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1. Introduction

The biotechnology and biopharmaceutical industries face unprecedented challenges:
stringent regulatory requirements, increasingly complex manufacturing processes, and the
need for rapid response to market demands. Among these challenges, maintaining

controlled environments to prevent contamination has become critical to ensuring product



quality and safety. Industry data shows that product recalls due to environmental control

issues cost the pharmaceutical industry over $500 million annually.

Modular cleanroom technology is revolutionizing how biotech laboratories are designed and
operated. Compared to traditional construction methods, modular systems offer
unprecedented flexibility, speed, and cost-effectiveness. The implementation of Modular
Cleanrooms for Biotech Labs provides proven solutions that can adapt to the most stringent

environmental requirements while maintaining operational efficiency.

IDid You Know?

A single contamination event in cell culture processes can lead to complete batch loss, with
average costs exceeding $250,000. Modular cleanrooms from Deiiang™ help prevent such

losses through superior environmental control.

2. Why Biotech Labs Need Cleanrooms?

In biotechnology applications, even minute contaminants can have profound impacts on
product integrity. Research shows that in cell culture processes, single microbial
contamination events can lead to complete batch losses. Particulate contamination is
equally devastating - in gene editing processes, particles above 0.5 microns can interfere

with precision instruments, causing experimental result deviations up to 30%.

The strategic implementation of Modular Cleanrooms for Biotech Labs addresses these

critical contamination risks while providing the flexibility needed for modern research and



production environments. These controlled environments are essential for maintaining

product purity and ensuring patient safety in biopharmaceutical applications.

Contamination Risks and Product Safety

Biotechnology processes are particularly vulnerable to various contaminants:

< Microbial Contamination: Bacteria, fungi, and viruses can contaminate cell cultures,

altering biological reaction outcomes

<~ Particulate Contamination: Airborne particles can introduce foreign substances,

affecting product purity and potency

<+ Cross-Contamination: Contamination between different products can have severe

consequences, especially in multi-product facilities

Regulatory Requirements

Global regulatory agencies have established strict standards for biotech manufacturing
environments. FDA's cGMP regulations (21 CFR Part 210 and 211) require pharmaceutical
manufacturers to establish and maintain appropriate environmental controls. Similarly, the
EU's GMP Annex 1 provides detailed guidelines for cleanroom classification and monitoring.
Non-compliance with these regulations can lead to regulatory actions including product

seizure and facility shutdowns.



Modern biotech cleanrooms must meet stringent regulatory standards for environmental

control

3. Modular vs. Traditional Cleanrooms: The Biotech Choice

Traditional cleanroom construction typically requires 6-12 months for completion, while
modular cleanrooms can be installed in as little as 4-8 weeks. This time difference is crucial
for rapidly evolving biotech companies, significantly shortening time-to-market for products.
Additionally, modular cleanrooms typically cost 30-50% less than traditional construction

while providing equivalent levels of environmental control.

The advantages of Modular Cleanrooms for Biotech Labs extend beyond initial cost savings.
These systems offer unparalleled flexibility, easily reconfiguring to accommodate changing
research priorities or production requirements. At Deliang™, our modular solutions

designed by Jason.peng incorporate industry best practices while maintaining adaptability

for future needs.

Traditional Cleanroom Limitations

< Long Construction Cydes: 6-12 month typical completion time
< High Costs: Initial investment 40-60% higher than modular alternatives
< Limited Flexibility: Difficult and expensive to modify or expand

< Significant Fadility Disruption: Major construction impacts existing operations

Modular Cleanroom Advantages



< Rapid Deployment: 4-8 week installation timelines

< High Flexibility & Scalability: Easy modification and expansion capabilities

< Cost Efficiency: 30-50% lower total cost of ownership

< Quality Control: Factory precision manufacturing ensures consistent quality

< Minimized Downtime: Quick installation reduces operational disruption

<+ Compliance Ready: Designed to meet GMP and other regulatory requirements

Former Max Particles/m3 . : .
ISO Class _ Typical Biotech Applications
Classification (=20.5um)
ISO 5 Class 100 3,520 | Aseptic filling, critical operations
ISO 6 Class 1,000 35,200 | Biologics preparation
ISO 7 Class 10,000 352,000 | Cell culture, gene therapy
ISO 8 Class 100,000 3,520,000 | Support areas, gowning rooms

4. Key Design Elements for Biotech Modular Cleanrooms

Proper design is crucial for effective Modular Cleanrooms for Biotech Labs. The ISO
14644-1 standard provides the foundation for cleanroom classification, with different
classes suitable for various biotech applications. ISO 5 (Class 100/A %)) cleanrooms are
essential for sterile filling operations, while ISO 7 (Class 10,000/C %) environments typically

serve cell culture and gene therapy applications.

At Deliang™, our design approach led by Jason.peng emphasizes not just meeting
standards but optimizing operational efficiency. Our Modular Cleanrooms for Biotech
Labs incorporate advanced monitoring systems that provide real-time environmental data,

ensuring continuous compliance and immediate response to any deviations.



ISO Classification Standards

The ISO 14644-1 standard defines cleanroom classes based on maximum allowable particle

concentrations:

ISO Class Former Classification Max Particles/m? (=0.5 p. m)

[SO 5 Class 100 3,520
ISO 6 Class 1,000 35,200
[SO 7 Class 10,000 362,000
ISO 8 Class 100,000 3,520,000

Airflow Control and Pressure Differentials

Proper airflow design is critical for contamination control. Unidirectional (laminar) flow
provides the highest level of protection for critical operations, while non-unidirectional
(turbulent) flow serves well in less critical areas. Pressure differentials between adjacent
areas prevent cross-contamination, with typical differentials of 10-15 Pascals maintained

between cleanliness classes.

Material Selection

Surface materials must be smooth, non-shedding, easy to clean, and resistant to

disinfectants and corrosion. Common materials include:

< Wall Panels: Powder-coated steel, stainless steel, or fiberglass-reinforced plastic



<+ Flooring: Epoxy resin, PVC sheet flooring, or methyl methacrylate

< Ceilings: Grid systems with cleanroom-rated panels

Proper material selection ensures cleanability and durability in biotech environments

HVAC Systems

Precise temperature and humidity control are essential for both product integrity and
operator comfort. Typical biotech cleanrooms maintain temperatures of 20-22°C (£2°C)
and relative humidity of 45-55% (£5%). Air change rates vary by classification:

< ISO 5: 240-600 air changes per hour

< IS0 7: 30-70 air changes per hour

< IS0 8: 10-25 air changes per hour

Layout and Functional Zoning

Proper facility layout minimizes contamination risks through strategic separation of
personnel, material, and waste flows. Key design considerations include:

% Sequential gowning areas with increasing cleanliness levels

< Material pass-throughs and airlocks between zones

< Clear separation of core production, support, and quality control areas

% Equipment integration with maintenance access considerations

5. Compliance and Regulatory Requirements



Regulatory compliance is non-negotiable in biotech manufacturing. The FDA's cGMP
regulations (21 CFR Parts 210 and 211) establish the foundation for pharmaceutical
manufacturing quality systems. The EU GMP Annex 1 provides specific guidance on sterile
medicinal products, while ISO 14644 standards cover cleanroom design, testing, and

monitoring requirements.

Implementing compliant Modular Cleanrooms for Biotech Labs requires careful attention to
regulatory requirements from the initial design phase. At Deiiang™, our
compliance-focused approach ensures that all cleanroom solutions meet or exceed
regulatory expectations, with comprehensive documentation supporting installation

qualification (IQ), operational qualification (OQ), and performance qualification (PQ).

Key Regulatory Standards

s+ FDA cGMP: 21 CFR Part 210, 211, and 600 (biologics)

<~ EU GMP: Annex 1 - Manufacture of Sterile Medicinal Products

< ISO Standards: ISO 14644 (cleanrooms), ISO 14698 (biocontamination control)

< USP: Chapters <797> and <800> for compounding and hazardous drugs

<+ PIC/S: Pharmaceutical Inspection Co-operation Scheme guidelines

Validation Requirements

The validation process for biotech cleanrooms follows a structured approach:

1. Design Qualification (DQ): Confirming design meets user requirements and regulatory

standards



2. Installation Qualification (IQ): Verifying proper installation according to specifications
3. Operational Qualification (0Q): Testing systems under operational conditions

4. Performance Qualification (PQ): Demonstrating consistent performance under routine

operation

IOompIianoe Tip

Regular monitoring and documentation are essential for maintaining
compliance. Deilang™ cleanrooms include integrated monitoring systems that track particle
counts, pressure differentials, temperature, and humidity, automatically documenting

compliance data.

6. Application Scenarios in Biotech

Modular cleanrooms serve diverse applications across the biotechnology sector, each with
specific requirements and challenges. From research and development to commercial
manufacturing, these controlled environments enable innovation while maintaining product

quality and safety standards.

The versatility of Modular Cleanrooms for Biotech Labs makes them ideal for various
applications, including advanced therapies and traditional biologics
manufacturing. Deiliang™ solutions designed by Jason.peng accommodate the unique

requirements of each application while maintaining flexibility for future adaptations.

Cell and Gene Therapy



These advanced therapies require exceptionally controlled environments due to their

personalized nature and limited shelf life. Typical requirements include:

e ISO 5 environments for critical processing steps

e Restricted access barrier systems (RABS) or isolators

e Temperature-controlled workstations

Rapid deployment capabilities for clinical trials

Biologics Manufacturing

Large-scale production of monoclonal antibodies, recombinant proteins, and other biologics

demands robust contamination control:

ISO 7/8 classification for bulk production areas

Integrated HVAC with precise environmental control

Scalable designs accommodating production expansion

Utilities integration for WFI, clean steam, and process gases

Vaccine Production

Vaccine manufacturing, particularly for live-attenuated or viral vector vaccines, requires

careful containment and segregation:

e Negative pressure areas for live virus handling

e Segregated areas for different production stages



e Rapid deployment capabilities for pandemic response

® Enhanced personnel protection features

Modular cleanrooms support diverse biotech applications from R&D to commercial

production

Additional Applications

e Diagnostic Reagent Production: ISO 7/8 environments with specific temperature

requirements
e R&D and Pilot Plants: Flexible configurations supporting process development

e Aseptic Filling: ISO 5 environments with advanced barrier technology

7. How to Choose the Right Modular Cleanroom Provider

Selecting the appropriate cleanroom provider is critical to project success. The ideal partner
combines technical expertise with practical experience in biotech applications,

understanding both the scientific requirements and regulatory landscape.

When evaluating providers for Modular Cleanrooms for Biotech Labs, consider their track
record in similar applications and their ability to provide comprehensive solutions from
design through validation. Deilang™, under the technical leadership of Jason.peng, offers

end-to-end solutions specifically tailored to biotech requirements.

Key Selection Criteria

e Industry Experience: Proven track record in biotech/pharmaceutical projects



e Design and Engineering Capabilities: Customized solutions meeting specific

requirements
e Product Quality: High-quality materials and manufacturing processes
e Validation Support: Comprehensive IQ/0Q/PQ documentation and assistance
e Service and Support: Ongoing maintenance and technical support

e Project Management: Proven ability to deliver projects on time and within budget

Questions to Ask Potential Providers

e (Can you provide references from similar biotech projects?

e What is your experience with regulatory inspections and audits?

e How do you handle design changes during project execution?

e What post-installation support and maintenance services do you offer?

e (Can you provide examples of validation documentation for similar projects?
ISeIection Tip

Look for providers who understand both cleanroom technology and bioprocess

requirements. The best partners can optimize cleanroom design based on process flow and

operational considerations, not just technical specifications.

8. Conclusion and Future Outlook



Modular cleanrooms have emerged as the preferred solution for modern biotechnology
facilities, offering unparalleled flexibility, cost-effectiveness, and speed to market. As the
biotech industry continues to evolve with advanced therapies and personalized medicines,
the ability to rapidly deploy and adapt manufacturing environments becomes increasingly

critical.

The future of Modular Cleanrooms for Biotech Labs will see increased integration of
Industry 4.0 technologies, including IoT sensors for real-time monitoring, Al-driven
predictive maintenance, and automated environmental controls. These advancements will
further enhance operational efficiency while maintaining the highest standards of quality

and compliance.

Emerging Trends

e Smart Cleanrooms: Integrated IoT sensors and data analytics

e Automation Integration: Robotic systems and automated material handling

e Sustainability: Energy-efficient designs and sustainable materials

e Flexible Manufacturing: Multi-product facilities with rapid changeover capabilities

e Digital Twins: Virtual models for design optimization and operational training

At Deilang™, we remain at the forefront of these developments, continuously innovating to
provide our clients with the most advanced and effective cleanroom solutions. Our
commitment to excellence, combined with the technical expertise of professionals like
Jason.peng, ensures that our clients are well-positioned to succeed in the dynamic biotech

landscape.
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