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ABSTRACT
Increasing energy use in commercial buildings from warmer weather due to climate change has been identified
as a cause for concern over recent years. Although considerable research has been undertaken into the resulting
increase in energy consumptions in both residential and commercial buildings, along with a decrease in comfort levels
in unconditioned buildings, little has been done to address the impact to specific operational strategies and the influence
this could have on future building design and optimisation.
Simulations were undertaken for 2030 and 2050 for major capital cities in Australia to demonstrate the effect on the
day and night-time potential for free cooling. Results showed that while climate change will decrease the benefit gained from
natural cooling during the day, the opportunity exists to derive an increased benefit from night-time free cooling for centralised
air conditioning systems. With thermal mass being critical to maximising the benefit of night ventilation systems, this provides
an indicator of the type of construction that will be more suited to buildings in future years if an increase in energy use due
climate change is to be reduced.
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INTRODUCTION
In developing countries buildings have been identified
to consume more than 40% of global energy, and are
responsible for around 30% of global greenhouse gas emissions.
These levels are expected to rise by 2.5% per year [1]. Climate
change has been demonstrated to have an effect on energy levels
globally, with an increase in cooling energy for warm climates [2].
Cooler climates are expected to experience a 30% decrease
in heating energy and an increase in cooling energy, with
cooling demands still possible from natural options [3].
In Australia, average temperatures have increased by
approximately 0.8°C over the past century, with night-time
temperatures increasing more than daytime [4] which could
affect how passive ventilation strategies operate in future years.
Cooling energy is of primary concern globally and research
has demonstrated a rise in the order of 25% due to climate
change in California [5]. Sub-alpine regions could experience
an increase in cooling demand of 500% and Mediterranean
regions 100% [6]. Passive forms of cooling are therefore an
important opportunity available to building designers to
minimise the use of mechanical cooling systems, and it has
been demonstrated that there are opportunities for this in
European climates albeit with a decreased climatic cooling
potential by the end of the 21st century [7]. It has also been
recognised that certain types of buildings will be more sensitive
to climate change than others [8]. It is the aim of this paper
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to identify how economiser and night ventilation strategies
specifically can improve a building’s resilience to climate
change. Research has shown that buildings built to modern
standards will see a significant rise in energy but those designed
to minimise energy use will be the least affected [9]. Although
studies for European climates have investigated, the changing
benefit of these free-cooling strategies no such investigation
for the varying climates in Australia have been undertaken.
Without the swapping effect between heating and cooling
experienced in cooler climates [9] Australia stands to experience
a significant increase in annual energy use. A recent study
on the effect of climate change in five Australian cities has
demonstrated an increase in the total design cooling capacity
of between 9.1% and 25% over the period 1990 to 2080;
however, this study, while investigating a number of building
retrofitting options, did not analyse the strategies of night
ventilation, economiser cycles or the benefit of thermal mass [10].
Other studies have been undertaken that assess the impact
of built form, internal gains and occupant behaviour as part
of a parametric analysis with climate change; again these
do not specifically investigate the role of economiser
or night ventilation strategies [11].
Closer attention with the air conditioning systems design
and operation is required if the increase in energy consumption
is to be mitigated. It has been noted that a rise in humidity
levels due to changes in wet bulb temperature has the potential to
limit the cooling effect of direct evaporative coolers [12].
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Although this has a greater potential to affect residential
buildings in Australia, the change has the potential to limit
the use of direct and indirect evaporative technology which
is becoming more common for commercial applications [3, 13].
This trend will force a reliance on refrigerated cooling
technologies which offer dehumidification as part
of the cooling process.
Night-time ventilation has the potential to reduce energy
consumption by using the internal thermal mass of a building
to cool the night air to dissipate heat absorbed during the day [14].
For this to be of benefit in future years, an assessment of
the diurnal temperatures available needs to be undertaken.
There are also other factors that impact on the energy use within
buildings. In certain climates these may have a more dominant
effect in future energy use than climate change [15]. Studies have
also demonstrated that for existing buildings in a “hot summer,
cold winter” region of China, buildings with improved building
envelopes are likely to be more efficient in 2080 than under
the current [16] climate with their current envelope.
Studies on European climate change and its impact on night
ventilation have demonstrated that the night-time cooling
potential will cease to be sufficient to ensure thermal comfort
in many central and southern European countries, and in central
and northern countries, its benefit reduced by 20–50% [17].
It is recognised that in colder climates such as Stockholm,
climate change will result in a decrease in annual heating energy.
This has been shown to be in the order of 30% [3]. In California,
where a balance of heating and cooling is required throughout
the year, the energy required for cooling is likely to increase by
50% in the next 100 years if cooling technology remains at the
same level for the Intergovernmental Panel on Climate Change
(IPCC)’s worst case scenario, and 25% for the most likely [5].
Free cooling from the use of outside air is a common strategy
utilised in heating, ventilation and air conditioning systems
(HVAC) systems globally, and differing climatic regions gain
differing benefits from each of the strategies. The economiser
strategy operates during daytime hours when external ambient
temperatures are suitable for free cooling to be of a benefit
to the conditioning of the internal spaces of a building.
This is generally set within control systems to activate when
the external ambient is ≥2°C lower than the internal room
set point. The economiser strategy operates on an instantaneous
thermal exchange, with heat being removed without a necessity
for internal mass for thermal storage. The night ventilation
strategy operates in a similar way, but research has demonstrated
that increased internal thermal mass increases savings in annual
cooling energy [18, 19]. With climate change predicted to result
in increased energy use globally, the validity of each of these
strategies needs to be questioned to validate current thinking.
In hot humid locations, a decrease in diurnal temperatures
is not as pronounced as with hot, dry climates [20] and
therefore the benefit of night cooling is reduced. It has
also been demonstrated that internal thermal mass is
required to maximise the benefit from night-time cooling.
If this opportunity is eliminated with climate change,
the basis for utilising internal thermal mass is greatly
reduced. Daytime economiser cycle use relies on a moderate
external ambient temperature, and is therefore exploiting
a predominantly instantaneous exploitation of free cooling.

An assessment of climate change on residential buildings in
Australia has been undertaken. It shows that energy-efficient
buildings are more likely to be affected by increasing ambient
temperatures as a percentage of their current energy use.
Although this information is not directly transferable
to commercial properties it does highlight the effect climate
change will have on energy use in Australia. The annual
energy use for a property in the mixed-climate region
of Sydney is projected to increase up to 120% and 530%
for a 7 star rated house when global temperatures rise by 2°C
and 5°C, respectively [21].

MODEL AND SIMULATION:
To analyse the effects of climate change on energy consumption,
a model building was simulated using Energy Plus, with data
interpreted via the Design Builder Software. A standard building
footprint of 32x32m, over 10 floors has been recommended
by the Australian Building Controls Board (ABCB) as being
a common form of existing building for Australian capital
cities [22].
Although the basis is this standardisation may be hard to
extrapolate to current times, it does provide a basis for the model
to be constructed. The intermediate fourth floor was simulated
as part of the study, with a glazed opening percentage (GOP)
of 60% with single-glazed fenestration. It has been previously
demonstrated that GOPs in excess of 60% do not add benefit
in terms of lighting energy reduction from increased access
to daylight [23]. Although this only offers limited impact for
the thermal mass of the façade to influence the energy use
within the building, it is more relevant by utilising an
appropriate level of glazing, since GOPs less than 60% are
not common. It is acknowledged that many modern commercial
buildings utilise a predominantly fully glazed façade. But it is
believed that the 60% GOP assessment will provide sufficient
information for engineers to understand the way HVAC
systems will operate with the effects of climate change.
The floor simulated included a traditional suspended ceiling
and an exposed concrete floor.

Figure 1: Building model.
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A fabric of composite structure was used for the purpose
of this investigation, since this has been demonstrated
to be the optimum in respect of energy efficiency for
a range of climatic regions [19]. Although this structure may
not be representative of currently used facades in Australia,
this research forms part of a wider investigation into thermal
mass in commercial buildings and is included for continuity.
Table 1: Thermal properties of wall structure.

1-Composite

U

R

M

T

A

W/m²K

m²K/W

Kg

mm

W/m²K

0.64

1.56

420

250

5.84

U = Thermal transmittance (W/m²K)
R = Thermal resistance (m²K/W)
M = Mass of wall structure (Kg)
T = Thickness of wall structure (mm)
A = Admittance (W/m²K)

Meteonorm is a commercially available software suite capable
of generating weather data for energy simulations in global
locations [25, 26]. The accuracy and limitations of generated as
opposed to measured weather data is a separate topic in its
own right, and cannot be adequately covered in this paper.
Limitations such as location and interpolation of historic data
between actual weather stations, the effect of heat islands in
CBD locations and the assumptions surrounding future carbon
dioxide emissions all need to be considered.
The initial base case for comparison was the International
Weather for Energy Calculations from ASHRAE (IWEC) data
file for each location, which is intended to represent current
building operation. It should be recognised that IWEC files
are generated from weather data approximately 10 years ago.
More importantly, most simulation software weather files are
generated from the measurement of climatic data at remote
locations or near airports, but not in the centre of cities where
commercial buildings are sited [27]. The urban heat island effect
can distort the accuracy of these weather files. But since the same
sites have been selected throughout the climate change period,
the study is still relevant since a direct comparison can be made
between results.

100mm concrete

50mm insulation

100mm concrete

External surface of wall

External surface of wall

Table 2: Locations investigated.

Composite

Figure 2: Cross-section of wall structure analysed.
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Building
Code of
Australia
(BCA) zone

ASHRAE
zone

Darwin

1

1B

Dry

Brisbane

2

4A

Mixed humid

Alice
Springs

3

4B

Mixed dry

Adelaide

5

3C

Warm marine

Perth

5

4A

Mixed humid

Sydney

5

3A

Warm humid

Melbourne

6

3C

Warm marine

Canberra

7

4A

Mixed humid

Location

Climate
classification

To assess how the installed HVAC systems operate under
differing climate change scenarios, the coefficient of
performance for the cooling plant is fixed at 1.0, and parasitic
energy due to fans and pumps are ignored. Therefore, all annual
energy results reported are net building energy input figures.
Energy for heating is also eliminated from the assessment,
since this is not affected by the operation of economiser and
night ventilation systems if control strategies are correctly set.
It is not suggested that an efficient night-purge system can be
operated without the aid of mechanical fan assistance. But
the presentation of energy in its raw state offers engineers the
opportunity to clearly identify possible changes in energy use.

Combination and operation of systems results:

The simulations were undertaken for the IPCC’s low (B1) and
high (A2) climate change scenarios for 2030 and 2060 [24]. The
weather data was generated using Meteotest’s Meteonorm
software using an average of all 18 models from the IPCC report.

For each of the options, the base air conditioning system
was enabled from 7am to 7pm, with minimum outside air
of 10L/s/person available between 8am and 6pm. With
occupancy levels fixed at 1person/10m², the rate of supply
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Simulations were undertaken to calculate the annual cooling
energy and peak cooling load with the following free cooling
strategies:
1. Air conditioner (A/c) Scheduled
and ventilation free cooling off – AsVo
2. A/c Scheduled and ventilation free cooling
scheduled from 8am to 6pm (economiser cycle) – AsVs
3. A/c Scheduled and ventilation free cooling constant
at 24hrs per day (economiser cycle and free cooling) – AsVc
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of outdoor air can be calculated for each option. Outside air
is supplied to decentralised units at a fixed rate, calculated
on the basis of the density of occupation and the provision of
outside air per person according to relevant codes and standards
such as the Building Code of Australia [28]or Greenstar Rating
systems [29].
HVAC systems in many commercial buildings take the
form of two primary types, centralised and decentralised.
Each have their benefits in respect of space for reticulation
of services, initial capital cost, level of comfort and whole
of life costs.

with say 10 units of 12kW each would be exempt from this
requirement, and therefore economiser routines are not often
included in the control functionality.
Decentralised systems typically take the form of in ceiling
fan-coil units, cassette units or packaged units for single-storey
buildings. Unlike the centralised system, the thermal medium
for heating and cooling (either water or refrigerant) is reticulated
to the zone fan-coil units in pipework.
Supply to
other zones

To provide a greater insight into how climate change
may affect the decision making of the operational strategies
of air conditioning systems, the two primary types of systems
were modelled as follows:

Zone 4

1. Central plant air conditioning system – Maximum
outside air availability of 12ach/hr and minimum
of 10L/s/p, approximately 1ach/hr (figure 3)
Zone 3

2. Decentralised air conditioning system – Fixed outside
air availability of 10L/s/p, approximately 1ach/hr (figure 4).

Supply air fan

Heating coil

Cooling coil

Supply to
other zones

Return from
other zones

Outside
air
Zone 2

Supply air fan

Zone dampers
and re-heat coils
Zone 4

Zone 1
Zone 3

Outside
air
Zone 2

Recirculated air

Figure 4: De-centralised system schematic.

Zone 1

Outside air
damper
arrangement

Results:

Exhaust
air
Return air fan

Figure 3: Centralised system schematic.

Centralised systems are common in major buildings
and comprise of a central air-handling unit, with ductwork
distributed throughout the building. These systems can be either
constant or variable-volume flow and terminal reheat batteries
are used to provide zone control. For the purpose of this model,
a variable air volume system was selected. A central air-handling
system has the ability to deliver its full supply volume as outdoor
air, and this has great potential for free cooling applications.
This economiser operation is a requirement of the Building
Control of Australia for systems with a total duty of greater
than 120kW in certain climate zones. A decentralised system

A simple analysis of the results identified the savings
delivered from the daytime operation and night-time operation
of the outside air systems for both centralised and decentralised
models. By separating daytime ventilation operation (AsVs)
and from constant ventilation operation (AsVc) night-time
savings can be represented. Figures 5 and 6 show that while
the effects of climate change will decrease the energy-saving
effect of daytime economiser cycle use, its impact, although
still negative, will be reduced on night-time free cooling.

Decentralised systems:
For the decentralised systems, it can be seen in both low and
high-impact climate change scenarios that there is a decreasing
benefit from utilising either day or night-time free cooling
strategies as would be expected with temperatures increasing
due to climate change.
In Darwin, the minimal positive effect of night ventilation
with the current IWEC weather year is even changed to a negative
effect in both the low-impact and high-impact scenarios (figures 5
and 6). This is expected, since there is no variable volume control
of the outdoor-air volume with these systems, and if average
ambient temperatures rise, so will annual energy use.
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Decentralised system – Low impact climate change scenario
35.0%

% of energy Saving

30.0%
25.0%
20.0%

IWEC

15.0%

2030 B1

10.0%
2060 B1

5.0%
0.0%
Day
-5.0%

Night

Darwin

Day

Night

Brisbane

Day

Night

Alice Springs

Day

Night

Sydney

Day

Night

Adelaide

Day

Night

Perth

Day

Night

Melbourne

Day

Night

Canberra

Figure 5: Decentralised system energy analysis – Low-impact climate change scenario.

Decentralised system – High impact climate change scenario
35.0%

% of energy Saving

30.0%
25.0%
20.0%

IWEC

15.0%

2030 B2

10.0%
2060 B2

5.0%
0.0%
Day
-5.0%

Night

Darwin

Day

Night

Brisbane

Day

Night
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Day

Night

Sydney

Day

Night

Adelaide

Day

Night

Perth

Day

Night

Melbourne

Day

Night

Canberra

Figure 6: Decentralised system energy analysis – High-impact climate change scenario.

While there is a decrease in the benefit available from night
cooling in Brisbane, it still remains a prominent strategy when
compared to economiser operation, which decreases in benefit,
and by 2060 is close to having a zero impact on energy saving.
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Centralised systems:

Mixed-climate regions such as Adelaide and Sydney experience
a significant decrease in the benefit obtained from daytime
economiser operation but a relatively sustained benefit from
night-time ventilation. With many of these systems not
currently exploiting night-time outside-air operation, these
results demonstrate that such a control strategy would not only
be beneficial in current climate conditions but would be more
beneficial in future years.

The analysis of the centralised systems gives a different set
of results. It demonstrates that although daytime free-cooling
strategies decrease in effectiveness, in mixed climates, the
night-time free cooling increases in benefit over the climate
change scenarios. Although the percentage increase is moderate,
it can be seen in Melbourne that the benefit from night cooling
increases with climate change. This is because the benefit from
night cooling is represented as a percentage of the total annual
energy, which is increasing disproportionally to the energy
saved during daytime economiser operation, and improving
the benefits from night-time cooling.

An understanding of how the building can be cooled
during night periods is fundamental. It is accepted that most
commercial buildings would utilise the ventilation systems
to provide air for night cooling and this as noted earlier attracts
parasitic loads. This may not be applicable to all buildings
and the degree of fan energy can vary.

With this type of system, a far greater potential exists for the
exploitation of free cooling from outside air. There is also an
opportunity to reduce the volume flow to a minimum at periods
when the ambient conditions are not suitable for free cooling.
In Darwin, Brisbane and Alice Springs, both day and night free
cooling experience a drop in benefit, but no negative results occur
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Centralised system – Low impact climate change scenario
80.0%
70.0%

% of energy Saving

60.0%
50.0%
40.0%

IWEC

30.0%

2030 B1

20.0%
2060 B1
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Night

Darwin

Day

Night

Brisbane

Day

Night

Day

Alice Springs

Night

Sydney

Day

Night

Adelaide

Day

Night

Perth

Day

Night

Melbourne

Day

Night

Canberra

Figure 7: Centralised system energy analysis – Low-impact climate change scenario.

Mixed climates such as Adelaide and Sydney experience
an increase in the benefit of night ventilation with climate
change whereas savings from daytime operation of economiser
cycles reduce to around 50% of their original benefit.

Overall benefit reduces with the effects of climate change
but it is clear that a HVAC system that offers the opportunity
for night-time free cooling will cope better once the true level
of parasitic gains are quantified.

Centralised system – High impact climate change scenario
80.0%
70.0%

% of energy Saving

60.0%
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40.0%
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Night
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Night
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Day

Night

Canberra

Figure 8: Centralised system energy analysis – High-impact climate change scenario.

as with the decentralised systems. This is because of the additional
controls associated with centralised systems to attenuate much
of the adverse effect of increased ambient temperatures. These
cannot be controlled in decentralised systems with simpler control
functions for the outside air volumes. The remaining locations
all clearly show a decrease in daytime free cooling but an increase
in the benefit achieved from night-time cooling strategies.

Comparison of energy increase
against change in cooling degree days:
A comparison of energy use against the 10°C base cooling
degree day (10°C CDD) was also calculated for each operation

of the outside-air free cooling in a centralised system.
This was undertaken for each of the four climate change
scenarios against the current IWEC data.
In each of the four climate change scenarios, it can be clearly
seen that there is a correlation between the increase in CDD
and annual cooling energy for the scheduled air conditioning
and “no free cooling” operation system (AsVo).
In Alice Springs and Darwin, there is still a correlation
between the increase in CDD and annual energy, whereas
in other locations the difference between the increase in CDD
and energy use is substantial.
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Figure 12: Centralised system – cooling degree days
to energy increase, 2060–A2

CONCLUSIONS:

2060–B1
120.0%

It has been demonstrated that although climate change will
decrease the benefit gained from economiser cycle (daytime
free cooling) strategies in both centralised and decentralised
air conditioning systems, the opportunity exists to derive an
increased thermal energy benefit from night-time free cooling
for centralised systems.
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Figure 10: Centralised system – cooling degree days
to energy increase, 2060–B1
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Figure 9: Centralised system – cooling degree days
to energy increase, 2030–B1

120.0%

In mixed climate regions, the benefit from night-time ventilation
will be sustained in decentralised systems, and will increase
in centralised systems. The benefit from daytime economiser
operation will significantly decrease to around 50% of the
current benefit.
Thermal mass is critical to maximising the benefit of night
ventilation systems. This provides an indicator of the type of
construction that will be more suited to buildings in future years
if an increase in energy use due to climate change is to be reduced.
It has also been demonstrated that the use of cooling degree
days (CDD) to forecast increases in annual cooling energy
due to climate change is not appropriate for systems that use
either daytime or night-time free cooling. A new approach
is therefore required if CDDs are to remain a relevant measure
of energy use.
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