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• Air conditioning (often referred to as AC, A/C, or air con) is
the process of removing heat and moisture from the interior
of an occupied space to improve the comfort of occupants.
Air conditioning can be used in both domestic and
commercial environments. This process is most commonly
used to achieve a more comfortable interior environment,
typically for humans and other animals; however, air
conditioning is also used to cool and dehumidify rooms
filled with heat-producing electronic devices, such as
computer servers, power amplifiers, and to display and
store some delicate products, such as artwork.



Introduction
One of the most important considerations when designing a building is the extent to 
which it provides an environment that is comfortable for its occupants. Comfort in the 
built environment is affected by a great number of different factors which can, if not 
addressed properly, can lead to poor levels of comfort, discomfort, or can even cause
harm and ill health to occupants. 
Aspects of comfort include; personal factors, health and wellbeing, thermal comfort, 
indoor air quality, visual comfort, noise nuisance, ergonomics, and so on. 



Comfort is closely related to wellbeing, which was defined by Dodge et al (2012) as
‘…when individuals have the psychological, social and physical resources they need to
meet a particular psychological, social and/or physical challenge’. Wellbeing incorporates
other factors such as employment and relationship status, rather than just physical
comfort within an environment.



Personal factors 
Personal factors that can affect the level comfort in a building include: 

 Age. 

 Gender. 

 Level of health. 

 Clothing worn. 

 Type of activity and level of intensity. 

 Access to food and drink. 

 Acclimatisation. 

 Psychological state. 

For example, older people tend to feel the cold more than younger people. 



Thermal comfort

Thermal comfort is defined in EN ISO 7730 as '…that condition of mind which 
expresses satisfaction with the thermal environment.', i.e. the condition when 
someone is not feeling either too hot or too cold.

When people are dissatisfied with their thermal environment, not only is it a 
potential health hazard, it also impacts on their ability to function effectively, their 
satisfaction at work, the likelihood they will remain a customer, and so on. 
Therefore, it is imperative that building design ensure the means of achieving good 
indoor climate. 



Sensible heat Latent heat Total heatTemperature Stream of vaporisation

The heat flux from the human body







Thermal resistance or insulation of clothing Icl [m2K/W] 1 clo = 0,1555m2K/W



PN-EN 13779: Ventilation for non-residential buildings - Performance
requirements for ventilation and room-conditioning systems
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AC Systems - classification





AC Systems non-ducted

Cabinet air-conditioner

Split air-conditioner

Window air-conditioner



Variable refrigerant flow VRF



Variable refrigerant flow VRF

Variable refrigerant flow (VRF) is a system for the heating, ventilation and air conditioning (HVAC) of 
buildings.

It was first developed by Daikin Industries in Japan, under the trade name ‘variable refrigerant volume’ 
(VRV), but is now widely used throughout the world under the generic name ‘variable refrigerant flow’ 
(VRF). VRF systems are becoming increasingly popular as they can be more efficient, more compact and offer 
greater flexibility than other HVAC systems.

VRF systems are based on the flow of refrigerant between an external condensing unit and multiple internal 
evaporators (typically fan coil units). Each internal evaporator serves a different thermal zone within the 
building, and the flow of refrigerant to each evaporator is adjusted depending on the local requirement. This 
gives a great deal of flexibility, and as the output of the outdoor condenser adjusts to match the total 
internal demand, it allows the systems as a whole to operate at optimum efficiency.

Very broadly, VRF systems can be two-pipe or three pipe systems:

Two pipe systems can provide either cooling or heating (heat pump systems) to all of the zones.
Three pipe systems, can provide heating and cooling simultaneously, heating some zones and cooling 

others, with heat recovery enabling heat from zones requiring cooling to be used to heat zones that require 
heating. Whilst this has a greater capital cost, the heat recovery allows very efficient operation and so lower 
operating costs. 

VRF systems are best suited to buildings with multiple spaces, varying heating and cooling demand and the 
need for good local control, such as hotels, where some rooms may be unoccupied whilst others have a very 
high thermal demand. Because of their limited space requirements (depending on how ventilation is 
provided) compared to some other systems, they may also be suited to retrofitting older buildings. 



Air Systems



Air handling unit AHU



Air handling unit AHU

Air handling units (AHU, sometimes referred to as ‘air handlers’) form part of the heating, ventilating and air 
conditioning system (HVAC) that supplies, circulates and extracts air from buildings.

Air handling units can be supplied in a range of sizes, and with a variety of capabilities, but typically they 
comprise an insulated box that forms the housing for; filter racks or chambers, a fan (or blower), and 
sometimes heating elements, cooling elements, sound attenuators and dampers (that can be operated 
manually or automatically to regulate or prevent specific air flows). In some situations, such as in swimming 
pools, air handling units might include dehumidification.

Heating and / or cooling can be generated within the unit itself, or can be provided by connection to the 
building’s boilers or chillers.

Generally, air handling units will be connected to the ductwork within the building that supplies air to and 
extracts air from the interior, but they can be used to supply and extract air direct to a space, or they may be 
located on a roof (rooftop units or RTU).

Air handling units that consist of only a fan and a heating or cooling element, located within the space they 
are serving, may be referred to as fan coil units (FCU).

Air handling units can be used to re-circulate a proportion of ‘stale’ air within a building, mixing this with fresh 
air to reduce the amount of air conditioning that is required. They can also include heat recovery, recovering 
heat from return air and using it to warm the supply air.



Single zone air system



VAV system (Variable Air Volume)



VAV system (Variable Air Volume) – multizone

Air handling unit AHU







Water systems

• With induction devices:

• 2-pipe (with or without switching)

• 3-pipe

• 4-pipe

• With fan convectors:

• with local fresh air supply

• with central fresh air preparation











Calculation examples

Molière diagram



Carrier chart
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