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Why this research

Research BackgroundResearch Background

 
 

 

 

According to Australian 
Greenhouse Office, 

buildings contribute more
greenhouse gases than all 

the cars on Australian
roads !!

Research BackgroundResearch Background
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Impact of climate change on 
built environment

• Building energy uses;
• Internal thermal environment;

• External fabric; 
• Structural integrity;
• Construction process; 
• Service infrastructure.

Research BackgroundResearch Background

 
 

 

 

Why Building simulation

•The interaction between the building systems and global 
warming is extremely complex, being of dynamic nature and 
involving a large number of variables.
• In many cases the use of building simulation techniques can be 
the only realistic approach. 

Research BackgroundResearch Background
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Building simulation method
MethodologyMethodology

 
 
 
 

Building simulation engine DOE-2.1E

Methodology:Methodology: Simulation engineSimulation engine

• Developed by world-leading organizations 
• Have passed through extensive verification process
• Fully dynamic
• Source codes open for inspection
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W eather scenarios

• Current weather scenario;
• Future weather scenarios

1. 2030 Low scenario
2. 2030 H igh scenario
3. 2070 Low scenario
4. 2070 H igh scenario

There will be five weather scenarios 
used for this research:

M ethodology: w eatherM ethodology: w eather

 
 
 
 

Method for future weather data generation
Global climate model is used to project seasonal temperature increase, 

which is then forced on current weather variables 

Methodology: weather dataMethodology: weather data
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The sample building model
The building is only designed to cope with current weather data

Methodology:Methodology: building modelbuilding model

 
 

 

 

Methodology: Study locationsMethodology: Study locations
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Building performance indicators

• One is the percentage of occupied hours (8am to 5pm) 
in temperature exceeding 25°C. This will be used to 
measure the overheating problem;

• Another is the change of building cooling load and total 
energy use. This will be used to illustrate the impact 
of global warming on the building energy performance. 

There are two indicators used to measure indoor 
thermal environment and building energy 
performance respectively:

MethodologyMethodology

 
 
 
 

E stim ation  o f the change in  C O 2 em ission

The annual greenhouse gas em iss ion (G H G ) 
=  

E m iss ion Factor × Energy In tensity  × F loor A rea

• GHG - kg C O 2 equiva lent/yr;
• Em ission Factor - kg  C O 2 equiva lent/kW h; 
• Energy Intensity - kW h/m ²yr;
• Floor Area - m ².

M ethodology: C OM ethodology: C O 22 estim ationestim ation
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Emission factors for electricity generation 
in Australia

Methodology: COMethodology: CO22 estimationestimation
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Indoor thermal environment
(% of indoor temperature > 25°C)

Results and DiscussionResults and Discussion
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Building energy performance
(cooling load)

Results and DiscussionResults and Discussion
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Building energy performance
(total energy use)

Results and DiscussionResults and Discussion

 
 
 
 

Projected annual increase of CO2 emission 
(kg CO2 equivalent/m²)
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Projected annual increase of CO2 emission
(kg CO2 equivalent for modelled office building )

Results and DiscussionResults and Discussion
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New building designed under future projected climate
(Cooling capacity)

Results and DiscussionResults and Discussion
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New building designed under future projected climate
(Cooling load at weather condition of 2070 high scenario)

Results and DiscussionResults and Discussion
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Conclusion (1)
• Global warming will entail new conditions for the built 

environment. 
• The thermal behavior of existing air conditioned office 

buildings, which are typically designed based on current 
weather data, may also be changed. 

• This paper has evaluated the impact of global warming on 
the design and performance of air-conditioned office 
buildings in Australia, which includes: 
– The likely increase of cooling loads imposed by potential global

warming
– The probable indoor temperature increases due to possible 

undersized air-conditioning system 
– The possible change in energy use and CO2 emission of Australian 

office buildings. 

ConclusionConclusion
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Conclusion (2)
Through the building simulation technique, it has been found 
• The existing office buildings would generally be able to adapt to the 

increasing warmth of 2030 year Low and High scenarios projections and 
2070 year Low scenario projection. 

• For the 2070 year High scenario, the study indicates that the existing office 
buildings, in all capital cities except for Hobart, will suffer from overheating 
problems.

• When the annual average temperature increase exceeds 2°C “threshold”, the 
risk of current office buildings subjected to overheating will be significantly 
increased. 

• With an increase of external air temperature more than 5°C, all the office 
buildings regardless where they are located would suffer from the 
overheating problem. 

ConclusionConclusion

 
 
 
 

Conclusion (3)
For existing buildings which are designed under current climate 

condition, it has been shown that 
• There is a nearly linear correlation between the increase of average external air temperature 

and the increase of building cooling load and total energy use. 
• The increases of cooling load for existing buildings vary significantly (from 2% to 47%), 

depending on the assumed future climate scenarios, as well as different locations. 
For the new buildings, in which the possible global warming has 

been taken into account in the design, 
• A further increase of 4-10% of building cooling load would be required for the 2070 High

scenario to improve the building thermal comfort to an acceptable standard. 
• The (corresponding) required increases of the cooling capacities for the new buildings in 

comparison with the existing buildings vary from 27 W/m² (Hobart ) to 79 W/m² (Darwin).

ConclusionConclusion
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Conclusion (4)

If the energy source is assumed to be the 
electricity, it is found that 

• Due to different fuel types and/or methods used to generate 
electricity, emission factors used to estimate CO2 emission vary 
significantly between different states. 

• in comparison with current weather scenario, the increased 
energy uses would translate into the increase of CO2 emissions 
by 0 to 34.6 kg CO2 equivalent/m², varying with different future 
weather scenarios and with different locations. 

ConclusionConclusion
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