
HVAC
Heating,  Ventilation & 

Air Conditioning



Cleanroom

Particles
Bacteria
Temperature
Humidity
Pressure



Environment contaminations

Dust Particle (0.5 μm – 500 μm)
Virus (0.006 μm – 0.03 μm)
Bacteria (0.2 μm – 2 μm)
Fungi and mould (1 μm – 100 μm)



Bacteria removal and Control

Dust must be controlled
Filtration
Directional air flow and air flushing or 
dilution
Surface bacteria cleaning



Uncontrolled environments

Quality issues
Product Degradation
Product Contamination
Product Rejection



Classification



GMP manufacturing considerations

Product protection (contamination, cross-
contamination,…)
Personnel protection (dust, fume, comfort,...)
Environment protection (dust, fume, effluent 
discharge,…)



HVAC Components



HVAC components
Weather louvre (protection from insects, leaves,…)
Flow rate controller (automated adjustment of air volume)
Make up and return air mixer
Metal filter
Pre filter (G4)
Primary Filter (F5 bag filter)
Heating Coil
Cooling Coil
Fan or Blower
Silencer (noise reduction)
Humidifier
Secondary or Final filter F8-F9 or HEPA
Damper (fixed adjustment of air volume)
Heater
Terminal Filter (HEPA)
Diffuser (ducts)



Exhaust unit components

Pre filter
Fan
Air washer (second filter)
Final filter (HEPA H12(hazardous) or F9 
(general))
Flow rate controller
Silencer
Exhaust air grille



Exhaust air filtration

Two banks of HEPA in series
BIBO systems
Differential pressure gaugues
Monitoring of filters (BMS, BAS, SCADA)
Air showers or Mist water



Full fresh system



Re-circulation system



Air Filtration
Level 1 Filtration (Metal filters, leaves, 
insects): Aluminum, Galvanized steel, Stainless 
steel
Level 2 Filtration (G filters or Pre-filtering 
outside air): 60-65%
Level 3 Filtration (intermediate filters or F 
Filters (Secondary Filtering for protection of 
final filters)): Bag filters
Level 4 Filtration (F8-F9 or HEPA Filters 
(Final filtering)): 0.3 – 10 μm
Level 5 or Terminal filtration (in the filter box 
on the ceiling of cleanroom): 0.1 – 0.3 μm



Gravimetric Filters



Fine Filters



Fine Filters



HEPA Filters

High-Efficiency Particulate Air
Extended-medium 
dry-type
rigid frame
minimum particle collection efficiency of 
99.97%



ULPA Filters

Ultra Low Penetration Air
Extended-medium
Dry-type
Rigid frame
minimum particle collection efficiency of 
99.999% (maximum particle penetration 
of 0.001%)



HEPA & ULPA Filters



Filters classification



HVAC Assembly



HEPA Filters considerations

Packaging
Transportation
Mechanical Damage
Storage (Maintenance)
Inspection
Fitting
Leak test



Leak Test

Cold generated oil test: DOP test 
Hot generated smoke: CO2
Particle counting
Scanning



Production activities



Cleanroom conditions



Cleanrooms

Increased air supply (ACH: 20 -60)
HEPA filters
Terminal filters
Differential pressure



Air flow



Cleanroom Diffusers

Swirl

Perforated



Airlocks

Cascade

Sink

Bubble



Qualification
HVAC Qualification
URS
DQ
IQ
OQ
PQ
Cleanroom Qualification
Microbial
Particle



Thank You

Any Questions?
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