
 

 

HVAC & PERSONNEL  

FACILITIES 
 

 

HEATING, VENTILATING & AIR- CONDITIONING SYSTEM 

HVAC (pronounced either "H-V-A-C" or "aitch-vak") is an acronym that stands 
for the closely related functions of "Heating, Ventilating, and Air Conditioning"- 
the technology of indoor environmental comfort. HVAC system design is a 
major subdiscipline of mechanical engineering, based on the principles of 
thermodynamics, fluid mechanics, and heat transfer. Refrigeration is 
sometimes added to the field's abbreviation as HVAC&R or HVACR, or 
ventilating is dropped as in HACR. 

 Heating:- 

There are different types of standard heating systems. Central heating is often 
used in cold climates to heat private houses and public buildings. Such a 
system contains a boiler, furnace, or heat pump to heat water, steam, or air, all 
in a central location such as a furnace room in a home or a mechanical room in 
a large building. The system also contains either ductwork, for forced air 
systems, or piping to distribute a heated fluid and radiators to transfer this 
heat to the air. The term radiator in this context is misleading since most heat 
transfer from the heat exchanger is by convection, not radiation. The radiators 
may be mounted on walls or buried in the floor to give under-floor heat. 

 Ventilating:- 

It is the process of "changing" or replacing air in any space to control 
temperature or remove moisture, odors, smoke, heat, dust and airborne 
bacteria. Ventilation includes both the exchange of air to the outside as well as 
circulation of air within the building. Methods for ventilating a building may be 
divided into mechanical/forced and natural types. 
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 Air- conditioning:- 

Air conditioning and refrigeration are provided through the removal of heat. 
The definition of cold is the absence of heat and all air conditioning systems 
work on this basic principle. Heat can be removed through the process of 
radiation, convection, and Heat cooling through a process called the 
refrigeration cycle. The conduction using mediums such as water, air, ice, and 
chemicals referred to as refrigerants. 

An air conditioning system, or a standalone air conditioner, provides cooling, 
ventilation, and humidity control for all or part of an industry,house or 
building… 

 Heating, ventilation and air conditioning (HVAC) constitutes up to 35 
percent of energy used in manufacturing facilities..When the opportunity 
exists, energy conservation should be a factor in the original equipment 
selection and system design.  

 The best HVAC design considers the interrelationship of building systems 
while addressing energy consumption, indoor air quality, and environmental 
benefit .HVAC systems can vary in design and complexity.Modifications can be 
added to the basic system to reach the desired HVAC operation.  

DESIGNING  OF  HVAC  IN  BUILDING  SHOULD CONSIDER  FOLLOWING:-  

1. Air intake should be designed & situated to protect from    sabotage. 

2. Consider the need for filtration. 

3. Units should be located in restricted access areas. 

 

 

   System Design Criteria 
 

 Specific facility and process criteria define the system solutions that are 

provided. 

 These criteria are defined as follows. 
 

    Temperature and Moisture :- 
 

Space and process temperature and moisture (or relative humidity) 

conditions are  generally determined by the product or process performed. 

Personnel comfort is also important, though secondary to the product 
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requirements. In general, most product or processes can be performed within 

temperature and relative humidity conditions comparable to human comfort 

and system control parameters.  

                                      

On occasion, products or processes are sensitive to moisture and may even 

attract moisture hygroscopically. If product or process requirements are 

significantly outside of these parameters, an independent enclosed process 

environment is often provided. Generally, process operators may be gowned 

at levels from laboratory coats to full coveralls with head, face, hand, and shoe 

covers. This level of gowning requires lower space temperature and relative 

humidity conditions than a standard occupied space to increase personnel 

comfort and reduce shedding of contaminants. Uncomfortable operators are 

also more prone to commit errors. Depending on specific gowning conditions, 

temperature setpoints generally range between 65˚ and 70˚F, and relative 

humidity setpoints between 40% and 50%, depending on temperature 

setpoint.         

        

Independent of gowning requirements, relative humidity ranges must be 

care-fully selected. Continuous relative humidity levels below 15% can  cause 

static electricity discharge and health concerns and levels above 60% can  be 

the source of  microbial growth and corrosion. Areas may be designated to 

operate at a range of controlled temperature and relative humidity to provide 

flexibility.These must be designed for operation at full load conditions at either 

end of the operating range. 

 

Allowable space and system control tolerances must also be identified, as 

well as the impact of these tolerance requirements on the systems design. 

Proper outdoor ambient design conditions must be determined in order to 

select the proper conditioning equipment. Equipment is designed to meet the 

indoor design criteria based on outdoor conditions and the capacity of the 

equipment. If outdoor conditions are chosen too conservatively, the 

equipment will be oversized, costing more than required and possibly requiring 

more energy for operation. If conditions are not chosen conservatively enough, 

space or process conditions may  not be met under certain circumstances.  

 



 

 

An assessment must be made as to the possible risks of not making space 

or process conditions and the effects on productivity. 
 

 

Air Cleanliness:- 

 

The level of acceptable airborne contamination within the space 

must be identified,whether supporting product quality or employee safety. 

 

 

Environmental cleanliness is determined by several factors:- 

 The quality of air introduced into the space 

 The quantity of air introduced into the space 

 The effectiveness of air distribution through the space 

 The effectiveness of the removal of the air contaminant 

 

Removal of the contaminant as close to its source is always the most 

effective method of contamination control—whether it is central filtration 

at an air handling unit before supply to the facility, or dust collection at a 

point source of contamination within a space. 

 

Clean room design takes contamination control to its highest level. Federal 

Standard 209 historically had been the document governing clean room 

design. This standard has been replaced by the ISO 14644 and 14698 global 

clean room standards. 

                         Previously, clean room cleanliness was categorized by 

cleanliness classes, which were qualified by the quantity of 0.5 micron or 

larger particles per cubic foot of air within a specific area. Particulate 

control is crucial because particles entering the product may contaminate 

it physically or through microorganisms associated with the particle. 

Standard categories of cleanliness were Classes 100000, 10000,1000, 100, 

10, and 1. As an example, the FDA Guideline on Sterile Drug Products 

Produced by Aseptic Processing recommends a minimum of Class 100 

when measured not more than 1 foot from the sterile open product work 

site; that is, no more than 0.5 micron can occupy any cubic foot of air 

within the space at any time. 



 

 

 

The ISO standards have been an outgrowth of these classes but have 

expanded the classifications to ISO 1 through 9 and widened the range of 

particulate sizes to micron through 5 microns. A rough comparison of the 

ISO and Federal Standard 209E is as follows: 

  

 

       ISO 

 

Federal 

Standard 

209E 

 

1 --- 

2 --- 

3 1 

4 10 

5 100 

6 1000 

7 10000 

8 100000 

9 1000000 

 

Air must also have low microbial levels. The above guidelines also 

recommend a maximum allowable level of colony-forming unit (CFU) per 

given volume of air. Particulate filtration can eliminate the majority of 

microbial contamination. In areas with high background microbial levels 

(such as facilities surrounded by large amounts of farmland); however, 

other methods may also be employed such as carbon bed prefiltration. 

 

Pressurization 

 

Space relative pressurization will be determined primarily by requirements of 

the product, but also by characteristics of the product that may adversely 

effect personnel. Space containment and isolation techniques, in general, can 



 

 

protect the product, the operator, or both. Where product contamination 

control is required, the space relative pressurization must be designed to 

assure that the movement of exfiltrated air is from the clean to the less clean 

areas.  

 

In some cases, especially when dealing with hazardous products (e.g., high 

potency compounds), this relative pressurization and resultant air movement 

is sometimes reversed to contain the hazard and protect personnel.  

                                                  

                                    In these cases, product contamination can be controlled 

by the use of special laminar flow hoods or personal isolation suits, and/or 

positive and negative pressurization utilizing airlocks. Some operations may 

require flexibility for either positive or negative pressurization, depending on 

the application. 

 

Building Intake and Exhaust:- 



 

 

 

Careful attention must be paid to the incoming system air 

quality. This can be specific to the area in which the facility has been 

constructed such as an industrial area. An industrial area may have a 

more corrosive or chemical laden air quality. These issues must be 

carefully considered when selecting filtration systems so as to 

minimize the possibility of product contamination. Most often, 

however, building intake re-entrainment or its own effluent is the 

greater problem.  

 

Careful consideration must be made as to the impacts of 

building exhaust and relief systems, loading docks and other 

incidences of vehicle exhaust and electrical generator exhaust. 

Analysis must be made of the subject building’s impact on itself and 

other surrounding buildings, and their impact on the subject 

building. Potential future building activities should also be 

considered. 

 

Rooftop activity safety should also be analyzed and a safety 

rooftop environment should be provided for routine maintenance 

activities. 

 

 

Noise Considerations:- 

Given the overriding concerns for durability and cleanability in 

process spaces, little can be done to dampen the finished surface 

acoustic qualities. By definition a cleanable space has smooth, hard 

finishes with simple geometries that reflect rather than absorb sound. 

This makes the control of noise contributed by utility systems critical 

in these spaces. Sound attenuation can be added to supply and 

exhaust air systems. Dust collection inlets, however, tend to be the 

greatest contributor to space noise and absolute attention to design 

parameters can minimize the sound radiated from these inlets. 

                                               

            Manufacturing facilities also tend to utilize large process and 

utility equipment that can radiate noise to the outdoor environment. 



 

 

Local ordinances and community goodwill may require that noise 

generated by this equipment be minimized. Methods of enclosure and 

the specification of sound attenuation devices can significantly reduce 

noise transmitted outside of the facility. 

 

 

 

Cost Considerations:- 

Pharmaceutical manufacturing facilities and processes are extremely 

costly facilities to design, construct, and operate.  

 

When designing a facility and process, careful consideration 

must be made of the initial construction cost, balanced against life 

cycle operating costs. Careful analysis must be made of all of the 

components that comprise a facility or process design. A cost cutting 

measure taken during the initial capital expenditure can multiply into 

huge operating costs by years of inefficient operation. Conversely, a 

complex, cost intensive project can take too long to build and 

commission, which may affect speed to market and ultimately 

production and sales. 

 

Heating Systems:- 

Heating of facility and process systems is generally 

accomplished utilizing steam or hot water as the heat source. There 

may also be intermediate methods of heat transfer utilizing a 

secondary steam or heating hot water system. Heating can also be 

provided by electric means that is easily controlled but is expensive 

to operate and therefore not in widespread use. 

                                 

Steam used for sterilization of containers or equipment or that 

comes in direct contact with the product through a process or 

though humidified room air in an open product space must be “clean 

steam.” This steam is produced in a dedicated heat exchanger or 

boiler supplied with purified feed water that is also free of chemical 

additives. Piping for clean steam is preferably welded stainless steel. 



 

 

                                                    

Cooling Systems:- 

Cooling of facility and process systems is generally accomplished 

utilizing chilled water, condenser water, or direct refrigerant 

expansion (DX) as the heat sink. In isolated cases, a water/anti-freeze 

solution or other heat exchange fluid may be utilized, generally 

without a phase change. 

           Primary chilled and condenser water is usually 

generated 

central cooling system. It is then  distributed throughout the facility 

to points  

 of use that include cooling coils, heat exchangers, and jacketed heat 

exchange processes. Plant chilled water is generally produced 

utilizing water-cooled or air-cooled chillers. Chilled water supply 

temperatures are usually in the range of 40˚– 45˚F and are 

determined by the requirements of the cooled medium, generally air. 

 

Humidification Systems:- 

In most cases, air supplied to the space or process will require 

the addition of moisture to maintain relative humidity conditions. 

Moisture is generally provided utilizing steam injection and in some 

cases atomized water utilizing compressed air. In the cGMP 

environment, the added moisture cannot be a source of 

contamination. Its source is therefore generally purified water that is 

then atomized or converted to clean steam. These humidifiers are 

typically constructed of stainless steel. 

 

Dehumidification Systems:- 

In cases of high latent loads from processes or high quantities 

of outside ventilation air, the building cooling system may not be 

capable of the higher dehumidification requirements. Several 

moisture removal methods are available.  

 

These include low temperature latent cooling used in concert with 

reheating, solid and liquid desiccant drying systems, and the 



 

 

injection of sterile, dry compressed air into the air stream. 

 

Supply Air Handling Systems 

Air systems have the greatest influence over the environment within 

the space or process that it serves. It assists in determining the 

temperature, moisture level, and cleanliness of that environment. It 

also assists in the relative pressurization of the space or process. 

 

Space Supply Air Handling Systems:- 

Supply air systems are divided into four specific components: prime 

movers, distribution, terminal control equipment and terminal 

distribution equipment. 

 

Primer  Movers: 

Prime movers on the supply air system are generally enclosed in an 

air handling unit comprised of several components. The device that 

drives the air is a fan. Coils are used to transfer heat into or out of the 

air stream. 

 

Humidification devices are often placed inside of the air 

handling unit but can also be installed within the ductwork outside of 

the unit, saving unit casing cost.Air systems tend to be noisy. 

Contributors are primarily fans, dampers and terminal air control 

boxes. Sound attenuation is often place in or near the air handling 

unit to decrease the radiated noise of the fan. Concerns here are the 

type of attenuator, which could also be a source of particulate and 

microbial growth. 

 

 
 
 
 
 
 
 
TYPICAL  AIR HANDLING SYSTEM COMPONENTS:-  

 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 

 
 

Distribution:- 

Distribution is generally sheet metal ductwork, although it can be 

piping or other materials. The greatest consideration is often the 

material. Galvanized sheet steel is most often used, but is difficult to 

sanitize. If the material is open to product or product space or must be 

frequently decontaminated, it is often specified as stainless steel. 

 

Terminal Control Equipment:- 

This includes air volume control boxes, terminal heating and cooling 

coils, terminal humidification and sound attenuation. Air volume 

control boxes control the air quantity delivered to the space.Terminal 

cooling coils provide for space subcooling and or dehumidification. 

Terminal heating coils provided for reheat of space air to support 

dehumidification and room temperature control. Accessibility for 

maintenance is the primary concern for these devices. Terminal 

humidifiers provide additional moisture to the space greater than the 

system can. 

 

Terminal Distribution Equipment:-  

These includes diffusers, registers and grilles,and terminal filtration. 

Diffusers, and registers and grilles introduce air into the space. Proper 

application of the different types of devices is critical to maintain 

effective distribution. The airflow direction into the space is 

important.Unidirectional diffusers are often specified instead of the 

aspirating type to provide, in concert with the exhaust terminal device, 

a “sweeping” effect in the room to more effectively remove particulate 

from the space.  

 



 

 

Another important consideration is device cleanability within the 

space. The device cannot be a source of contamination. Terminal 

filtration is applied most often where space cleanliness is 

paramount.While this application of filtration can protect the space 

and product from contaminant within the air system, it can also 

protect the air system from product or contaminant within the space in 

case of system failure. Important considerations for the selection and 

placement of terminal filtration are its location, change out 

requirements, and accessibility for testing. 

 

Different components of HVAC and their   

functions:- 

                  
          

1. SILENCER 
 The silencer is not important from a GMP point of view, but from an 

environmental one, as ventilation units can be very noisy.  Be sure 
that the silencers are manufactured of suitable materials as the 
linings of standard silencers can contaminate air with particulates.  

 Depending on the local legislation, the installation of silencers can 
be mandatory.  

2. WEATHER LOUVRE 

Filter Silencer 

Terminal filter 

Weather louvre Control damper 

Fan Flow rate controller 

Humidifier 

Heating  

coil 

    Cooling coil 

    with droplet 

separator 

Production Room 

 

+ 
Prefilter 



 

 

 To prevent insects, leaves, dirt and rain from entering. Weather 
louvre and silencer are   a less critical element compared to the 
components associated with the flow rate control. 

3. FLOW RATE CONTROLLER 
 Automated adjustment of volume of air. 

4. HUMIDIFIER 
 For humidification purposes, especially in clean areas, high purity 

water should be used, to avoid contamination.  

5. COOLING UNIT 
 The cooling unit is important during the hot season.  Be aware that 

stagnating water (condensed water) can bring bacterial growth, 
which can contaminate the filters, pass through them (depending 
on their retention properties) and end up contaminating production 
areas.  

 6. CONTROL DAMPER 
 Dampers to control pressure differentials are important.  They can 

be automated or fixed.  As filters get dirty the system pressure 
losses increase, and if airflow is not regulated, the flow decreases 
and pressure differentials change. This could cause flow reversal 
and cross-contamination.  Variable speed drives for fan motors are 
also commonly used to control airflow.  

  7. DEHUMIDIFIER 
 In some cases, it is necessary to have very dry air for galenical 

reasons in certain rooms (production of effervescent tablets and 
humidity sensitive products in general).  

 To generate dry air, the air supplied to the production is passed 
over an adsorbent (silica gel, lithium chloride, etc.) where the 
humidity is removed from the air. 

 The adsorbent is then re-generated, on a continuous or on a batch-
wise base. 

   8. AIR DIFFUSOR (REGISTER) 
 The air flows into the rooms via so-called registers (diffusors), which 

are built and installed in such a way that the air is distributed 
evenly.  

 In many cases, the terminal filter panel and diffusors are 
incorporated into one unit.  

   9. DUCTS 
 To transport air. 

  10. FILTERS 



 

 

 To eliminate particles of predetermined dimensions and/or micro-
organisms. 

Types  of  filters  used  in HVAC 

 Primary Panel filters, which are used mainly for lower filtration   
efficiency or as pre-filters 

 Secondary filters, consisting of mini-pleated media or filter bags used 
for higher filtration efficiency. 

 HEPA or tertiary filters, usually being the final filter in the system, 
 providing the highest filtration efficiency.  

 

FILTER CLASSES 

                     ULPA- Ultra-Low Penetration Air  filter 

        HEPA- High Efficiency Particulate Air filter 

 Filters are certified by the suppliers (challenge/efficiency test), but are 

often not properly installed or can be damaged.  Leak tests (integrity 

tests), showing leakage of air through the filter itself or through its 

frame, therefore, have to be performed.  Integrity tests are usually only 

carried out on the Aerosol filters (HEPA & ULPA).  

 Integrity or penetration testing is performed to detect leaks from the 

filter media, filter frame and seal.   

 

FILTER POSITION 

The filtered air entering a production room can be coming from: 

Standard Aerosol 

Fine Coarse ULPA HEPA 

10  µ m > Dp > 1  µ m 
Dp > 10  µ m Dp < 1  µ m 

F5 - F9 
G1 - G4 

U 14- 17 H 11 - 13 

EN 779 Standards EN 1822 Standard 

Dust filters 



 

 

 An air-handling unit, equipped with pre-filtration and the main (HEPA) 

filter,   but at some distance from that room (AHU mounted final filter)  

 An air-handling unit, equipped with pre-filtration in the AHU, and an 

additional filter (HEPA) situated immediately on the air outlet. 

 In many cases, there are only filters in the AHU.  However, for 

injectables and sterile forms, it is recommended that they be placed in 

terminal position, though there is a growing tendency to have terminal 

filters in all rooms where open products are handled.   

 It is recommended that classes A & B (ISO 4, 5 & 6) have terminal HEPA 

filters. 

 If there is no filter in terminal position, it should be ascertained that 

there are no elements between the main filter and the air outlets which 

could add contamination.  No elements such as fans, heating/cooling 

batteries, should be situated downstream of the final filter.  
 

                

 

 

AHU MOUNTED FINAL FILTER 

In case of filter in terminal position HEPA filter in above figure is 
situated immediately to the air outlet. 

 

REQUIRMENTS TO BE SATISFIED FOR THE QUALITY OF AIR:- 

                               (ACC. TO GMP) 

The air in the manufacturing & processing areas should contain minimal 

amounts of particulate matter, both viable & non-viable. This 

requirement may be met by heating & cooling systems that provides air 

HEPA   FILTER PRODUCTION 

ROOM 



 

 

entering these spaces in a nonturbulent flow pattern & in sufficient 

volume to remove airborne particles from locations where contamination 

of product may occur. Flow grates, vents, & vacuum dust removal 

equipment must be considered as part of the system design. 

Ideally, an effective air conditioning, filtering, & humidification 

system will be employed in all new construction & renovations.  

                    Any air conditioning system design should consider the 

following factors: 

1. Means for preventing the entry of airborne contaminants into work 
area. 

2. Enclosed or semiclosed systems, recirculating only particulate-free air 
from space to space. 

3. Sufficient incoming volumes of air with exhaust to “sweep” particulate 
contaminants from the air in a working area. 

4. A vacuum or special exhaust system in dusty manufacturing or 
handling rooms to prevent settling of contaminants. 

5. Temperature & humidity controls to insure maximum comfort 
through-out all climatic conditions. 

6. Pressure dampers and diffusers to insure constant velocity 
(nonturbulent) incoming air. 

7. Independent control of incoming air into each departmental area so 
different needs may be met. Control should be maintained over 
temperature, humidity & velocity.  

8. Absolute HEPA filters located in the system immediately before 
entrance into the space to prevent passage of microbial & microscopic 
particulate matter. 
 

               Sterile manufacturing, filling, & handling spaces require special 

air processing. HEPA filter units with laminar air flow are minimal 

requirement in those areas where airborne contamination of product 

may occur. The manufacturer must make a cost-benefit decision as to 

the extent of this system. In special areas, modular laminar flow units to 

enclose those operations during which the drug dosage form is exposed 

to ambient air may be sufficient. Vertical, rather than horizontal, laminar 

flow reduces the problem of “downwind” flow of airborne particulate 

matter over working spaces. It has been reported that an air velocity of 



 

 

approximately 100 ft3/min is necessary to achieve class-100 working 

conditions for large enclosed areas. 

              The efficiency of the air handling system must be continuously 

monitored to insure that desired filtration is being achieved. Airborne 

particle counters or plates placed at critical locations in the 

manufacturing cycle determine the amount of particles per unit time. 

Records of these periodic checks should be maintained so that 

abnormally high readings may be detected & appropriate remedial action 

taken. 

Problems associated with HVAC components:- 

 Flow rate controller - Blocked , No control of pressure differentials 
 Control damper – Poorly adjusted , Bad pressure differential systems 
 Humidifier - Bad water/Risks of microbial contamination ,steam 
quality 
 Cooling Unit - No elimination , Risks of microbial contamination of 
condensed water 
 Filters - Incorrect retention , Risks of contamination rate(particles, 
micro-organisms) , Damaged , Filter integrity fails , Badly installed , Risks 
of contamination  (particles, micro-organisms) 
 Ducts - Inappropriate material , Danger of corrosion , Leaking duct 
work Intake of unfiltered air 

 

Different air types to be considered within the air handling 

system: 

Fresh air (if the plant is of the re-circulation type, it is necessary to 

replace some of the re-circulating air with fresh air, which is then called 

make-up air).  

A proportion of about 15% fresh air is normal, but this proportion can 

vary, depending on factors such as number of people, National 

Regulatory  Authority requirements, the presence of certain 

substances in the air, leakage due to pressure control, etc.  

 Supply air to the rooms 
 Exhaust air from the rooms 
 Return air (about 85% is being re-circulated) 

 



 

 

Comparison of fresh air with re-circulated air 

 The filtered air entering a production room can be  

 eliminated  100% (exhaust air) 

 a proportion re-circulated 
 In case of re-circulation, every possible measure of protection must 

be taken to ensure that the air coming from a production unit and 
loaded with product particles does not flow to other production 
units, thereby contaminating them.  

 There are also cases, in which air re-circulation is prohibited, for 
example if solvents are used or cytotoxic products are manufactured.  

 With control dampers, the proportions of fresh and re-circulated air 
can be adjusted 

 

  Supply air 

There are two ways to supply air to a room or a piece of equipment;  

1. Turbulent air flow 
2. Uni-directional flow, often called laminar flow  

 The air speed in the uni-directional flow is defined by the WHO at: 
0.45 m/s for horizontal units,  0.30 m/s for vertical units (most 
commonly used) 

 Two aspects have to be considered: 
  GMP aspect: uni-directional air (laminar) installations give a better 

protection, because of the displacement effect rather than the 
dilution effect.  

 Economical aspect: turbulent air installations are cheaper, as less air 
has to be treated. 

 For certain operations, namely in class A, a “laminar flow” must be 
used.  

 Uni-directional (laminar) flow units exist mostly as vertical, but also 
as horizontal, units. 

 LF workbenches (mainly used in sterility testing) or LF cabins/booths, 
routinely used in production, for instance on top of a filling machine.  

 In some cases, the units can be integrated into the ceiling of a room 
and also connected to the central air conditioning system. 

 

Role  of  HVAC in pharmaceutical  industry 
HVAC system plays an important role in product protection, 

personnel protection and environmental protection. 



 

 

1. PRODUCT PROTECTION 

Contamination control 

Contaminants can originate from:- 

 Environment (particles, micro-organisms, dust containing other 
products). 

 Equipment (residues of other products, oil, particles, rust, gaskets, 
metal) and can be brought into the product by air movements.  
Contaminants are in fact the presence of anything in the manufactured 
product which should not be there. 

 Contaminants can be products or substances other than the product 
manufactured (e.g. products resulting from air pollution), foreign 
products, particulate matter, micro-organisms, endotoxins, etc. 

 
Cross-contamination protection 
    Cross-contamination can originate from 

 poorly designed air handling systems and dust extraction 
systems, 

 poorly operated and maintained air handling systems and dust 
extraction systems 

 Inadequate procedures for personnel and equipment 
 Insufficiently cleaned equipment 

Through all stages of processing, products should be protected 
from cross-contamination.  

 This can be achieved with the aid of the following 
methods.  

1. Adequate premises: Minimization of possibility of accumulation of 
dust; premises  

2. Good ventilation and dedusting system. 
3. Closed production systems:  Closed systems, in which product is 

transferred from one piece of equipment to another one, without 
being exposed to the atmosphere. 

4. Validated cleaning procedures: Manual cleaning procedures may not 
be reproducible. 

5. Level of Protection concept : A good hygiene, or Level of Protection 
concept, specifying requirements for environmental conditions; entry 
procedures for personnel and material is fundamental for keeping 
cross-contamination under control. 



 

 

6. Maintaining the correct air pressure differential between rooms helps 
prevent cross-contamination. 

7. Unidirectional Airflow protection 

Temperature and humidity:- 
 

 Product temperature requirements:- 

Temperature requirements for the various products being 
manufactured should be determined and based on this the HVAC 
temperature control should be set.  

 Product humidity requirements:- 

Microbial growth:- 

High temperatures and high humidities cause excessive perspiration 
from operators. This increases risk of microbial contamination.  
 

2. PERSONNEL PROTECTION 
Protection from dust 

Operators’ health should not be put at risk by being exposed to 

harmful products.  Where possible, dust should be controlled at 

source and thus prevented from being released into the room.  

Unidirectional Airflow protection 

 Unidirectional airflow protection, either vertical flow or horizontal 
flow, is an efficient means of protection for both the operator and 
the product.   

 The source of the dust and the position in which the operator 
normally stands should be determined before deciding on the 
direction of unidirectional flow. 

 It should be ensured that the operator is not in the path of an 
airflow that could lead to contamination of the product.  

 Obstructions in the path of a unidirectional flow air stream may 
cause even more dust exposure to the operator.    

 

 



 

 

Air Showers 

 When operators have been working in a dusty environment, their 
protective garments could become coated with a film of dust.  

 Operators should change out of their protective garments before 
going to the canteen.   

 Operators could pass through an air shower, prior to entering the 
change room, on leaving the production area.   

 
Protective enclosures 

When dealing with particularly harmful products, additional steps, such 
as handling the products in glove boxes or using barrier isolator 
technology, should be used. 

 
Operator comfort 

 Temperature conditions should be adjusted to suit the protective 
clothing that the operators are wearing.   

 Typical comfort condition of 18°C should be applicable in a sterile 
manufacturing area where full protective clothing is worn, whereas 
21° to 22°C should be comfortable in an OSD facility where the dress 
code is less onerous. 

 
3. PROTECTION OF THE ENVIRONMENT 

Exhaust air dust 

 Exhaust air discharge points on pharmaceutical facilities, such as 
from fluid bed driers and tablet coating equipment, and exhaust air 
from dust extraction systems, carry heavy dust loads and should be 
provided with adequate filtration to prevent contamination.   

 On typical solid dosage plants, where the powders are not highly 
potent,  final filters on a dust exhaust system should be fine dust 
filters having a filter classification of F9 according to EN779 filter 
standards.   

 On systems where harmful substances such as penicillin, hormones, 
toxic powders and enzymes are exhausted, the final filters should 
be HEPA filters with an H12 classification according to EN1822 filter 
standards.   

 For exhaust systems where the discharge contaminant is considered 
particularly hazardous, it may be necessary to install two banks of 



 

 

HEPA filters in series, to provide additional protection should the 
first filter fail.   

 

Fume removal 
 Although fume, dust and effluent control relating to the ambient are 

not GMP issues, but rather environmental issues, they could also 
become a GMP issue.  For example if an exhaust air discharge point 
was close to the HVAC system fresh air inlet. 

 Removal of fumes should be by means of wet scrubbers or dry 
chemical scrubbers (deep bed scrubbers). 

 Wet scrubbers for fume removal should normally have various 
chemicals added to the water to increase the adsorption efficiency.   

 Deep bed scrubbers should be designed with activated carbon filters, 
or chemical adsorption granular media.  The chemical media for 
deep bed scrubbers should be specific to the effluent being treated.   

 The type and quantity of the vapours to be treated should be known, 
to select the type of filter media as well as the volume of media 
required. 

 
Effluent discharge 

Effluent control should be designed to ensure that system do not 
become source of possible risk or contamination.. 

 

IMPORTANCE OF MONITORING PRESSURE 

DIFFERENTIATION 

1) Pressure differentials must be defined, monitored and alarmed in critical 

cases.  

2) The overpressure of each room is measured against a reference point in the 
factory (point zero). 

3) The pressure differential in sterile areas is set up at 15 Pa between zones of 
different cleanliness. 

4) Sufficient pressure differential required to ensure containment and 
prevent flow reversal – but not so high as to create turbulence. 

5) Doors must be opened to higher pressure. 
6) Factory layouts must be carefully planned, in order not to have too high a 

pressure differential between entrance and exit of a sterilizing or 
depyrogenating tunnel, as the air flow may significantly affect the 
temperature in a tunnel.  



 

 

7) Pressure differentials must be constantly monitored. The loss of 
overpressure in a filling room for injectable may mean the loss of the 
batches under production and the need for complete sanitation of the 
facility. It is therefore essential that the systems are designed in such a 
way that there is no loss of overpressure in case of power loss 
(overpressure fan should be linked to emergency power grid).  

8) The entry into some rooms (containing dangerous products such as 
hormones, cytotoxics, low RH products or strongly colored products) is 
protected by airlocks.  

VALIDATION AND QUALIFICATION 

List of Parameters to be qualified  

For a pharmaceutical facility some of the typical HVAC system 
parameters that should be qualified include: 

 room temperature (if there is an impact on product 
quality) 

 room humidity (if there is an impact on product quality) 
 supply air quantities for all diffusers 
 return air or exhaust air quantities 
 room air change rates 
 room pressures 
 room air flow patterns 
 laminar flow velocities 
 containment system velocities 
 HEPA filter penetration tests 
 room particle counts 
 room clean-up rates 
 microbiological air and surface counts 

 

QUALIFICATION/VALIDATION 

a. as built –no equipment, no person in room  
b. at rest – only equipment 
c. in  operation – both equipment & person  

 
 Furniture/equipment can have an influence on the air flow and 

thus the air flushing and people may influence the quantities of 
micro-organisms and particles. 



 

 

 Though WHO does not specify different values for both at rest 
and in operation situations, the need for accurate specifications 
for planning and operation still exists.  

 However, we also have to remember that, once a ventilation 
system is installed, it is necessary to see how well it performs in 
comparison to its planned purpose, which is to provide a quality 
environment of specified parameters for the product.  

 The whole process is of course supported by adequate 
documentation. 

 There are different tests for the turbulent and for the uni-
directional air flows.  

          

 

          

 
 

1.The differential pressure on filters is an indication of the clogging of the 

    filters with the charging of dust on the filters, the differential pressure 
    will increase.   
 
2.In order to keep the volume of air constant, the fan speed may increase, 
with 
    the  following consequences: 

 Damage to filters, and passage of unfiltered air 
 Particles and micro-organisms will be “pushed” through the filter 

units. 
 

3. Airflow patterns are interesting to visualize (smoke tests), as zones  
   without proper flushing can be easily identified    
 

Test Turbulent / 

mixed airflow  

Description Uni-

directional 

airflow / LAF  
Recovery time 

Room classification 

(airborne particle) Temperature, humidity 

N/A 2 

2 2,3 

N/A 2,3 

1 = As built (ideally used to 

perform IQ) 

2  = At rest (ideally used to perform 

OQ) 

3  = Operational (ideally used to 

perform PQ) 

Differential pressure on 

filters 

Turbulent / 

mixed airflow  

Description  Uni-

directional 

airflow / LAF  

Room differential pressure 

Airflow velocity / uniformity 

Airflow volume / rate 

Parallelism 

Air flow pattern 

2               

N/A 2, 3 

2, 3 Optional 

2 2 

2 N/A 

2 3 

1 = As built  

2  = At rest  

3  = Operational  

 

 

Test  



 

 

4.It is also important to monitor air flow velocities for each HEPA filter  
according to a program of established intervals because significant 
reductions in velocity can increase the possibility of contamination, and 
changes in velocity can affect the laminarity of the airflow.   
 
5.Airflow patterns should be tested for turbulence, as these can interfere 
with the  flushing action of the air. 
 
6. The recovery time (clean-up time) is also an important parameter to be 
determined.  Once doors have been opened and people have been 
entering a room, the original conditions have been disturbed and, for a 
short while, before recovering, the room does not always correspond to 
the laid down parameters. 

 It is important to know how long this period is.  There are no 
regulations laid down as to how long this clean-up time should be.  
However, the generally accepted time to clean-up from one cleanroom 
classification to the next higher classification should be less than 15 
minutes.  
 
7.It should also be remembered that a room is to be qualified “in 
operation” when it has a certain number of people in it.  After 
qualification, the number of people in that room, as challenged during 
qualification, cannot be exceeded. 
  
8.Temperature and humidity can also be important (comfort in clean 
areas, stability of effervescent products 

 Requalification of these parameters should be done at regular 
intervals, e.g. at least annually.  
 

 

 

 

 

 

 

 

 

 



 

 

 The tables below, giving the recommended time periods for 
retesting or requalification, are taken from the ISO 14644 standard 
and are given for reference purposes only.  The actual test periods 
may be more frequent or less frequent, depending on the product 
and process. 

                           STRATEGIC TESTS (ISO 14644) 

Schedule of Tests to Demonstrate Continuing Compliance 

Test Parameter Clean room 
Class 

Max Time 
Interval 

Test Procedure 

Particle Count Test 
(Verification of 
Cleanliness) 

All 
classes 

6 
Months 

Dust particle counts to be 
carried out & result 
printouts produced. 
No. of readings and 
positions of tests to be in 
accordance with ISO 
14644-1 Annex B 

Air Pressure 
Difference 
(To verify non cross-
contamination) 

All 
classes 

12 
Months 

Log of pressure differential 
readings to be produced or 
critical plants should be 
logged daily, preferably 
continuously.  A 15 Pa 
pressure differential 
between different zones is 
recommended. 
In accordance with ISO 
14644-3 Annex B5* 

Airflow Volume 
(To verify air change 
rates) 

All Classes 12 
Months 

Air flow readings for 
supply air and return air 
grilles to be measured and 
air change rates to be 
calculated. In accordance 
with ISO 14644-3 Annex 
B13* 

Airflow Velocity 
(To verify 
unidirectional flow or 
containment 
conditions) 

All Classes 12 
Months 

Air velocities for 
containment systems and 
unidirectional flow 
protection systems to be 
measured. 
In accordance with ISO 
14644-3 Annex B4* 

 



 

 

RECOMMENDED OPTIONAL STRATEGIC TESTS (ISO 14644) 

Schedule of Tests to Demonstrate Continuing Compliance 

Test Parameter Clean room 
Class 

Max 
Time 
Interval 

Test Procedure 

Filter leakage Tests 
(To verify filter 
integrity) 

All Classes 24 
Months 

Filter penetration tests to be 
carried out by competent person to 
demonstrate filter media and filter 
seal integrity.  Only required on 
HEPA filters. In accordance with ISO 
14644-3 Annex B6* 

Containment 
leakage 
(To verify non 
cross-
contamination) 

All Classes 24 
Months 

Demonstrate that contaminant is 
maintained within a room by 
means of: 

 airflow direction smoke 
tests 

 Room air pressures. 
In accordance with ISO 14644-3 
Annex B4* 

Recovery 
(To verify clean up 
time) 

All Classes 24 
Months 

Test to establish time that a clean 
room takes to recover from a 
contaminated condition to the 
specified clean room condition.  
Should not take more than 15 min.  
In accordance with ISO 14644-3 
Annex B13* 

Airflow 
Visualization 
(To verify required 
air flow patterns) 

All Classes 24 
Months 

Tests to demonstrate air flows: 

 from clean to dirty areas 

 do not cause 
crosscontamination 

 uniformly from 
unidirectional flow units 

Demonstrated by actual or videoed 
smoke tests. 
In accordance with ISO 14644-3 
Annex B7* 

 

 

 



 

 

MAINTENANCE  OF  HVAC 

 The HVAC system should be subjected to planned preventative 
maintenance. 

 Maintenance should be done in accordance with written 
procedures and records of maintenance should be kept. 

 HVAC systems for clean room facilities are normally 
sophisticated and maintenance staff should be adequately 
trained.   

 HEPA filters should only be changed by specialists or trained 
personnel. 

 Maintenance of the HVAC system, with regards to component 
accessibility, should be considered during the design stage of 
the system.   

 Where possible, items requiring routine maintenance should 
be located outside of the clean zones. 

 Any maintenance activity should be critically assessed to 
determine any impact on product contamination. 

 Maintenance activities should normally be scheduled to take 
place outside of production hours, and any system stoppage 
should be assessed with a view to possible re-qualification of 
an area that may be required as a result of an interruption of 
the service. 

 Prevention of operator contamination should also be 
addressed at the design stage, e.g. exhaust air filters that 
could be contaminated with harmful products may require 
safe-change filter housings.  

 

MANUFACTURERS  OF  HVAC:- 
 

MidwestBAS - Supplier of HVAC Equipment & Other Products For 
Commercial Buildings 

SEMCO Inc. - Missouri-based Manufacturer of Round Duct, Air 
Duct and HVAC Systems & Solutions 

HVAC Plus - Supplier of HVAC Equipment, Controls, Parts & Tools 
From Leading Manufacturers 

Kathabar Systems - Global Manufacturer of HVAC equipment. 

Air Specialties Express - Manufacturer of HVAC Equipment 

http://www.industrialleaders.com/companies/02/132.html
http://www.industrialleaders.com/07/02/010.html
http://www.industrialleaders.com/07/01/051.html
http://www.industrialleaders.com/06/01/246.html
http://www.industrialleaders.com/06/01/134.html


 

 

Carnes Company - HVAC Equipment Manufacturer & Supplier 

Engel Europa International Ltd - Manufacturer Of HVAC Duct 
Forming Machinery & Other Machines For HVAC Industry 

Smart Temp Australia Pty Ltd - Manufacturer Heating & Cooling 
Thermostats & Zone Controls 

Cosaf Environments Ltd - Specializing In Industrial Air 
Conditioning, Heating & HVAC Design & Installation 

RAPTOR - Manufacturer of Heat Pump Covers & AC Covers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.industrialleaders.com/06/01/135.html
http://www.foreigntradeexchange.com/companies/01/171.html
http://www.foreigntradeexchange.com/07/01/088.html
http://www.foreigntradeexchange.com/07/01/057.html
http://www.foreigntradeexchange.com/06/01/079.html


 

 

PERSONNEL FACILITIES:- 

(ACCORDING TO GMP) 

FACILITIES FOR EATING AND DRINKING:- 

 Eating facilities well segregated from all the production areas are 
mandatory. 

1. Eating & drinking permitted only in separate eating facilities: smoking 
permitted only where an adequate disposal is provided, & apart from 
production areas. 

2. Prominent signs indicating these rules posted at entrances to 
production areas. 

3. Enforcement procedures against violators taken by management. 
4. Permanent facilities for breaks & people bringing lunches required; 

ideally cafeterias serving hot meals to reduce amount of food, a 
potential contamination source, brought into the plant. 

5. Manufacturer should provide facility of canteen; it should  be away 
from operating areas. 

 

FOR  PRODUCTION  AND  MATERIALS  PROCESSING AREAS:- 

 Drinking, eating, smoking, tobacco chewing & expectoration 
prohibited. 

 Tissues & closed disposal containers readily available. 
 

LAVATORIES & LOCKERS:- 

1. Adequate in number for the number of personnel employed. 
2. Conveniently located to all areas. 
3. Hot shower facilities are provided 
4. Disinfectant soaps are utilized. 
5. Adequate ash & waste receptacles provided. 
6. Periodic cleaning of the area during each shift with logging of times & 

conditions mandatory. 
7. Complete cleaning with cleansing & disinfectant agents daily; follow-up 

inspection by supervisory personnel logged. 
8. Eating & drinking not permitted; foods & beverages for meals & breaks 

stored only in lockers. 
9.  Lavatory & locker areas separated from all sterile spaces by an air lock. 
 

 



 

 

CLOTHING:- 

Sufficient amount of clean uniforms provided by company to personnel. 

 Regulations stipulating maximum intervals between changes for each 
function. 

 Workers in special clean areas wearing only lint- & dust-free garments 
to prevent shedding. 

 Where necessary the following articles are provided by the company:- 
1. Hats & head covers for clean areas. 
2. Aprons  
3. Safety shoes 
4. Gloves, disposable in clean areas 
5. Safety glasses 
6. Masks 
7. Protective goggles 
8. Disposable boots for clean areas 
9. Lint-free coveralls for clean areas 

 

 FIRST AID FACILITIES:- 

 The manufacturer should provide adequate facilities for first aid and 
should train some persons from every section in first aid.  

 There should be Medical check up & Facility for Vaccination 
 Manufacturer should make arrangements for medical examination of 

workers at the time of recruitment and thereafter once in a year, with 
particular attention being devoted to freedom from infectious 
conditions. 

 In order to minimize the risk of a serious medical hazard due to cross-
contamination, dedicated and self-contained facilities must be 
available for the production of particular pharmaceutical products, 
such as highly sensitizing materials (e.g., penicillins) or biological 
preparations (e.g, live microorganisms).  

 The production of certain other products, such as some antibiotics, 
hormones, cytotoxic substances, highly active pharmaceutical 
products, and non-pharmaceutical products, should not be conducted 
in the same facilities.  

 
GOWNING ROOMS:- 
 Gowning areas should be used when exposure to product could put 

personnel at risk & when necessary to prevent product contamination. 
 Control should be in place to ensure that gowning &degowning are not 

potential sources of contamination. 



 

 

 Should be provided separate for each sex, & With locker facilities 
 Schedule-M prescribes an area of 8 sq. meters for change room. 
 Gowning rooms should be adjacent to the washing area and before 

entry to the production area. 
 Gowning rooms should be kept clean and should be disinfected at 

regular intervals. 
 

RESTROOM FACILITIES:- 

 Restroom facilities should be physically separated from lab & processing 
areas by a room, corridor or other intermediate space. 

 Such facilities should be adequately spaced & sufficiently equipped for 
facility of personnel. 

 All facilities should meet applicable building requirements. 
 

SAFETY PROGRAMS 

Plant safety programs play an important role, since hazardous conditions 

diminish employee moral and performance. This should consist of: 

 An active continuing safety campaign throughout the plant include:- 
1. Posters displayed prominently & changed often. 
2. Safety equipment available free of cost to employee. 
3. Safety showers and eye baths in hazardous areas. 
4. Lectures, movies 
5. Safety bulletin boards listing recent plant accidents & methods of 

prevention. 
6. Safety inspection teams from several departments to audit work 

areas periodically. 
 All lines correctly & continually identified, including direction of  flow:- 

1. drinking-potable water, 
water for injection 

2. gas 
3. vaccum 
4. waste 

5. work in process 
6. steam 
7. electrical 
8. communication. 

 
 Fire extinguishers for all types of fires in each department. 
 In-plant alarms available & locations marked. 
 Telephones available. 
 Emergency lights & generators available. 
 Emergency teams including fire & first-aid, trained & readily available 

during all working hours. 
 



 

 

TRAINING FACILITES:- 

 Management must provide training in accordance with written program 
for all personnel whose duties taken them into manufacturing area or 
into control lab & for other personnel as required. 

 Besides basic training on theory & practise of GMP newly recruited 
person should receive training appropriate to the duties assigned to 
them. 

 Continuing training should also be given . 
 Approved training programmes should be available. 
 Training records shall be kept. 
 Personnel working in areas where contamination is a hazard those 

should be given specific training. 
 Consultant & contract staff should be qualified for services they provide. 

evidence of these should be included in training records… 
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