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Introduction 
 

In this document energy related characteristics of the airport were analyzed from two aspects: 
the airport landside (main airport building, terminals, access areas etc.) and airside (runway, 

apron area etc) areas. Characteristic functional areas of the airport landside, such as check-in 
areas, boarding gates, commercial areas such as shops, dining services, relax lounges, were 

analyzed from the energy perspective, including energy requirements especially in terms of 
heating, ventilation, and air conditioning (HVAC) system, lighting system and energy 

required for general services (computers,  telephone lines, displays, conveyor belt system for 

luggage). For areas exposed to passenger flow peaks it is of primary importance to implement 

effective energy control systems capable of a quick reaction to rapidly changing conditions. 

Boarding gate areas are also quite exposed to open air, wind, cold or hot weather due to 

boarding operations at the gates, and especially in the case of apron transporters 

configuration.  

 

Lighting and power supply systems of the airport were also analyzed in detail. The required 

level of illumination for specific functional areas of the airport is conditioned by its 

application and typical number of occupants. Power supply at the airports must be compliant 

with the design rules oriented to ensure that some operations are provided also in a case of 
faults. For this reason, primary and secondary power sources are envisioned for the airports, 

with dedicated security strategies. The requirements in terms of satisfying level of comfort at 
the airport were considered from energy perspective as well. The international standards such 

as the International Standards Organization (ISO), American Society of Heating, 
Refrigerating and Air-Conditioning Engineers (ASHRAE) or International Energy 

Conservation Code (IECC) standards which offer comfort calculation procedures based on 
the mathematical models were analyzed in detail. 

 

General overview: airport landside and airside 
 

Airports are divided into two sides called “landside” and “airside”. The basic building blocks 

that make up the components of the land and air sides and the general flow between them are 

shown in Figure 1. 

 
The airport landside consists of all operations concerning the movement, processing and 

comfort of ground based vehicles, passengers and cargo.  The landside is further divided into 
the terminal and ground access components.  The terminal is primarily designed to facilitate 

the movement of passengers and luggage from the landside to the aircraft. The airport 
terminal area, comprised of passenger and cargo terminal buildings, aircraft parking, loading, 

unloading and service areas such as passenger service facilities, automobile parking, and 
public transit stations, is a vital component of the airport system. The primary goal of an 

airport is to provide passengers and cargo access to the air transportation, and thus the 

terminal area achieves the goal of the airport by providing the vital link between the airside of 

the airport and the landside. The terminal area provides the facilities, procedures and 

processes to efficiently move crew, passengers, and cargo onto and off of the commercial and 

general aviation aircraft. 
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The ground access component accommodates the movement of ground based vehicles to and 

from the airport as well as between various buildings found on the airport property. The 

airside is planned and managed to accommodate the movement of aircraft around the airport 

as well as to and from the air and is further divided into two components, the airfield and 

airspace. The airfield consists of all facilities located on the airport to facilitate aircraft 

operations.  The airspace is the area off the ground for aircraft approach and departure. 

 

 

Figure 1. Basic components of an airport. 

 

Functional areas and energy considerations: landside 

 

Check-in area 

 

The main function is to take in the luggage that passengers want to, or are required to, place 

within the aircraft's cargo hold and issue boarding passes. After the luggage is weighed and 

tagged, it is placed on a conveyor that usually feeds into the main baggage handling system 

(BHS). Some airports have curb side check-in, where passengers give their bags to an airline 

representative right before entering the terminal and then proceed directly to security. 

 

There is an increasing trend towards more automated check-in processes, with many 

passengers now able to either check-in online before arriving at the airport or use an airline's 
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self-service check-in kiosks at the airport, avoiding queues for the staffed check-in desks and 

leading to even more lighter passengers flows in this area. 

 

Looking from the energy perspective, typical/generic energetic needs related to this kind of 

area are analyzed, especially regarding: 

 

• HVAC system, 

• Lighting, 

• Energy for general services (such as computers, telephone lines, displays, conveyor 

belt system for luggage). 

 

Another important issue in this case (as also in all the areas in which people flow is 

involved), is that this area will be always subjected to passenger flow peaks: therefore it is of 

primary importance to implement effective energy control systems capable of a quick 

reaction to rapidly changing conditions. 

 

Boarding gate areas 

 

The boarding gate is the door through which passengers leave the terminal building to get on 
to an aircraft. Especially in case of pier terminals, this area can be represented as a long 

tunnel which needs to be conditioned. Depending on high or low flow conditions, people 
concentration within this area can vary a lot from only a few to full gates boarding: this is a 

major issue in ensuring energy efficiency. 
 

Boarding gate areas are also quite exposed to open air, wind, cold or hot weather due to 
boarding operations at the gates, and especially in the case of apron transporters 

configuration. 
 

When fingers are used, their connection with the plane’s door can also give rise to an 

undesired thermal exchange with the outside, which means loss of warm/cold air and 

therefore increased energy consumption. 

 

Commercial areas: shops, dining services, relax lounges 

 
This area comprises all the services that normally are subjected to both rush-hour and closing 

time. As the check-in areas, here all the same aspects in terms of energy saving are to be 

considered; the difference could be that these needs are to be calculated in relation with a 

periodic request for energy per day (e.g. time slot, rush hours for lunch/dinner etc.), 

especially for those services that are related to the food delivery. 

 

Functional areas and energy considerations: airside 

 

Runways and apron area 
 

The aprons are the locations at which aircrafts park to allow the loading and unloading of 

passengers and cargo, as well as for aircraft servicing and pre-flight preparation prior to 

entering the airfield and airspace. 
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Typical energy needs are represented by lighting (security lighting, always active) and 

general services (machines and vehicles for luggage transport, fuel, movable lifts, fingers 

operation, passengers, transporters in case of a remote apron). A careful design according to 

the configuration of terminals may allow less movement of aircraft and service-vehicles. 

 

Hangars, ancillary buildings and facilities 

 
Hangars are part of an exclusive area, representing places dedicated to aircraft storage and 

maintenance. Main sources of energy consumption can be: lighting, energy for general use, 
water. HVAC systems are also to be considered as a sensible issue. 

 
The same applies to other ancillary buildings and facilities eventually present within the 

airport airside, and dedicated to various duties. 
 

Lighting and power supply requirements 

 

Lighting 

 

Lighting in airports can be considered as divided in two main uses: 

 
Airside: in this zone, lighting is regulated by health and safety issues, having to ensure 

visibility and route control features. For this reason, time schedule is rigid (often 24 hours/7 
days on), and energy efficiency approaches are hardly applicable. Improvements can go quite 

exclusively towards developing better performing lamps, while ensuring the same levels of 
illumination needed. Regulations are defined by National and International bodies within 

airport design standards (ICAO, IATA) and implemented at national/regional level. 

 

Landside: in this zone, lighting must be functional for both airport operations and passengers 

comfort. The required lighting level, also depending on a season for certain areas, can be 

obtained by natural lighting, artificial lighting or a combination. The choice of light source 

has an impact on the building energy demand. It is essential to evaluate also the quality of 

lighting in the energy calculations in respect of glare which may affect the use of controls and 

window screens.  

 
Table 1. Recommended lighting level. 

Functional Area Lighting level [lux] 

Ticket counters and information desks require 
localized lighting. 

• Care should be taken to avoid reflections 

on displays. 

500 

Departure lounges require relaxed atmosphere 200 

Baggage and parcel handling 

• On the employees side, localized lighting is 

required with higher illumination 

200 

>200 
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The maintained lighting level for a given airport functional area will depend on the 

application and the occupants within the building: the recommended lighting level for some 

airport functional areas is described in Table 1 taken from CIBSE (Chartered Institute of 

Building Services Engineers). 

 

Power supply 

 

Power supply at the airports must be compliant with the design rules oriented to ensure that 

some operations are provided also in a case of faults. For this reason, primary and secondary 

power sources are envisioned for the airports, with dedicated security strategies. Of course, 

airport power supplying priorities are mostly comprised within the airside. 
 

Regarding power supplying for landside facilities, no priority is given comparable to airside: 
power sources shall be designed according to master planning, ensuring full operability of all 

the functional areas. 
 

Comfort requirements 
 

The international standards such as the International Standards Organization (ISO), American 

Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) or 

International Energy Conservation Code (IECC) standards offer comfort calculation 

procedures based on mathematical models developed by Fanger on the basis of studies in 

climate-controlled chamber. The comfort condition results if balance between the heat 
produced by metabolism and the heat lost from the body is maintained.  

 
According to ISO 7730 a person feels comfortable when the air temperature, air movement, 

humidity and wall temperatures are in a balanced ratio to their activity and clothing. A person 
feels uncomfortable when the body’s temperature-regulating system (the skin) is subject to 

stress and concentrations of heat or heat losses occur in the body. However, as the definition 
given in ISO 7730 implies, thermal comfort is a subjective sensation. Thus, satisfying all 

persons in a given environment may be difficult. So, the realistic aim is to create a thermal 
environment, which satisfies the maximum possible percentage of people in a given room 

taken as a group. A concept often used as a synonym of thermal comfort is “thermal 

neutrality”, which can be defined as the condition in which a person would prefer neither 

warmer nor cooler surroundings. Two conditions must be fulfilled to maintain thermal 

comfort. The first is that the actual combination of skin temperature and the body’s core 

temperature provide a sensation of thermal neutrality. The second is the fulfillment of the 

body’s energy balance: the heat produced by the metabolism should be equal to the amount 

of heat lost from the body by conduction, convection, radiation, evaporation and respiration.  

 

For estimation of the comfort level, ISO 7730 recommends the PMV (predicted mean value) 

model which gives the mean value of the “thermal” votes of a large group of people on the 7-

point thermal sensation scale exposed to the same environment. However, individual votes 
are scattered around this mean value and it is useful to predict the number of people likely to 

feel uncomfortably cold or warm (i.e. dissatisfied). This is what the PPD (Predicted 
Percentage of Dissatisfied) index is aimed for. 
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Figure 2. PPD/PMV relation. 

 
It is characteristic of the PPD index that its value does not fall below 5% for any value of the 

PMV in practice. The reason for this fact is the difference in thermal sensation between 
individuals; the thermal neutrality for different people is achieved at environmental 

parameters, which are not identical. 

 

Local thermal discomfort 

 

Criteria for the acceptable thermal climate is thus specified as requirements to the general 
thermal comfort (PMV-PPD or similar models), but also to local thermal discomfort. Such 

requirements can be found in standards and guidelines like EN ISO 7730 and ASHRAE. 
 

The PMV and PPD indices express warm and cold discomfort for the body as a whole. But 

thermal dissatisfaction may also be caused by unwanted cooling (or heating) of one particular 

part of the body (local discomfort). Local thermal discomfort may be caused by draught, high 

vertical temperature difference between head and ankles, too warm or too cool a floor or by 

too high a radiant temperature asymmetry. 

 

It is possible to evaluate local thermal discomfort in a way similar to PMV-PPD method, 

identifying different performance levels on the basis of a given general thermal comfort 

dataset. Performance levels depend on the percentage of dissatisfaction for each local thermal 

discomfort cause, generating for example 3 families (in order of increasing dissatisfaction): 

High, Medium and Basic. ASHRAE recommends that conditions be configured so that less 

than 20% of occupants are dissatisfied due to draught, which is the most common cause of 

local thermal discomfort. It is mainly people at light sedentary activity who are sensitive to 
local discomfort. At higher activities people are less thermally sensitive and consequently the 

risk of local discomfort is lower. 

 

Comfort zones 

 
As already anticipated when describing PMV-PDD approach, comfortable conditions in 

mechanically ventilated buildings depend essentially on six variables: air temperature, air 

velocity, relative humidity, radiant temperature, occupant's clothing insulation and occupant's 

activity level. ASHRAE's Standard 55 defines a comfort "zone" based on these variables, 

where the majority of occupants are likely to feel comfortable. 
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The higher density of occupants and equipment in most of open-plan offices increases the 

amount of heat released (and thereby the cooling requirements) in the space. Thus the 

heating/cooling system must have the capacity to handle the occupant density, and be 

operated appropriately to meet thermal requirements. 

 

According to the comfort zone definition, comfortable temperatures are almost impossible to 

be achieved when the relative humidity is high. High humidity also supports mould and 
bacterial growth, so ASHRAE recommends that relative humidity should be maintained 

below 60%. There is no recommended lower level of humidity for achieving thermal 
comfort, but as dry conditions can lead to increased static electricity and health problems, 

such as skin irritation, the relative humidity should be greater than 30%. ASHRAE's 
acceptable ranges of operative temperature (a combination of air and radiant temperatures) 

for relative humidity levels of 30% and 60% are shown in Table 2. 
 

Table 2: Examples of acceptable operative temperature ranges based 

on comfort zone diagrams in ASHRAE Standard-55-2004 

Conditions Acceptable operative temperatures 

 °C o F 

Summer (clothing insulation = 0.5 clo) 

Relative humidity 30% 24.5 – 28 76 – 82 

Relative humidity 60% 23 – 25.5 74 – 78 

Winter (clothing insulation = 1.0 clo) 

Relative humidity 30% 20.5 – 25.5 69 – 78 

Relative humidity 60% 20 – 24 68 – 75 

 

Indoor Air Quality 
 

Indoor Air Quality (IAQ) could be defined as the physical, chemical and biological properties 

that indoor air must have, in order: 

 

• not to cause or aggravate illnesses in the building occupants, 

• to secure high level of comfort to the building occupants in the performance of the 

designated activities for which the building has been intended and designed. 

 

From the above definition it clearly results that buildings with different use destinations may 

pose different requirements in terms of IAQ. 

 

At the same time, as the “occupant population” may vary in composition (age, gender), 
density of occupancy (high, low), status of health (healthy or sick), genetic and biological 

predisposition to get ill (e.g. hypersensitive people, allergic people, etc.), it is virtually 
impossible to define an absolute set of criteria that would always meet the needs of any 

totality of occupants in every building. 
 

To achieve good IAQ, many factors must be considered. These include the type and amount 
of physical, chemical and biological contaminants in the space, the quality and quantity of the 

outdoor air supply, the movement of air and contaminants within the space, and the 

cleanliness of the office space and ventilation system. 
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Interactions between Indoor Air Quality and thermal comfort 

 

Whereas temperature is recognized as an important factor for human comfort, less attention 
has been given to the importance of humidity. This may be due to the fact that air humidity in 

the comfort range of temperatures has a minor impact on the thermal sensation of the human 
body. 

 
Changing the air temperature or humidity of the indoor environment may change IAQ in at 

least two ways: The emission source strength of materials in a space may change as well as 
the perception itself of air with a given chemical composition may change. The dependency 

of temperature and humidity on emission of chemicals from materials is well known. A 
higher temperature is most likely to increase the emission and the elevated air humidity may 

increase the emission rate of different chemicals, such as formaldehyde, from some types of 

materials. 

 

There has been increased attention to the direct effect of temperature and humidity on human 

perception of the IAQ. It is documented that air temperature and humidity have a strong and 

direct impact on the perception of air quality. Several studies found that acceptability of air 

decreased with increasing air temperature and humidity.  

 

Keeping the indoor air dry and cool as oppose to humid and warm may not only improve the 

perceived air quality, but also have an important impact on the amount of energy used for 

ventilation. As an example of this, Fang et al. (2000) demonstrated that reducing the 
ventilation rate from 10 to 3.5 L/s per person can be compensated by reducing the air 

temperature and humidity from 23°C and 50% RH to 20°C and 40% RH so as to avoid 
deteriorating of the perceived air quality. 

 

Conclusion 
 

Specification of typical energy characteristics of the airport as open space including 

requirements for energy consumption and level of comfort in different functional areas of the 

airport both landside and airside was performed in this document. Energy requirements, 

especially in terms of HVAC system, lighting system and energy required for general 

services (such as computers, telephone lines, displays, conveyor belt system for luggage), 

related to the characteristic functional areas of the airport were analyzed. This included 

check-in areas, boarding gates, commercial areas such as shops, dining services, relax 

lounges, runways, apron areas etc. For areas exposed to passenger flow peaks it is of primary 
importance to implement effective energy control systems capable of a quick reaction to 

rapidly changing conditions.  
 

Additionally, lighting system and power supply system of the airport were analyzed from the 
energy perspective. The requirements in terms of satisfying comfort level of the airport 

occupants and indoor air quality are taken into account. The international standards such as 
ISO, ASHRAE or IECC standards offer comfort calculation procedures based on the 

mathematical models. Finally, interactions between IAQ and thermal comfort were 

considered as well.  



Review of the technical solution 

SPECIFICATION OF THE ENERGY 

RELATED CHARACTERISTICS OF THE 

AIRPORT AS OPEN SPACE 
 

This technical document provides an excellent overview of energy related 
characteristics of the airport as open space. Two aspects of the airport have 

been taken into account: the airport landside (main airport building, 

terminals, access areas etc.) and airside (runway, apron area etc) areas. For 

different functional areas of the airport, both landside and airside, specific 
energy requirements were analyzed. Special emphasis was put on the 

heating, ventilation, and air conditioning system and lighting system. In that 

way, specific functional areas have been considered from the energy 

perspective, such as check-in areas, boarding gates, commercial areas such 
as shops, dining services, relax lounges, runways, apron areas etc.  

 

Energy requirements in terms of the lighting system of the airport were 

analyzed. It was concluded that the required lighting level is conditioned by 
area application and typical number of occupants. On the other hand, the 

power supply system was also taken into account. It was concluded that the 

power supply at the airports should be compliant with the design rules and 

envisioned to ensure that some operations are provided all the time even in 

a situation of faults. In order to provide the backup power supply at the 
airports, both primary and secondary power sources are usually installed, 

with dedicated security strategies.  

 

Finally, a valuable inspection of the requirements in terms of satisfying level 
of comfort of the airport occupants and corresponding comfort zones has 

been provided from the energy perspective. Different international standards 

such as ISO, ASHRAE and IECC have been considered which offer the 

corresponding comfort calculation procedures based on the mathematical 
models. Indoor air quality and its interaction with the thermal comfort were 

considered as well. As a conclusion, this document provides a very useful 

specification of the energy related characteristics of the airport as open 

space. 
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