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Cleanrooms play a critical role in modern industries such as

pharmaceuticals, biotechnology, Electronics, and medical devices. Modular

cleanrooms offer significant advantages over traditional construction,

including faster deployment, flexibility for expansion or reconfiguration, and

reduced initial capital expenditure. However, understanding and managing

the ongoing cleanroom operating cost is essential for maximizing the return

on investment and ensuring long-term operational efficiency.

This comprehensive guide examines the key components of modular

cleanroom operating cost, explores factors that influence these expenses,

and provides actionable strategies for optimization. By thoroughly
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understanding your cleanroom operating cost structure, you can make
informed decisions that reduce expenses while maintaining the required

environmental conditions and compliance standards.

Key Operating Cost Categories

Overview

Understanding the breakdown of cleanroom operating cost components is
the first step toward effective management. The following chart illustrates

the typical distribution of annual operating expenses for a standard ISO 7

modular cleanroom:
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2.1 Energy Consumption — Typically the Largest Expense



Energy consumption represents the most significant portion of the
cleanroom operating cost, primarily driven by the HVAC system

requirements to maintain temperature, humidity, and particle control.

Primary Energy Consumers:

. HVAC System (60-70% of energy use)
. Lighting (10-15%)
. Process Equipment (15-25%)

. monitoring Systems (2-5%)
HVAC Energy Breakdown:
. Fan Operation (40-50%)

. Cooling (25-35%)
. Heating (15-25%)
. Humidification/Dehumidification (5-10%)

Example Calculation:

For a 500m? |ISO 7 Cleanroom operating 24/7:
« HVAC Power Consumption: 50 kW x 24 hrs x 365 days = 438,000

kWh/year

* Lighting: 5 kW x 24 hrs x 365 days = 43,800 kWh/year

* Process Equipment: 15 kW x 16 hrs x 250 days = 60,000 kWh/year
Total Energy Consumption: 541,800 kWh/year

Annual Energy Cost (@ $0.12/kWh): $65,016

This demonstrates how significant the energy component of cleanroom

operating cost can be.


https://www.cleanroomequips.com/Cleanroom-Testing/1908.html
https://www.cleanroomequips.com/ISO-Class7-CleanRoom

Deiiang™ modular cleanrooms incorporate energy-efficient designs that can
reduce HVAC energy consumption by 15-30% compared to traditional
systems, directly impacting your cleanroom operating cost.

2.2 Maintenance & Upkeep

Regular maintenance is essential for ensuring consistent Cleanroom

performance and compliance. A well-planned maintenance program can

prevent costly downtime and extend equipment life.

Replacement Frequency Estimated Cost  |Annual Cost (500m? cleanroom)

Pre-filters 3-6 months $200-500 $800-2,000
HEPA Filters 3-5 years $3,000-8,000 $1,000-2,700
ULPA Filters 3-5 years $4,000-10,000  $1,300-3,300
Equipment Calibration Annual $1,500-4,000 $1,500-4,000
Structural Maintenance As needed Variable $1,000-3,000
Total Annual Maintenance Cost $5,600-15,000

Proper maintenance scheduling is crucial for managing your cleanroom
operating cost effectively. Deiiang™ offers comprehensive maintenance
contracts that can help stabilize these expenses.

2.3 Consumables & Supplies

Cleanroom consumables represent a recurring expense that can
accumulate significantly over time, particularly in high-occupancy

environments.
Personal Protective Equipment (PPE):

. Cleanroom garments: $50-150 per set

. Gloves: $0.50-2 per pair

. Face masks: $0.25-1 each

. Hair covers, shoe covers: $0.10-0.50 each

Annual PPE Cost (10 personnel): $8,000-15,000

Cleaning Supplies:


https://www.cleanroomequips.com/Cleanroom-Testing/1916.html
https://www.cleanroomequips.com/Cleanroom-Testing/1916.html

. Cleanroom wipers: $1-3 each

. Specialized cleaning agents: $20-50 per liter

. Mops and buckets: $100-300 per set

. Disinfectants: $15-40 per liter
Annual Cleaning Cost: $3,000-7,000
Effective management of your cleanroom operating cost requires careful
tracking and optimization of consumable usage without compromising
contamination control.
2.4 Labor Costs
Personnel expenses include both direct operational staff and specialized

support functions required to maintain cleanroom compliance and

performance.

Cleanroom Operators $45,000-65,000 3.5 (for 24/7 coverage) $157,500-227,500
Cleaning Technicians $35,000-50,000 1.0 $35,000-50,000
QA/QC Personnel $60,000-85,000 0.5 $30,000-42,500
Maintenance Technicians $50,000-70,000 0.5 $25,000-35,000
Total Annual Labor Cost $247,500-355,000

Labor represents a significant component of the overall cleanroom operating
cost, particularly for facilities requiring 24/7 operation with multiple shifts.
2.5 Certification & Validation

Regular certification and validation are mandatory for cleanrooms to ensure

compliance with industry standards such as ISO 14644 and regulatory

requirements.

Certification Services:

. Particle counting: $1,500-3,000
. Airflow velocity tests: $800-1,500
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. Pressure differential verification: $500-1,000
. Filter integrity testing: $1,000-2,500

. Recovery testing: $800-1,500
Additional Costs:

. Microbial monitoring: $2,000-5,000

. Documentation and reporting: $1,000-2,500

. Compliance audits: $3,000-7,000
Total Annual Certification Cost: $10,600-23,000
These certification expenses are essential components of your cleanroom
operating cost that cannot be overlooked without risking compliance issues.
2.6 Miscellaneous
Various additional expenses contribute to the total cleanroom operating cost,

including utilities, waste management, and software systems.
Water & Sewage

$1,000-3,000 annually for humidification systems and general usage

Waste Management

$2,000-5,000 annually for specialized CleanRoom waste disposal

Software Licenses

$3,000-8,000 annually for EMS/BMS and monitoring systems

Insurance & Taxes

$5,000-12,000 annually for specialized facility coverage
Total Miscellaneous Costs: $11,000-28,000 annually

Factors Influencing Operating Costs
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Multiple factors significantly impact your cleanroom operating cost, and
understanding these variables is essential for accurate budgeting and
strategic planning.

CleanRoom Classification

The ISO classification of your cleanroom has the most significant impact on

operating costs, particularly energy consumption for HVAC systems.

Ajr Changes Per ypical Ceiling [Energy Cost A nnual Cost Impact (vs. ISO
[SO Class
Hour Coverage Multiplier

ISO 5 (Class 100) 240-600+ 80-100% 3.5-5x +250 400%
ISO 6 (Class 1000) 90-180 50-70% 2-3x +100-200%
ISO 7 (Class .

_ _ _ 1201-200
10,000) 30-60 20-30% 1.3-1.8x 30-80%
ISO 8 (Class _ o . ‘
100,000) 10-25 5-15% 1x (Baseline) Baseline

As shown in the table above, moving from ISO 8 to ISO 7 classification can
increase your cleanroom operating cost by 30-80%, primarily due to higher
HVAC energy requirements.

Operational Parameters

Beyond classification, several operational factors directly influence your

cleanroom operating cost:

Operating Hours

24/7 operation increases energy and labor costs by approximately 2.5x

compared to single-shift operation (40 hours/week).
Facility Size
Larger cleanrooms have higher absolute costs, but may benefit from

economies of scale in certain areas ($/m? typically decreases with size).

Environmental Controls

Tight temperature (£1°C) and humidity (x5% RH) controls can increase

HVAC costs by 15-30% compared to standard tolerances.

Personnel Density


https://www.cleanroomequips.com/iso-cleanroom-classifications/

Higher occupancy increases contamination risk, requiring more frequent
cleaning, higher air changes, and more PPE usage.

Deilang™ experts, including product designer Jason.peng, recommend
carefully evaluating these operational parameters during the design phase to

optimize your long-term cleanroom operating cost.

Cost Reduction Strategies

Implementing strategic measures can significantly reduce your cleanroom

operating cost without compromising performance or compliance. The
following approaches have proven effective across various industries.
Energy Efficiency Measures

Since energy represents the largest component of cleanroom operating cost,

efficiency improvements offer the greatest savings potential.
Variable Air volume (VAV)

Install VAV systems that adjust airflow based on occupancy and
contamination levels, reducing energy consumption by 20-40%.

Savings Potential: $10,000-25,000 annually for a 500m? ISO 7 cleanroom
High-Efficiency Motors

Use EC motors with variable frequency drives in HVAC systems, improving
efficiency by 15-30% compared to standard AC motors.

Savings Potential: $5,000-15,000 annually
LED Lighting

Replace fluorescent lighting with LED fixtures, reducing lighting energy
consumption by 50-70% while improving illumination.

Savings Potential: $2,000-5,000 annually
Heat Recovery
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Implement heat recovery systems to capture waste heat from exhaust air,
reducing heating costs by 40-60% in colder climates.

Savings Potential: $3,000-8,000 annually

Combining these energy efficiency measures can reduce your total
cleanroom operating cost by 15-25% while maintaining compliance.
Maintenance Optimization

Strategic maintenance approaches can extend equipment life and reduce

unexpected downtime costs.

Preventive Maintenance

. Regular filter inspections and replacement
. Scheduled equipment calibration
. Proactive component replacement

. Documented maintenance records

Predictive Maintenance

. Vibration analysis for rotating equipment
. Thermal imaging for electrical systems
. Performance trending and analytics

. Condition-based monitoring
ROI Calculation Example:

Implementing a comprehensive maintenance program for a 500m?2
cleanroom:

 Additional Investment: $15,000 annually for enhanced monitoring and
preventive measures

« Reduced Downtime: 40 hours saved annually @ $500/hour = $20,000



« Extended Equipment Life: 2-year extension on $200,000 HVAC system =
$20,000 annualized benefit

 Energy Efficiency: 5% improvement from optimized systems = $3,250
Total Annual Benefit: $43,250

Net Annual Savings: $28,250 ($43,250 - $15,000)

ROI: 188% annually

Operational Efficiency

Streamlining cleanroom operations can reduce labor requirements and

consumable usage while maintaining contamination control.

Gowning Procedures

Optimize gowning protocols to reduce time and material waste without

compromising protection. Savings: 10-20% of PPE costs.

Cleaning Protocols

Implement risk-based cleaning frequencies, focusing on critical areas.

Savings: 15-25% of cleaning labor and materials.

Material Management

Standardize and consolidate consumable purchases through strategic

supplier partnerships. Savings: 10-15% of consumable costs.
Staff Training

Comprehensive training reduces errors, contamination events, and improves

efficiency. Savings: 5-10% of operational costs.

Cost Estimation & Case Studies
5.1 Estimation Methodology

Accurately estimating your cleanroom operating cost requires considering

multiple variables specific to your facility and operations.



Simplified Cost Estimation Formula:

Annual Operating Cost = (Area x Base Rate x Class Multiplier x
Operation Factor) + Fixed Costs
Where:

. Area: Cleanroom floor area in m?

. Base Rate: $800-1,200/m?/year for ISO 8 (baseline)
. Class Multiplier: 1.0 (ISO 8), 1.5 (ISO 7), 2.5 (ISO 6), 4.0 (ISO 5)
. Operation Factor: 1.0 (single shift), 1.8 (double shift), 2.5 (24/7)

. Fixed Costs: $20,000-50,000 annually (management, insurance, etc.)

Example Calculation:

300m? ISO 7 Cleanroom operating 16 hours/day:

Annual Cost = (300 x $1,000 x 1.5 x 1.8) + $35,000

Annual Cost = ($810,000) + $35,000 = $845,000

Average Cost per m2: $2,817/m?/year

This estimation approach provides a reasonable benchmark for initial
budgeting, though actual costs may vary based on specific requirements
and local factors.

5.2 Case Study: Pharmaceutical ISO 7 Cleanroom

A detailed analysis of an actual 400m? pharmaceutical cleanroom

demonstrates typical cost structures and optimization opportunities.

Energy Consumption $182,000 $138,000 $44,000 (24%)
Maintenance $68,000 $52,000 $16,000 (24%)
Consumables $95,000 $78,000 $17,000 (18%)
Labor $320,000 $295,000 $25,000 (8%)
Certification $18,000 $16,000 $2,000 (11%)
Miscellaneous $42,000 $38,000 $4,000 (10%)
Total Annual Cost $725,000 $617,000 $108,000 (15%)

Key Optimization Measures Implemented:
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. VAV system installation with occupancy-based airflow control

. LED lighting retrofit with motion sensors in non-critical areas

. Preventive maintenance program with condition monitoring

. Consumable standardization and bulk purchasing

. Staff training on energy-efficient operations
Investment & ROI: $185,000 implementation cost with 1.7-year payback
period
This case demonstrates how strategic investments can significantly reduce
cleanroom operating cost while maintaining compliance and performance.
5.3 Industry Cost Benchmarks
Cleanroom operating cost varies significantly by industry due to different

regulatory requirements and operational parameters.

Annual Cost per

[ndustry Application , Key Cost Drivers

Pharmaceut.ical 1SO 7-8 $2.500-4,000 Docun.lentation, validation, regulatory
Manufacturing compliance

Medical Device Assembly  ISO 7-8 $1,800-3,000 Material handling, personnel training
Electronics Manufacturing  1SO 5-6 $3,500-6,000 Static control, ultra—clean requirements
Biotechnology R&D ISO7 $2,200-3,500 Flexible operations, specialized equipment
Food Processing ISO 8 $1,200-2,000 Sanitation, temperature control

These benchmarks provide context for evaluating your cleanroom operating
cost relative to industry standards and identifying potential optimization

opportunities.

Conclusion & Call to Action

Effectively managing your modular cleanroom operating cost requires a

comprehensive understanding of all cost components, the factors that



influence them, and proven strategies for optimization. Energy consumption
typically represents the largest expense, but significant savings can also be
achieved through maintenance optimization, operational efficiency
improvements, and strategic consumable management.

The modular nature of Deiilang™ cleanrooms provides inherent advantages
for cost management, including easier reconfiguration, scalability, and
technology upgrades. By applying the principles outlined in this guide and
leveraging Deiiang™ expertise, organizations can achieve substantial

reductions in their cleanroom operating cost while maintaining compliance

and performance standards.

Ready to Optimize Your Cleanroom Operating Cost?

Contact Deiiang™ today for a personalized assessment of your cleanroom

operations and discover how our solutions can reduce your expenses while

maintaining compliance.

Download Cost Manual

Cleanroom Insiders Expert Team

Deiiang's expert team specializes in designing and constructing
state—of-the-art cleanrooms tailored to meet diverse industry needs. With a
focus on innovation and compliance, we deliver pristine environments that

ensure operational excellence and product integrity.

Author Articles

WhatsApp: 8618186671616
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