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1. Purpose 

The purpose of this project is to define the Heating, Ventilation, and Air 

Conditioning system and its related systems for a biotechnology manufacturing 

facility dedicated to the production of human vaccines. 

 

2. Scope 

The scope of this project defines the elements within and out of the scope in 

order to clearly understand what will be the area under the project control.  

In scope: 

- Architectural design of the building enclosure and floors 

- Layout distribution and product process conceptual design 

- HVAC system design 

- Air duct system sizing and distribution 

- Chilled and heating water system design and distribution to the AHU’s 

Out of scope: 

- Civil works calculations 

- Refrigeration units sizing for cold chambers 

- Control and monitoring system design 

- Steam and condensates system design and distribution to the AHU’s 

 

3. Justification 

Nowadays clean rooms are used in many industries such as defense industry, 

biotechnology, microelectronics, pharmaceuticals and nanotechnology. Clean- 

rooms may be different size from small to complex multilevel structures with large 

serviced equipment and utilities. 

The products manufactured in clean rooms as well as those to be studied and 

analyzed in labs require special environmental conditions such as temperature 

and relative humidity. For that reason, air parameters are referred to critical, 

which require to take into consideration and a priority for the development of the 

facility installations. 

Unlike conventional medicinal products, which are reproduced using chemical 

and physical techniques capable of a high degree consistency, the production of 

biological medicinal products involves biological processes and materials, such 

as cultivation of cells or extraction of material from living organisms. This means 
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that environmental conditions must be taken into consideration; requirements for 

HVAC control and monitoring systems must be consider. 

Heating, Ventilating and Air Conditioning (HVAC) can be a critical system that 

affects the ability of a pharmaceutical facility to meet its objective of providing a 

safe and effective product to the patient. Environmental control systems that are 

appropriately designed, built, commissioned, operated, and maintained can help 

ensure the quality of product manufactured in a facility, improve reliability, and 

reduce both initial costs and ongoing operating costs for a facility. 

The design of HVAC systems for the pharmaceutical industry requires additional 

considerations, particularly with regard to providing a clean and safe space 

environment. HVAC can consume a major portion of the energy used by a facility, 

and requires a blend of Good Engineering Practice (GEP) and Good 

Manufacturing Practice (GMP). 

On the other hand, defining indoor air quality and designing a HVAC system for a 

facility allows the ventilation system to work in a precisely, effective and quick 

way. Nowadays is absolutely essential in new buildings to be properly isolated 

with an impermeable and tighter building envelope, in order to minimize weather 

changes and to economize thermal energy. That way air leakage is reduced, 

increasing energy efficiency in the building. 

The location and size of individual openings in building envelopes are extremely 

important because they influence the air infiltration rate of a building as well as 

the heat and moisture transfer characteristics of the envelope. Sustainability 

should be a very important parameter, as it pertains to responsible energy and 

environmental design, as well as constructability of the design. 

Probes and transmitters become a critical instrumentation in the designing of a 

HVAC system for clean rooms. Those include elements such as manometers, 

flow transmitters, pressure differential switches, etc. Connection to SCADA 

(Supervisory Control And Data Acquisition) allows the control system to manage 

the critical parameters, so electrical consumption is optimized by means of air 

supply depending on the occupancy and use of the cleanroom. Air regulation 

dampers constitute an important part of the air supply, in order to assure that air 

flow supplied to each zone, as well as the fresh air from the outside is enough 

and efficient.  
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4. Standards and guidelines 

The following standards and guidelines have been taken into consideration: 

- Real Decreto 1027/2007, de 20 de julio, por el que se aprueba el 

Reglamento de Instalaciones Térmicas en los Edificios 

- Real Decreto 1826/2009, de 27 de noviembre, por el que se modifica el 

Reglamento de instalaciones térmicas en los edificios, aprobado por Real 

Decreto 1027/2007, de 20 de julio 

- Documento Básico HE. Ahorro de energía. Abril 2009. 

- ISO 14644-1:1999. Cleanrooms and associated controlled environments. 

Part 1: Classification of air cleanliness. 

- ISO 14644-4:1999. Cleanrooms and associated controlled environments. 

Part 4: Design, construction and start-up. 

- EN 1822-1:2009. High efficiency air filters (EPA, HEPA and ULPA). Part 

1: Classification, performance testing, marking. 

- EN 779:2002. European Standard for coarse and fine filters. 

- Good Manufacturing Practices. Medicinal Products for Human and 

Veterinary Use. Annex 2. 

- ASME Standard B16.34; Lyons 1982; Ulanski 1991. 

- ARI Standard 410-2001. Forced-circulation air-cooling and air-heating 

coils. 

 

5. Facility description 

The pharmaceutical facility is located in Helsinki (Finland). The site area occupies 

approximately 840 m2; total floor area has circa 1680 m2 and is composed of two 

floors. 

Ground floor area consists of four differentiated zones: 

- Administration. This area occupies approximately 126 m2 and includes 

several functions as: accounting, contract, finance, human resources and 

information systems. 
- Quality Assurance and Control. This area occupies circa 200 m2 and 

refers to the planned and systematic activities implemented so the 

product quality requirements will be fulfilled. This will be mainly composed 

of an analytical lab and a classified area (clean rooms). It includes: 

archiving of samples and critical documentation, physical and chemical 

testing of both bulk product and drug product (finishing product). 

- Warehouse. This area occupies approximately 336 m2 and it includes: 

receiving and storage of raw material, distribution of bulk product to 
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production area, storage and distribution of final product, storage of 

rejected material. 
- Packaging. This area occupies approximately 126 m2 and has the 

function of receiving the drug product from the production area, execute 

inspection (manual or partially automated), labeling and packing of the 

final product. 

 

First floor area consists of two differentiated zones: 

- Production area. This area occupies approximately 336 m2 and refers 

directly to the manufacturing of the product. This will be totally a classified 

area, so cleanroom gowning requirements will be necessary. It includes: 

preparation of bulk product, filling, capping and sealing, vial and ampoule 

washing and sterilization, laundry. 

- Technical area. This area occupies circa 504 m2 and includes: heating 

and chilled water production system, industrial steam production system, 

clean and black utilities generation, workshop. 

 

6. Production process description 

The development of vaccines to protect against viral disease is one of the 

hallmarks of modern medicine. The manufacturing facility will established a Line 

Production for the production of the following two vaccines: 

- Pentavalent vaccine (commonly abbreviated as Penta), which is a 

combination of five vaccines in one: diphtheria, tetanus, whooping cough, 

hepatitis B and Haemophilus influenza type B (HIB). This product is 

classified as a killed vaccine and it is used mainly to children, to give 

protection and immunization against these diseases, as well as 

meningitis, pneumonia and otitis. 

- Tetanus immune globulin (TIG) vaccine, which is a sterilized solution 

obtained from pooled human blood plasma, which contains the 

immunoglobulins (or antibodies) to protect against the infectious agents 

that cause various diseases. This vaccine is classified as a live vaccine. 

It is not possible to manufacture more than one product at the same time in the 

same production area. After the manufacturing of one kind of product, cleaning 

validation and fumigation (sterilization) should be steered before changing the 

product. 
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6.1. Product preparation 

Bulk API1 product will be imported in container or bags to the facility. Immediately 

it will be stored cold or frozen prior to fill and finish; and final dosage form (Drug 

Product, DP), in vials or ampoules to be stored cold.  

Both products will be imported in a condition of DS (Drug Substance) product 

which means that final formulation is required, that is, they may require addition 

of excipients, pH adjustment, and concentration adjustment prior to filling. 

Therefore, Penta and TIG will be manufactured as outlined following: 

- The starting material, Bulk DS, will be brought from cold or frozen storage. 

- Bulk Products will be transferred from container to a temperature 

controlled mixing tank through sterile connection or aseptic connection in 

the Formulation Area (Dilution Room). 

- Additives or buffer will be pre-dispensed, so compounding and dilution will 

proceed in the mixing tank. 

- Prior to filling, final formulated bulk product may be transferred to Filling 

Area through a VPTB (Ventilated Pass Through Box) with 0.22 µm filters 

in order to remove bioburden. Filtration shall occur continuously at a rate 

consistent with the rate of the filling unit operation. 

 

6.2. Vial and ampoules preparation 

Vials and ampoules require significant preparation prior to filling. Preparation of 

vials includes unwrapping, washing, and sterilization. Manual handling of vials 

and ampoules upstream of washing and sterilization will occur outside of the 

Grade B filling line suite. 

Prior washing and sterilization will occur simultaneously in Sterilization Room and 

supply it into the Autoclave Discharge Room. 

Then vials and ampoules will be transferred to the Tunnel Sterilization Machine. 

Washing will occur continuously before filling is started. Washing will be 

accomplished with hot WFI (Water for Injection). 

 

6.3. Filling 

The formulated bulk product can either be filled in vial or ampoule depending on 

the requirement per product as specified by the customer. 

                                                
1API (Active Product Ingredient) is the substance in a pharmaceutical drug or a pesticide 
which is biological active. 
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Aseptic filling of formulated and sterile-filtered bulk product into vials or ampoules 

will occur on an automated filling line housed in an LAF (Laminar Air Flow) in 

Grade B background, providing a Grade A environment.  

Filling will occur under controlled humidity at ambient temperature. Monitoring 

and control of the filling operation will include check weighing. Real time feedback 

and adjustment of fill volume calibration may be incorporated as a real time 

control. Other monitoring and control elements will include: no vial no fill; no vial 

no stopper; stopper seating verification; intact neck verification.  

 

6.4. Capping and Sealing 

Immediately after filling, sealing and capping of vial and ampoules will be 

executed in the same line housed in an LAF (Laminar Air Flow) with Grade A 

environment with a Grade B background. 

Caps should be pre-sterilized. Stoppered vials will continuously enter the capper 

through a mouse hole in the filling line, on a conveyor directly into the Capping 

machine. Vials and ampoules will undergo Laser printing to ensure proper 

identification of all products. After capping, the fulfilled vials are manually 

transported to the packaging area. 

 

6.5. Process flow diagram 

The process of the pharmaceutical product is simply described in Figure 1. 

 

Figure 1. Process flow diagram 

Bulk storage

WFI Dilution

Vial filling

Vial sealing

Inspection

Labeling

Packaging
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7. Architecture 

The basic structure of the building will be made of reinforced concrete. It must be 

strong enough to withstand the maximum predicted loads with a suitable factor of 

safety. 

 

7.1. Exterior wall 

The exterior wall is the vertical enclosure that separates the interior of the 

building from the outdoor air. In the outlet side a precast concrete panel will be 

used; due to its inherent properties, it achieves sustainability with today’s modern 

buildings. Precast produces minimal waste and recycled materials are included in 

the concrete mix. The high thermal mass of precast concrete enables it to 

absorb, store and later radiate heat, besides it assists with sound insulation to 

reduce noise and absorb noise impact. It is non-combustible, flood resistant, 

impact resistant and hard to cut, offering security to the occupants. 

The addition of thermal insulation on the interior side increases energy efficiency 

and occupant comfort. Extruded polystyrene insulation, also referred to as XPS, 

installed as an exterior insulating material has been shown to eliminate thermal 

bridging issues and at the same time resisting moisture. 

The water-repellent mortar is used for added protection against moisture 

intrusion. This material features a water repellent agent which is pre-blended to 

ensure that is perfectly proportioned every time. An integral water repellent in the 

mortar eliminates the need for admixtures and reduces efflorescence. 

The masonry will be made of hollow bricks, laid and bound together with mortar. 

It is a highly durable indoor construction, covered with plaster, a substance which 

becomes hard as it dries, used for spreading on walls in order to give a smooth 

surface. 

The build-up of the exterior wall is shown in Figure 2, and consists of: 

- covering of plaster 10 mm (1) 

- masonry of hollow brick 90 mm (2) 

- water-repellent mortar 15 mm (3) 

- thermal insulation of extruded polystyrene (XPS) 50mm (4) 

- air cavity 20 mm (5) 

- precast concrete panel 100 mm (6) 
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Figure 2. Exterior wall with precast concrete panel 

 

7.2. Roof 

The roof is the horizontal enclosure that forms the top of the building. This will be 

an insulating ballasted inverted roof; ideally suited to the insulation of 

heavyweight construction, which offers a durable, attractive roof finish where 

maintenance traffic is expected. 

In the inverted roof, thermal insulation is placed above both the structural deck 

and the waterproof layer, suitably loaded to restrain it against flotation and wind 

uplift, maintaining it at even temperature close to that of the building interior and 

protecting it from the damaging effects of UV radiation, degradation from 

weathering and from mechanical damage during construction, use and 

maintenance. 

The waterproof layer acts as a total vapor control layer and, being on the warm 

side of insulation, is maintained above dew point temperature so the risk of 

condensation is eliminated. 

Separating layers of spun bonded polyethylene geotextile will be laid over the 

waterproof layer and the insulation board, due to the requirement of mastic 

asphalt and to prevent fines from being washed under the insulation where they 

could damage the waterproof membrane. 

Reinforced concrete roof slab will be overlaid with a screed to provide falls. The 

surface should be provided with a float finish, even and smooth, free from hollows 

and bridges. 
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The build-up of the roof is shown in Figure 3, and consists of: 

- ballast of 20-40mm nominal diameter aggregate 50mm 

- separating layer of spun bonded polyethylenegeotextile2mm 

- thermal insulation of extruded polystyrene (XPS) 80mm 

- separating layer of spun bonded polyethylene geotextile2mm 

- waterproof layer of mastic asphalt 20mm 

- sand cement screed 50mm 

- concrete deck 200mm 

 

Figure 3. Ballasted inverted roof 

Source: DOW. 2006. Dow – Building Solutions Catalogue. Insulating inverted roofs with STYROFOAM. 

 

7.3. Intermediate floor 

The intermediate floor is the floor between the ground and the first level, having 

heated space above and an attic below, which will be suspended.  

Thermal insulation of extruded polystyrene will be placed above the structural 

slab. By including in the floor construction a layer of thermal insulation continuous 

with that in the rest of the building envelope, heat loss is reduced and thermal 

bridges at the junction of the floors and walls are avoided. However, thermal 

insulation incorporated in a floor must not compromise any of the functional 

requirements. 

Thermal insulation will be overlaid with a continuous bed of sand cement screed, 

following a mortar layer. Finally epoxy coating will be applied as a covering floor 

layer. 
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Epoxy resin floor is specially indicated for its use in clean rooms. Its low porosity 

allows an easy and quickly cleaning, avoiding the accumulation of particles. It 

protects against humidity and is very resistant to the chemical compounds.  

The build-up of the intermediate floor is shown in Figure 4, and consists of: 

- epoxy coating3 mm 

- sand cement screed 50mm (1) 

- vapor control layer of gauge polyethylene (2) 

- thermal insulation of extruded polystyrene (XPS) 50mm (3) 

- structural slab200mm (4) 

 

Figure 4. Suspended insulated floor 

Source: DOW. 2012. Dow – Building Solutions Catalogue. Insulating floors with STYROFOAM solutions. 

 

7.4. Ground floor 

The ground floor is the floor in contact directly with the ground. It must afford 

enough resistance to bear estimated loads (machinery, people, furniture…) and 

avoid the admission of undesirable elements from the ground. 

Small rounded stones, mixed with sand will be laid directly on the ground, in 

order to ensure floor consistency. 

Following the method used in the intermediate level, thermal insulation of 

extruded polystyrene will be placed above the sand bed all along the ground. 

A damp-proof membrane (DPM) will be placed over the thermal insulation, which 

acts as a horizontal barrier designed to resist moisture rising through the 

structure by capillary action. 

Reinforced concrete slab will be overlaid with a screed to provide falls. The 

surface should be provided with a float finish, even and smooth, free from hollows 

and bridges. 
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The build-up of the ground floor is shown in Figure 5, and consists of: 

- floor finish (1) 

- sand cement screed 50mm (2) 

- reinforced concrete slab 100mm (3) 

- vapor control layer of gauge polyethylene (4) 

- thermal insulation of extruded polystyrene (XPS) 50mm (5) 

- mixing of ballast and sand (6) 

 

Figure 5. Insulated ground floor 

Source: DOW. 2012. Dow – Building Solutions Catalogue. Insulating floors with STYROFOAM solutions. 

 

8. Cleanrooms 

A cleanroom is a controlled placement where the concentration of airborne 

particles is controlled, and which is constructed and used in a manner to 

minimize the introduction, generation, and retention of particles inside the room 

and in which other relevant parameters, e.g. temperature, humidity, and 

pressure, are controlled as necessary. 

The risk of cross-contamination between biological medicinal products, especially 

during those stages of the manufacturing process in which live organisms are 

used, may require additional precautions with respect to facilities and equipment, 

such as the use of dedicated facilities and equipment, production on a campaign 

basis and the use of closed systems. The nature of the product as well as the 

equipment used will determine the level of segregation needed to avoid cross-

contamination. 

In the biotechnology facility exists a classified area (clean rooms) for each level, 

which must be taken into consideration following next criteria. 
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8.1. Classification 

The degree of environmental control of particulate and microbial contamination of 

the production premises should be adapted to the product and the production 

step, bearing in mind the level of contamination of the starting materials and the 

risk to the finished product. 

Cleanrooms are divided into different classes in standards. Clean rooms and 

clean air devices should be classified in accordance with EN ISO 14644-1, which 

establishes standard classes of air cleanliness in terms of airborne particulate 

levels in clean rooms and clean zones. The maximum permitted airborne particle 

concentration for each grade is given in the following table.   

Table 1. Maximum permitted number of particles per m3 

 

Source: EN ISO 14644-1:1999. Cleanrooms and associated controlled environments. Part 1: Classification of 

air cleanliness. 

 

For the manufacturing of products inside a cleanroom, the different operations of 

the production process must be carried out in separate areas within the clean 

areas, classified as it follows:  

Table2. Examples of operation 

Grade Examples of operation 

A - Aseptic filling 

- Filling of products 

- Closed isolators 

- Glove boxes 

B - Background environment for the Grade A zone 

- Handling of sterile starting material 

- Handling of aseptically prepared products 

- Preparation of solutions which are to be sterile filtered 

C - Handling of components after washing 

- Preparation of solutions and components for subsequent filling 

- Formulation and sampling testing 

D - Restricted access to clean area for personnel through material airlocks and 

personnel airlocks 

- Gowning of qualified personnel previous to entering cleanroom  
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Room grade classification is shown in the following documents: 

- Drawings. 07. Ground Floor. Room Classifications 

- Drawings. 08. First Floor. Room Classifications 

- Appendices. 11.1. Room List 

 

8.2. Air changes rates 

Ventilation of clean rooms must be applied, in order to remove the airborne 

particles and assure air cleanliness.  Number of air changes should be related to 

the size of the room and the equipment and personnel present in the room, in 

order to reach B, C and D air grades. Nevertheless, there is no equation that is 

able to connect air changes rates to level of cleanliness. 

According to standards recommendations, the number of air changes per hour 

has been established as it follows: 

Table 3. Air changes per hour for classified areas 

Grade ACH 

A (*) 

B 35 

C 25 

D 20 

N/C 12 

(*) Grade A is provided by a Laminar Air Flow, which supplies homogeneous air speed in a range of 

0.36-0.45 m/s at the working position in open cleanroom applications. 

 

Room air changes per hour (ACH) are shown in the following documents: 

- Appendices. 11.1. Room list 

 

8.3. Pressurization 

A considerable factor in the prevention of particulate accumulation in clean rooms 

is the use of overpressure. In suites of rooms with different levels of cleanliness, 

pressure gradients are designed.  

Positive pressure areas should be used to process sterile products but negative 

pressure in specific areas at point of exposure of pathogens is acceptable for 

containment reasons. For adjoining rooms with different grade classification, 

pressure difference is 15 Pa. Bigger overpressure can provide noise in the gaps 

and difficulties in opening doors. Whereas for adjoining rooms with same grade 

classification pressure difference is 10 Pa.  
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So in the rooms with higher level of cleanliness is supported more pressure. So 

the most sensitive areas come to the highest overpressure where distribution of 

contamination from room to room is supported and minimized. 

Room pressures are shown in the following documents: 

- Drawings. 09. Ground Floor. Room Pressures 

- Drawings. 10. First Floor. Room Pressures 

- Appendices. 11.1. Room List 

 

8.4. Air filtration 

The use of appropriate high-efficiency particle stopper filters (HEPA) is required 

for grades A, B and C. Theses filters should be installed as terminal units in the 

ceiling room and should include pleated packs of high-density glass fiber paper 

with aluminum or craft paper separators, sealed into a timber or metal frame with 

urethane,  

Appropriate filters required for pharmaceutical industry are made up of HEPA and 

ULPA filters of H14 to U17 classes. The most penetrable particle size in below 

classification is more than 0.1µm but less than 0.3µm. 

Table 4. Classification of high-efficiency filters 

 

Source: EN 1822-1:2009. High efficiency air filters (EPA, HEPA and ULPA). Part 1: Classification, performance 

testing, marking. 

 

For the upcoming biological facility HEPA filters H14 will be installed in each 

classified rooms (grades A, B, C and D). 
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9. HVAC system 

An HVAC System maintains desired environmental conditions in a space. It is 

categorized by the method used to produce, deliver, and control heating, 

ventilating and air conditioning in the conditioned area. 

The design of HVAC systems for the pharmaceutical industry requires additional 

considerations, particularly with regard to providing a clean and safe space 

environment. 

In order to satisfy the functional requirements, building program and design 

intent, the following criteria have been considered. 

- Temperature 

- Humidity 

- Air purity or quality 

- Air changes per hour 

- Local climate 

- Space pressure requirements 

- Capacity requirements, from a load calculation analysis 

- First cost 

- Operating cost (including energy and power costs) 

- Maintenance cost 

- Reliability 

- Sustainability of design 

 

9.1. Basis of design 

For calculation analysis, temperature and humidity of local climate have been 

taken into consideration as it follows: 

Outdoor conditions 

Table 5. Climatic design information 

 SUMMER WINTER 

Dry Bulb Temperature 24,1 ºC -19,5 ºC 

Wet Bulb Temperature 16,3 ºC -19,8 ºC 

Relative Humidity 45% 83% 

Absolute Humidity 8,48 g/kg 0,66 g/kg 

Source: ASHRAE. 1997. 1997 ASHRAE Handbook Fundamentals. In Chapter 26. Climatic Design Information, 

pp. 26.32-26.33. ASHRAE Transactions. ISBN 1-883413-45-1. 

 

Indoor conditions mainly depend on the function of the space, the occupancy and 

the classification. For classified areas, where the product is handled, suitable 
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room temperature and humidity should be set to a level that will not effect to the 

products. 

In the administration area, indoor conditions will be set following I.T.3.8.2. from 

RD 1826/2009 in order to reduce energy consumption. Internal conditions for the 

different zones of the facility are shown in the following table: 

Indoor conditions 

Table 6. Indoor conditions 

 Dry Bulb 

Temperature 

Relative 

Humidity 

Administration area  23±2ºC 50±20% 

Classified areas 21±2ºC 50±5% 

Not classified areas 21±2ºC 50±20% 

Change rooms ≥21ºC N.C. 

Cold Chamber 5±3ºC N.C. 

Freeze Chamber -20ºC N.C. 

 

9.2. HVAC system description 

As the building requires individual control of multiple zones (see Table 6), all-air 

system will be adapted for process work. This is used virtually exclusively in 

special applications for close control of temperature, humidity, space pressure, 

and air quality, including clean rooms.  

The basic all-air system concept is to supply air to the room at conditions such 

that the sensible and latent heat gains in the space, when absorbed by supply air 

flowing through the space, bring the air to the desired room conditions. Because 

heat gains in the space vary with time, a mechanism to vary the energy removed 

from the space by the supply air is necessary. 

Some of the advantages of all-air system are: 

- Operation and maintenance of major equipment can be performed in an 

unoccupied area. It also maximizes choices of filtration equipment, 

vibration and noise control, humidification options, and the selection of 

high-quality and durable equipment. 

- Piping, electrical equipment, wiring, filters, and vibration- and noise-

producing equipment are away from the conditioned area 

- These systems offer the greatest potential for using outside air for 

economizer cooling instead of mechanical refrigeration 

- Seasonal changeover is simple and adapts readily to automatic control 

- All-air systems adapt well to winter humidification 
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- All-air systems take advantage of load diversity 

- Removal and disposal of cold condensate from cooling coils, and capture 

and return of steam condensate from heating coils, is generally simpler 

and more practical in all-air systems 

- All-air systems with ventilation assures required air changes per hour 

On the other hand, air-and-refrigerant system will be implemented for cold and 

freeze chambers, as these rooms are small sized and single zone. 

 

9.2.1. Air Handling Units 

The basic unit which takes the outside air and treats it to become the desired 

supply air is an Air Handling Unit (Figure 6). This unit may be designed to supply 

constant or variable air volume for low- or medium-velocity air distribution. 

The size of air handling plant, the number of utilities such as power, steam, and 

chilled water influence the air volume in each area. And they will also determine 

the size of services zones necessary to accommodate ductwork and plant rooms 

to accommodate generating equipment. 

Air handling units should provide physical separation to prevent airborne cross 

contamination between products. They are designed to provide cooling, 

preheating, heating and humidification capacity in the air supplied by the system. 

 

Figure 6. Air Handling Unit 

Source: TROX Technik.2010 Catalogue. Central air handling units 

 

Separate air handling units may be used for different product areas to prevent 

cross contamination via ductwork, and are (often) used to segregate different 

building functions. Following the previous criteria, air handling units have been 

distributed as shown in Table 7. 
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Table 7. AHU distribution areas 

Air Handling 

Unit 

Distribution  

Area 

Classification Dry Bulb 

Temperature 

Relative 

Humidity 

AHU-01 Administration Area Not Classified 23±2ºC 50±20% 

AHU-02 Quality Assurance & Control Not Classified 21±2ºC 50±20% 

AHU-03 Packaging Area Not Classified 21±2ºC 50±20% 

AHU-04 Warehouse Area Not Classified 21±2ºC 50±20% 

AHU-05 Quality Assurance & Control Classified 21±2ºC 50±5% 

AHU-06 Production Area Classified 21±2ºC 50±5% 

 

Not classified Air Handling Units (01 to 04) will be located in the Ground Floor 

technical ceiling (a special support from the structure, as a mezzanine will be 

required). These units will have air recirculation with a small portion of fresh air 

intake (mixing section). 

Classified Air Handling Units will be located in the First Floor Technical Area. As 

the vaccine is directly in contact with the room air in the classified zones, all the 

room air must be exhaust to the outside, previously filtered, for biological security. 

Consequently, these units will be 100% fresh air – exhaust air (no recirculation). 

 

AHU distribution areas are shown in the following documents: 

- Drawings. 05. Ground Floor. AHU Distribution Areas 

- Drawings. 06. First Floor. AHU Distribution Areas 

AHU equipment distribution is shown in the following documents: 

- Drawings. 02. Technical Ceiling. Layout Equipment 

- Drawings. 03. First Floor. General Layout 

AHU elements and functional specification are shown in the following documents: 

- Drawings. 25. HVAC Diagram AHU-01 

- Drawings. 26. HVAC Diagram AHU-02 

- Drawings. 27. HVAC Diagram AHU-03 

- Drawings. 28. HVAC Diagram AHU-04 

- Drawings. 29. HVAC Diagram AHU-05 

- Drawings. 30. HVAC Diagram AHU-06 
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9.2.2. Once-through air system 

Where solvents, reagents or/and potent compounds are handled, 100% exhaust 

(once-through) systems will be implemented.  

In order to send off the air from the hazardous rooms, an exhaust fan will be 

installed only for this purpose. 

Additionally, each toilet from the change rooms will have a return grid in order to 

exhaust the room air when necessary. 

Once-through air rooms are shown in the following documents: 

- Drawings. 26. HVAC Diagram AHU-02 

- Drawings. 28. HVAC Diagram AHU-04 

 

9.2.3. Laminar Air Flow 

Filling and capping machine (Room 116) requires a working area absolutely free 

of particles or micro-organisms in the atmosphere. In order to create an enclosed 

working area of clean and sterile air, ultra-filtered air must be supplied through a 

filtered laminar air flow (Figure 7). 

By means of the impulsion of ultra-filtered laminar flow air, a complete sweep 

vertical downflow of the enclosed area is achieved. The air is displaced from the 

ceiling to the ground with a parallel flow pattern and uniform output, which draws 

away all the polluting particles and expels them under the curtains to the outside. 

The ultra-filtered air creates an overpressure with regard to the exterior air, 

ensuring that contaminating particles cannot penetrate the enclosed area. 

 

Figure 7. Laminar Air Flow 

Source: TELSTAR Life Science Solutions.CAM Technical Data. 
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The working area is enclosed with transparent plastic strip curtains to provide 

easy access and excellent process visibility.  

The equipment is fitted with H-14 high-efficiency absolute HEPA filters, obtaining 

easily a clean flow area Grade A. Filters are placed on the ceiling. Below them is 

located a micro-perforated plate that protect them and that helps keeping an 

homogeneous air velocity of 0.36 – 0.45 m/s (guidance value) in the whole 

laminar area. Aspiration grids are place at floor level. 

Centrifugal fans are placed in the ceiling to assure the air flow of the working 

area, resulting in a low noise level and reduced vibration. 

Design features of Laminar Air Flow are: 

- Laminar flow air velocity: 0.36 – 0.45 m/s 

- Centrifugal fan (6 units) 

o 4,5 kW 

o 5.500 m3/h 

- Absolute H-14 HEPA filters 

o 18 units of 1220x610 mm (3 per fan unit) 

o 18 units of 610x610 mm (3 per fan unit) 

 

Laminar Air Flow related documents are: 

- Drawings. 08. First Floor. Room Classifications 

- Drawings. 30. HVAC Diagram AHU-06 

- Appendixes. 07. Laminar Air Flow Calculations 

 

9.2.4. Fan-coil units 

As change rooms only require temperature to be higher than 21ºC, air system 

with heating and ventilation is necessary. To achieve this, fan-coil with a heating 

coil will be installed. Heating coil will be supplied with hot water from the heating 

water system. 

 

Figure 8. Fan-coil 

Source: CIATESA 2008 Catalogue.KCN Series. 
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Design features of Fan-coils are: 

- Fan-coil (FC-01) 

o Rooms: 009 & 011 (Men & Women Change Rooms) 

o Air flow: 750 m3/h 

o Heating capacity: 4 kW 

- Fan-coil (FC-02) 

o Rooms: 103 & 104 (Men & Women Change Rooms) 

o Air flow: 1.200 m3/h 

o Heating capacity: 7,5 kW 

 

Fan-coils unit related documents are: 

- Drawings. 32. HVAC Diagram Fan-coils 

- Appendices. 08. Fan-coil Calculations 

 

9.2.5. Air Refrigeration units 

A refrigeration system will be used to achieve low temperatures in cold 

chambers. Air Refrigeration Units (ARU) will be installed for: 

- Room 041. Cold product storage (3ºC<T<8ºC) 

- Room 042. Freeze product storage (T<-20ºC) 

 

The basic single-stage vapor compression refrigeration system uses refrigerant in 

a closed circuit and consists of: 

- Compressor, which circulates refrigerant through the system and 

increases refrigerant vapor pressure to create the pressure differential 

between the condenser and evaporator. Positive-displacement 

compressors increase refrigerant vapor pressure by reducing the volume 

of the compression chamber through work applied to the compressor’s 

mechanism. 

- Condenser, which is a heat ex-changer that rejects all the heat from the 

system. This heat consists of heat absorbed by the evaporator plus the 

heat from the energy input to the compressor. The compressor 

discharges hot, high-pressure refrigerant gas into the condenser, which 

rejects heat from the gas to some cooler medium. Thus, the cool 

refrigerant condenses back to the liquid state and drains from the 

condenser to continue in the refrigeration cycle. 

- Expansion valve, which is a refrigerant control device that controls the 

amount of refrigerant flow into the evaporator thereby controlling the 
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superheating at the outlet of the evaporator. In order for the higher 

temperature fluid to cool, the flow must be limited into the evaporator to 

keep the pressure low and allow expansion back into the gas phase. 

- Evaporator, which is another heat ex-changer that absorbs all the heat 

from the outdoor space. The evaporator discharges low-pressure 

refrigerant saturated vapor into the compressor. Thus, the hot refrigerant 

mixed liquid and gas evaporates to saturated vapor, maintaining it at the 

same low pressure during the process. 

 

Figure 9. Air refrigeration system 

 

Air refrigeration unit scheme is shown in the following document: 

- Drawings. 31. HVAC Diagram Cold Chambers 

 

10. AHU Components 

Air-Handling units may consist of different equipment and components, 

depending on the function and the specifications. In the following sections, main 

components of the AHU’s are explained. 

AHU equipment and configuration is shown in the following documents: 

- Drawings. 25. HVAC Diagram AHU-01 

- Drawings. 26. HVAC Diagram AHU-02 

- Drawings. 27. HVAC Diagram AHU-03 

- Drawings. 28. HVAC Diagram AHU-04 

- Drawings. 29. HVAC Diagram AHU-05 

- Drawings. 30. HVAC Diagram AHU-06 
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10.1. Mixing section 

Air-Handling units with recirculated air should have a mixing section, in order to 

transfer heat from return air to supply air. This component has different dampers 

according to the inlet and outlet of air. Flow Control devices are installed in each 

damper in order to regulate the percentage of required air. Main parameters of a 

mixing section are shown below (Figure 10). 

- EXH: exhaust air 

- FAI: fresh air intake 

- RET: return air 

- SUP: air supply  

 

Figure 10. Mixing section 

 

10.2. Filters 

Air filter units are used to clean air from particulate contamination comprising filter 

material including framing, supporting parts and gaskets, the total to be inserted 

into a filter housing device. Filters will be installed in the Air-Handling units as it 

follows: 

- Primary filter type G4. Medium efficiency disposable pleated panel filter 

which consist of dry non-woven fabric media, pleated to give an extended 

surface area, producing a low initial resistance for the same air volume. 

The pleated assembly is contained within a rigid all cardboard casing. 

- Secondary filter type F9 (Figure 11). High performance rigid pleat (bag 

filter) which consists of a glass fiber filter paper continuously folded 

around aluminum separators and sealed with polyurethane into a timber 

case. Rigid bag filters provide an improved efficiency performance over 

traditional multi pocket bag filters. 
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Figure 11. Air filter F9 (left) and F7 (right) 

Source: CAMFIL FARR. 2012. Catalogue. Bag & Compact Filters. 

 

10.3. Cooling water coil 

Air-cooling coils are used to coil and dehumidifying an air stream under forced 

convection, i.e. they remove sensible heat from chemical moisture-absorption 

apparatus. Cooling coil sections provide air sensible cooling and dehumidification 

simultaneously, using chilled water (7-12ºC).  

In finned coils, the external surface of the tubes is primary, and the fin surface is 

secondary. The primary surface generally consists of rows of round tubes or 

pipes that may be staggered with respect to the airflow. The individual tube 

passes in a coil are usually interconnected by return bends to form the serpentine 

arrangement of multi-pass tube circuits.  

Standard construction materials of cooling coils are copper tube and aluminum 

fins. Medium temperature water coils operate with 7-12ºC, so the temperature 

drop across the coil may be 5ºC. 

 

Figure 12. Typical arrangement of cooling coil assembly in Air Handler 

Source: ASHRAE. 2008. 2008 ASHRAE Handbook HVAC Systems and equipment. In Chapter 22. Air cooling 

and dehumidifying coils, pp. 22.4. 
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Power capacity of cooling water coils are shown below: 

Table 8. AHU Cooling Capacity 

Air Handling 

Unit 

Capacity 

power (kW) 

AHU-01 13,9 

AHU-02 19,3 

AHU-03 20,0 

AHU-04 24,8 

AHU-05 41,6 

AHU-06 166,7 

 

10.4. Heating water coil 

Air-heating coils are used to heat air under forced convection, i.e. apply primarily 

to comfort heating and air conditioning using hot water (80-65ºC and 1.8 m/s) 

with aqueous glycol. They are mounted on the Air-Handling units (built-up 

system). 

Extended-surface coils consist of a primary and secondary heat-transfer surface. 

The primary surface is the external surface of the tubes, generally consisting of 

rows or round tubes that be staggered with respect to the airflow. The secondary 

surface is the fins’ external surface, which consists of thin metal plates. The 

intimate contact with the primary surface provides good heat transfer. 

Standard construction materials of heating coils are copper tube and aluminum 

fins. Medium temperature water coils operate with 80-65ºC, so the temperature 

drop across the coil may be as high as 15ºC. 

Heating water coils must be constructed with self-venting, drainable circuits, in 

order not to accumulate air in the coil circuits, which reduces heat transfer and 

possibly causes noise and vibration. Self-venting design is maintained by field-

connecting the water supply connection to the bottom and the water return 

connection to the top of the coil. Such as design ensures that the coil is always 

filled with water, and it should completely drain when it is required to be empty. 
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Power capacity of heating water coils are shown below: 

Table 9. AHU Heating Capacity 

Air Handling 

Unit 

Capacity 

power (kW) 

AHU-01 12,6 

AHU-02 11,0 

AHU-03 14,0 

AHU-04 12,9 

AHU-05 63,0 

AHU-06 252,4 

 

10.5. Electric heating battery 

An electric heating battery consists of a length of resistance wire to which voltage 

is applied. The resistance wire be sheathed in an electrically insulating layer, 

such as magnesium oxide, and compacted inside a finned steel tube. 

Electric heating coils are used to pre-heat the outdoor air that comes directly into 

the Air-Handling units, in order not to freeze the heating water coil and maintain 

inlet heating coil temperature up to -18ºC.  

An electric battery will be mounted in AHU-05. 

 

10.6. Steam humidifier 

Steam is water vapor under pressure and at high temperature, so the process of 

humidification can be simplified by adding steam directly into the air. This method 

is an isothermal process because the temperature of the air remains almost 

constant as the moisture is added.  

Steam source is a central steam boiler at low-pressure. When steam is supplied 

from a source at a constant supply pressure, humidification responds quickly to 

system demand. A control valve may be modulating or two-position in response 

to a humidity sensor/controller. Steam is introduced into the airstream through the 

following device: 

- Direct Steam Injection Humidifiers. Multiple steam-jacketed manifolds 

(Figure 13).The steam jacket is designed to re-evaporate any condensate 

droplets before they are discharged from the manifold. 
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Figure 13. Direct Steam Injection Humidifier 

Source: ASHRAE. 2008. 2008 ASHRAE Handbook HVAC Systems and equipment. In Chapter 21. Humidifiers, 

pp. 21.6. 

 

Humidification capacity of Direct Steam Injection Humidifiers is shown below: 

Table 10. AHU Humidification capacity 

Air Handling 

Unit 

Capacity 

power (kW) 

AHU-01 2,77 

AHU-02 2,46 

AHU-03 3,0 

AHU-04 3,08 

AHU-05 1,76 

AHU-06 20,66 

 

10.7. Fans 

A fan is an air pump that creates a pressure difference and causes airflow. The 

impeller does work on the air, imparting to it both static and kinetic energy, which 

vary in proportion, depending on the fan type. 

Centrifugal fans will be used for the Air-Handling units. Centrifugal fan impellers 

(Figure 13) produce pressure from the (1) centrifugal force created by rotating the 

air column contained between the blades and (2) kinetic energy imparted to the 

air by its velocity leaving the impeller. This velocity is a combination of rotational 

velocity of the impeller and airspeed relative to the impeller. When the blades are 

inclined forward, these two velocities are cumulative; when backward, 

oppositional. Backward-curved blade fans are generally more efficient than 

forward-curved blade fans. 
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Figure 14. Centrifugal fan 

Source: ASHRAE. 2008. 2008 ASHRAE Handbook HVAC Systems and equipment. In Chapter 20. Fans, pp. 

20.1. 

 

Centrifugal fans of Air-Handling units must comply with the following parameters: 

Table11. Fan characteristics 

Fan Airflow 

(m3/h) 

Drop pressure (Pa) 

Calculated Required 

AHU-01 4.250 131 150 

EXT-01 4.250 90 100 

AHU-02 4.700 122 150 

EXT-02 4.570 99 100 

AHU-03 4.850 109 150 

EXT-03 4.850 96 100 

AHU-04 6.040 175 200 

EXT-04 5.810 109 150 

AHU-05 7.310 699 750 

EXT-05 7.080 131 200 

AHU-06 29.290 779 800 

EXT-06 29.160 189 200 

 

11. Air filtration elements 

In order to comply with the maximum permitted number of particles per m3 (Table 

1) for clean rooms with turbulent flow (classified areas Grade D, C and 

B)according to EN ISO 14644-1, filtration terminal boxes will be used. 

High efficiency filter panel H14 provide fine airborne particulate control for 

mechanical clamping systems. They will be installed inside the filtration terminal 

housing in the ceiling. 
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HEPA filters consist of extruded and anodizes aluminum frame, polyurethane 

endless at inlet gasket, glass fiber paper, hot-melt beads separator, polyurethane 

sealant and expanded metal powder coated faceguard. 

 

Figure 15. High efficiency panel filter 

Source: CAMFIL FARR. 2012. Catalogue. HEPA/ULPA Panels. 

 

Filtration terminal boxes installed should be according to following Table: 

Table 12. Terminal filters characteristics 

Dimensions 

(WxHxD) mm 

Filter classification 

EN 1822:2009 

Media area 

m2 

Air flow 

m3/h 

Pressure drop 

Pa 

305 x 610 x 110 H14 8.7 301 65 

610 x 610 x 110 H14 17.5 603 65 

1220 x 610 x 110 H14 35.2 1205 64 

 

Air filtration elements are shown in the following documents: 

- Appendices. 11.7. Filtration terminal boxes list 

- Drawings. 11. Ground Floor. Air Elements Distribution 

- Drawings. 12. First Floor. Air Elements Distribution 

 

12. Air distribution elements 

12.1. Duct construction 

Air distribution ducts for industrial air handling will be made in galvanized steel 

with G60 coating. The joining and union of ducts and fittings will be made with 

metal flange (preferable METU system). External duct-reinforcing members are 

formed from sheet metal. 

Round metal ducts are inherently strong and rigid, and are generally most 

efficient and economical ducts for air systems. The dominant factor in round duct 

construction is the material’s ability to withstand the physical abuse of installation 

and negative pressure requirements. 
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Round metal duct will be installed along all the duct distribution system, except 

for AHU-06, that will be mainly made of rectangular metal ducts, due to the big 

section of the ducts. 

Flexible ducts connect diffusers and terminal housing boxes to the air distribution 

system. They are constructed with a spring steel wire helix encapsulated in a 

polyester, aluminum foil, and polyester tri-laminate. 

 

Figure 16. Rectangular metal duct (left) and flexible duct (right) 

Source: NOVATUB. 2009. Catalogue. 

 

Insulation made of polymeric (plastic) sheets will be used for the air duct system. 

These materials are glued or solvent-welded, depending on the polymer. 

Polymeric jacketing is made of fiber glass. 

All supply and return duct system will be insulated, whereas exhaust duct system 

doesn’t require insulation. 

Duct system distribution is shown in the following documents: 

- Drawings. 13. Ground Floor. Supply Duct Distribution AHU-01 

- Drawings. 14. Ground Floor. Return Duct Distribution AHU-01 

- Drawings. 15. Ground Floor. Supply Duct Distribution AHU-02 

- Drawings. 16. Ground Floor. Return Duct Distribution AHU-02 

- Drawings. 17. Ground Floor. Supply Duct Distribution AHU-03 

- Drawings. 18. Ground Floor. Return Duct Distribution AHU-03 

- Drawings. 19. Ground Floor. Supply Duct Distribution AHU-04 

- Drawings. 20. Ground Floor. Return Duct Distribution AHU-04 

- Drawings. 21. Ground Floor. Supply Duct Distribution AHU-05 

- Drawings. 22. Ground Floor. Return Duct Distribution AHU-05 

- Drawings. 23. First Floor. Supply Duct Distribution AHU-06 

- Drawings. 24. First Floor. Return Duct Distribution AHU-06 

 



 

Page | 35 
 

12.2. Constant and variable airflow controllers 

Use of Constant Airflow Controllers (CAV) and Variable Airflow Controllers (VAV) 

in the pharmaceutical facility is distinguished in two ways, depending on the 

function of the zone (classified and non-classified). 

 

Constant Airflow Controller (CAV) 

CAV are mechanical system-powered controllers and were developed for the 

control of flow rates in constant volume systems. The controller operates without 

an external power supply. A control damper blade, shaft mounted supported on 

bearings is adjusted by the aerodynamic forces such that the preset flow rate is 

held constant over the entire differential pressure range. 

 

Variable Airflow Controller (VAV) 

VAV are shut-off dampers used to shut off volume flows in air conditioning 

systems. The damper blade with plastic seal when closed complies with the air 

tightness requirements of DIN EN 1751, class 4. With electric actuator. 

 

CAV and VAV elements are shown in the following documents: 

- Appendices. 11.5. CAV/VAV list 

- Drawings. 25. HVAC Diagram AHU-01 

- Drawings. 26. HVAC Diagram AHU-02 

- Drawings. 27. HVAC Diagram AHU-03 

- Drawings. 28. HVAC Diagram AHU-04 

- Drawings. 29. HVAC Diagram AHU-05 

- Drawings. 30. HVAC Diagram AHU-06 

 

 

Figure 17.CAV (left) and VAV (right) 

Source: TROX Technik.2010 Catalogue. Control units. 
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Non-classified areas 

Variable Airflow systems are design to regulate air volume delivered to individual 

zones in proportion with the heating and cooling load of the current zone. They 

offer two main advantages: room temperatures control among acceptable limits 

of internal and external heating gains (1) and energy savings (2). 

As administration area have individual zones with different heating and cooling 

loads at different hours, VAV will be installed in the supply duct of each room. A 

temperature Transmitter in each room allows the personnel to vary the airflow for 

their comfort. 

As the rest of non-classified zones have similar indoor temperature requirements, 

only CAV will be installed in the supply duct of each room. 

 

Classified areas 

As classified areas require a minimum supply air flow in order to comply with the 

established air changes per hour, Constant Airflow Controllers (CAV) will be 

installed. 

Additionally, admissible pressure difference in the room must be maintained, so 

supply and exhaust air must be controlled. Conditions in relation to the 

surroundings only remain constant when the supply air and exhaust air volume 

flows are equally high. Resulting pressure difference in relation to the 

surroundings due to an unbalanced volume flow can be determined.  

Variable Airflow Controllers will be installed in return ducts of classified areas, 

including an electric actuator connected to a Pressure Differential Transmitter 

(PDT) installed in the cleanroom, which controls room pressure maintenance. If 

compensation takes place via a defined overflow opening, the resistance of the 

overflow element is to be equated with the pressure difference. 

CAV and VAV of AHU-05 will be installed just after the plenum, in order to make 

easy access and maintenance.  

 

12.3. Diffusers 

Ceiling diffusers will be installed in non-classified areas. They can be with circular 

or/and square exterior frames, as they are suitable for the introduction of supply 

air. Air diffusers will be painted in a finished color similar as the ceiling panels. 

For the Raw Material Storage (Room 036), air will be supplied by nozzles 

installed directly in the duct.  
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Air diffusers are shown in the following documents: 

- Appendices. 11.6. Air diffusers list 

- Drawings. 11. Ground Floor. Air Elements Distribution. 

- Drawings. 12. First Floor. Air Elements Distribution. 

 

12.4. Return grilles 

Ceiling return grilles will be installed in non-classified areas. They have horizontal 

aero-foil blades, with a border that is either 23 or 27 mm wide. The front blades 

can be individually adjusted. In addition to the concealed fix the grilles are also 

supplied with spring clip fixing. 

The air return in classified areas Grade B, C and D will be done through return 

grilles at low level. 

For the Raw Material Storage (Room 036), room air will be exhausted by return 

grilles installed directly in the duct. 

Return grilles are shown in the following documents: 

- Drawings. 11. Ground Floor. Air Elements Distribution. 

- Drawings. 12. First Floor. Air Elements Distribution. 

 

13. Instrumentation 

Instrumentation list is shown in the following documents: 

- Appendices. 11.3. HVAC Instrumentation list 

 

Damper actuator (FC) 

Damper actuators are used for adjusting air dampers in ventilation and air-

conditioning systems for services installations. They will be mounted in the AHU 

air dampers. 

 

Air Differential Pressure Switch (PDSH) 

In order to measure the pressure drop across the air filters, differential pressure 

switches will be mounted in the primary (G4) and secondary (F7) filters. This 

element measures the difference between the pressure of the air inlet and outlet. 

Once the filter is very dirty of airborne particles, the PDSH activates an alarm to 

indicate that it should be changed. 
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Pressure Differential Transmitter (PDT) 

The device that sends a signal to the electric actuator of the Volume Airflow 

Controllers (VAV) in the clean rooms is the Pressure Differential Transmitter. The 

PDT measures the pressure of the clean rooms and is connected to relative VAV. 

 

Pressure Transmitter (PT) 

As pressure of supply air may vary, a Pressure Transmitter will be mounted in the 

main duct, which will be connected to the frequency converter. So, power supply 

of the supply fan will be proportional to the pressure of the air. 

 

Figure 18.Pressure transmitter 

Source: KIMO Instruments. Technical Data Sheet. Pressure Transmitter CP300. 

 

Flow Transmitter (FT) 

Flow transmitter and indicator will be mounted also in the main supply duct, so 

the measured supply airflow will be able to be seen in the display. 

 

Temperature and Humidity Transmitter (THT) 

A transmitter is a sensing device that senses and transmits the output of a 

sensed temperature. THT are used to measure the temperature and relative 

humidity of the air. They can sense a temperature and transmit the output to a 

remote location. 

A process temperature transmitter offers an output that is related to the actual 

temperature of the sensed surface. The output obtained from the THT is 

communicated to a VDU so that the air can be controlled and monitored. 

THT will be mounted in the main supply and return ducts.  
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14. Hydraulic water system 

Hydraulic water system information is shown in the following documents: 

- Appendices. 10. Hydraulic water system 

- Drawings. 33. Chilled water distribution 

- Drawings 34. Heating water distribution 

 

14.1. Pipe construction 

Piping, fittings and joints for the hydraulic system, including recovery, heating and 

cooling water, will be made of welded carbon steel, according to DIN 2440 

regulation. 

To prevent energy losses on the piping network, pipes will be insulated with 

polyurethane foam of 40mm of thickness. A cover of 0,6mm galvanized steel 

sheet will be installed to prevent it from decaying due to climate and external 

agents. 

 

14.2. Valves 

Valves are the manual or automatic fluid-controlling elements in the piping 

system. They are constructed to withstand a specific range of temperature, 

pressure, corrosion, and mechanical stress. 

Valves have some of the following primary functions: 

- Starting, stopping and directing flow 

- Regulating, controlling, or throttling flow 

- Preventing backflow 

- Relieving or regulating pressure 

Valves list is shown in the following document: 

- Appendices. 11.2. Valves list 

 

Cut-off valves 

Cut-off valves are used to close a line and stop the flow of a fluid. For this project, 

manual ball valves have been selected in order to accomplish this function. A ball 

valve contains a precision ball held between two circular seals or seats. A 90º 

turn of the handle changes operation from fully open to fully close. 

Each pipe coupling with any equipment will be fitted with manual cut-off valves, 

which include: 
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- Inlet and outlet piping of heating and cooling coil 

- Water coil drainage 

- Pressure indicator connection to piping 

- Three-way valves maintenance 

 

Figure 19. Ball valve 

Source: INOXPRES. 2012. Catalog 2012. Page 54. 

 

Three-way valves 

Three-way valves are used to mix or divert streams of fluid. On one hand, mixing 

function blends to streams into one common stream based on the position of the 

valve plug in relation to the upper and lower seats of the valve. On the other 

hand, diverting or bypass takes one stream of fluid and splits it into two streams 

for temperature control. 

An electrical actuator will be placed on the three-way valve, allowing it to perform 

both the function of mixing and bypass. This actuator controls coil water flow, 

depending on the temperature of the single stream leaving the valve. Three-way 

valves will be placed in the outlet piping section of each coil, coupled as well to 

inlet piping. 

 

Figure 20. Typical Three-Way Valve Control Application 

Source: ASHRAE. 2008. Handbook – HVAC Systems and Equipment. In Chapter 46. Valves, pp. 46.7. 
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Balancing valves 

Manual balancing valves with integral pressure taps and a calibrated port delivers 

accurate hydronic performance and allows field proportional balancing to the 

design flow conditions. These will be provided with the following features: 

- Pressure taps to provide a readout of the pressure difference across the 

valve port 

- Locking device for field setting the maximum opening of a valve 

- Body tapped for attaching drain hose 

Balancing valves will be fitted in the outlet piping section of each coil.  

 

Figure 21. Balancing valve 

Source: TA HYDRONICS. 2011. STAD Balancing Valve - Technical Specification. 

 

Check valves 

Check valves prevent reversal of flow, controlling the direction of flow rather than 

stopping or starting flow. For this project, swing check valves have been selected 

in order to accomplish this function. Swing check valves have hinge-mounted 

disks that open and close with flow. The seats are made of metal, whereas the 

disks may be of nonmetallic composition materials. The Y-pattern check valve 

has an access opening to allow cleaning and regrinding in place. Check valves 

will be placed in the each pump piping section. 

 

Figure 22. Swing check valve 

Source: ASHRAE. 2008. Handbook – HVAC Systems and Equipment. In Chapter 46. Valves, pp. 46.12. 
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Safety relief valves 

Relief valves open or close gradually in proportion to excessive pressure. They 

are used to control or limit the pressure in the HVAC Heating Water system. The 

pressure is relieved by allowing the pressurized fluid to flow from an auxiliary 

passage out of the system. Safety relief valves are designed or set to protect 

water tanks and pressure vessels and other equipment from being subjected to 

pressures that exceed their design limits. Pressure relief valves will be installed 

on the water tank of the heating water system. 

 

14.3. Expansion tank 

Expansion vessels are required within heating systems to allow for the expansion 

that occurs when the water is heated; as water in not compressible this increased 

volume will create a rise in pressure within the system. As an example, water 

being heated from 0ºC to 100ºC will increase by approx. 4.5 in volume. The 

expansion vessel allows for this extra space, as when water temperature 

increases the membrane inside the vessel expands to allow the water to fill the 

vessel. The membrane will continue to expand until the system reaches its 

maximum temperature. 

 

Figure 23. Expansion vessel parts and elements 

Source: Reliance Water Controls Ltd. 2009. Catalogue. Expansion vessels. 
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An expansion vessel of 35l will be installed after the inertia tank in the heating 

water system; following specifications: 

- Maximum temperature: 99ºC 

- Minimum temperature: -10ºC 

- Maximum working pressure: 5.0 bar 

- Shell of epoxy coated stainless steel 

- Membrane of EPDM 

- Bolted flange of stainless steel 

Expansion tank calculation and information is shown in the following documents: 

- Appendices. 10.4. Expansion Vessel sizing 

- Drawings. 34. Heating Water Distribution 

 

14.4. Inertia tank 

Inertia tanks are required for hot water storage in closed water systems. The hot 

water (heated via external heat exchanger) is kept warm in a storage tank. This 

way it achieves energy savings when starting the heating water system in use. 

A hot water storage tank of 200l will be mounted in the heating water system. It 

will be manufactured in carbon steel for vertical installation on floor, thermally 

insulated with rigid mound-injected foam. 

 

14.5. Central plant 

Central cooling and heating plant generates cooling and/or heating in one 

location for distribution to multiple locations. They are especially suited to 

applications where maximizing equipment service life and using energy and 

operational workforce efficiently are important. 

Some of the advantages of selecting central cooling and heating plant are: 

- Primary cooling and heating can be provided at all times, independent of 

the operation mode of equipment and systems outside the central plant. 

- Multiple energy sources can be applied to the central plant, providing 

flexibility and leverage when purchasing fuel. 

- Standardizing equipment can be beneficial for redundancy and stocking 

replacement parts. 

- A central plant and its distribution can be economically expanded to 

accommodate future growth 

- Major vibration and noise-producing equipment can be grouped away 

from occupied spaces, making acoustic and vibration controls simpler. 



 

Page | 44 
 

14.5.1. Chiller unit 

The cooling plant will be a chiller plant, located in the adjacent central energy 

building of the pharmaceutical facility, which will be a combination of: 

- Cooling tower 

- Air-cooled condenser 

- Evaporative condenser 

Following characteristics are considered for the cooling plant: 

- Power capacity: 276,6 kW 

- Inlet water temperature: 12ºC 

- Outlet water temperature: 7ºC 

- Ethylene glycol-water mixture: 40% 

- Anti-freezer heater 

The use of ethylene glycol mixture is intended to prevent freezing in chiller heat 

exchangers. The use of low freezing point mixtures causes a modification in the 

main thermodynamic properties of the units. The major parameters affected by 

the use of glycol mixtures are the following: 

- Cooling capacity 

- Power input 

- Mixture flow 

- Pressure drop 

 

14.5.2. Boiler unit 

A boiler is a pressure vessel designed to transfer heat (produced by combustion) 

to a fluid (water in the form of steam). It is a cast-iron pressure vessel heat 

exchanger designed to burn fossil fuels and transfers the released heat to water 

and steam. 

Selected unit will be a water boiler, which will be located in an adjacent building 

to the pharmaceutical facility. The produced water will be used for the heating 

coils of the Air-Handler. The water boiler will be low-pressure class and equipped 

with internal heat exchanger. 

Following characteristics are considered for the cooling plant: 

- Power capacity: 420,0 kW 

- Inlet water temperature: 65ºC 

- Outlet water temperature: 80ºC 

- Boiler output efficiency: 93% 
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14.5.3. Heat-recovery system 

In air ventilation systems which requires 100% indoor air to be directly exhausted 

to the outside, the use of recovery systems may be a good way for energy 

savings. Adding the cold climate of the pharmaceutical facility location 

(temperature difference of 40ºC between room and outside conditions in winter), 

selection and implementation of a heat-recovery system is even more 

recommended. 

Thanks to absolute separation of the supply and extract airflows, any mass 

transfer of, e.g., bacteria, contaminants, humidity, or odors, is reliably avoided. As 

classified areas (AHU-05 and AHU-06) are subject to strict hygiene requirements, 

it makes run-around coil systems particularly suited for clean rooms. 

Implementation of a run-around coil system permits chiller unit capacity to be 

reduced at 50%, and increases outside temperature up to 20ºC before it enters 

the heating coil. 

Main characteristics of the heat-recovery system are: 

- Heat recovery coefficient: 0,60 

- Separate airflows 

- Reduced overall length 

- Variable brine quantity 

Ethylene glycol and water solution is used as a “coupling fluid” to prevent the 

system from freezing. This fluid flows through the pipes and transfer its heat to 

the inlet air of the Air Handling units in the heat exchangers (recovery coils). 

Heat exchangers feature a very high counter-flow for maximum heat transfer. The 

extract air heat exchanger is antifreeze-protected by means of the supply 

temperature lower limit. Heat-exchangers consist of seamless copper pipes with 

aluminum fins, to afford protection against corrosion.  

The hydraulic pipes are anti-corrosive and suitable for water /glycol mixtures. 

Each vent and drain of the heat exchanger circuit is accessible via special 

inspection panels even with the control assembly connected. 

Casing adapters are airtight and thermally insulated in order to minimize leakage 

rates and heat losses. Wall penetrations for the adapters have a thermal bridge 

factor of Class TB1. 
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Hydraulic control assembly 

A flow meter, a power-controlled pump, and a three-way valve in the hydraulic 

module allow the brine quantities to be measured and adjusted as required. 

 

 

Figure 24. Functional diagram of the heat-recovery system 

Source: Robatherm Ltd. 2009. Handout. Run-around coil systems for high efficient heat recovery. 
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15. Environmental involvement analysis 

Focus of life cycle management and tools is increasing in the HVAC sector. 

Analyzing the several materials, procedures and products of the mentioned 

industry takes an important part of the project. 

Optimizing of the materials used and installed, such as equipment, accessories, 

piping, etc. must start complying the following steps: 

- Reduce material mixings 

- Facilitate dismantling and subsequent cleaning of the removable parts. 

- Facilitate access to high values assemblies. 

- Tag and identify the components, in order to simplify their classification. 

- Supply the markets of recycled materials. 

Air contamination is a concern for ventilation engineers when it causes problems 

for building occupants and for the environment. Man-made outdoor air 

contaminants are many and varied, originating from numerous types of human 

activity. Electric power generating plants, various modes of transportation, 

industrial processes, mining and smelting, construction and agriculture generate 

large amounts of contaminants. These outdoor air contaminants can also be 

transmitted to the indoor environment. In addition, the indoor environment can 

exhibit a wide variety of local contaminants, both natural and man-made. Polluted 

air from the indoor buildings must be filtered before it enters the atmosphere. 

As building efficiency is improved with insulation and weather-stripping, buildings 

are intentionally made more airtight, and consequently less well ventilated. Since 

all buildings require a source of fresh air, the need for Heat-Recovery systems 

has become obvious. While opening a window does provide ventilation, the 

building’s heat and humidity will then be lost in the winter and gained in the 

summer, both of which are undesirable for the indoor climate and for energy 

efficiency, since the building’s HVAC systems must compensate. Heat recovery 

systems introduce fresh air to a building and improve climate control, while 

promoting efficient energy use. 

Power consumption in order to heat or cool water from the hydraulic system is 

mainly produced from non-renewable resources. As per that, it has to be reduced 

as far as it can. Environmental conditions facilitate the use of heat-recovery and 

free-cooling system in the Air Handlers. Through the use of a run-around coil, 

chilled power is reduced to the half. In addition, the power consumption of the 

heat-recovery is only used to supply heat to the air, making of this a closed 

circuit. 
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