etc., to catch any early indication of trouble. It's easier to correct process or
equipment issues early on when batches are few, than after full ramp-up.

e Gradual Ramp-up: If possible, don't immediately run the plant at 100% capacity. Start with a
moderate production schedule to allow learning and small adjustments. Then ramp up to the desired
throughput as confidence grows. This also helps the new workforce to not be overwhelmed. For
example, if a line is capable of 5 batches a week, maybe do 2 per week for the first couple of weeks.

e Feedback Loop: Use the experiences of initial operations to refine processes and training. Perhaps
the operators identified a way to better arrange tools or streamline a cleaning step — implement
these improvements (through proper change control). Perhaps QC found that one test takes too long
and is holding up release — consider if resources can be added or method improved.

¢ Celebrate and Communicate: Reaching operational status is a huge milestone. Internally, it's
motivating to recognize the team’s achievement of going from ground-breaking to actual product
shipment. Externally, if appropriate, communicate to stakeholders or media that the plant is now
producing (if that aligns with business strategy — often done when capacity is needed for public
health, etc.). For example, a company might announce "Our new plant in X has successfully started
production and the first batches of the vaccine have been released to the market.” This can also
signal to regulators globally that the site is up (useful if planning to file for more markets).
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In conclusion, operational readiness ensures that when the ribbon is cut and routine production
begins, there are no surprises. It's about crossing the t's and dotting the i's on everything from
equipment performance to personnel proficiency. The transition from a project mode to an
operational business-as-usual mode is delicate — often requiring a mindset shift for project staff
to become operational staff. Having thorough readiness assessments and initial support (like
extended presence of validation or engineering folks on the production floor for a while) can
ease this transition.

When commissioning and validation are properly executed, by the time of routine operations, the
plant should run relatively smoothly, with systems for promptly handling any deviation. A facility
that has achieved a state of control through this rigorous journey — concept to commissioning —
is positioned to consistently deliver high-quality medicines to patients, which is the ultimate goal
of the entire endeavor.
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https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs961-annex6-gmp-sterile-pharmaceutical-products.pdf#:~:text=1,see%20section%204
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https://www.americanpharmaceuticalreview.com/Featured-Articles/613531-Pharmaceutical-Compressed-Air-and-Compressed-Gases-Microbial-Quality-Standards-and-Expectations/#:~:text=,chemical%2C%20particulate%2C%20and%20microbial%20quality
https://www.who.int/docs/default-source/medicines/norms-and-standards/current-projects/qas20-842-rev1-gmp-water-for-pharmaceutical-use.pdf?sfvrsn=994731be_2#:~:text=567%20%E2%80%A2%20Ensuring%20hygienic%20design%2C,70%20%C2%B0C%29%2C%20if
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10. FDA Guidance and publications — Pre-Approval Inspection program objectives fda.gov.

11. BioPhorum (BioProcess Online, 2022) - Typical timeline for biopharma facility from inception to

qualification bioprocessonline.com bioprocessonline.com.

12. AACE International Source (2022) — Importance of planning and scheduling in pharma capital

projects source.aacei.org source.aacei.org.

13. Wikipedia — Validation master plan summary en.wikipedia.org en.wikipedia.org.

The above sources and guidelines were used to compile the comprehensive best practices and
regulatory expectations described in this guide. Each section of the guide references these

principles to ensure accuracy and authority.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only.
We make no representations or warranties of any kind, express or implied, about the completeness,
accuracy, reliability, suitability, or availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or
its representatives be liable for any loss or damage including without limitation, indirect or consequential
loss or damage, or any loss or damage whatsoever arising from the use of information presented in this
document.

This document may contain content generated with the assistance of artificial intelligence technologies.
Al-generated content may contain errors, omissions, or inaccuracies. Readers are advised to
independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are
the property of their respective owners. All company, product, and service names used in this document
are for identification purposes only. Use of these names, logos, trademarks, and brands does not imply
endorsement by the respective trademark holders.

IntuitionLabs.ai is an Al software development company specializing in helping life-science companies
implement and leverage artificial intelligence solutions. Founded in 2023 by Adrien Laurent and based in
San Jose, California.

This document does not constitute professional or legal advice. For specific guidance related to your
business needs, please consult with appropriate qualified professionals.
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