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i

Air-tightness
A property of the building envelope 
that describes how much air moves 
though it in a given time.

Building envelope
The physical partition between the 
inside of a building and the external 
environment, consisting of the 
building’s exterior walls, floor and roof, 
and exterior doors and windows.

Carbon neutral building
A building which achieves net 
zero carbon emissions. That is, 
the amount of CO2 the building is 
responsible for emitting through 
the use of electricity, gas and other 
fuels is offset by on-site energy 
generation from renewable sources 
(such as PV panels), or through the 
purchase of carbon credits.

Displacement ventilation
The supply of air at a low level, 
usually under the floor, and at very 
low velocity.

Double-skin façade 
A façade system which usually 
consists of a weatherproof inner 
skin, a cavity and an outer skin. 
The cavity accommodates shading 
systems, such as blinds, which are 
protected from the elements by the 
outer skin.

Embodied carbon
The carbon emitted by all the 
processes associated with the 
production of a building, from the 
mining and processing of natural 
resources to manufacturing, 
transport and product delivery. 

Figures sometimes also include the 
carbon emitted due to the recycling 
and disposal of materials at the end 
of the building’s life.

emission factor
A measurement of the amount of 
greenhouse gases released from 
electricity suppliers for every kWh 
generated (usually measured in 
kgCO2-e/kWh or tCO2-e/MWh).

Greenstar
A sustainability rating tool devised 
by the Green Building Council 
Australia. Ratings range from 1 – 
6, with 6 being world leadership 
performance.  

Heat pump
A system which draws heat from 
the ambient air, a water body, or the 
ground before boosting it using a 
refrigeration cycle and transferring 
it to an air handling unit or hot water 
system.

Internal heat loads
Heat emitted within a space from 
people, equipment, lighting, etc. 

Mass timber
Structural timber elements formed 
by laminating layers of timber 
together. These include Cross 
Laminated Timber (CLT) and glulam. 

Mixed-mode 
A building conditioning system that 
makes use of natural ventilation 
when conditions allow, but can 
also switch to artificial conditioning 
when needed.

NABERS (National Australian Built 
Environment Rating System)
Awards a star rating to a building 
that represents its actual operational 
performance, based on 12 months 
of measured energy data.

National Construction Code
A performance-based code that 
sets out the minimum requirements 
for safety, health, amenity and 
sustainability in the design and 
construction of new buildings 
(and new building work in existing 
buildings) throughout Australia.

Operational carbon 
The carbon emitted by a building 
to satisfy the demand for heating, 
cooling, ventilation, lighting, 
equipment and appliances.

Purge ventilation/night purging
A strategy for removing heat (and 
stale air) from a building by bringing 
in cool night air without the use of 
active cooling and ventilation.

Set point
The temperature range at which 
mechanical systems will keep 
spaces inside the building, usually 
included in lease conditions. 

Solar Heat Gain Coefficient (SHGC)
A measurement of how much solar 
hear gain passes through glazing.  

Solar PV system
A power generating system that 
converts sunlight into electricity 
using photovoltaic (PV) principles. 
Not to be confused with a solar 
water heating system.

Glossary

bennj
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Structural dematerialisation
The process of designing a 
structural system to ensure it 
has the maximum efficiency and 
minimum materials necessary to 
perform the architectural and safety 
requirements of the building

Trigeneration 
An engine that burns fuel on-site  
to generate electricity, hot water  
and cooling. 

Thermal mass
The capacity of a material to  
absorb and store heat energy, 
providing a thermal ‘buffer’  
against temperature changes.

U-value
A measurement of the rate at which 
a building envelope conducts heat. 
Lower numbers indicate better 
insulating properties. 

Urban heat island 
An urban or metropolitan area 
that is significantly warmer than 
its surrounding rural areas due to 
human activities. The temperature 
difference is usually larger at night 
than during the day, and is most 
apparent when winds are weak.

Window-to-wall-ratio (WWR)
The ratio of transparent area in 
a façade versus the quantity of 
opaque surfaces.

Abbreviation Meaning 

ACH Air Changes per Hour

BMCS Building Management Control System

CBD Central Business District

CCHP Combined Cooling, Heating and Power  
(also known as trigeneration)

CFL Compact Fluorescent Lamps

CLT Cross Laminated Timber

CO2-e Carbon dioxide equivalent (expressing all 
greenhouse gases in terms of carbon dioxide)

COP Coefficient of Performance

CRCLCL LCRC for Low Carbon Living

GBCA Green Building Council Australia

GFA Gross Floor Area

GHG Greenhouse Gas

HVAC Heating, Ventilation and Air Conditioning

IEQ Indoor Environmental Quality

IPLV Integrated Part Load Value

kWh Kilowatt hour

LED Light Emitting Diode

MWh Megawatt hour

NCC National Construction Code

NLA Net Lettable Area

PCA Property Council of Australia

PV Photovoltaic

SHGC Solar Heat Gain Coefficient 

VAV Variable Air Volume

VSD Variable Speed Drive

WELL International WELL Building Institute Rating System

WWR Window-to-Wall-Ratio
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Emissions and the built 
environment

Buildings, in all their forms, have a huge impact 
on the environment. Globally, the United Nations 
Environment Program estimates they are responsible 
for 30–40% of all primary energy used. 

In Australia, buildings are responsible for one quarter 
of all greenhouse gas emissions. 

This presents a significant challenge as well as a 
valuable opportunity for the built environment sector 
to contribute to emissions abatement and mitigation.

In 2016, the Australian Government ratified the Paris 
Agreement within the United Nations Framework 
Convention on Climate Change, pledging to work 
alongside other developed nations to achieve net 
zero emissions by 2050 and a 26–28% reduction in 
emissions relative to 2005 levels by 2030. 

It is clear that if Australia is to achieve these targets, 
curbing emissions from the built environment will 
play a central role. And with more than 75% of the 
world’s population predicted to be living in cities by 
2050, the decisions and actions taken now will have 
effects decades into the future.

Global share of buildings and 
construction final energy and 
emissions, 2017

Energy

Emissions

Residential
22%

Transport  
28%

Other 
4% Other 

industry 
32%

Other 
industry 

32%

Transport  
23%

Other 
6%

Residential 
(direct) 6%

Residential (indirect) 11%

Non-residential (direct) 3%
Non-residential (indirect) 8%

Non-residential  
8%

Construction 
industry 

6%

Construction 
industry 

11%

Source: Derived from IEA (2018a), World 
Energy Statistics and Balances 2018, 
and IEA Energy Technology Perspectives 
buildings model

http://www.iea.org/statistics
http://www.iea.org/statistics
http://www.iea.org/buildings
http://www.iea.org/buildings
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About the CRCLCL

The Cooperative Research Centre for Low Carbon 

Living (CRCLCL) is a national research and innovation 

hub for the built environment. It aims to influence 

policies and practices to reduce carbon emissions, 

improve energy efficiency and realise other co-benefits 

while driving competitive advantage for Australian 

industry. It has undertaken more than 100 research 

projects with industry and government partners and 

supported almost 100 PhD and Masters students.

Supported by the Australian 
Government and almost 40 industry 
and government participants, it 
links leading Australian researchers 
to organisations across all sectors 
involved in the built environment. 
When it ceases operations in mid-
2019, the CRCLCL will leave a legacy 
of research outputs, policy and 
practice innovation, and enhanced 
national capacity. This Guide and 
others in the Low Carbon Guides 
series form part of that legacy.

A guide for every situation

Each Low Carbon Guide summarises best practice in various phases of the building 
lifecycle—construction, retrofit, operation—for a range of building types in the residential 
and commercial sectors and at the level of precincts. The series includes:

Guide to Low Carbon Residential 
Buildings – New Build 
Options for homeowners, builders 
and designers during the planning 
and construction of new homes. 

Guide to Low Carbon Residential 
Buildings – Retrofit 
Retrofit solutions for existing 
homes, tailored for homeowners 
and their contractors. 

Guide to Low Carbon Households 
Advice to homeowners and renters 
on operating households using low 
carbon living approaches.

Guide to Low Carbon Commercial 
Buildings – New Build 
The design and construction of low 
carbon commercial buildings. 

Guide to Low Carbon Commercial 
Buildings – Retrofit 
Methods for retrofitting commercial 
buildings to improve performance 
while reducing energy and carbon use. 

Guide to Low Carbon Precincts 
Frameworks and options to 
assist councils and developers 
with strategic planning decisions 
when implementing low-carbon 
neighbourhoods. 

Further Guides cover Landscape, 
Urban Cooling, Value-chain and 
other topics.

For further information go to:     builtbetter.org/lowcarbonguides

http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
http://builtbetter.org/lowcarbonguides
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Introduction

Using this guide
This guide acts as a practical reference for the 
design of high-performance, low-carbon commercial 
buildings. The target audience is everyone involved 
in the creation of new commercial buildings, from 
architects, consultants and designers, to developers 
and owners. The guide delves into the technical details 
of many issues but is suitable for anyone wanting to 
explore low-carbon building design.  

The guide is divided into three sections:

Section 01 provides an introduction to the carbon 
performance of commercial buildings. It introduces the 
typology and human comfort factors in commercial 
buildings, and looks at the metrics for understanding 
their carbon emissions.

Section 02 outlines in more detail the design strategies, 
systems and technologies that can reduce carbon 
emissions in commercial buildings. These range from 
a building’s responses to site and climate, and its 
envelope and materials, to building services such as 
heating, cooling, ventilation and electrical systems.

Section 03 uses simulations of two commercial office 
buildings, one high-rise tower and one medium-rise 
block, to quantify the impact of different strategies on 
their operational carbon performance. Three cities, 
Brisbane, Melbourne and Sydney, are used to capture 
the influence of climate zones on carbon performance. 

The guide aims to:
• demonstrate that low carbon commercial buildings 

can be achieved through practical means
• demonstrate that the path to zero carbon 

commercial buildings is attainable using innovative 
thinking and mature technologies

• provide developers, designers and builders with 
common reference points and data to help them 
share ideas with each other.

The guide specifically covers new-build commercial 
buildings and does not address their retrofit. For more 
information in this area, please refer to the Guide to 
Low Carbon Commercial Buildings – Retrofit. 

Low carbon, high performance 
working environment at 700 
Bourke St, Melbourne by 
CRCLCL participant Brookfield 
Multiplex. Photo: Glenn Hester



Sa nobit, quiatem qui con et quidem. Minvendel modit quo esto que reniminullam  
et est fuga. Faceatus experit qui debis delitin preicia del ipsapie ndiciatures saecto  

con eum fugiatu rectatur? 

Methodology

SECTION

01
SECTION

01

This section of the guide provides an introduction to the carbon performance of 
commercial buildings. It introduces the typology and human comfort factors in 

commercial buildings, and looks at the metrics for understanding their carbon emissions. 

Australia's  
commercial buildings
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3 Australia's commercial buildings

Commercial buildings include many 
different building types, from schools  
and shopping centres, to hospitals and 
public buildings. 

In Australia, by 2020, they are expected to exceed 165 
million m2 of floor area and account for 41MtCO2-e, 
or about 10% of Australia's total greenhouse gas 
emissions (COAG, 2012).

In this guide, the focus is on office buildings 
specifically, because they represent a significant 
component of Australia’s total commercial building 
stock. By 2020, it is estimated there will be about 
46 million m2 of stand-alone lettable office space in 
Australia, which will contribute 9.8MtCO2-e annually 
to national greenhouse gas emissions through their 
energy use (Figure 1.1). So, reducing the carbon 
emissions of our new-build office stock is an essential 
part of creating the sustainable cities of the future. 

Figure 1.1 Growth in non-residential, non-industrial building stock in Australia (floor area in ‘000m²).
Source: COAG, 2012
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Office buildings, like all buildings, contribute to 
greenhouse gas emissions throughout their life cycles 
in a number of ways, from the extraction of the iron 
ore needed to create steel beams for their structure, to 
their day-to-day operations, and finally to their eventual 
disposal through demolition or recycling (Figure 1.2). 
This framework is known as ‘cradle-to-grave’ and can 
be split into two primary systems: embodied carbon 
and operational carbon. 
 
Embodied carbon is the carbon emitted from material 
extraction and manufacture, construction and 
renovation of a building, its maintenance over its life, 
and finally, any carbon generated when it is demolished. 
This typically includes stages A1 – A5 (known as 
initial embodied carbon), B1 – B5 (known as recurring 
embodied carbon), and can sometimes include stages 

C and D – which can be more challenging to measure 
and are often excluded from data. 

Operational carbon emissions refer to those caused by 
the heating, cooling, ventilation and general day-to-day 
running of the building. In Figure 1.2, they are captured 
in stage B6. 

Embodied carbon
Embodied carbon can be a significant contributor to 
a building’s carbon footprint because the creation of 
the materials we typically use in construction – steel, 
concrete, aluminium, etc. – are carbon intensive. 

For example, cement generates huge quantities of 
greenhouse gases because of the way it is made, 
due to chemical reactions in creating clinker – a key 

Carbon emissions in office buildings

Australia's commercial buildings
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Figure 1.2 Carbon emissions generated over a building’s life cycle.  
Based on BS EN 15978:2011
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constituent of cement – and the use of fossil fuels,  
to generate heat during manufacture. 

Cement represents 8% of all CO2 emissions globally, 
which is more than the national carbon emissions of 
every country in the world except the US and China 
(Andrew, 2018). In Australia, ceramics (including 
cement, concrete, brick and plaster) account for 
39.2% of all material-based carbon emissions in the 
construction section (Yu et al., 2016).

An office building’s embodied carbon can vary 
significantly depending on factors such as the 
materials used, the building’s lifespan, height, and 
the energy efficient technologies it uses. The method 
used to determine embodied carbon – what is 
included, and what is excluded – matters too. 

There are a variety of different studies on embodied 
carbon in office buildings, and many include or 
exclude different parts of the building, or use different 
methods, meaning results can vary and can be difficult 
to compare. 

The initial embodied carbon is the carbon needed to 
complete the building prior to its occupation. In office 
buildings, this figure is typically in the region of 300 – 
800kgCO2-e/m2. However, for high-rise office buildings 
and studies that include embodied carbon from all 
building materials (structure, skin, services, finishes, 
etc.) figures may be closer to 1,000kgCO2-e/m2. 

Recurring embodied carbon refers to the carbon 
generated by the replacement, maintenance and 
refurbishment of the building over its effective life.  
In office buildings, recurring embodied carbon is about 
200kgCO2-e/m2 over 50 years, although this may be 
higher if more significant refurbishments are undertaken. 

Often, the main contributor to embodied carbon 
emissions in commercial buildings is the structural 
system – the floors, walls, columns and foundations 
(Figure 1.3). However, some other factors to  
consider include:

• services and finishes, which can make a significant 
contribution to embodied carbon due to their 
regular replacement over a building’s life. While a 
steel beam is installed only once, a chiller may be 
replaced every 20 years, and a wall may be  
re-painted every three years – adding to the 
embodied carbon over time. 

• taller buildings, which typically have a greater 
embodied carbon than low-rise buildings because 
their more substantive structural systems need 
more steel and concrete. 

• high-performance buildings, which often have more 
embodied carbon emissions than buildings that are 
merely code compliant, even though their overall 
life cycle carbon emissions may be lower. This is 
because of the additional systems, materials and 
technologies integrated to improve operational 
energy performance (such as double glazing or 
external shading devices). Lower operational 
emissions also mean, relatively speaking, the 
contribution of embodied emissions increases 
(Figure 1.4).

7%
Construction

23%
Building 
Services

14%
Finishes

9%
Envelope 2%

Internal walls, 
partitions & stairs

35%
Structure &

Floors

10%
Substructure

Figure 1.3 Relative contributions of different building 
systems in the embodied carbon (initial and recurring) 
of a 38-storey office building. 
Data from Oldfield, 2019
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Operational carbon
In recent years, significant efforts have gone into 
reducing operational carbon emissions in office 
buildings in Australia. For example, the tightening of 
building performance standards and improved energy 
efficiencies are estimated to have reduced operational 
carbon emissions in new build offices by 32% between 
2002 and 2012 (Climateworks, 2013).

The highly competitive nature of the office rental 
market, and the emergence of building rating systems 
such as Green Star and NABERS, has seen many 
modern buildings perform far better than the ‘norm’. 
For example, a 6-star Green Star-rated building will 
have less than half the operating emissions of a 
standard code-compliant office (Figure 1.5).  Almost 
all new large office developments in major cities are 
now Green Star rated, contributing to significantly 
reduced carbon emissions. 

The carbon profile of an office building depends on its 
characteristics, typology and the climate it is located 
in. In a typical office building heating, ventilation and 
air-conditioning (HVAC) is the largest electricity end-
user, followed by lighting and equipment (Figure 1.6). 

In terms of HVAC, office space conditioning is typically 
dominated by cooling, even in temperate climates. This 
is because offices have high internal heat gains from 
computers, people and other equipment, meaning 
space heating requirements are often small with 
significant energy loads committed to eliminating 
overheating. 

 

Figure 1.4 Embodied 
carbon’s relative 
contribution to a building’s 
life cycle emissions can 
change depending on 
the building’s operational 
performance. In a low-
performance building, 
embodied carbon may be 
only 20% of total emissions. 
In a high-performance 
building, embodied carbon 
represents at least 45% of 
total emissions
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What is carbon neutral?
A carbon neutral building is one which achieves net 
zero carbon emissions. That is, the amount of CO2 
the building is responsible for emitting through the 
use of electricity, gas and other fuels is offset by 
on-site energy generation from renewable sources 
(such as PV panels), or through the purchase of 
carbon credits.

The Australian National Carbon Offset Standard 
for Buildings (Commonwealth of Australia, 2017) 
describes how claims of carbon neutrality can be 
made on two levels:
1. Carbon neutral whole building operations, 

where total carbon emissions from building 
operations and occupants are measured 
and offset

2. Carbon neutral base building operations, 
where carbon emissions from core services 
(air-conditioning, common area and external 
lighting, hot water, lifts, etc.) are measured  
and offset.

At present, the definition of carbon neutral only 
includes operational emissions, and does not 
include embodied carbon emissions. This is 
important to note because a building that is carbon 
neutral will still contribute to carbon emissions due 
to its materials, construction and renovation.
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The impact of future grid decarbonisation on life 
cycle carbon performance
The carbon performance of buildings in Australia is 
heavily influenced by the amount of greenhouse gases 
released when electricity is generated. Our current 
reliance on fossil fuels means significant emissions 
are released for every kWh of electricity we use in our 
building stock. 

However, the expectation is for state electricity 
supplies to rapidly decarbonise in the coming decades, 
with a widespread switch to renewable energy sources 
such as wind, solar and wave. For example, while the 
2012 emission factor for electricity in Australia was 
around 0.79tCO2-e/MWh, this could fall to 0.16tCO2-e/
MWh by 2030 and 0.02tCO2-e/MWh by 2050, with a 
radical shift to renewable energy at a national scale 
(Climateworks, 2014).

This will have a dramatic impact on the carbon 
performance of commercial buildings. 

Consider a modern office building completed in 
2020 with an operational carbon performance of 
50kgCO2-e/m², a figure which could be considered 
‘good’. It may have an initial embodied carbon of 

Australia's commercial buildings

Figure 1.5 Reductions in operating carbon emissions in recent Australian office buildings. 
Source: Climateworks, 2013
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800kgCO2-e/m² and a recurring embodied carbon 
of 200kgCO2-e/m². Over 50 years, assuming 
our electricity grid emissions stay the same, the 
building would have a life cycle carbon impact of 
3,500kgCO2-e/m², of which 71% would be due to  
its operation. 

However, if the emission factor for electricity were 
to radically reduce by 2050 as outlined above, the 
building’s whole life cycle carbon emissions would be 
closer to 1,852kgCO2-e/m² over the 50 years, of which 
only 46% would be due to operation, and 54% – over 
half –  would be due to its materials (Figure 1.7). This 
emphasises the importance of embodied carbon.

In addition, it is worth noting that as electricity 
decarbonises, the use of gas for heating and hot 
water will become more carbon intensive than electric 
heat pumps. That means the elimination of gas as a 
fuel source in commercial buildings and a switch to 
all-electric sources is likely to yield the lowest carbon 
emissions (Oldfield et al., 2019).  

Human factors
Buildings are made for people. As well as looking 
at low carbon emissions, we need to consider the 
experience of the people who use commercial 
buildings, and think about how we can design buildings 
that are more comfortable, more enjoyable, and 
simultaneously, more efficient to construct and to 
operate by using passive strategies in combination 
with active (efficiency) measures. 

Often, in office buildings, passive strategies alone 
cannot always maintain acceptable levels of comfort 

and therefore active systems will, in the majority 
of situations, be needed to make the buildings 
comfortable to work in.

It’s worth noting that several sustainability rating tools 
(e.g. Green Star, WELL) and industry guidance (PCA 
Guide to Office Quality) mandate minimum levels of 
occupant comfort and energy performance. Therefore, 
it’s important to take a whole building and integrated 
design approach to balance these aspects. 

Several things need to be taken into account to achieve 
human comfort in buildings. 

Thermal comfort
Thermal comfort is not just air temperature. In fact, 
almost all of the parameters that we enjoy in our 
thermal environment, or that make us uncomfortable, 
are to do with environmental factors or mechanisms 
for the transfer of heat energy other than air 
temperature. There are a number of factors that 
contribute to the way in which we experience or 
perceive thermal comfort:

• Our recent thermal experience and our 
expectations: During summer we expect it to be 
hot. During winter, we expect it to be cooler. In 
summer, when it is 35ºC outside, a room that is 
26ºC will feel cool, or maybe even cold. In winter, 
when it is 10ºC or 15ºC outside, a room that is 26ºC 
might feel too hot; even a room at 24ºC might feel 
warm. What we consider to be warm or cool in 
Darwin is different to what we expect in Hobart and 
everywhere else in between.

• Radiant transfer: All surfaces emit and receive 
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Initial embodied 
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Figure 1.7 The whole life cycle of carbon emissions from an office building, 2020 – 2070. Different figures for operational 
emissions are based on a constant emission factor for electricity, or a rapid future decarbonisation of grid electricity.
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thermal radiation. Whether we consider a surface 
to be warm or cool depends on whether we are 
gaining thermal energy from it or loosing thermal 
energy to it.

• Conductive transfer: Everyday the air around us is 
touching our skin and we are exchanging thermal 
energy with it through conduction. Unless the air is 
warmer than our skin temperature, about 35ºC, we 
lose energy to the air. This is an important factor in 
understanding heat stress during heat waves: as the 
air temperature approaches and then passes 35ºC 
our bodies’ ability to dissipate thermal energy to the 
air diminishes, leading to overheating.

• Convective transfer and evaporation: Convective 
transfer is the transfer of thermal energy as a 
consequence of air movement. Air movement 
is often used to assist cooling. Air movement 
enhances evaporation from the skin. The challenge 
in some Australian climates, at certain times of year, 
can be that when the relative humidity of the air is 
high it becomes harder for evaporation to take place.

• The value of variation: Recent research into 
the perception of thermal comfort has shown 
that some modest variation in temperature and 
conditions enhances our perception of comfort 
and causes enjoyment or “delight”. Essentially, the 
oscillation between being slightly too warm, and 
slightly too cool creates a pleasure sensation as we 
return from mildly uncomfortable to comfortable. 
The value of a gentle cool breeze from a window, 
or the warmth of the winter sun shouldn’t be 
underestimated.

Visual comfort
Office and commercial buildings often use highly 
glazed facades, which can be good and bad for an 
occupant’s visual comfort. There are three main 
considerations:

• Daylight: Daylight can provide many benefits. 
Exposure to light and dark can influence human 
circadian rhythms, impacting behaviour, mood and 
sleep. Research has shown that daylight can play 
an important role in this. A study by Boubekri et al., 

(2014) found that workers in environments without 
windows had poorer sleep and less vitality than those 
with access to windows. Such factors could lead 
to greater fatigue and reduced performance where 
occupants are in spaces far away from the building 
perimeter (i.e. the centre of a deep floor plan). 

• Glare: Too much light or too great a contrast of light 
can create glare and cause eye fatigue, reduced 
performance and migraines. Glare can be mitigated 
through appropriate shading devices, blinds and 
artificial lighting specifications. 

• Views: Views can give office workers a psychological 
connection to the outside world, linking them to time 
and place. In some commercial buildings, particularly 
high-rise blocks, views also provide dramatic 
panoramas of the city and surroundings that can 
increase rental returns and value.  

Indoor air quality
Adequate fresh air in commercial buildings, delivered 
by mechanical and/or natural means, is vital for 
creating a healthy environment, and reducing 
pollutants such as carbon dioxide, volatile organic 
compounds and other chemicals. For example, the 
Green Star rating system gives credit where ventilation 
systems mitigate the entry of outdoor pollutants, can 
be easily cleaned and maintained, provide fresh air at a 
higher rate than the minimum prescribed by Australian 
Standards (1 point for 50% higher, and 2 points for 
100% higher), and directly exhaust specific pollutants 
arising from vehicle emissions, printing equipment, etc.

Established holistic rating tools such as Green Star 
include a number of components directly related to 
human factors and occupant health and comfort that 
need to be considered alongside other performance 
aspects, including energy. 

More recently, tools have been developed that focus 
exclusively on health and wellbeing, such as WELL 
(www.wellcertified.com) and FITWELL (www.fitwel.org). 
These tools target low energy and have advanced 
features to support occupant health so there can be 
conflicts between requirements. This requires a well 

http://www.wellcertified.com
http://www.fitwel.org
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considered holistic approach to the design of  
the building.

Future trajectories
While there have clearly been great strides in reducing 
the carbon impact of office buildings, much of this 
progress has been by institutional property portfolio 
owners focussed on premium and Grade A office 
space in major cities. 

Across the spectrum of office buildings, more progress 
is needed to reduce carbon emissions, and meet 
national targets and the global ambitions outlined in 
the Paris Climate agreement. In this respect, there are 
a number of external drivers that will influence future 
performance of buildings.

National Construction Code 
The National Construction Code (NCC) sets out 
minimum requirements for buildings in terms of 
operational energy use. It regulates building envelope 
and equipment performance, including heating, 
cooling, lighting and hot water systems. 

The Building Code Energy Performance Trajectory 
Project (ASBEC, 2018) outlines how progressive energy 
targets in future iterations of the NCC can achieve 
significant carbon reductions in new office buildings. 
The project suggests new office buildings could 
easily reduce their energy use by as much as 22% 
through simple, easy-to-understand measures, such 
as increased insulation and thermal mass, greater 
airtightness, better equipment efficiencies and light-
coloured external walls. Such moves would cost  
about $71/m2. 

More efficient air-conditioning and lifts, and a switch 
from gas heating to electric heat pumps could cut 
that further to about 32%. The gap to net zero energy 
performance could be met by best-practice design, 
on-site renewable energy technologies and a future 
decarbonised electricity grid. Given this, it is likely that 
future office buildings will have to be built to far more 
stringent regulations than is currently the case. 

Sustainability rating tools
The Green Building Council of Australia (GBCA) 
has proposed its own Carbon Positive Roadmap for 
the Built Environment outlining a path for all new 
commercial buildings to be carbon neutral by 2030 
(GBCA, 2018a). The roadmap states that by 2020, a 
6-star Green Star building will:
• demonstrate a reduction of embodied carbon by 

10% (increasing to 20% by 2023)
• use 100% renewable electricity from on-site 

renewables, or from purchasing agreements
• use less than 40-50% of the energy than that used 

by a 2016 NCC-compliant building
• use carbon neutral products and services.

Such targets will be applied incrementally to 4- and 
5-star buildings across the next decade.

Government policy
Work is also being undertaken at both a state and 
local authority level to deliver low carbon commercial 
buildings. For example, Victoria and NSW have set 
targets of net-zero emissions by 2050. Cities are 
following suite, with the City of Sydney aiming to 
reduce GHG emissions by 70% by 2030. 

Australia's commercial buildings
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This section of the guide outlines the knowledge base for low-carbon commercial 
building design and highlights key principles at the end of each sub-section.   
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The section is organised as per the carbon-
cost pyramid in Figure 2.1. This makes the 
case that it is most effective to optimise 
preliminary design decisions – response 
to site, building form and orientation and 
envelope design – in the first instance. 

Once these passive elements are optimised for 
climate, then consideration should be given to active 
systems, including high-efficiency HVAC, hot water 
systems and lighting. Finally, consideration is given to 
on-site energy generation through low and zero carbon 
technologies.  

Figure 2.1 Carbon-cost pyramid. 
Strategies at the bottom of the 
pyramid tend to be more cost 
effective and simpler to optimise 
for reduced carbon emissions 
than those at the top.
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Macro-climate considerations
Design for climate is a critical consideration influencing 
occupant comfort and building energy use. The 
NCC defines eight climate types across Australia 
(Figure 2.2) but does not elaborate on the nuance of 
local conditions, and, in particular, the more extreme 
conditions and variations from the mean that can occur. 
 
Micro-climate considerations
Commercial and office buildings are usually located in 
built-up areas, with larger buildings typically in central 
business districts. This provides a complexity of micro-
climate conditions. 

 Solar access and adjacent buildings
While solar gain can be useful in providing thermal 
comfort in residential buildings, in most office and 
commercial buildings it is unwanted. This is due to 
the high internal heat gains, meaning cooling is the 
dominant energy load in offices regardless of climate. 
Shorter buildings located in dense urban environments 
may actually benefit from taller adjacent buildings 
providing shade. 

Research has shown that even in a temperate climate, 
shade from an adjacent building can reduce office 

cooling loads by 30% (Futcher, 2014). However, taller 
office buildings may be more exposed to unwanted 
solar gain. This could be mitigated by using shading 
systems or positioning the service core to shade the 
occupiable spaces in the building. 

 Urban heat island effect
The urban heat island effect refers to higher ambient 
temperatures in urban environments compared with 
nearby suburban or rural areas. This is caused by 
increased heat sources (more cars, air conditioner 
extracts, etc.) and the dense urban form, where heat 
from the sun can become trapped in urban canyons 
and absorbed and re-radiated by the plentiful supply of 
concrete and asphalt. Dense urban areas can be 5-6ºC 
hotter than their surrounding areas. 

Site and surroundings can have a significant impact on 
the urban heat island effect. For example, inland areas 
can suffer greater urban temperatures than coastal 
regions in the same city. In Sydney, cooling demand in 
a typical office building in the north west can be double 
that of a coastal site, which benefits from cooling sea 
breezes (Santamouris et al., 2017). 

Climate and site

Low carbon design principles

Figure 2.2 Climate zone map of Australia.  
Source:  ABCB, 2019
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Strategies to mitigate this include:  

• cool roofs, which are used to reflect unwanted 
solar heat gain away from the building. Typically, 
they consist of a white or light-coloured coating. 
The surface temperature of conventional roofs can 
reach temperatures of 50-90ºC on a hot day, but 
cool roofs can reduce this by up to 33ºC (Osmond 
& Sharifi, 2017). This can, in turn, reduce indoor 
temperatures below the roof, cooling energy 
requirements and peak load, contributing to lower 
carbon emissions. 

• green roofs, green walls and the use of vegetation, 
which can provide shade and evapotranspiration, 
helping reduce roof and façade surface 
temperatures. Green roofs come in two types: 
extensive green roofs typically have a shallow soil 
depth of about 150mm, and low level planting. 
Intensive green roofs have much greater levels 
of soil, above 250mm, and require much more 
structural support. That can make them more 
expensive to build and increase their embodied 
carbon. Greenery can also be used on vertical 
surfaces, and have been found to reduce envelope 
surface temperatures between 5°C and 15°C 
(Osmond & Sharifi, 2017).

Application of  
a cool roof.  
Photo:  Alamy

Green roof.  
Photo: Junglefy
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 Height and wind
Many environmental factors change with height. Air 
temperature, for example, decreases linearly at around 
1ºC per 150 metres (Ellis & Torcellini, 2005), while air 
pressure and density also decrease with height. This 
essentially means the air is cooler the higher you go, 
which can be beneficial for office buildings since it 
means reduced conductive heat gains at higher floors. 
However, the flip side is that taller buildings tend to be 
more exposed than low-rise buildings and can receive 
more solar gain. 

However, perhaps the greatest challenge to low-
carbon design in tall buildings is dealing with wind. 
Wind speeds increase with height and tend to be 
unpredictable in dense urban settings. Any tall building 
using natural ventilation for comfort will need to 
operate over a variety of different wind pressures, which 
can cause control challenges (Etheridge and Ford, 
2008). To overcome this, tall buildings with mixed-mode 
ventilation tend to have double-skin facades to control 
incoming wind flows, which can increase capital costs 
and embodied carbon, and reduce lettable floor area. 
Overall, a summary of microclimate factors impacting 
the carbon performance of office buildings in dense 
urban environments is outlined in Figure 2.3. 
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Figure 2.3 Microclimate factors impacting office buildings in dense urban environments.

Principles:
• Due to high internal heat gains, office buildings 

in most climates should be designed to 
minimise additional heat gain from the sun. 
As such, shade from adjacent buildings is 
beneficial. 

• Strategies to reduce the urban heat island 
effect in commercial buildings – through the 
use of cool roofs, or urban greenery – can 
reduce cooling energy requirements, and 
improve both indoor and outdoor thermal 
comfort. 
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Floorplan and core location
The form and planning of any office building will 
be influenced by floor plate efficiency (net-to-gross 
performance), view, daylight, structure and shade. In 
terms of layout, a number of opportunities are available 
to the design team to reduce the operational carbon 
emissions of a building. In particular, the core can be 
strategically located to provide shade by placing it on 
the ‘hot’ façade(s), to shade occupiable space with less 
frequently occupied service zones (where a greater 
range of thermal comfort may be acceptable). However, 
any advantages need to be considered against the 
potential loss of perimeter zones with access to light 
and views, and the specific characteristics of the site 
(see Table 2.1, and Figure 2.4).  

Atria can be used to deliver natural light and fresh 
air deep into office spaces. Such spaces can also 
act as the social ‘heart’ of a building, providing visual 
connectivity between users, and opportunities for 
interaction and communication. 

In Sydney CBD skyscraper 1 Bligh Street, a 120-metre 
tall atrium is used to facilitate the stack effect where 
warm air rises, drawing cooler outdoor air from the 
surroundings into the space (Figure 2.5). This provides 

natural ventilation to the building’s ground floor public 
zones, reducing artificial conditioning requirements. 

In temperate climates and conditions, natural 
ventilation driven by the use of atria can also be used 
to provide passive thermal comfort to interior office 
spaces, reducing artificial conditioning needs for some 
periods of the year. This is known as ‘mixed-mode’, 
where natural ventilation provides comfort during mild 
conditions, but artificial conditioning is used during 
more extreme hot and cold conditions.  

Building form and typology

Low carbon design principles

denotes axis to view 
and natural light

Advantages Disadvantages

Can provide shading from 
unwanted solar gain 

Can reduce the area of 
perimeter office zones with 
access to light and view

Can reduce maintenance, as 
external solar shading may 
require complex, expensive 
cleaning schedules

In taller buildings, perimeter 
core designs may require more 
complex structural systems 

Can provide more opportunities 
for occupant interaction across 
a floorplate, as there is no core 
in the middle

Allows for core spaces (lift 
lobbies, toilets, etc.) to have 
access to natural light and view 

Table 2.1 Advantages and disadvantages of perimeter 
core locations in office buildings

Figure 2.4 Left: a central core provides perimeter zones around the building. Middle: a west-facing core can shade 
offices from harsh afternoon sun. Right: a north facing core can shade the building from high summer sun.
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1 Bligh Street Sydney | Environmental Section 
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High-rise versus low-rise 
A number of studies have shown that tall office 
buildings tend to have higher energy demands than 
low-rise buildings, and therefore higher carbon 
emissions (Godoy-Shimizu et al., 2018; Leung & Ray, 
2013; Myors et al., 2005). Typically, this is put down 
to changes in microclimate with height, challenges in 
providing natural ventilation, and a reliance on heavily 
glazed facades facilitating unwanted heat gains. 

Yet, tall office buildings can contribute to lower carbon 
emissions at a city level, if they are integrated into 
public transportation networks. The creation of dense 
clusters of employment can provide efficiencies in 
sustainable transport systems. 

For example, 12 high-rise office towers in the City of 
London’s eastern cluster represent over 1,000,000m² 
of floor space with just 149 car parking spaces but 
with more than 8,000 cycle parking spaces. None of 
the towers are more than a six-minute walk from a 
tube station (Oldfield, 2019). 

Some factors to consider for different typologies 
include: 

High-rise buildings
• typically have a low surface-area-to-volume-

ratio, which means internal heat gains can be 
challenging to dissipate. Shallow floor plate 
towers can overcome this, and are easier to 
passively light and ventilate than deep floor 
plates (but increased envelope can mean 
increased cost)

• have smaller roof areas that provide less space 
for photovoltaic panels which can make on-site 
energy generation challenging. For greater 
levels of energy generation, rooftop systems 
may need to be used in tandem with façade-
integrated PV, which is typically less efficient 

• have mixed-mode ventilation systems that 
tend to be more challenging to implement due 
to temperamental wind conditions at height, 
but can provide comfort and lower carbon 
emissions in many climates

• that use atria can provide opportunities for 
natural light penetration and passive ventilation 
to spaces deeper in the floor plan

• have façade areas that tend to be exposed 
and unshaded by the surroundings. This 
creates the need for solar shading to avoid 

Figure 2.5 1 Bligh 
Street, Sydney. Section 
showing the use of 
the stack effect to 
naturally ventilate the 
ground floor public 
realm. Source: Architectus
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Structure and Materials
Embodied carbon is a major contributor to the carbon 
footprint of commercial buildings, responsible for 
between 20-45% of total life cycle emissions. As 
construction codes and energy efficiencies improve in 
the near future, this is likely to increase.  

However, while there are regulations and targets for the 
reduction of operating carbon emissions, embodied 
carbon tends to be overlooked in the creation of new 
commercial buildings. There are a variety of ways 
embodied carbon can be reduced while simultaneously 
reducing construction costs and improving buildability. 
Some of these opportunities are outlined below. 

Unlike operational carbon emissions, embodied 
carbon emissions are not significantly influenced by 
climate and so the opportunities for savings exist in all 
locations equally.

The greatest contributor to a commercial building’s 
embodied carbon is usually the structural system, 
because it makes up most of a building’s mass, often 
weighing tens of thousands of tonnes. In addition, the 
production of the most common structural materials, 
concrete and steel, are carbon intensive. Strategies 
to reduce the amount of steel and concrete in a 
commercial building can significantly reduce overall 
carbon emissions. 

Structural dematerialisation means the optimisation 
of a building’s structural system, in particular the 
structural grid dimensions and structural system 
to minimise the overall quantity of material used, 
reducing the financial cost and the environmental cost 
of construction. 

The structural optimisation of larger commercial 
buildings can save a significant amount of material. 
A total structural redesign of 105 Phillip Street in 
Parramatta, for example, reduced the amount of steel 
and concrete used by 33% from the tender design 
specifications (GBCA, 2019). 
 

unwanted heat gain in perimeter zones. Lower 
floors may be shaded in dense urban areas, 
so shading systems and glazing types should 
change with the building levels accordingly. 

Low-rise buildings 
• have large roof areas that provide opportunities 

for photovoltaic panels, which can often 
offset most or even all of a building’s energy 
needs. If they don’t have photovoltaic panels, 
roof areas could include greenery or highly 
reflective finishes to mitigate the urban heat 
island effect. Roofs should also have adequate 
insulation to avoid overheating interior spaces 

• have larger plot sizes that may make  
ground-source based heating and cooling 
systems viable 

• can make better use of mixed-mode and natural 
ventilation systems than taller buildings

• in dense high-rise areas may be shaded by 
surrounding buildings, which means less solar 
shading is needed to block sunlight. 

105 Phillip Street, 
Parramatta. 
Photo: Brett 
Boardman

Low carbon design principles
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With tall buildings, small changes to form or structure 
can have large impacts on embodied carbon. A 
60-storey tower in Chicago, for example, could save 
around 5,000 tonnes of CO2-e by using a perimeter 
steel frame with a concrete core, compared with an 
all concrete structure (Trabucco et al., 2016). Different 
building designs and material supply chains can 
affect these results, so design teams, consultants 
and material suppliers need to optimise the structural 
system and materials for each project.

It is important that strategies to dematerialise 
commercial buildings’ structural systems consider 
the holistic performance of a building – including 
commercial viability, quality of space and lifespan. 

For example, reducing the structural grid of an office 
building could reduce the floor span, and therefore 
material quantities in floor slabs, reducing the overall 
embodied carbon. But having more columns could 
reduce open floor area, views and the subsequent 
qualities of Grade A office space. High-quality space 
is more likely to last longer, and therefore represent a 
longer-term embodied carbon investment. 

Mass Timber
An alternative to using less concrete and steel in new 
buildings is to use low-carbon materials. The primary option 
for office buildings is to use mass timber, which consists 
of layers of wood glued together for strength. Examples 
include glulam and cross laminated timber (CLT). 

Changes made in 2016 to the NCC have made taller 
timber commercial buildings more viable in Australia. 
A deemed-to-satisfy solution now exists to permit fire-
protected timber buildings up to 25 metres in height. 

There are carbon benefits to timber products compared 
with traditional materials. The manufacture of timber 
elements releases less CO2 than steel or concrete 
structures. In addition, trees photosynthesise over their 
life, which means they absorb carbon dioxide and release 
oxygen. If timber is sustainably sourced, this sequestration 
can be considered a carbon benefit for buildings. 

The Carbon Value Engineering project, funded by 
the CRCLCL, examined the embodied carbon impact 
of different structural systems and materials on 
a 13-storey mixed-use building in Sydney with an 
additional five basement levels. The original building 
was constructed with a simple concrete frame and had 

International 
House, 
Barangaroo, 
Sydney.  
Photo: Tzannes
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an embodied carbon of 740kgCO2-e/m2 (GFA). However, 
an alternatively designed flat-slab system was found 
to save 46kgCO2-e/m2, while a post-tensioned slab 
system saved 63kgCO2-e/m2. Switching from a concrete 
to a primary mass timber structure would reduce the 
embodied carbon by 98kgCO2-e/m2 or 335kgCO2-e/m2 if 
sequestration is included (Robati et al., 2019) (Figure 2.6).

International House at Barangaroo in Sydney is an 
example of the growing trend of constructing multi-
storey timber offices. The seven-storey office building 
is constructed with a mixture of CLT floors and walls, 
with glulam columns, beams and bracing on a nine-by-
six-metre grid. Reclaimed iron-bark hardwood columns 
are used along an external colonnade (pictured on 
previous page). This use of timber has significant 
environmental benefits, with an estimated 2,700 
tonnes of carbon dioxide sequestered in the timber 
structure (Nimmo, 2018). 

There are other benefits too. All the timber elements 
were prefabricated off-site in Austria, arriving pre-
cut, making them quick and easy to install. Such 
procurement suffers from additional transportation 
emissions but the emergence of local large-scale 
timber fabricators, such as the XLam plant in 
Wodonga, will likely overcome this in the future. 
 
Embodied carbon and HVAC systems
Heating, ventilation and air-conditioning systems 
(HVAC) are usually the second-largest contributor to a 
commercial building’s embodied carbon emissions. This 
is because of their use of carbon-intensive materials 
(copper pipes, aluminium ductwork, etc.) and their 
regular replacement over a building’s life. So, strategies 
to reduce these materials can have a positive impact.

The 42-storey Deutsche Post Tower, in Bonn, for 
example, uses a mixed-mode ventilation system, with 
natural ventilation when climatic conditions allow, and 
air-conditioning on more extreme days (peak summer 
and winter). To achieve this, due to increased wind 
speeds at height, a double-skin façade is used to 
mediate wind into the tower. This obviously requires an 
additional layer of façade, at an additional carbon and 
financial cost. But, by doing so, the design was able 
to eliminate central air-conditioning, all vertical air-
distribution shafts and an entire mechanical floor. This 
saved materials and opened up 1,000m² of lettable 
floor space (Jahn et al., 2004). 
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Figure 2.6 Embodied carbon 
emissions (initial, recurring and 
end-of-life) of a mixed-use, 
13-storey building in Sydney,  
using different structural systems 
and materials. 
Source: Robati et al., 2019

Principles:
• Optimise commercial floor plan design for site, 

climate and occupant comfort. In particular, 
the service core can be located to shade 
office spaces from unwanted solar gain on the 
western or northern facades, thus reducing 
cooling loads.

• Embodied carbon can make up to 20-45% of 
an office building’s total carbon footprint (if we 
decarbonise electricity, it could be even higher). 
Usually, in commercial buildings the greatest 
contributor to this is the structural system. So, 
strategies to make the structure more efficient, 
such as structural optimisation, can cut costs 
and carbon, and increase net lettable floor area.

• When sustainably sourced, mass timber 
structures can contribute to significantly reduced 
embodied carbon in commercial buildings, 
compared with traditional steel and concrete 
structures. A timber structure can reduce 
embodied carbon by about 300kgCO2-e/m².

Low carbon design principles
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Insulation
A building envelope’s ability to resist the movement 
of thermal energy into and out of the building is 
important. It can help keep the building cool when it is 
hot outside and warm when it is cold outside. U-value 
is a measure of heat flow rate by conduction through a 
building’s envelope materials; a low U-value denotes a 
high level of insulation, while a high U-value denotes a 
low level of insulation. 

Increasing the amount of insulation in a building 
envelope can reduce heating and cooling 
requirements. However, the impact of increasing 
insulation on a commercial building’s carbon 
performance is dependent upon a number of factors, 
including the local climate, and the building’s form  
and typology. 

For example, a two-storey office building with a large 
roof area in a cold climate would benefit from a highly-
insulated roof to reduce winter heat losses. In a hot 
climate, the same building would benefit from high 
levels of roof insulation to reduce unwanted summer 
heat gains. 

However, a high-rise office building with a large floor 
plate (>2,000m²) is a far more compact form, with 
less envelope per unit volume. In this situation, a high 
thermal performance facade may only contribute to a 
small reduction in overall carbon emissions, since the 
façade is not the primary driver of performance, as 
many of the occupied spaces are a significant distance 
from the envelope. Instead, improvements in building 
mechanical system efficiencies are likely to be a greater 
contributor to reduced carbon emissions in these 
buildings (Figure 2.7). 

Despite this, it is important to note that adequate 
insulation is vital in all climates and all building types 
to ensure occupant comfort is satisfactory in the 
perimeter zone of spaces, especially during peak 
conditions (i.e. mid-summer and mid-winter). 
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Figure 2.7 In a high-rise office 
building with a large floorplate 
and simple geometry, a façade 
with high levels of insulation 
may only make small reductions 
in carbon emissions. However, 
in a low-rise office building, 
a roof with high levels of 
insulation would contribute to 
more significant reductions in 
carbon emissions
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Air leakage and infiltration
Creating an air-tight building does not mean stopping 
ventilation; it means taking control of when, where and 
how ventilation occurs.  

Controlling the amount of uncontrolled ventilation, 
or leakage, in a building is a very effective way of 
improving the efficiency of all the other systems and 
environmental performance strategies that are in  
the building, and improving the thermal comfort for  
the occupants. 

There are only a few studies on the air-tightness 
of existing commercial buildings in Australia, but 
blower door tests of seven office buildings in Victoria 
suggests a range of 0.7-12.7 air changes per hour 
(ACH), or 2.3-29.8m3/h m² (McLauchlan et al., 2016). 
The Green Building Council of Australia (GBCA) 
considers best practice to be at the top end of this 
scale, at 2.0-3.0 m3/h m² for offices, as shown on  
Table 2.2. Green Star allocates one point for a whole 
building air-tightness test, and a second point for 
achieving this ‘best practice’. 

However, other performance indicators suggest 
much greater levels of air-tightness to improve 
thermal comfort and carbon emissions. Passivhaus, 
for example, stipulates a minimum air-tightness of 
0.6 ACH, which, when combined with high-levels of 
insulation, optimum solar control, and mechanical 
ventilation and heat recovery, can significantly reduce 
operating carbon emissions. 

It is important to note that the ‘ideal’ air-tightness 
of a commercial building is influenced by building 
form, local climate and other building systems and 
strategies. 

For instance, an office building with high internal heat 
gains may benefit from infiltration through a ‘leaky’ 
facade, as this would provide a degree of free cooling 
when outdoor temperatures are mild, offsetting the 
need for artificial cooling in some conditions. 

Building type Best practice  
(m3/h m² at 50Pa)

Offices (naturally ventilated) 3.0

Offices (mixed-mode 
ventilated)

2.5

Offices (mechanically 
ventilated)

2.0

Hospitals 5.0

Schools 3.0

Retail superstores 1.0

Table 2.2 Best practice air permeability targets

Source: GBCA, 2018b
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A more air-tight building might not receive this benefit, 
pushing up air-conditioning energy. However, the more 
air-tight scenario could be designed with a night-time 
purge strategy, where windows open at night to directly 
purge excess heat (see also page 29). 

In this instance, the more air-tight scenario would 
benefit from reduced heat gains during the hottest 
weather, but also free cooling to purge the interior 
spaces at night (McLauchlan et al., 2016). 

In addition, if a façade is leaky during peak design 
conditions such as mid-summer, the peak load will be 
significantly higher, and the plant will need to be larger 
to cater for the infiltration of hot outdoor air. If there 
is infiltration of humid air, internal conditions may be 
more humid, and comfort can be compromised. In 
colder climates, cold drafts at perimeter zones would 
also cause discomfort.  
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Glazing and shading
Glass walls are popular in commercial buildings. They 
tend to be economical because they consist of single 
floor-to-ceiling panels with few individual components, 
and so are quick to install. They facilitate views to 
the outside and natural light to interior spaces, thus 
reducing artificial lighting requirements. 

However, there is evidence to suggest that highly-
glazed commercial buildings are sub-optimal for both 
carbon performance and occupant comfort. High 
levels of glazing can cause localised overheating 
and occupant discomfort in perimeter zones during 
peak winter and summer periods. Large windows can 
also cause glare within office spaces, and increased 
contrast between perimeter and interior spaces, 

which can impact visual discomfort. It can also mean 
occupants keep the blinds down, which increases the 
need for artificial lighting (Figure 2.8).

One way to consider the amount of glass in a building is 
to think about Window-to-Wall-Ratio (WWR). This is the 
ratio of transparent area in a façade versus the quantity 
of opaque surfaces. Modern office buildings typically 
have WWRs of between 50-80%. However, research 
suggests the optimum WWR for the lowest heating, 
cooling and lighting energy requirements in offices is 
between 30-45% in temperate and warm climates, even 
using high performance glazing systems (Goia, 2016). 
In reality, the ‘best’ WWR for any building or façade will 
also depend on local factors such as orientation, and 
views into and from adjacent buildings. 

23

WINTER PERFORMANCE SUMMER PERFORMANCE

In cold weather sitting close 
to a large sheet of glass 
may be uncomfortable because 
the glass will be cold and colder 
than the temperature in the 
middle of the building.

The contrast between the light 
levels towards the centre  
and perimeter of the building 
may create uncomfortable 
visual contrast.

External shading can help reduce 
the contrast between the light 
levels towards the centre and 
perimeter and so reduce glare 
problems. 

CIBSE recommend a maximum 
contrast in lighting level between
the perimeter and adjacent interior
spaces of 3:1. 

Sitting by a window may offer 
a pleasant view, but can also be
uncomfortable due to:
• High direct heat from sun
• High levels of radiant heat conducted
through glass from hot air outside 
(day time highs of 35OC+)  

Shading the windows can reduce:
• Direct solar gain - increasing 
comfort at the perimeter of the building
• Reduce glare - both near the perimeter 
and for people looking towards the 
windows from further inside the building

Figure 2.8 Impact of glazing and shading systems on occupant comfort in office buildings.

Low carbon design principles
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SINGLE LEAF EXTERIOR GLAZING

NATURAL TIMBER VENETIAN BLINDS

DOUBLE GLAZED INTERNAL

INSULATED GLASS UNIT

PERIMETER CEILING BATTENS

PRESSURISED CAVITY

ACTIVE PERIMETER CHILLED BEAM

Principles:
• Increasing the insulation and air-tightness of 

office facades can reduce cooling loads and 
improve thermal comfort in perimeter zones. 
However, for the best results, they need to be 
combined with other strategies to reduce internal 
heat gains, such as high-efficiency equipment 
(LED lighting, computers, etc.), and night purge 
ventilation.  

• There is evidence to suggest that less glazing 
and a reduced WWR in Australian commercial 
buildings would mean lower carbon emissions. 
In particular, the use of insulated spandrel panels 
at low and higher levels would improve façade 
performance without negatively impacting 
daylight or views.

• Façade design is an important contributor to 
low carbon commercial buildings. In office 
buildings with large floorplates (>2,000m²), a 
high-performance façade may only have a small 
benefit for the total building carbon performance, 
since there is less exposed surface area per unit 
building volume. However, a high-performance 
façade with appropriate WWR, shading, U-value 
and air-tightness will always improve thermal 
comfort and reduce energy loads in the 
perimeter occupied spaces of a building.

Figure 2.9 Closed cavity double-
skin façade system in the EY 
Centre, Sydney. A 150mm deep 
cavity accommodates timber 
blinds that mitigate glare, 
but because they sit outside 
the thermal boundary of the 
building, they also reduce solar 
heat gain. Source: FJMT

In addition to ensuring WWRs are optimised, shading 
systems are important for protecting office spaces 
from unwanted solar heat gain. Some systems to 
consider include:

 Blinds
Blinds are effective at reducing glare in office spaces. 
However, they are less effective than external shading 
systems at reducing unwanted solar heat gain, 
because they are usually located inside a building’s 
thermal envelope. 

 External shading systems
In these cases, shading is provided on a building’s 
exterior. Typically, this consists of horizontal shading 
devices on northern facades, and vertical shading 
devices on east and west facades. External shading 
blocks solar energy, reducing the amount of heat gain 
entering through glazing. 

 Double-skin façade systems
These typically consist of a weatherproof inner skin, 
a cavity and an outer skin. The cavity accommodates 
shading systems, such as blinds, which are protected 
from the elements by the outer skin. Because the 
blinds sit outside the thermal boundary of the 
envelope, they can mitigate glare and keep out 
unwanted solar gain. 

Many different double-skin façade systems exist. 
Some have larger cavities, often in the order of 
600mm, and can also direct fresh air into perimeter 
office spaces for mixed-mode ventilation. Others 
are thinner and pressurised to limit dust ingress. For 
example, in the EY Centre in Sydney, a pressurized 
closed-cavity double-skin system is used. It is only 
150mm deep, to maximise lettable floor area. The 
cavity hosts timber blinds that are automatically 
controlled by a building management system in 
response to sun path and cloud cover (Figure 2.9). 
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Ventilation 
Ventilation systems provide fresh air to building 
occupants and can deliver heating and cooling to a 
space. Often, for economic reasons, the ventilation 
system is designed to deliver both. 

The NCC legislates the minimum requirement for fresh 
air through natural ventilation openings (Building Code 
of Australia Part F) or the prescription of the Australian 
Standard AS1668.2 for mechanical ventilation. This 
standard lists the minimum outdoor air provision for a 
variety of spaces to ensure the wellbeing of occupants. 

Typically, for a commercial office building, AS1668.2 
requires each occupant to be provided with a minimum 
of 10 liters per second (L/s) unless a high efficiency 
filtration system is fitted, in which case the rate can be 
reduced to 7.5 L/s. 

In today’s competitive tenant commercial office 
environment and with the influence of Green Star’s IEQ 
credit options, many developers design to 11.25L/s/
person to improve their building’s marketability.

Introducing fresh air into a building can be achieved 
with openable windows or by ducting it through an 
air-conditioning system. Integrating openable windows 
with an air-conditioning system (known as mixed-
mode) requires careful design and should take into 
account a number of issues:
• the control of outdoor air quantity, especially on  

peak design days
• drafts from breezes during high-wind events
• the thermal profile across a room
• the potential for control clashes when natural 

ventilation openings are left open with the air-
conditioning simultaneously running.

Ducted ventilation systems often consist of an 
air-conditioning unit located away from the space. 
The unit mixes the required quantity of outdoor air 
with return air from the room, before conditioning it 
and supplying it back to the room. In this way, the 
conditioned supply air always contains a proportion 

of outdoor air. With the introduction of CO2 sensor 
technology, many buildings now modulate the 
quantity of outdoor air supplied to a space to 
maintain a maximum CO2 parts per million (ppm) 
level. This ensures the air-conditioning system is not 
unnecessarily heating or cooling outdoor air when it is 
not needed.

Another method of introducing ventilation into a room 
is through displacement ventilation. This concept is 
based on supplying air at a low level, usually under the 
floor, and at very low velocity. The temperature of the 
air is usually conditioned to maintain a temperature of 
about 20°C to ensure occupants’ feet don’t get cold. 

Displacement ventilation systems are most effective 
where ceilings are high, and the stratification of 
warm vitiated air can occur undisturbed. Supplying 
air at 20°C requires consideration of humidity levels. 
In dry climates, where the ambient design wet-
bulb temperature is below 20°C, there is usually no 
requirement to dehumidify the outdoor air to maintain 
a comfortable working environment. 

However, in tropical or subtropical environments, 
simultaneous cooling and heating is often required 
to firstly strip excess moisture from the outdoor air 
before increasing its temperature to the desired supply 
air setpoint.  

Low carbon design principles
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Cooling plant
For large buildings, the most long-term cost-effective 
method to provide cooling is by generating chilled 
water and pumping it around a building to serve air-
handling units situated close to the spaces they serve. 
Chillers that generate chilled water are effectively 
refrigeration machines that absorb heat from one fluid 
and transfer it to another through a refrigeration circuit.

For any typical air-conditioning system, air-handling 
units absorb heat out of the air returning from a space 
and transfer it into chilled water through a cooling coil 
within the air-handling unit. This heated chilled water 
is then returned to the refrigeration chiller unit where 
the excess heat is removed from it by the refrigeration 
circuit within. The refrigeration circuit then rejects this 
heat, either directly to the outside air by coils and fans, 
or through a condenser water circuit and cooling towers.

 Chillers
There are a number of different types of chillers, 
including water-cooled refrigeration chillers, air-
cooled refrigeration chillers, and absorption chillers. 
Refrigeration chillers are the most common types 
of chillers and require electricity to power them. 
Absorption chillers are significantly less efficient and 
require heat to power them. They are only effective if 
there is a source of waste heat available that would 
otherwise be discharged to the atmosphere. 

 Chiller arrangements
Chillers are commonly arranged in parallel banks, each 
with a dedicated chilled-water pump and condenser-
water pump. Depending on the size of the building, 
each system usually contains two large, full duty 
chillers and a single low-load chiller. The capacity of 
the two large duty chillers is usually dependent on 
the required standby capacity in the event of failure 
or maintenance of one of them. In many commercial 
applications, the combination of a large duty chiller 
and a smaller low-load chiller can serve 50-60% of the 
peak building load. In a data centre where availability is 
more critical this value is 100%. 

The provision of a low-load chiller is essential to 
maintain stable and energy-efficient operation at 
low load. It is worth considering that most buildings 
operate at low load during most of their life. Buildings 
are designed to maintain conditions within them during 
a design day, which is the 95th percentile of design 
days. The remaining annual hours will be at part-load 
operation. 

A recent alternative chiller arrangement that affords 
energy reduction benefits is Series Counter-flow. This 
arrangement involves connecting two conventional 
chillers in series, with chilled water passing through 
the first chiller before passing through the second. 
Condenser water is then piped through the second 
chiller before passing through the first. In this way, 
the first chiller operates at higher leaving chilled 
water temperature, and the second chiller operates 
at lower leaving condenser water temperature. The 
combination of both improves total efficiency. As 
the temperature difference of the fluids across the 
chillers is increased to 10°C, the required chilled and 
condenser water flows are also reduced, in turn, 
reducing pumping energy.

 Condenser water circuits
Water-cooled chillers are generally the most efficient 
type of refrigeration-based cooling systems for 
larger buildings. Historically, water-cooled chillers 
have typically operated at temperatures supplying 
chilled water at 6°C to the field, returning it at 12°C. 
Heat rejection circuits have typically operated at 
temperatures of 35°C leaving the chiller, and 29.5°C 
returning from the cooling tower.

Condenser water at lower temperatures increases the 
efficiency of the chillers. However, the return water 
temperature from a cooling tower is a function of 
the ambient condition and the heat exchange and 
evaporation it can achieve from the condenser water. 
In a cold, dry climate with a design wet-bulb of ~19°C 
(e.g. Canberra), a significant amount of evaporation 
can be achieved from 35°C water. 

Low carbon design principles
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However, in a tropical climate with a design wet-bulb 
of ~28°C (e.g. Darwin) the amount of evaporation, 
and hence heat loss, will be much less. Larger cooling 
towers are required in a more humid climate to achieve 
return condenser water temperatures that are cold 
enough. Indeed, in many humid climates, it is more 
effective to install air-cooled chillers.

Extending the temperature difference across chillers 
can provide improvements in energy consumption. 
There are two ways energy can be reduced. Firstly, 
for a given amount of heat transfer, the quantity of 
water required to transfer the heat can be reduced 
if the temperature difference of the water entering 
and leaving the chiller vessel is increased. In the past, 
chilled water temperature systems were designed at 
a set range of 6-12°C, but more recently increased 
setpoints have been introduced. These vary based on 
the application and can include 6-14°C, 7-15°C, and if 
arranged in series counter-flow, 5.5-15.5°C. 

Secondly, by increasing the temperature of the chilled 
water setpoints closer to the ambient temperature, 
chillers operate more efficiently because they don’t need 
to work as hard. In climates where dehumidification isn’t 
needed, cold temperatures may not be needed, allowing 
chillers to operate at elevated levels.

 Air-cooled systems
Air-cooled chillers provide the opportunity to dispense 
with the encumbered maintenance requirements of 
cooling towers. These units generate chilled water 
using the same refrigeration process as water-cooled 
chillers. However, rather than rejecting heat to another 
water circuit, air-cooled-chillers pass the heated 
refrigerant gases through air coils and use fans to 
draw outdoor air across them to cool it.

Air-cooled chillers are more effective than water-
cooled chillers in humid climates, however they need 
larger surface areas for heat rejection than cooling 
towers and consequently also require more roof space. 
In large tall buildings air-cooled chillers are often not 
considered an option due to the lack of roof space.  

As air-cooled chillers operate at higher condensing 
temperatures than their water-cooled counterparts, 
they are less efficient and so are not preferred when 
low-carbon performance is required.

 Ground-based cooling
Ground-based heat exchange provides opportunities 
to increase efficiency of operation during peak heating 
and cooling periods. Ground-based systems operate 
based on the concept that the ground temperature a 
few meters below the surface stabilizes to the mean 
annual ambient temperature. For example, Canberra 
experiences daytime temperatures exceeding 40°C and 
nights below -10°C. However, the ground temperature 
below six meters is relatively consistent at 18°C.  

Using this consistent ground temperature to reject 
heat in summer and absorb heat in winter potentially 
increases the efficiency of any air-conditioning system.

This concept has been implemented for over 20 years 
at the Australian Geological Survey Organization in 
Canberra (pictured). This building uses an array of 100m 
deep bore holes to reticulate condenser water to and 
from water-cooled, reverse-cycle packaged heat pumps 
around the building. Each water-cooled heat pump 
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Geoscience 
Australia Building. 
Photo: http://www.
ga.gov.au/about/
facilities/building

http://www.ga.gov.au/about/facilities/building
http://www.ga.gov.au/about/facilities/building
http://www.ga.gov.au/about/facilities/building
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either rejects or absorbs heat from the condenser water 
circuit when its refrigeration circuit is operational. The 
benefit of this type of system is that some packaged air-
conditioning heat pumps may be in heating mode, some 
may be in cooling mode, but the net heating or cooling 
to be discharged from the building is pumped to the 
ground bore array and is absorbed by the surrounding 
mass of 18°C rock and soil.  

Ground-based systems are efficient during peak 
ambient periods but are limited by the maximum 
achievable capacity of each bore hole. Dependent on 
soil conditions, this is typically 5kW per 100m bore. 
Each bore needs to be installed in an array not closer 
than 3.5m to the next, and ideally the system will have 
equal annual heating and cooling energy so that the 
ground doesn’t slowly and continuously increase, or 
decrease, in temperature.

Ground-based systems are suited to low-rise 
developments because the bore hole array area is a 
function of building heat load. Unless a tall building 
is situated on a large parcel of land, it is likely the site 
area will be too small.

Heating
Heating is delivered in many buildings by gas-fired-
heating hot water generators. These types of systems 
have been in operation for decades and are often sized 
to provide two units capable of serving 50% of the 
load. More recently, installations in Australia have used 
modular boiler systems which afford more efficient 
operation at part load. Each modular boiler is provided 
with a dedicated pump and fires only when the building 
load requires the capacity. Typically, the operating 
temperature of natural gas boilers is 80-60°C.

Office buildings typically have high internal heat gains, 
so the carbon emissions for heating as a percentage 
of the whole building emissions aren’t significant. 
However, there are still opportunities to further cut gas 
consumption and heating energy.

 Condensing boilers
The concept of a condensing boiler is to increase the 
capacity of the boiler by cooling the moisture-laden 
flue gas with the return heating hot water. To do that, 
the return water temperature is reduced to 35-40°C. 
The hot and humid flue gases transfer heat and 
condense water vapour onto the flue heat exchanger, 
transferring significant sensible and latent energy to 
the heating hot water system.  Condensing boilers 
can increase boiler efficiency from the nominal peak 
of 88% for conventional boilers to more than 100% in 
some cases.

 Heat pumps
Heat pumps operate by drawing heat from the ambient 
air, from a water body, or from the ground before 
boosting it using a refrigeration cycle and transferring 
it to an air handling unit or hot water system. 

Heat pumps work most efficiently when they are 
absorbing heat from fluids that are warm. During 
winter periods, cold ambient conditions reduce the 
efficiency of air-based heat pump systems. Below 
5°C, heat pumps can require cycling to allow auto 
defrosting of external coils. During this time, internal 
heating is not available.

With the likely future decarbonization of grid electricity, 
it is anticipated that more heat pumps will be used 
because they are more carbon-efficient than gas-
fueled boilers. 

Low carbon design principles
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Figure 2.10 (a) Thermal mass in 
an office environment absorbs 
internal heat gains during the day, 
and releases them in the evening, 
when the space is unoccupied. 
(b) Thermal mass absorbing 
internal heat gains during the day. 
(c) Night purge of heat from the 
thermal mass.

Thermal mass 
Thermal mass describes a material’s ability to absorb 
and then release thermal energy without significantly 
changing the temperature. These materials are dense 
and have a high thermal capacity (a lot of energy 
is needed to change their temperature by 1ºC). In 
construction, they include stone, brick, dense concrete 
(not aerated concrete) and water. 

The basic principal of using thermal mass is that it 
absorbs thermal energy (heat) from the space when 
it is warm and then releases it again when the space 
is cooler – which in office spaces tends to be at night 
time, when no one is in the building (Figure 2.10a).
 
Thermal mass can be thought of as a “heat sink” 
or “heat sponge” and is a passive strategy that can 
be used to reduce peak heating, cooling and energy 
demand in a mechanical cooling and heating system, 
increasing its efficiency, and reducing its size and 
energy consumption. In commercial buildings, thermal 
mass is used to moderate peak temperatures and peak 
heating and cooling loads. 

In a commercial building the best place to put the 
thermal mass is on the ceiling because heat rises, so 
the mass needs to be where the warmest air is likely to 
be, and because thermal mass needs to be visible to 
be working, i.e., it cannot be covered up.

 Classic passive thermal mass system in 
commercial buildings with night purge
During the day, the thermal mass absorbs heat 
from the air, people and equipment in the space. 
The relatively low temperature of the thermal mass 
helps people in the space to feel cool because they 
are experiencing a relatively low radiant temperature 
(Figure 2.10b). 

At night, when it is cooler outside, the space can be 
naturally ventilated using high-level vents so that the 
night air cools the thermal mass in the ceiling, purging 
the heat absorbed during the day. This means that the 
thermal mass is cool in the morning and the cycle can 
begin again (Figure 2.10c).

Low carbon design principles
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CH2 (Melbourne)

CH2 is an office building in 
Melbourne. Completed in 
2006, it was the first building 
to be awarded a six-star  
Green Star rating.

CH2 by DesignInc. 
Photo: Diana Snape

The offices have 180mm thick pre-cast concrete 
ceilings acting as exposed thermal mass. In the 
daytime, these absorb heat from computers, people 
and equipment. At night, the Building Management 
Control System (BMCS) measures temperatures in 
the slabs and if the outside air is at least 2ºC cooler, 
automatically opens windows to allow for cross 
ventilation. This draws heat away from the ceilings, 
cooling their surface, while chimneys drag the 
warmed air out of the space, and through the roof. 
The concrete ceilings store the cool from the night 
air, radiating it back into the office during the daytime. 
This process reduces the air-conditioning plant  
energy loads by up to 14% in summer months  
(City of Melbourne, 2015).
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Air distribution systems
Air is generally distributed to occupied spaces within a 
building using air-handling units, ducts, terminal control 
devices (VAV boxes), and air diffusion equipment. 
Each one of these items is responsible for generating 
resistance that a fan needs to overcome.

Fans are responsible for approximately 20-25% 
of base building energy consumption for a typical 
commercial office in a temperate climate. This value 
increases to approximately 40% for buildings such 
as hospitals, which operate around the clock. If you 
want to cut a building’s energy consumption you must 
address this issue.

Fan power and hence energy is a function of airflow, 
fan efficiency, motor efficiency, VSD efficiency, and 
static pressure. Reducing the energy consumption 
of fans can be achieved by either reducing airflow 
or system resistance (static pressure), or increasing 
fan, motor, or VSD efficiency. Fan, motor and VSD 
efficiencies are already reaching their theoretical limits 
so the opportunity lies with either reducing air volume 
or reducing system resistance.

Air volume is a function of the room sensible heat 
and difference in temperature between the room 
temperature and the supply air temperature. The 
greater the temperature difference, the less air is 
required. So, a low temperature system supplying 10°C 
air into a 24°C room will require 42% less air than if the 
air is supplied at 16°C. The reduction in fan energy is in 
direct proportion to the reduction in air flow. However, 
colder air temperatures will require more chiller use. 
The correlation seems relatively straightforward 
but the net energy reduction, by reducing supply air 
temperature, is a function of a number of other factors 
including building type, climate, operating profiles, etc.

Reducing system resistance is one variable that is 
often not considered in enough detail. Duct sizes 
are often based on commercial costs. These are 
not just sheet metal costs but building construction 
costs and real estate costs. Large ducts require more 

space between beams, which increases building floor 
heights. For a 40-storey building, this means additional 
concrete, glass curtain wall, wiring, pipe lengths, etc., 
all of which increase costs and embodied carbon. 
Larger risers mean more net lettable floor space to 
transfer air from one floor to another. The costs quickly 
add up for multi-storey buildings.

However, opportunities do exist within the air-handling 
systems. Air-handling units have been historically 
sized with maximum coil face velocities of 2.5m/s 
for cooling coils and 3.5m/s for heating coils. These 
velocities are based on minimizing moisture transfer 
from cooling coils and maximizing an allowable 
pressure drop for heating coils. 

In all cases, the coils sizes have been minimized to 
reduce air-handling unit costs. However, coil pressure 
drops are a square function of coil velocities. If 
coil velocities are reduced the pressure drop falls 
dramatically. And as energy is a direct function of 
pressure drop there is an opportunity to reduce 
energy significantly if air-handling units are oversized. 
The limit to which an air-handling unit can reduce 
its coil velocity is approximately 1.8m/s.  Below this, 
velocity risks poor air distribution across the coil 
face. Larger handling units afford reduced pressure 
drops across not only the cooling coil but also the 
heating coil, and the filter media. The disadvantages 
include the increased air-handling unit volume and 
unit cost. Air-handling units constitute at least 50% of 
the total system pressure for the fan to overcome, so 
increasing their cross section is a cost-effective way of 
significantly reducing energy consumption.

Controls systems
Building Management Control Systems (BMCS) are 
the brain in any building. The BMCS is responsible for 
not only turning plant on and off during the day, but 
for modulating their capacity to the dictates of input 
variables such as room temperature sensors. Metering 
of plant alarm and energy performance is also an 
important function of the BMCS. 

Low carbon design principles
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In the past, the BMCS has been mostly a responsive 
system providing set controlling outputs for a series 
of sensor inputs based on a defined algorithm. 
However, thanks to software development and the 
evolution of the “Internet of Things”, the BMCS has 
mutated from a centrally-located computer housed in a 
building’s basement to a collection of building services 
components, each with their own intelligence, and all 
of them communicating with each other via the cloud. 

Variable air volume ceiling diffusers are now available 
with Bluetooth connectivity. They allow any occupant 
with a Smartphone to adjust their local temperature 
within an occupied space. And when one diffuser 
receives more than one command, the component can 
deliver a democratic response weighted in relation to 
the occupant’s distance from an outlet.

Artificial intelligence will play an increasing part in the 
design and control of buildings. Already, self-learning 
algorithms control some plant routines. This is likely 
to expand into many areas, and with the development 
of facial recognition capability it may even anticipate 
an occupant’s thermal stress level before the person is 
consciously aware of it.

Setpoints
An air-conditioning system will work harder for every 
degree it needs to change the temperature from the 
equilibrium state. Allowing setpoints to float closer to 
the equilibrium state is an effective method to reduce 
carbon emissions.   

For many commercial office developments, the 
standard brief has been to design air-conditioning 
systems to maintain 22.5°C with a tolerance of ±1.5°C 
during peak conditions. More recently, many climate-
change-conscious developers have relaxed this 
standard to allow setpoints to float between a wider 
range of temperatures. 

There are even a few progressive developers who are 
now proposing major buildings be designed based on 
adaptive thermal comfort. These buildings allow the 

internal conditions to move as the external ambient 
temperatures rise and fall. In these cases, summer 
conditions may result in internal conditions of up to 
27°C or higher. Research has shown that if the setpoint 
is increased by just 1ºC, air-conditioning energy use 
can be reduced by 6% (Roussac et al., 2011). Such 
changes are unlikely to have a negative impact on 
office workers; studies have shown that office worker 
cognitive load and thermal comfort doesn’t change in 
Australian buildings if the interior temperature is raised 
from 22ºC to 25ºC (Zhang et al., 2017). 

Low carbon design principles

Principles:
• HVAC is usually the largest contributor to carbon 

emissions in office and commercial buildings. 
Specifying the most efficient systems and 
equipment for a project is an excellent way to 
reduce carbon emissions. For example, in the 
scenarios considered in Section 3 of this guide, 
improvements to motor, VSD and fan efficiencies 
resulted in an 11.4-28% reduction in whole-
building carbon emissions.

• Strategies to reduce fan static pressures can 
also reduce HVAC carbon emissions. Again, in 
the scenarios in Section 3 of this guide, reducing 
fan static pressures by 20% resulted in total 
operating emissions reductions of 0.7-5.5%. 

• Allowing setpoints to vary beyond the standard 
22.5°C ±1.5°C can reduce air-conditioning 
energy, with an increase of 1°C saving 6%. 
Adopting an adaptive comfort model, where 
internal conditions change with the seasons, 
would provide more significant air-conditioning 
reductions, although it would likely require a 
work culture that allowed occupants to change 
their clothing and behaviours according to the 
seasons. 

• Providing exposed ceiling-thermal mass, along 
with night purge ventilation, can reduce carbon 
emissions by reducing both the operating hours 
and load of HVAC plant. 
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Lighting accounts for about 25% of the electricity 
consumed in office buildings (COAG, 2012). This would 
rise by up to 16% if the energy consumed for space 
cooling due to the heat gains from the artificial lighting 
equipment and sunlight entering office environments 
were considered (Gago et al., 2015). The potential for 
energy savings from appropriate lighting design is 
enormous and relatively easy to achieve. In addition, 
good quality lighting has long-term benefits for the 
comfort, mood and productivity of office workers 
(Boyce et al., 2006). 

The advantages of daylight as a primary component 
of an office lighting system is substantial because it 
can cover much of the work of electric lighting. When 
designing for daylight in offices you need to consider 
the geographic location, the weather characteristics 
of the area, the landscape and the obstructions to 
sunlight, parameters that will determine the orientation 
and the form of the building and the position and size 
of the windows. 

The interior design of the office space also affects the 
amount of daylight reaching workstations. Increased 
interior surface reflectance values and appropriate 
layout of furniture and equipment enable maximum 
daylight penetration and increase uniformity. More 
sophisticated daylight systems, such as light shelves, 
anidolic ceilings, light pipes, etc., can be used for areas 
away from the building perimeter. 

To take full advantage of natural light, you need to 
use daylight-linked controls for the artificial lighting, 
which can provide minimum energy consumption for 
lighting and more uniform lighting levels in offices lit by 
daylight. Glare-free offices with daylight-linked controls 
have been found to use 20-70% less energy for lighting 
(Bodart & De Herde, 2002). 

In addition to natural light, high-efficiency artificial 
lighting can reduce carbon emissions. Fluorescent 
tubes (usually T5 lamps) and compact fluorescent 
lamps (CFLs) combined with electronic ballasts 
are commonly used in office spaces. However, 

increasingly, luminaire and lamp manufacturers are 
reducing their product range to light emitting diode 
(LED) components and systems. This is because 
of the advantages of LEDs, including high luminous 
efficacies, good colour rendering, long operating life 
and, in particular, low heat dissipation. Moreover, LEDs 
are dimmable, which makes them the best choice 
when artificial lighting is combined with lighting 
controls and when dynamic lighting is to be used. 

 

Lighting

Low carbon design principles

Principles:
• Using LED lighting instead of fluorescent lighting 

reduces internal heat gains, and cuts cooling 
energy requirements.  

• Optimising daylight can reduce artificial lighting 
requirements, and provide views of the outside. 
But this needs to be carefully balanced against 
unwanted glare and solar heat from the sun by 
specifying appropriate amounts of glazing and 
shading. 

• Daylight-linked controls, which automatically 
reduce artificial lighting when sufficient daylight 
is available, can also contribute to reduced 
energy demand for lighting by between 20-70%.
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Strategies to optimise the building form, fabric and 
active systems are often the most effective and 
cost-efficient way of reducing carbon emissions in 
commercial buildings. However, to move towards net 
zero performance, on-site renewable energy systems 
or offsite renewable energy agreements are essential. 
Some common strategies are discussed below. 

Photovoltaics
The photovoltaic (PV) system is a mature technology 
that has been successfully integrated into commercial 
buildings for years. PV systems are well-suited to 
commercial and office buildings since peak energy 
demand matches peak supply PV power production 
(i.e. in the daytime), with little need for energy storage 
systems. 

The effectiveness of building integrated PV systems 
will depend on factors such as building form, location, 
typology and height. For instance, an unshaded low- or 
mid-rise building with a large roof space (for example, 
a school) would be ideal for roof-mounted PV, which 
may be able to generate a large percentage of the 
building’s energy (pictured). 

However, a tall building in a CBD typically has a small 
roof area as a ratio of occupied energy-consuming 
floor area. In this instance, roof-mounted PV alone 
may only generate a small percentage of the building’s 
energy needs (Figure 2.11). The combination of roof-
mounted and façade integrated PV systems in taller 
buildings may allow for greater energy generation, but 
façade systems tend to be less efficient due to a less 
favourable tilt angle away from the sun, or because of 
shade from other buildings. There may be significant 
upfront costs for PV on commercial buildings but 
payback is often only about four years (CEFC, 2018). 
 

Low/zero carbon technologies
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A rooftop PV array 
in Sydney. Photo: 
Philip Oldfield

Figure 2.11 Theoretical proportion of PV energy that 
would be generated on the roof of a multi-storey office 
building. Adapted from Partridge et al., 2012



Guide to Low Carbon Commercial Buildings – New Build

35

Wind energy 
Recently, there has been interest in on-site energy 
generation using building integrated wind turbines, 
especially in taller commercial buildings. Power output 
from a wind turbine is proportional to the cube of 
wind speed, so a small increase in speed can result in 
greater quantities of energy generation (Denoon et al., 
2008). Since wind speeds increase with height, the top 
of a tall commercial building is a promising place for 
wind energy harvesting.

A number of high-rise commercial buildings have 
emerged to test these ideas. For example, the 
Bahrain World Trade Centre in the kingdom’s capital, 
Manama, integrates three 29 metre-diameter wind 
turbines between two aerodynamic office towers 
that have been designed to increase wind speeds 
and subsequent energy generation. Pre-construction 
simulations suggest they could generate 11-15% of  
the tower’s electrical needs (Smith & Killa, 2007).

These are exciting ideas but there is very little empirical 
data about the performance or effectiveness of 
building integrated turbines. Such systems also face 
significant challenges. The roughness of the urban 
terrain can cause unpredictable wind conditions 

adjacent to buildings in dense urban environments. 
In addition, there are concerns about turbine noise, 
vibrations and shadows and their impact on the urban 
realm. So, building integrated wind turbines is unlikely 
to be an effective or cost-efficient strategy for energy 
generation in most Australian commercial buildings, 
with PV providing a far better return on investment. 

Precinct level energy generation
For commercial buildings in CBDs, on-site energy 
generation using PV or wind may be a challenge, 
because surrounding buildings can cause shade 
and unpredictable wind conditions, limiting on-site 
capabilities. In these instances, a ‘precinct level’ 
approach to on-site energy generation may be a more 
effective strategy. 

A common technology in Australia is gas-fired tri-
generation plants. Trigeneration or CCHP (combined 
cooling, heating and power) consists of engines that 
burn fuel on-site to generate electricity and hot water. 
Cooling is generated using an absorption chiller. The 
advantage of such a system is the heat loss from 
electricity generation is captured and used on-site, 
compared with traditional centralised power stations 
where heat is often rejected.  

Low carbon design principles

Bahrain World 
Trade Centre. 
There are a number 
of examples of 
wind turbines 
integrated into 
high-rise buildings 
but there isn’t 
much data about 
their performance.
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Gas-fired trigeneration systems can reduce the carbon 
emissions of buildings, or precincts, in regions where 
electricity is typically generated using carbon intensive 
fuels, such as coal-fired power plants. In cities and 
regions where electricity is generated using gas 
turbines the carbon benefits of gas fired trigeneration 
are significantly reduced (Partridge, 2012). Given the 
likely future decarbonisation of regional electricity 
grids, gas-fired trigeneration systems will not be 
the best option for future decarbonisation in many 
situations, because electricity will have lower carbon 
emissions. To overcome this, in the City of Sydney, for 
example, some precinct level trigeneration systems 
will switch from natural gas to renewable gas sources 
captured from municipal waste, sewage and landfill by 
2030 (Kinesis 2012). 

 
Principles:
• Photovoltaic (PV) panels represent the best 

opportunity for on-site energy generation in 
commercial buildings in Australia. 

• Roof-mounted PV panels are an excellent choice 
for many buildings because they can be tilted 
towards the sun. However, in taller commercial 
buildings, roof space is limited, so façade 
mounted PVs may be used in tandem. These are 
usually more expensive and  less efficient.

• Precinct level gas-fired trigeneration plants will 
likely not offer the lowest carbon emissions 
in the long term as decarbonisation of the 
electricity grid will mean electric systems are 
more carbon-efficient.
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There are a variety of benefits for the tenants and 
owners of office buildings that have low carbon 
emissions. These include:
• reduced energy costs
• reputational benefits (corporate social responsibility)
• a high-quality work environment, potentially leading 

to improved occupant satisfaction.

Research suggests that over the life cycle of a building, 
85% of a business’s costs are from staff and salaries 
(Collins et al., 2008) (Figure 2.12). This means a small 
increase in building construction costs to achieve low-
carbon emissions and improve the quality of space, 
comfort and daylight, could be offset by an increase in 
staff productivity, a reduction in absenteeism, and/or 
the retention/recruitment of talented staff. 

For example, CitySwitch (2015) suggest that a 5,000m² 
office building with a 4.5 NABERS energy rating and 
5-star Green Star rating, combined with best-practice 
lighting, could generate $4.7M in savings per year due 
to reduced energy bills and lower absenteeism, and 
increased staff productivity (for a company with 333 
employees). 

One of the challenges in this regard is the nature 
of commercial buildings, where landlords typically 
develop and own the building, and tenants rent the 
space. Once a contract has been signed, there is little 
incentive for either party to improve building efficiency 
or reduce carbon emissions – hence the need for new 
commercial buildings to lock in high performance from 
the beginning (Oldfield et al, 2019). 

However, tenants can still play a key role in carbon 
performance after a new building is complete. For 
example, CitySwitch (https://cityswitch.net.au/) is a 
free program that educates office tenants on ways 
to improve their energy efficiency and workplace 
environment while decreasing costs, carbon emissions 
and waste. In 2018, program members saved 711,066 
tonnes of CO2-e through energy efficiency measures 
and carbon offsetting (CitySwitch, 2018). 

Benefits for tenants and owners

85%
Salaries of
occupants

6.5%
Construction

Costs

4%
M&E Services

(Running + 
Maintenance)

4.5%
Other

Figure 2.12 Business costs across a 
whole building life cycle.  
Source: Collins et al., 2008

Low carbon design principles

https://cityswitch.net.au/


SECTION

03

This section uses simulations of two commercial office buildings, one tall – and one 
medium-rise, to quantify and graphically present the impact of various strategies on 

operating carbon emissions. 

Low carbon scenarios
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This section uses simulations of two 
commercial office buildings, one tall- 
and one medium-rise, to quantify and 
graphically present the impact of various 
strategies on operating carbon emissions. 

The buildings simulated in this section exist, and 
the base-case simulations are calibrated against the 
finished buildings using a year’s worth of collected 
data. The base-case characteristics for both buildings 
already demonstrate ‘good performance’, achieving 
NABERS design ratings of 5.5 stars for the tall building, 
and 5 stars for the medium-rise. This means achieving 
carbon savings beyond the norm is more challenging 
than it would be to improve a building that already had 
poor performance.  

The building designs have been simulated using IES 
software and Sydney, Melbourne and Brisbane climate 
data to determine carbon emissions. Buildings can be 
considered as a collection of systems. For this section, 
we considered design changes across three different 
systems:

Activity system
This consists of all the activities that happen in the 
building and the internal thermal loads associated 
with them. This includes people, computers, lights and 
other sources of internal heat created by the day-to-
day operations of the building. 

Envelope system
The envelope system manages solar gain, thermal 
conduction into and out of the building (insulation), 
air infiltration, and natural light, among other things. 
Factors considered in this analysis include changes to 
the glazing U-value, solar heat gain coefficient (SHGC), 
envelope infiltration and roof U-value.

Heating, ventilation and air-conditioning systems
This includes the systems that help to control the 
internal air quality and thermal environment. Factors 
considered in this analysis include air distribution fan 
pressure, plant efficiency, chiller Integrated Part Load 
Value (IPLV), and boiler type. 

In addition, ‘best practice’ and ‘innovative’ combinations 
of the above systems were simulated in conjunction 
with on-site energy generation technologies to track 
pathways towards zero net carbon. 

These simulations are limited to simple changes in 
building specification. They do not consider design 
ideas such as changing the building form, orientation 
of plan depth, changes to window-to-wall ratio, the 
introduction of shading systems or using mixed-mode 
ventilation (except in the mid-rise scenario). Changes 
in these areas could generate more significant 
operating carbon savings. 

bslee
Highlight
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The tall office building consists of a 31-storey tower that meets NABERS 5.5 star performance. Details of the base-
case scenario are outlined in Table 3.1, with descriptions of the alternative scenarios outlined beyond. Graphs 
illustrating the modelling outputs in terms of operational carbon performance of the building in Sydney, Melbourne 
and Brisbane are located in Figures 3.1, 3.2 and 3.3.  

Low carbon scenarios

Tall office building scenarios

Table 3.1 Tall office building – base-case scenario. 

Gross floor area 45,272m²

Net floor area 39,803m²

Storeys 31 above ground + 5 basements

Internal loads Lighting 6.5W/m² and equipment at 
11W/m² 

Façade performance Tower levels 3 to 30:
West: U-value=2.05, SHGC=0.23
North: U-value=2.52, SHGC=0.22
East 1: U-value=2.12, SHGC=0.22
East 2: U-value=2.08, SHGC=0.22

Podium levels 1 and 2
North and West: U-value=3.0, 
SHGC=0.38

Podium Ground
North and West: U-value=5.5, 
SHGC=0.56

Roof 
U-value = 0.27

Infiltration ACH = 1.5 to all perimeter zones

Fan pressure • Supply Air Fan Static Pressure 
ranges from 365 to 670 Pa

• Return Air Fan Static Pressure 
ranges from 190 to 265 Pa

HVAC • Supply Air Fans Motor 
efficiencies range from 46%-77%

• Supply Air Fans Fan efficiencies 
range from 59%-85%

• Return Air Fans Motor 
efficiencies range from 43%-66%

• Return Air Fans Fan efficiencies 
range from 79%-84%

Pumps
• 92% Motor efficiency
• 85% VSD efficiency 

Lifts
• 92% Motor efficiency
• 85% VSD efficiency

Chillers 3 Chillers with ILPVs of 9.6

Boilers 2 Gas-fired boilers with efficiencies 
at 85%

Case Study 2.1 Internal loads are 40% less than the base case

Case Study 2.2 Internal loads are 40% more than the base case

Case Study 3.1 Glazing U-value reduced to 2.0W/m²k

Case Study 3.2 Glazing U-value reduced to 1.0W/m²k

Case Study 4.1 SHGC reduced to 0.2

Case Study 4.2 SHGC increased to 0.35

Case Study 5.1 Infiltration reduced to 1ACH

Case Study 5.2 Infiltration reduced to 0.5ACH

Case Study 6.1 Roof U-value reduced to 0.25W/m²k

Case Study 6.2 Roof U-value reduced to 0.20W/m²k

Case Study 7.1 10% reduction in fan static pressure 

Case Study 7.2 20% reduction in fan static pressure 

Case Study 8.1 Improvement in motor & VSD efficiency to 99% 
and fan efficiency to 85% (incl. pumps, fans, lifts, etc.)

Case Study 9.1 Chiller IPLV reduced to 9

Case Study 9.2 Chiller IPLV increased to 12

Case Study 10.1 Boiler efficiency increased to 0.98 using a gas 
condensing boiler

Case Study 11.1 Electric heat pump instead of a gas boiler (COP 
= 4)

Case Study 12.1 This case study represents a combination of 
practical strategies from above. These include internal loads 
reduced by 40% (case study 2.1); a glazing system with a 
U-value of 2.0 W/m²K and SHGC of 0.20 (case studies 3.1 and 
4.1); a 10% reduction in fan static pressure (case study 7.1); and 
a 784m² mounted photovoltaic system at 14% efficiency.

Case Study 13.1 This case study represents a combination 
of more innovative strategies from above. This includes 
internal loads 60% less than base case; a glazing system with 
a U-value of 1.0 W/m²K (case study 3.2) and SHGC of 0.10; 
a 20% reduction in fan static pressure (case study 7.2); a 
784m² mounted photovoltaic system and a large-scale façade 
integrated photovoltaic system at 14% efficiency.
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37.21 kg.CO2-e/m2/annum

PV - ELECTRICTY 
GENERATION 

MISC. POWER
PLANT
HOT WATER
HEATING
VENTILATION
COOLING

MISCELLANOUS 
POWER
Includes power for lifts 
(vertical transport), 
lighting and small power 
e.g. desk equipment etc. 

PLANT
Energy for pumping 
condenser water for 
supplementary tenancy 
services, fire and hydraulic 
pumps and generator 
testing.  

HOT WATER
Power for domestic 
hot water in the 
taps etc. 

HEATING
Power for heating the 
air in the AHU system, 
including boilers, electric
elements and water 
pumps.

VENTILATION
Power for AHU and other
auxiliary fans e.g. WC
and carpark 

COOLING
Includes power for 
chillerplant, fans in 
condenser units, 
pumps for circulating 
chilled water and 
spilt system units.  

PV GENERATION
On-site electricty generation
from PV systems integrated into 
the roof and facade of the building. 
These are shown as a negative 
value balancing the energy 
used on-site to operate the 
various building systems.
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TALL OFFICE BUILDING CASE STUDY: MELBOURNE
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PV - ELECTRICTY 
GENERATION 

MISC. POWER
PLANT
HOT WATER
HEATING
VENTILATION
COOLING

MISCELLANOUS 
POWER
Includes power for lifts 
(vertical transport), 
lighting and small power 
e.g. desk equipment etc. 

PLANT
Energy for pumping 
condenser water for 
supplementary tenancy 
services, fire and hydraulic 
pumps and generator 
testing.  

HOT WATER
Power for domestic 
hot water in the 
taps etc. 

HEATING
Power for heating the 
air in the AHU system, 
including boilers, electric
elements and water 
pumps.

VENTILATION
Power for AHU and other
auxiliary fans e.g. WC
and carpark 

COOLING
Includes power for 
chillerplant, fans in 
condenser units, 
pumps for circulating 
chilled water and 
spilt system units.  

PV GENERATION
On-site electricty generation
from PV systems integrated into 
the roof and facade of the building. 
These are shown as a negative 
value balancing the energy 
used on-site to operate the 
various building systems.
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TALL OFFICE BUILDING CASE STUDY: BRISBANE
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PV - ELECTRICTY 
GENERATION 

MISC. POWER
PLANT
HOT WATER
HEATING
VENTILATION
COOLING

MISCELLANOUS 
POWER
Includes power for lifts 
(vertical transport), 
lighting and small power 
e.g. desk equipment etc. 

PLANT
Energy for pumping 
condenser water for 
supplementary tenancy 
services, fire and hydraulic 
pumps and generator 
testing.  

HOT WATER
Power for domestic 
hot water in the 
taps etc. 

HEATING
Power for heating the 
air in the AHU system, 
including boilers, electric
elements and water 
pumps.

VENTILATION
Power for AHU and other
auxiliary fans e.g. WC
and carpark 

COOLING
Includes power for 
chillerplant, fans in 
condenser units, 
pumps for circulating 
chilled water and 
spilt system units.  

PV GENERATION
On-site electricty generation
from PV systems integrated into 
the roof and facade of the building. 
These are shown as a negative 
value balancing the energy 
used on-site to operate the 
various building systems.
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Guide to Low Carbon Commercial Buildings – New Build

44 Low carbon scenarios

Mid-rise building scenarios

The mid-rise office building consists of an eight-storey office, with large mixed-use ground-level ancillary spaces. 
The building meets NABERS 5-star performance. Details of the base-case scenario are outlined in Table 3.2, with 
descriptions of the alternative scenarios outlined beyond. Graphs illustrating the modelling outputs in terms of 
operational carbon performance of the building in Sydney, Melbourne and Brisbane are located in Figures 3.4, 3.5  
and 3.6.  

Table 3.2 Mid-rise office building – base-case scenario. 

Gross floor area 23,116m²

Net floor area 11,503m² (Class 5)

Typical floorplate 1,700m²

Storeys 8 above ground + 1 basement

Internal loads Lighting – 7W/m²
Equipment – 12W/m²

Façade performance Glazing U-value=4.0
SHGC=0.4
Roof U-value=0.27 

Infiltration 0.7 ACH

Fan pressure Baseline static pressure of 650Pa

Chillers IPLV of 6.4

Boilers Boiler efficiency of 0.80  
(non-condensing unit)

Case Study 2.1 Internal loads are 40% less than the base case

Case Study 2.2 Internal loads are 40% more than the base case

Case Study 3.1 Glazing U-value reduced to 3.0W/m²k

Case Study 3.2 Glazing U-value reduced to 2.0W/m²k

Case Study 4.1 SHGC reduced to 0.25

Case Study 4.2 SHGC reduced to 0.15

Case Study 4.3 Glazing U-value reduced to 3.0W/m²k and  
SHGC reduced to 0.25

Case Study 4.4 Glazing U-value reduced to 2.0W/m²k and  
SHGC reduced to 0.25

Case Study 5.1 Infiltration reduced to 0.35ACH (50% of BCA 
2019 reference building levels)

Case Study 5.2 Infiltration reduced to 0.03ACH 

Case Study 6.1 Roof U-value reduced to 0.22W/m²K

Case Study 6.2 Roof U-value reduced to 0.18W/m²K

Case Study 7.1 10% reduction in fan static pressure

Case Study 7.2 20% reduction in fan static pressure

Case Study 8.1 Improvement in motor & VSD efficiency to 88% 
and fan efficiency to 85% (incl. pumps, fans, etc.)

Case Study 9.1 Chiller IPLV increased to 9

Case Study 9.2 Chiller IPLV increased to 12

Case Study 10.1 Boiler efficiency increased to 0.98 using a gas 
condensing boiler

Case Study 11.1 Electric heat pump instead of a gas boiler  
(COP = 3)

Case Study 12.1 This case study represents a combination of 
practical strategies from above. This includes reducing internal 
loads by 40% (case study 2.1); reducing the glazing U-value 
to 3.0W/m²K and SHGC to 0.25 (case study 4.3); infiltration to 
0.35ACH (case study 5.1); 10% reduction in fan static pressure 
(case study 7.1); boiler efficiency improved to 0.98 (case study 
10.1) and installation of a 100kW PV system on 36% of the roof.  

Case Study 13.1 This case study represents a combination of 
more innovative strategies from above. This includes reducing 
internal loads by 40% (case study 2.1); reducing the glazing 
U-value to 2.0W/m²k (case study 3.2) and SHGC to 0.15 
(case study 4.2); infiltration to 0.03ACH (case study 5.2); 20% 
reduction in fan static pressure (case study 7.2); improved 
motor and VSD efficiency to 88% and fan efficiency to 85% (case 
study 8.1); boiler efficiency improved to 0.98 (case study 10.1) 
and installation of a >100kW PV system covering the whole roof. 

Case Study 13.2 This case study represents the same innovative 
combination of systems from 13.1 above, but with a mixed-
mode ventilation system. This allows for natural ventilation 
during the occupied hours when outside conditions are suitable. 
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TYPICAL MEDIUM-RISE OFFICE BUILDING IN SYDNEY  
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PV - ELECTRICTY 
GENERATION 

MISC. POWER
PLANT
HOT WATER
HEATING
VENTILATION
COOLING

MISCELLANOUS 
POWER
Includes power for lifts 
(vertical transport), 
lighting and small power 
e.g. desk equipment etc. 

PLANT
Energy for pumping 
condenser water for 
supplementary tenancy 
services, fire and hydraulic 
pumps and generator 
testing.  

HOT WATER
Power for domestic 
hot water in the 
taps etc. 

HEATING
Power for heating the 
air in the AHU system, 
including boilers, electric
elements and water 
pumps.

VENTILATION
Power for AHU and other
auxiliary fans e.g. WC
and carpark 

COOLING
Includes power for 
chillerplant, fans in 
condenser units, 
pumps for circulating 
chilled water and 
spilt system units.  

PV GENERATION
On-site electricty generation
from PV systems integrated into 
the roof and facade of the building. 
These are shown as a negative 
value balancing the energy 
used on-site to operate the 
various building systems.
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TYPICAL MEDIUM-RISE OFFICE BUILDING IN MELBOURNE  
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& FAN 
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BOILER 
EFFICIENCY

ACTIVITIES ENVELOPE VENTILATION, COOLING & HEATING 
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PV - ELECTRICTY 
GENERATION 

MISC. POWER
PLANT
HOT WATER
HEATING
VENTILATION
COOLING

MISCELLANOUS 
POWER
Includes power for lifts 
(vertical transport), 
lighting and small power 
e.g. desk equipment etc. 

PLANT
Energy for pumping 
condenser water for 
supplementary tenancy 
services, fire and hydraulic 
pumps and generator 
testing.  

HOT WATER
Power for domestic 
hot water in the 
taps etc. 

HEATING
Power for heating the 
air in the AHU system, 
including boilers, electric
elements and water 
pumps.

VENTILATION
Power for AHU and other
auxiliary fans e.g. WC
and carpark 

COOLING
Includes power for 
chillerplant, fans in 
condenser units, 
pumps for circulating 
chilled water and 
spilt system units.  

PV GENERATION
On-site electricty generation
from PV systems integrated into 
the roof and facade of the building. 
These are shown as a negative 
value balancing the energy 
used on-site to operate the 
various building systems.
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supplementary tenancy 
services, fire and hydraulic 
pumps and generator 
testing.  
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hot water in the 
taps etc. 

HEATING
Power for heating the 
air in the AHU system, 
including boilers, electric
elements and water 
pumps.

VENTILATION
Power for AHU and other
auxiliary fans e.g. WC
and carpark 

COOLING
Includes power for 
chillerplant, fans in 
condenser units, 
pumps for circulating 
chilled water and 
spilt system units.  

PV GENERATION
On-site electricty generation
from PV systems integrated into 
the roof and facade of the building. 
These are shown as a negative 
value balancing the energy 
used on-site to operate the 
various building systems.
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Analysis of the tall- and medium-rise buildings 
indicates that making small changes to any of one 
system or building characteristic on its own is unlikely 
to have a significant impact on the overall carbon 
performance. But combinations of strategies, along 
with on-site energy generation from photovoltaic 
panels, can result in substantial carbon savings 
towards carbon neutrality. 

Activity system
Reducing the internal loads from computers, lighting 
and other equipment can have a significant impact 
on the carbon performance of office buildings. In 
the scenarios tested, a 40% reduction in internal 
loads resulted in up to a 13.5% reduction in carbon 
emissions. For the tall-building scenario in Sydney, for 
instance, this saving equates to 263tCO2-e per year 
(6.6kgCO2-e/m² NLA). 

As such, strategies to reduce internal loads through 
LED lighting, energy management (i.e. switching off 
equipment when it is not being used) or high-efficiency 
equipment should be pursued.  

Envelope system
Improvements to individual characteristics of the 
envelope beyond the current NABERS 5.5 and 5-star 
ratings, had a small impact on the overall carbon 
performance of both buildings. It is worth noting 
that both the high- and mid-rise buildings have a 
low surface-area-to-volume-ratio; that is, they have 
compact forms, with deep floor plates, as is common 
in office buildings. This means the envelope is not the 
primary driver of building performance, since there is 
only a small amount of envelope for a large building 
volume. In different building types, for example, in a 
slender office tower or a small office building with 
a large surface area, improvements to the building 
envelope would likely generate greater carbon savings. 

 Improving the U-value 
Reducing the U-value in office building facades can 
reduce carbon emissions but only when combined 
with strategies to reduce internal heat gains. In the tall-

building case studies, improving the glazing U-value 
increased carbon emissions in the warmer climates 
of Sydney and Brisbane but reduced emissions 
by up to 4% in cooler Melbourne. In the mid-rise 
scenario, improving the U-value to 3.0W/m²k reduced 
carbon emissions in all three cities by up to 2.9% but 
improving further to 2.0W/m²k increased emissions 
by between 1.2%-6.7%. This is due to some scenarios 
benefitting from a lower performance building 
envelope because it provides a degree of free cooling 
from outdoor air infiltration or conductive losses of 
internal heat gains. 

Improving the thermal performance of the envelope 
needs to be undertaken in conjunction with reducing 
internal heat gains or night purge ventilation as 
discussed in Section 2, in order for more consistent 
carbon savings to occur in commercial buildings. 

 Improving SHGC
Improving the SHGC of the glazing often reduced 
carbon emissions. In the tall-building scenario, 
reducing SHGC to 2.0 reduced carbon emissions by 
2.4% and 3.2% in Sydney and Melbourne, respectively, 
but increased emissions in Brisbane by 1.1%. In the 
mid-rise scenario, reducing SHGC to 0.15 reduced 
emissions by 1.7% in Melbourne, 5.4% in Brisbane  
and 7.2% in Sydney. 

Reducing both the U-value from 4.0 to 2.0W/m²k and 
SHGC from 0.4 to 0.25 in the mid-rise scenario had a 
consistent impact on carbon emissions, reducing them 
between 3.1-3.6% across the three climates. 

 Improving air-tightness
Improving the envelope air-tightness, and reducing 
infiltration had a carbon benefit in some climates. 
In the warmest climate of Brisbane, increased air-
tightness had a negative impact, increasing carbon 
emissions by 0.9-4.8%. This is due to the building 
benefitting from the free cooling a ‘leakier’ façade 
provides. In colder Melbourne, improving air-tightness 
consistently reduced carbon emissions by 0.5-1.2%. 
Improving air-tightness in Sydney had a negative 
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carbon impact in the tall building but reduced 
emissions in the medium-rise building. 

As is the case with improving the U-value, to reduce 
carbon emissions in commercial buildings through 
increasing air-tightness, internal heat gains must be 
reduced, or alternative methods of benefitting from 
free cooling (i.e. night purge ventilation) must be found.

Heating, ventilation and air-conditioning system
Given the deep floor plans of the base case buildings 
in this analysis, improving the performance of the 
ventilation, cooling and heating systems had a positive 
impact on the environmental performance of the whole 
building. 

 Improving fan static pressures
Reducing the fan static pressures reduced carbon 
emissions in virtually all scenarios, with savings of  
up to 5.5% of total building emissions.  

 Improving motor and fan efficiencies
Using the most efficient pumps, fans and equipment 
available can have a significant impact on energy use 
and associated carbon emissions. In the scenarios 
tested, improvements to motor and fan efficiencies 
resulted in an 11.4-28% reduction in carbon emissions. 
For the medium-rise building in Melbourne (28%), this 
saving equates to an 18.45kgCO2-e/m²NLA. 

As a single parameter change, this resulted in the 
most significant carbon savings across all scenarios, 
demonstrating the value of high-performance 
equipment in office buildings. 

 Improving chiller performance
Increasing chiller IPLV from 9.6 to 12 in the tall-building 
scenario reduced carbon emissions by 1.9-3.7% 
(savings of 1.0 – 1.8kgCO2-e/m² NLA). 

In the mid-rise scenario, increasing chiller IPLV from 
6.4 to 12 reduced emissions by 4.5-11.3% (savings of 
3.0-7.3kgCO2-e/m² NLA). Using the highest efficiency 
chillers available is a valuable investment for reducing 

carbon emissions in commercial buildings. 

 Improving boiler efficiency and type
In both buildings, increasing boiler efficiency to 0.98 
and using a gas condensing boiler improved the 
carbon performance. Figures ranged from savings 
of 0.2-1.7%. The biggest savings were made in the 
coldest climate, Melbourne (1.6% in the high-rise, and 
1.7% in the medium-rise).

Using an electric heat pump instead of a gas boiler 
delivered mixed results. In the longer term, with the 
anticipated decarbonisation of the electricity grid, this 
option will likely lead to more consistent reductions in 
carbon emissions in all situations.  

Combinations
On the whole, individual changes had only small 
effects but combinations of changes had a far more 
substantive impact on carbon emissions. 

For example, the ‘best practice’ scenarios include the 
reduction of internal heat gains by 40%, moderate 
improvements to the building envelope, a 10% 
reduction in fan static pressure and the installation of 
a relatively conventional rooftop photovoltaic array. 
These changes resulted in a 20-25% reduction in 
operating carbon emissions in the high-rise building, 
and closer to a 50% reduction of operating carbon 
emissions in the mid-rise scenario. The greater 
savings in the mid-rise scenario were due to a larger 
roof area facilitating more on-site energy generation 
from photovoltaics. These are significant savings, 
given the base-case buildings’ performance is already 
considered ‘good’. 

So, what does it all mean for reaching net zero carbon 
performance in these buildings? The simulations show 
nearly net zero carbon performance is feasible in these 
case studies through the use of non-conventional 
and innovative strategies. These include a higher 
performance envelope system with increased air-
tightness (0.5 ACH in the tower, 0.03ACH in the mid-
rise); reduced internal heat loads of 40% in the mid-rise 
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and 60% in the high-rise; a 20% reduction in fan static 
pressure, improved motor and fan efficiencies, and, in 
the mid-rise building, the use of mixed-mode ventilation. 

In both scenarios a far more radical and extensive on-
site energy generation system was implemented. In the 
mid-rise scenario this consisted of a PV system covering 
the whole roof. In the high-rise scenario, this consisted 
of rooftop PV and façade integrated PV cells. These 
systems are generally prohibitively expensive in the 
short-term but they do result in extremely low carbon 
emissions. In the high-rise scenario, these combinations 
save between 81.4-95.3% of carbon emissions, with 
operating emissions ranging from 2.29 – 10.23kgCO2-e/
m²/annum. In the mid-rise, they save between 95.4-
97.1% of carbon emissions, resulting in buildings with 
emissions ranging from 1.89-2.73kgCO2-e/m²/annum. 
These results are many magnitudes less than those 
achieved by most conventional high-performance office 
buildings built today.

These simulations were limited to simple parameter 
changes, and did not consider more complex changes 
to the overall building design, such as form, orientation, 
plan depth, WWR and shading systems. Changes to 
these parameters in the preliminary design may make 
carbon neutrality easier and more cost effective to 
achieve. However, even in the scenarios presented 
here, full carbon neutrality can be achieved by using 
the combinations tested above in conjunction with 
electricity from offsite renewable energy sources 
delivered by solar purchase power agreements.

Low carbon scenarios
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