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ABSTRACT
A dynamic thermal model of Adelaide Airport Terminal 1 was developed with the intention of reducing the
energy consumption of the building. To achieve this
goal, the energy model was first used to estimate the
energy consumed by the building’s heating, ventilation and air-conditioning system under current operation. The results of the model were then compared to
the recorded measurements taken by the building management system. A sensitivity analysis was then performed on the model to determine which parameters
have a strong influence on the modelling results.

INTRODUCTION
Adelaide Airport Limited (AAL), the operator of both
Adelaide Airport Terminal 1 (T1) and Parafield Airports in South Australia, is committed as part of its
sustainability charter to reduce its carbon footprint. A
major avenue to achieve this reduction is by increasing
the energy efficiency of the building services of T1, in
particular, the heating, ventilation and air-conditioning
(HVAC) system.

runway, facing south-east. The long south-east facade
houses all of the arrival and departure gates, and has
full-height single glazing. The areas along this facade
therefore are expected to produce large heat loads.
The mechanical services system comprises of 113 constant volume, single zone air handling units (AHUs),
served by a central chilled/heated water system. Three
centrifugal water-cooled chillers and three natural gasfired boilers reticulate chilled and heated water respectively throughout the building. Heat is rejected from
the chillers via a condenser water loop, which is connected to three cooling towers located on the roof of
the building. The mechanical services are controlled
via an extensive building management system (BMS),
which also controls the lighting system within T1.

OVERVIEW OF BUILDING
Adelaide Airport Terminal 1 (shown in Figure 1),
which was fully commissioned in February 2006, is
located approximately 6.5km west of the Adelaide
central business district, and is categorised under Climate Zone 5 of the Building Code of Australia (BCA).
The building has 4 levels (including the ground floor).
The total floor area of the building is approximately
62,000m2 . Retail areas account for approximately
3,400m2 of floor area, while airline administration offices account for approximately 13,400m2 . Level 2
contains most of the retail and departure areas, including all departure and arrival gates, while level 1 contains the inward immigration areas, as well as baggage
collection and check-in counters. The ground floor is
predominantly allocated for storage and baggage handling areas, and is generally not conditioned.
In 2010, the airport serviced approximately 7 million
passengers, and this is expected to increase to 12 million by 2020. The total electricity usage for 2010 was
16.4 GWh. T1 typically operates from 4am to 11pm.
The building is approximately 650m long but only
100m wide, with the long axis parallel to the main

Figure 1: Aerial View of Adelaide Airport Terminal 1

DESCRIPTION OF MODEL
Software package
The model was developed using Integrated Environmental Solutions’s Virtual Environment (IES-VE) version 6.3.0 software package. Besides thermodynamic
and heat transfer modelling, the software package incorporates a number of different modules which account for additional aspects of building simulation, including time-dependent sun-paths to calculate timespecific solar radiation as well as bulk air-flow movement within and through the building (through windows, doors, cracks, etc.).
Building Geometry
The building geometry and envelope were based on
detailed for-construction architectural drawings. Each
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thermal zone (defined by the areas served by individual air handling units) was modelled separately.
Where different functional areas existed within the
same thermal zone, these areas were modelled as separate entities. Every door, louver, internal and external
window, and sunroof was modelled. Examples of images of the model are shown in Figures 2 and 3.

Usage and Occupancy Profiles
A key input to the model is the occupancy and lighting
utilisation within the building, both in terms of peak
loads as well as time-based profiles. At the time of
writing this paper, the only information on occupancy
profiles was obtained from the walk-through metal detectors (WTMDs) located between the check-in counters and the departure gates. The number of people
walking through the WTMDs over the course of a day
is shown in Figure 4. The error-bars in Figure 4 denote the 95% confidence interval of the annual WTMD
data, and indicate that there is some day-to-day variation in the number of passengers, which at this stage,
has not been included in the model (that is, unless
otherwise specified the model assumes the same occupancy profile for each day).

Figure 2: View of T1 Model (From South-East)
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Figure 3: View of T1 Model (From South-West)
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Figure 4: Number of People Passing WTMDs
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Building fabric
The building material selection was based on forconstruction architectural schedules and drawings,
while thermal properties of these materials were based
on manufacturer’s data where available.
The building envelope is predominantly constructed
from 150mm thick pre-cast concrete, and generally includes 75mm thick insulation, leading to a thermal re2
sistance (R-value) of 2.5 mW·K . Internal partitions generally consisted of 13mm flush plasterboard (on both
sides) framed by a proprietary steel stud system and includes 50mm fibre insulation, resulting in an R-value
2
of ≈ 1.77 mW·K . The building has extensive glazing
on both its long south-east facing facade (where the
gate lounges are located) and the north-west facade
(which acts as the main public entry to the building).
Glazing on the south-eastern facade facing the runway
consists of 12.76mm clear float single glazing (with
a shading coefficient of SC=0.81), while glazing everywhere else consists of 8.76mm clear float single
glazing (SC=0.91). The roof consists of metal decking and 75mm insulation, leading to an R-value of
2
2.56 mW·K . The building was designed to be wellsealed, with extensive insulation driven by acoustic
requirements. Therefore, based on standard industry
practice, each zone is assumed to have a constant infiltration rate of 0.2 air changes per hour (Bell Jr., 2008;
Sherman, 1990).
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Figure 5: Typical Occupancy Rates, 8am - 6pm
It should be noted that the actual number of people
walking through the WTMDs is not an accurate representation of the number of people within the building,
due in part to the fact that the WTMDs do not discriminate against people who make multiple entries, but
also to the fact that the number of people exiting the
building is not logged. Nevertheless, the mean data
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from the WTMDs can be used as a guide to the occupancy profile, and hence is used as the default occupancy profile for the general areas of the airport.
The occupancy of the airport gates is highly dependent
on the scheduled aircraft arrivals and departures. The
annual average number of passengers for the year 2010
was 7.15 million (including both incoming and outgoing passengers). During this time, the average number
of flights per day was approximately 80. Considering that there are 14 gates in the terminal, this equates
to approximately 5 flights per gate, daily. Therefore,
the gates are assumed to have an intermittent 4am11pm profile, whereby peak occupancy occurs approximately 5 times a day (for a duration of 1 hour). It
should be noted that this is only an approximation to
the actual airport operation; in reality some gates will
be chosen more often than others (e.g. the international gate).
For the administration areas of the building, which essentially operates similarly to a commercial office, an
8am-6pm nominal profile is used. For office areas that
are used intermittently, such as meeting rooms or interview rooms, the intermittent profile is used. The intermittent profile assumes, on average, that each room
is used three times a day for an hour, and is based on
room booking schedules obtained from AAL. These
schedules are shown in Figure 5.
It should be noted that the nominal profiles are assumed not to vary between days or zones, while the
intermittent profiles are modelled to vary day by day,
and zone to zone. The profiles shown in Figure 5 are
illustrative only; for example, the times at which meeting rooms are occupied can occur at any time between
8am and 6pm, as long as there are 3 hours in total
whereby full occupancy occurs.
The lighting and HVAC schedules are bi-modal - they
are either under occupied mode, or unoccupied mode.
Both these schedules are obtained from T1’s BMS.
Typically, under the occupied mode, lighting operates
at 100% of its peak load, and the HVAC system is
turned on. Under the unoccupied mode, lighting is
set to 20% of its peak load, while the HVAC system
is fully turned off. The only exception to this is the
4am-11pm intermittent profile for the HVAC system,
where instead of turning off during unoccupied periods, the HVAC system operates under a relaxed temperature setpoint of 22 ± 4◦ C. This only applies for
the periods of 4am to 11pm.
Although the primary function of the airport is to
transport aircraft passengers, it also contains other
functional areas, such as retail and commercial office space. Each of these areas typically has different operating hours, internal loads, as well as occupancy densities. For example, retail areas tend to have
higher equipment loads and occupancy densities than a
commercial office space. The model accounts for this
by having different templates for different functional

zones.
Mechanical Services
The mechanical services of T1 predominantly consist
of single zone, constant volume, air handling units
served by a central chilled and heated water loop. The
AHUs are draw-through systems with economy cycle
capability. AHU controls are based around a 22 ± 2◦ C
setpoint. Economy cycle is triggered when the outside
air temperature is lower than the room temperature,
and when the room temperature is above 22◦ C. Between a zone temperature of 22 − 23◦ C, the outside
air dampers modulate proportionally between supplying the zone with minimum outside air, to 100% outside air. When the space temperature exceeds 23◦ C,
the cooling coils turn on, dropping the supply air temperature. The supply air temperature is varied linearly
between 23 − 13◦ C when the space temperature is between 23 − 24◦ C. A similar approach is used during the heating mode, whereby the supply air temperature is varied linearly between 21◦ C − Tmax when
the space temperature is measured to be in the range
21 − 20◦ C, where Tmax is the maximum supply air
temperature, which varies depending on AHU. Typical values of Tmax fall in the range of 23 − 31◦ C.
The fans are constant volume, and therefore do not operate at varying loads. Due to the lack of measured
efficiency curves from the manufacturer, all fans are
assumed to operate at 40% efficiency. Fans operate at
a constant static pressure, whereby the static pressures
vary from unit to unit. The static pressures for each
unit have been measured during commissioning, and
vary between 175Pa and 575Pa, depending on size as
well as duct lengths.
The heating and cooling coil capacities are modelled
as per as-built AHU schedules, while the cooling coils
are assumed to have a contact factor of 0.9 (that is,
only 90% of the air that passes through the coil actually come into contact to the coil). It should be noted
that the true value of the contact factor for various coils
has not been directly measured, and are thus assumed
based on manufacturer’s advice.
The AHUs are supplied chilled water from 3 centrifugal, variable speed, water cooled chillers, each with a
peak cooling capacity of 1767kW. Entering and leaving chilled water temperatures are 15◦ C and 5◦ C respectively. Each chiller is served by a single, dedicated primary chilled water (PCHW) pump, which delivers chilled water to a common header tank. From
the header tank, two secondary chilled water (SCHW)
pumps deliver chilled water to all the individual air
handling units. The PCHW pumps operate at constant
speed, and have a static pressure set point of 75kPa,
while the SCHW pumps operate with a variable speed
drive (VSD), and have working pressures of approximately 265kPa.
The chillers are served by a common condenser water
loop, with heat rejection accomplished by three identi-
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part load is shown in Figure 7.
Heating hot water is provided to the AHUs by three
identical natural gas fired boilers, each with a heating capacity of 985kW. Each boiler is served by a single, constant speed, heating hot water pump (HHWP),
which delivers to all the AHUs via a common header
tank. Due to the lack of secondary heating hot water
pumps, the static pressures sustained by these pumps
are large, approximately 535kPa. The boilers are assumed to operate at 80% efficiency, regardless of load.
It should be noted that the model, at this stage, does not
account for the air-conditioning system serving the external baggage handling area (located outside the main
terminal), which consists of evaporative cooling systems and gas radiant tube heaters. The energy consumption of these systems is expected to be small.

Dry Bulb Temperature, oC

cal cooling towers, each with a heat rejection capacity
of 2091kW. Each cooling tower is typically dedicated
to one individual chiller, and is served by a single variable speed condenser water pump (CWP).
Under part load conditions, chillers and associated
pumps typically can wind down to 40% of their peak
load. Chiller staging operates in series, whereby a subsequent chiller is turned on when the chillers exceed
80% of their peak load. The coefficient of performance
(COP) of the chillers, defined as the ratio of the cooling capacity to electrical energy consumption, under
part load is obtained from manufacturer’s data under
two different scenarios. Under the first scenario, the
condenser water temperatures are varied according to
the chiller load, in accordance with Air-conditioning
and Refrigeration Institute (ARI) Standard 550/59098, while under the second scenario the condenser water temperatures are assumed to be equivalent to peak
load conditions, even under part load operation. The
latter scenario therefore can be thought of as a lower
bound of the chiller efficiency. Both scenarios are
shown in Figure 6. In the current model, the chillers
are assumed to operate under the ARI condenser water
conditions.

0
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Figure 7: Cooling Plant Part Load Performance
A summary of central cooling plant operation under

The weather data used in the current model is based
on two sources. Firstly, a large proportion of weather
data, including wind speed, solar radiation and ground
temperature was based on ASHRAE’s International
Weather for Energy Calculations (IWEC) data for the
weather station located at Adelaide Airport (34.95◦ S
138.53◦ E). This data provides hourly weather data
(including dry bulb temperature), based on a combination of recorded historical data. The IWEC data
therefore is not a continuous recording of weather data
for any one particular year, but is an amalgamation of
weather data designed to provide a standard test year
for simulators (Crawley, 1998). The second source
of data is T1’s local weather station, which records
(only) the ambient dry bulb temperature, relative humidity and dew point temperature. A comparison of
the dry bulb temperature as recorded by the weather
station (for the year 2010) and by IWEC is shown in
Figure 8. As can be seen, the IWEC data is considerably lower than the actual measured data, typically un-
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DISCUSSION
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The model was run for a whole calendar year (2010)
at 1 minute intervals. Here, the results from the model
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Figure 10: Total Chiller Plant Load for Winter Week
The results for the total building cooling load for a
summer and winter week are shown in Figures 9 and
10, respectively. In general, the results show a strong
agreement between the measured and modelled chiller
loads, indicating that the model accurately represents
the overall chiller performance. There are, however,
some discrepancies between the model and the measured results. Firstly, there are some differences between the peak cooling loads for particular days (for
example, day 24 in Figure 9). These variations can
be attributed to the daily variation in the loads in the
building. Considering that these loads do not appear
to be significantly biased, i.e. on some days the model
overestimates the measured loads, and on other days
the reverse is true, this discrepancy is not a major concern. Of bigger concern is the fact that the model con-
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Figure 12: Space Temperature for a Representative Internal Zone during Winter
Figures 11 and 12 show the internal space dry bulb
temperature for a representative internal zone (a large
central concourse) for both the measured and modelled
data for summer and winter conditions, respectively.
The modelled results show excellent agreement with
the measured data during both summer and winter
when the air-conditioning system is turned on. However, when the HVAC system is turned off, the modelled results diverges from the measured data. This
divergence is particularly evident for the winter scenario. In both winter and summer scenarios, the measured data indicates that there is a steep increase in
temperature when the HVAC system is turned off, indicating the presence of large internal gains. These
internal gains are possibly due to the unexpected pres-

- 1611 -

Proceedings of Building Simulation 2011:
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November.

HVAC Energy Breakdown
Base Case

Base Case No Econ−cycle

IWEC

IWEC No Econ−cycle

2.5

Energy, GWh

2
1.5
1

ps
um
/P
ns
Fa

ej
tR
ea
H

CH

W

ec

an

tio

d

n

H

H

A

W

H

U

Pu

m

Fa

ps

s
er
ill
Ch

Bo

ile

rs

0

ns

0.5

Figure 13: Modelled HVAC Energy Breakdown
The base case simulations indicate that the total energy for the main HVAC system of T1 is approximately 4.17GWh of electricity (accounting for approximately 25.4% of T1’s electrical energy consumption),
and 0.17GWh of natural gas, resulting in a total CO2
equivalent emission of 3750 tonnes of CO2 per annum.
This is based on South Australia’s greenhouse gas coefficients, which are 0.89 and 0.23 kgCO2 eq/kWh for
electricity and natural gas respectively (Department of
Climate Change and Energy Efficiency, 2010). The
breakdown of energy according to the main components of the mechanical services is shown in Figure
13. From the simulations, it appears that the dominant
sources of energy consumption are the AHUs, probably due to the fact that the fans do not incorporate
VSDs, and that measured static pressures are high.
Total Electrical Energy Consumption
As T1 is not sufficiently sub-metered into various electrical sources, the only measured electricity data pertinent to this discussion is the total electricity consumption of T1. The monthly recorded electricity consumption for the years 2008 to 2010 is shown in Figure 14.
As the model only simulates the HVAC system of the
building, a number of assumptions were made to obtain an estimate of the other sources of electricity consumption. Interior and exterior lighting energy was
calculated based on the number of light fixtures, the
energy rating of each fixture, and the lighting schedules obtained from the BMS. Similarly, the ancillary
fan energy is calculated based on the volumetric flow
rate and static pressure of each fan (obtained from

commissioning data) as well as the fan operational
profiles (typically obtained from the BMS). The energy consumed by the baggage handling system was
measured directly by the BMS. The electrical energy
consumed by the equipment is calculated based on the
assumed equipment load for each space, and the corresponding equipment operational profile. It should be
noted that the equipment includes items such as travellators, lifts and comms racks.
The breakdown of modelled electricity consumption is
shown in Figure 15. The largest proportion of electricity is consumed by the equipment, while a surprisingly
large amount of energy is also consumed by the lighting system of T1. The latter fact is a result of a dense
lighting grid fitted with high energy fixtures (for example, 70W halogen lamps), and is therefore an avenue
where T1’s energy performance can be improved.
The total monthly electricity consumption as modelled
is shown in Figure 14. When compared to the actual electrical energy consumption of T1 for 2010,
the results show excellent agreement. The total measured annual electricity consumption of T1 for 2010 is
16.388 GWh, while the modelled electricity consumption for the same year is 16.366 GWh, leading to an
error of only 0.13% . However, this result alone is not
sufficient to indicate that the model is very accurate,
as the discrepancies between model and actual results
of space temperatures and cooling loads as discussed
previously is not insignificant.
1600
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Year 2010 (Modelled)
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Electricity Consumption, kWh

ence of occupants, or by equipment loads. In any case,
the model does not account for these unexpected gains,
and is an avenue where the model will have to be improved. Nevertheless, considering the size, complexity and the number of zones that were modelled, the
performance of the model is in general, satisfactory.
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Figure 14: Monthly Total Electricity Consumption
Sensitivity Analysis
Simulations were repeated for a number of cases
whereby parameters such as building envelope thermal resistance and external glazing shading coefficient
were systematically varied. This was done to determine which parameters affect the modelling results
most significantly. From this, the modelling inputs
which require the most detail and highest accuracy
can be determined. This information may also provide hints on which avenues are most likely to provide
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The performance of the HVAC system is determined
using two metrics, firstly, the annual CO2 equivalent
emissions relative to the base case,
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Figure 17: Variation of CO2 Emissions and HVAC Effectiveness with External Glazing Shading Coefficient

substantial improvements to T1’s energy efficiency.
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where tef f is the total number of hours that occupied rooms achieve an acceptable indoor temperature
of 22 ± 2◦ C.
Figures 16 to 18 show the variation of CO2 emissions
and HVAC effectiveness with external wall thermal
resistance (R-value), external glazing shading coefficient (SC), and average infiltration rate (in air changes
per hour), respectively. From Figure 16, it can be seen
that the external wall R-value has negligible impact on
HVAC performance, particularly for R > 2. This may
be due to the fact that the external wall to volume ratio of the building is small, a large proportion of the
facades are glazed, and that a significant proportion of

the external wall encompasses zones that are not conditioned (amenities, stairwells, etc.).
Figure 17 shows that the solar attributes of the glazing
has a modest impact on the HVAC performance. At
the lowest shading coefficient tested (SC=0.3), the annual emissions dropped by 2% relative to the base case
(SC=0.8), which is equivalent to 70,000 kgCO2 eq,
while the HVAC effectiveness increased by 0.4%. This
is not significant, particularly when the cost of retrofitting the glazing is considered. However, interestingly, the variation of HVAC performance shown in
Figure 17 appears to be approximately linear with SC,
while the cost of reducing SC tends to increase as the
SC is reduced. Therefore, for future reference, it may
be beneficial to specify glazing at moderate shading
coefficients (say SC=0.5-0.6), thereby reducing HVAC
operating costs at a modest increase in the capital cost
of glazing.
Amongst the tested parameters, the average level of
infiltration has the highest influence on the HVAC performance, as seen in Figure 18. At moderate levels
of infiltration, between 0.2-0.5 air changes per hour
(ach), the effect on the HVAC performance is minimal. However, when the infiltration is increased to
2.0ach, annual CO2 emissions increased by approximately 12%, while the HVAC Effectiveness decreased

- 1613 -

Proceedings of Building Simulation 2011:
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November.

by approximately 2%. A decrease of effectiveness of
2% may appear to be small, however considering that
there are over 100 AHUs in T1, a 2% reduction is
equivalent to 2 thermal zones not achieving acceptable temperature for 100% of the time (throughout the
year). This is clearly an unacceptable scenario.
The variation in both HVAC effectiveness and emissions due to differences in the assumed average room
infiltration highlights the fact that the success of the
model hinges upon an accurate representation of the
building parameters. Although the effect of some of
the model inputs, such as the external wall R-value,
have been shown to be negligible, there may be other
parameters which have not been tested which have a
profound effect on the results of the simulation. Therefore, it is paramount that the model reflects the actual building parameters as accurately as possible. To
achieve this, both model inputs and outputs need to be
compared to measured building data.
Additionally, three other scenarios were simulated with and without economy cycle, using either the original IWEC weather file or the ‘amalgamated’ weather
file used in the base case scenario. The results for the
HVAC energy is shown in Figure 13. As can be seen,
the effect of the weather has a significant impact on the
building’s chiller and boiler energy. When the original
IWEC weather file is used (which has a mean temperature ≈ 3.5◦ C lower than measured), the chiller energy
reduces by approximately 42%, while the boiler energy increases over fourfold. The resulting CO2 emissions for the IWEC case is approximately 14% lower
than the base case.
The results also indicate that regardless of the weather
file is used, economy cycle leads to a substantial reduction in energy consumption. Employing economy
cycle reduces chiller energy by 27% and 40% for
the base and IWEC cases respectively, while only increasing boiler energy marginally. Economy cycle reduces total CO2 emissions by approximately 14.5%
and 17.5% respectively for the base and IWEC cases.
Future Work
The main limitation of the current work is in the
paucity of actual building data for extended periods
of time, resulting in a lack of data to validate the dynamic model, including all the simulation inputs. As
an example, the current model indicates that the modelling of internal gains, in particular occupancy and
equipment loads and profiles, does not accurately represent the actual building performance. This leads
to higher than expected space temperatures when the
HVAC system is turned off (see Figures 11 and 12.
Thus, the next step in the larger modelling process is to
obtain more detailed building data, not only in terms of
model inputs, such as hourly passenger data and equipment loads, but also in terms of model outputs, such as
supply air temperatures and zone temperatures. This
will allow the model to be a more accurate representa-

tion of the actual building, while also allowing a more
rigorous validation of the building model.

CONCLUSION
A model has been developed to estimate the energy
consumption of the HVAC system of Adelaide Airport
Terminal 1. The results of the model were compared
to measurements taken by T1’s BMS. The comparison indicates that the model performs with mixed results; in general the model predicts trends in cooling
loads and space temperatures as well as total building electricity consumption with good success. However, the model is still not capable of accurately representing after-hours space temperatures and cooling
loads. Nevertheless, the model can still be used as an
approximate relative measure of the building’s performance under certain thermal conditions. Using this
methodology, a number of conclusions regarding the
HVAC operation of T1 can be made. Firstly, the dominant consumer of electricity within the HVAC system
can be attributed to the HVAC fans, and therefore an
evaluation of applying VSD technology to the existing
fans may be warranted. Secondly, the implementation
of economy cycle within the HVAC system appears to
result in a significant reduction in CO2 emissions, on
order of ≈ 15% reduction relative to not employing
economy cycle. Thirdly, the choice of weather data
has a significant impact on the modelling results. Finally, the effect of external wall R-value on the HVAC
performance is negligible, while the reduction in CO2
emissions due to a reduction in external glazing shading coefficient is modest at best. The model does suggest that the HVAC performance is particularly sensitive to high values of infiltration, implying that the
modelling process requires, amongst other untested
parameters, an accurate representation of room infiltration to be credible.
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