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Message	from	the	Mayor

Climate change is the prevailing issue and most pressing 

challenge for humankind in the 21st century, with 

potentially catastrophic impacts on our livelihoods and 

wellbeing as a city, nation and global community.

Scientific evidence is mounting which connects human 

activity to temperature increases and consequential 

economic, environmental and social impacts. The 

effects of climate change are being felt much earlier 

than expected, whilst simultaneously the momentum of 

our response and actions is building on an international 

scale.

Cities and urban areas are where we gather as 

communities, to enjoy work and recreation, to share 

resources, exchange ideas and information, and enjoy 

the benefits that urban living can bring – opportunities, 

support, services and social interaction.

Cities are also a primary source of CO2 emissions, 

consumption of resources such as energy and water 

and waste production. The impacts of our buildings, 

transportation and lifestyle contribute significantly to the 

factors contributing to climate change.

But the built environment can also become a key 

component of the solution. By changing the way we 

design, build and manage our buildings and cities, we 

can address these issues, making cities more self-

sustaining and less harmful to the natural environment.

Frankston City is leading the way in this great challenge 

and opportunity. By developing and preparing this ESD	

Design	Guide	-	Buildings, a valuable and much-needed 

resource for all designers, we are demonstrating our 

commitment to a more ecologically sustainable city 

and our aspiration to realise the community’s vision. 

The partner publication, ESD	Design	Guide	-	Urban	

Design	is a truly innovative and pioneering publication 

in the Australian and international context and provides 

detailed guidance for achieving a more sustainable 

public realm that promotes real behaviour change.

Many of the principles and design suggestions in 

this document will not only make our buildings more 

sustainable, but will encourage a wide range of lifestyle 

benefits and improvements. We understand that a more 

sustainable city will also be more comfortable, enjoyable, 

vibrant, connected, healthy, prosperous and safe.

We plan to deliver the ideas and initiatives in this 

document across Frankston City, and also to share this 

information across Melbourne and beyond, to encourage 

other locations to follow Frankston’s leadership and 

initiative in establishing a comprehensive ESD Design 

Guide for Buildings.

Councillor	Christine	Richards	

Mayor	of	Frankston	City
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How	to	use	this	Guide

This publication is intended to provide useful information 

and specific recommendations to improve the 

environmental credentials of a building project.  

This guide (herein referred to as the ESD Design Guide 

for Buildings) is specifically developed for non-residential 

buildings (e.g. office buildings, shopping centres, 

community buildings, schools) and those involved in 

the planning and design of such buildings – such as 

architects, engineers, consultants and town planners.

They are also a set of recommendations which 

Frankston City Council will value in planning applications 

as well as in its own building projects; however normal 

statutory and permit processes must still be followed.  

In addition, adherence to these recommendations will 

make it easier to work towards recognition of a building 

project by an environmental rating tool, however this 

guide does not replace the normal requirements or 

process designated to achieve accreditation under  

each rating tool.

It is anticipated that the content will be periodically 

updated in response to advances in technology and the 

changing regulatory environment.  The core information 

and recommendations will remain useful and relevant 

regardless of these changes.

The level of detail provided by this guide is suitable for 

most development types.  For smaller single-dwelling 

developments it is recommended that easy guidance 

can be found through the Your Home website at  

www.yourhome.gov.au

Frankston	2025:	A	Vision	for	Our	Community’s	Future

In 2007, over 1500 community members of Frankston 

City participated in developing a future vision of our 

municipality called Frankston 2025.(1)   

A sustainable Frankston community is one of the 

underpinning ideals of Frankston 2025. The vision  

states that: 

“The Frankston community will prosper socially 

and economically, while preserving the ability of our 

natural environment to support a good quality of life 

for future generations.”

Theme 8 of the vision is ‘Well planned, well built and 

well maintained’. This theme describes a future urban 

environment which is planned and built on the principles 

of sustainability. Urban areas will become more vibrant, 

locally-focussed, environmentally sustainable, accessible 

and less car-reliant.

Theme 9 of the vision is ‘Clean and Green’. The 

vision calls for a proactive approach to environmental 

protection and conservation of natural resources, 

reduced dependence on energy and water resources, 

and minimised greenhouse gas emissions. It also 

envisions extensive biodiversity within urban areas and 

improved waterway quality.

Frankston 2025 expresses the Frankston community’s 

expectations and aspirations for the future of their local 

area, and provides a strong basis for this ESD Design 

Guide for Buildings.
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In the immediate sense, if chemicals are poured into 

water then you can’t drink it.  If you cut down a tree 

then an animal can’t live in it, and the tree can no longer 

produce oxygen.  If you burn a fossil fuel it makes a 

poisonous plume.  These are locally felt consequences 

which generally remain a local concern to those affected.

In the intermediate view, a person will be able to 

observe over a lifetime the gradual deterioration of the 

landscape as a result of human settlement.  Areas where 

vegetation has been cleared will start to erode and the 

waterways become more heavily silted resulting in fish 

populations decreasing.  The chemicals entering the 

waterways from road runoff, spills and illegal dumping 

start to move down the catchment to larger bodies of 

water, contaminating soil embankments, fish habitat and 

water sources for animals.  It also starts to produce algal 

blooms and inhibit marine plant growth.  

On land, the balance of fauna will shift as native animals 

are pushed out of their original habitat and urbanisation 

takes over. What you will see are the likely residual 

species being possums, rodents and birds, along with 

the occasional introduced species such as rabbits and 

foxes.  Litter becomes a common issue along roadways, 

water courses and beaches.  Air quality deteriorates as 

vehicle use escalates and industry increases, noticeable 

as odours, visual haze and poor health outcomes.   

The mass of built form and paved surfaces will cause 

an increase in local temperatures, known as an urban 

heat island, and will bring with it the equivalent of a rain 

shadow.  It can also be reasonably expected that the 

physical and social health of the residents will deteriorate 

as behaviours shift to car-dependency in lieu of more 

active transport modes, and as introspective suburban 

layouts reduce human interaction.

The impact of these is much more noticeable, and to the 

observer this would be a cause for significant concern 

and action.  The original ecology with its relationships 

and balance is dramatically disrupted by human 

settlement, and it is evident that the human activities  

and development patterns are going to undermine the 

very elements of the environment that are required for 

our existence.

Important advances in research and modelling 

techniques and an increase in data that is available have 

introduced an even larger scale view of the impact of 

human settlement on our world.  It takes into account 

trends through time adding valuable context to current 

experiences of climate and weather.  Through this 

information we see the macro effect of combined  

human activities.

The first conclusion is that global warming is taking 

place, where heat from the sun is getting trapped in 

the earth’s atmosphere instead of being reflected back 

out to space. Gradually, over time this is causing the 

earth’s surface temperature to rise.  The result of this is 

thermal expansion of the oceans and melting of large 

ice formations, resulting in higher sea levels.  Weather 

patterns are becoming more intense with hotter, drier 

summers and heavier and more sporadic bursts of 

rainfall and larger hailstones.  The change to the climate 

is leading to increased mortality of children and the 

elderly and an increased rate of extinction of native 

plants and animals.  All of these directly impact on 

human development patterns and behaviours.

The second, and more significant conclusion is that 

human activity has played a key role in accelerating 

Our	Environment

1.1  What is it? 1.2  What is happening to it?

When we speak of the ‘environment’ it can sound 

very vague.  In reality, an environment is any context 

that we find ourselves in. It can be social such as the 

work environment, it can be physical such as the built 

environment, and it can be emotional such as a ‘happy’ 

environment.  

However, over the past few decades there has been one 

environment that has become an increasing concern to 

humanity – the natural environment.

By natural environment, we are referring to the native 

state of the physical landscape prior to human 

settlement.  This includes all aspects such as trees, 

shrubs and grasses; animals, birds and fish; streams, 

rivers, lakes and oceans; air and weather patterns;  

soil, minerals and even the topography.  All of these 

elements exist within a balance that interacts and 

supports the needs of each of the parts.  However this 

is not a static scene, as each part interacts or has an 

impact on the other.  

When put together, this set of dynamic relationships is 

referred to as the ‘ecology’.

Over time humans have changed their living patterns 

from being nomadic and transitory, to settled and 

permanent.  Initially this had little impact, as we occupied 

only a small footprint on the landscape and we were 

limited by the modes of transport and basic equipment 

available in daily life.  However several factors have 

conspired to shift this to an immense and more serious 

effect, these include:

	 population growth has been rapid, which has 

required the built environment to continually 

creep into the natural as it expands to 

accommodate us;

	 technological advances have made it possible 

to travel large distances in a short time, as well 

as convert raw materials such as fossil fuels 

and minerals into polluting by-products, and 

providing an abundance of cheap fuels;

	 the standard of living has improved dramatically 

bringing with it a materialistic mindset, with 

much higher expectations for perceived 

comfort, home size, recreation choices, the 

latest technology and an insatiable appetite  

for natural resources; and

	 finally, our cultural disconnect from the natural 

environment has removed our awareness of 

the consequences of our actions, such as the 

volume of water we consume and the natural 

resources required to support our actions.

The impact of this is felt on three levels.
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When we think about this in the context of buildings, 

it becomes clear that many of the solutions are simply 

good building design.  This ESD Design Guide for 

Buildings gives some practical and tried methods 

for incorporating each of these points into our built 

environment.  This is explored through eight regularly 

occurring opportunities in all buildings:

1. careful land use and preserving or  

re-establishing ecology;

2. reduce water consumption and use alternative 

water sources, such as capture and re-use;

3. reduce energy consumption and produce  

clean energy;

4. use resources efficiently and select  

materials responsibly;

5. create a positive, high quality and clean 

indoor environment;

6. reduce emissions from all sources,  

including plant and equipment, materials, 

building waste and operational waste;

7. provide for efficient and cleaner  

transport options;

8. manage the building efficiently once occupied,  

and manage its final decommissioning.

1.4  Why bother?

The cumulative benefits of responding to climate 

change in a global sense are obvious - the rate of 

global warming would slow, with a long term view of 

reaching an equilibrium between human settlement 

and the natural environment.  It is possible for humans 

to become a positive and welcome participant in the 

ecological relationships.  The immediate goal is to 

mitigate the risks arising from previous and current 

damage, and to stem the impacts that are starting  

to be felt.

In the municipality of Frankston, we have immensely 

valuable natural assets including natural reserves, 

waterways and coastal areas which are central to our 

way of life.  Protecting the future of these features is  

the responsibility of everyone who has a role to play  

in the municipality.  

When we look specifically at buildings, the incentives 

for a green approach are quite compelling with 

real opportunities for financial benefit.  There are 

several international studies that have convincingly 

demonstrated these benefits.  

An overall summary of the key benefits include:

1.	 Lower	annual	operating	costs

A green building consumes less energy, less water 

and has fewer emissions.  Furthermore, these 

utilities will continue to increase in cost due to the 

escalating issues associated with supply.  Therefore, 

a green building, if well designed and built, will be 

cheaper to operate and more desirable.

1.3  What can we do?

As reported by the Green Building Council of Australia, 

“the construction of buildings consumes 32% of the 

world’s resources.  The building sector consumes 12% 

of fresh water in OECD countries and accounts for up to 

40% of total energy consumption.  Some 40% of waste 

going to landfill is from construction and deconstruction 

… [and ] in Australia buildings generate more than 40% 

of all air emissions.”  On top of this, the financial impact 

of poor Indoor Environment Quality has been estimated 

at $12 billion every year. Go to www.gbca.org.au for 

futher information.

If this is the case then there is a lot of scope for buildings 

to make a very positive and significant impact on the 

environment.

It is often not complicated nor more expensive to 

work towards a better future.  If anything, we stand to 

save money and live better in the long run.  The core 

responses that are needed are very straight forward: 

	 save water;

	 use less energy;

	 transition to renewable energy and alternative 

water sources;

	 increase resource efficiency and produce less 

waste; and 

	 preserve natural features.

Build these responses above into the design of new 

buildings saves money in the long run and gives the  

best integrated outcome.

global warming.  While natural variances occur and 

natural events have an impact, the levels of carbon 

dioxide, methane and nitrous oxide in the atmosphere 

have markedly increased since the industrial era began 

around 1750.  It is estimated that the current rate of 

increase in CO2 has not been experienced in the last 

20,000 years, and that temperature increases since the 

1970’s cannot be explained by natural causes.

Therefore, if we are the cause then we can also be  

the solution.
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It also adds credibility to any efforts to improve the 

environmental credentials of a project.  The measures 

used are industry tested and provide real reference 

points to indicate whether your efforts are having 

real outcomes.  This also overcomes the scepticism 

surrounding “greenwash”, where companies brand 

products or services as being sustainable as part of a 

sales pitch without an underlying credible reference.

The use of accepted standard rating tools also provides 

a level playing field for comparing different projects 

on their merits.  There are currently several tools on 

the market due to the relatively recent development 

of the industry; however over time there seems to be 

an emerging consensus on the most suitable tool for 

various projects.  This should result in an eventual 

consolidation of the tools to simplify the process  

of assessment.

1.5  The Benefits of Assessment

What	is	a	rating	tool?

A rating tool is a scoring system that assesses various 

aspects of your building based on its design and 

performance.  The tool may have a particular focus in 

one area such as energy, or it can be a very broad suite 

of criterion that covers all aspects of a development.  

Scoring can be based on specific performance targets 

such as volume of water consumed, energy demand 

per m2 of floor area or percentage of fresh air intake.  

Other criteria can act like a checklist of specific design 

considerations such as proximity to public transport, 

preservation of existing vegetation or re-use of an 

existing building fabric.  Each item must be measurable 

in order to allocate a score.

The final tallying of the score will produce a single rating.  

This is typically a star rating, where the higher the star 

rating the better the environmental credentials of the 

building.  It is important to note that different tools have 

different levels of stringency in their assessment so a 

six star Green Star building, using the Green Building 

Council tool, indicates world leadership, whereas a six 

star house is simply one step up from the minimum 

requirements of the Building Code of Australia.

Why	get	your	building	rated	with	a	tool?

There are several reasons to use a rating tool.  Perhaps 

the most popular reason is the marketing potential of 

having a measured and verified rating, thereby providing 

a market edge over the business-as-usual projects.  

5.	 Marketing	advantage

A green building is a distinct product recognised 

in the real estate market.  It can also form part of 

corporate identity, building congruence between 

stated goals and actions.  The achievement of 

a ‘star’ rating from tools such as the Green Star 

and ABGR brings kudos, credibility and often free 

publicity through awards and media exposure.

6.	 Higher	market	value	for	the	asset

Features of green buildings such as lower 

operating costs, capacity to attract high profile and 

government tenants, and the long term sustainability 

of the building all position it to achieve a higher 

building valuation.

7.	 Higher	rents

The lower operating costs and quality indoor 

environment, along with the marketing advantage 

and environmental identity, enable green buildings to 

attract higher rentals. 

The most significant Australian report on this topic was 

published by the Green Building Council of Australia in 

2006, titled “The Dollars and Sense of Green Buildings”.(3)  

It pays particular attention to the interests of all parties 

involved, including the building owner and manager, the 

developer, the investor, the tenant and the community.

Taking these into consideration, there is a clear and 

convincing case for commitment to ecologically 

sustainable development particularly in the context 

of buildings.  This is both from a social conscience 

viewpoint as well as a sound business case.  

2.	 More	efficient	asset	management

Larger scale green buildings often use centralised 

management systems which provide an excellent 

source of performance data as well as the easy early 

identification of issues.

3.	 Increased	occupant	productivity,	wellbeing	and	

less	staff	churn

A major contributor to productivity in buildings is the 

access to natural daylight and external views, a key 

design feature of green buildings.  This has been 

shown to improve healing times in hospitals, reduce 

the number of errors by staff, and improve education 

retention rates.

The high proportion of fresh outside air in green 

buildings ensures airborne particles from sneezes 

and coughs are not recirculated back through the 

building.

Research has also shown that the physical built 

form influences occupant attitude and behaviour, 

with higher quality indoor environments improving 

the length of employee tenure through increased 

comfort and satisfaction.  

4.	 Higher	relative	investment	returns

The 2003 Report to the Californian Sustainable 

Building Taskforce stated that “while environmental 

and human health benefits of green buildings have 

been widely recognized … minimal increase in 

up-front costs of 0-2% to support green design 

will result in life cycle savings of 20% of total 

construction costs – more than 10 times the  

initial investment.” (2)
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How	is	the	land	currently	used?

Some common terms are greenfield and brownfield.  

Greenfield land has not been previously developed 

for human settlement.  It includes land that is still in 

its native state as well as land that is currently used 

for agriculture.  This is increasingly scarce especially 

in Frankston City where much of the land available for 

development has already been urbanised.  It is important 

that the remaining assets are preserved.  These include 

native trees and vegetation, habitats for protected and 

endangered species, topographic features and the 

nutrient rich soil that supports the ecology.

At the other extreme, a brownfield site typically has 

previously been used as an industrial or commercial 

development.  Often these sites have been 

contaminated and can present physical and regulatory 

constraints to new development, and therefore tend to 

lie neglected.  They are generally considered to have 

minimal ecological value, unless there is some other 

significant feature on the site.  In this circumstance it 

is highly desirable to explore options for developing 

this land, as it can have a restorative impact and act to 

prevent future damage from contaminants.

In between these two extremes are various degrees of 

developed land that is actively being used.  Some have 

existing trees and vegetation, while others have been 

completely developed, with any space not occupied by a 

building being covered by a sealed driveway or carpark.  

Any re-development of these sites needs to strive for a 

preservation and improvement to the ecology, and avoid 

further detriment on and off the site. 

What	is	adjacent	or	near	to		

the	land?

A parcel of land does not exist in a vacuum.  It is placed 

within a context that has its own sensitivities, value 

and ecology.  Any development activities on the site 

will invariably impact on the surrounding environment 

through:

- emissions: such as soil and water runoff, air 

pollution, noise, discarded waste;

- loss of habitat: through reduced vegetation or the 

impacts of noise, light and smells on wildlife;

- infrastructure: such as roads, power supply lines, 

sewage and stormwater pipes, and;

- reduced amenity: arising from visual obstruction, 

overshadowing and reflected glare.

With careful planning all of these can be managed to 

achieve a responsible relationship with the local area.   

Of particular importance are naturally occurring wetlands 

which are rich with wildlife and accommodate a vibrant 

ecology.  New developments should be located well 

away from these areas and must ensure that any 

emissions from the site do not encroach on related 

catchments.

It is worth noting that you cannot achieve a Green Star 

rating from the Green Building Council of Australia if you 

are building within 100m of a natural wetland or if you 

build on prime agricultural land.

Also of significant value is the top layer of soil, known 

as topsoil, which is formed through the depositing of 

eroded material and the decomposition of organic 

matter.  This zone has the highest concentration of 

organic matter and microorganisms, and is where the 

majority of the Earth’s biological soil activity occurs.  It is 

also a critical zone for plants.  Roots are concentrated 

into the topsoil, from which they draw most of their 

nutrients, making it essential for plant life.  Considering 

each 25mm of topsoil takes about 500 years to form,  

it is a commodity that needs preserving.

14
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Brownfield	site
Nepean	Highway,	Frankston

Greenfield	development	site
	agricultural	land	or	bushland

Principles

A block of land may seem insignificant at first glance.  Perhaps it has a few trees with a 

covering of long grass on a shallow slope. Or there may be an old building with some poorly 

maintained landscaped areas, loose debris in one corner and some otherwise very well 

established trees. In generations gone these allotments have been cleared of vegetation and 

scraped to provide a level and blank canvas for development.  However our understanding 

and appreciation of the value and importance of these landscape elements, such as existing 

mature trees, has grown.  In the big picture the land and vegetation is critical to the future 

capacity of human settlements and their support of the ecology. 

When investigating and developing a new building project, some key principles need to be 

considered even before land has been purchased.
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Objective	1.04

Manage soil on site.

Construction typically requires a degree of cut and fill 

on site.  Make every effort to manage the entire volume 

of soil on site, and keep the clean topsoil separate 

for redistribution on the site.  This saves money and 

reduces the emissions associated with cartage, as well 

as preserves the valuable production capacity of the 

site.  During construction large areas of soil are exposed 

and destabilised due to reduced vegetation.  Adherence 

to Council’s Building and Works Code of Practice 

will ensure this is not lost through runoff. Go to www.

frankston.vic.gov.au.

Objective	1.05

Include a Green Roof.

The benefits of green roofs have been underestimated in 

contemporary urban areas.  These move far beyond the 

pure aesthetic and amenity, which are highly sought after.  

Some less obvious yet valuable features identified by the 

Growing Up initiative (www.growingup.org.au) include:

 •   Reduce Urban Heat Island Effect (UHIE)

   Built up urban areas experience the UHIE – 

increased temperature during warmer months, 

compared to rural surroundings. One of the 

major culprits are Commercial Office buildings, 

whose construction materials consist largely of 

glass, steel and concrete – most of which have 

high thermal mass properties, meaning they heat 

up and reradiate heat back into the atmosphere 

during the night. Green roofs can help reduce the 

urban heat island effect by lowering ambient air 

temperatures; 

 • Stormwater management

   One of the more significant problems facing 

Frankston City is its underground stormwater  

infrastructure and capacity to service the City’s 

development. Green roofs reduce stormwater 

volume and attenuate water flow, thus helping 

to alleviate the pressure on stormwater 

infrastructure. Green roofs also filter and cool 

water runoff. They can help prevent nitrogen, 

phosphorus and toxins from entering waterways; 

 • Social benefits

   Green roofs provide various social benefits by 

providing ‘green relief’ to the urban landscape. 

Green roofs have the potential to increase 

employee’s happiness and productivity by 

enhancing their surroundings; 

 • Increased Building Marketability

   High-rise apartments, office space and even hotel 

rooms with the enhanced natural view afforded 

by a green roof, may support higher rents or 

room rates and help maintain increased levels of 

occupancy. Resale prices may also increase with 

the added value of additional green space; 

 • Amenity

   As our cities move towards higher density living, 

there is proportionally less green space at ground 

level to the number of residents. Green roofs can 

create sustainable interactive community spaces 

where people can garden, visit, play and relax 

together. Green space is recognised as being 

beneficial to health, reducing stress levels and 

providing ‘escape’ from the stresses of urban living; 

 • Habitat

   A careful selection of plant species can also 

provide habitat;

 • Photovoltaic efficiency

   The effectiveness of a photovoltaic cell can be 

improved if located on a green roof rather than 

a normal metal deck roof. The lower surface 

temperatures increase the cells’ efficiency;

 • Thermal mass

   Thermal mass provides a more stable and 

temperate indoor environment.  The soil 

absorbs heat then gradually releases it at night, 

thereby inhibiting extreme fluctuations in internal 

temperatures.

Integration of a green roof delivers high quality building 

and site outcomes as well as improving our urban 

environment.

Element 1 Land Use and Ecology
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Design suggestions

The following are some clear strategies that can be included in your decision making processes.

Objective	1.01

Avoid greenfield development.  

If at all possible, minimise ecological degradation by not 

building on greenfield sites.  Do not build near natural 

wetlands or on prime agricultural land.

Objective	1.02

Improve an existing site.

Build on land that has been used previously.  This 

can be an old building site, or land that has been 

used for mineral extraction or waste disposal which 

hasn’t been designated for restoration.  This reduces 

pressure on the green spaces, and assists with urban 

regeneration.  If the site is contaminated, then take steps 

to decontaminate the site or safely encapsulate the 

contaminated material.  

Objective	1.03

Identify, protect and enhance vegetation.

Design the final development to retain or improve the 

site’s ecological value.  The first step is to identify what is 

on the site, and understand the level of the vegetation’s 

significance and native fauna use.  Refer to Council’s 

Tree Protection Local Law and any overlays that relate 

to your property in the Frankston Planning Scheme. 

Some of the relevant overlays are the Environmental 
Significance Overlay (ESO), Significant Landscape 
Overlay (SLO) and Heritage Overlay (HO).  There are 
also State controls that may apply, such as the Native 
Vegetation Framework, often referred to as “Net 
Gain”. Native vegetation is classified by its Ecological 
Vegetation Class (EVC) within its bioregion. Frankston 
sits in the Gippsland Plains Bioregion. Each EVC carries 
its own preferred species and character.  Council can 
provide limited assistance with this process and will 
work with you on developing a suitable response to the 
site and most suitable species selection for the area.  If 
there are significant remnants you will need to engage 
a suitably qualified ecologist who is locally informed to 
prepare an assessment of the site.  Council publishes 
information regarding indigenous vegetation and weeds 
to which you should refer (www.frankston.vic.gov.au). 
There is also information regarding EVCs available on 
the website of the Department of Sustainability and 
Environment (www.dse.vic.gov.au).

The best option is to preserve any existing native habitat.  
Further benefit is gained by introducing indigenous 
plantings to the building and its site.  Use roof spaces 
and outdoor terraces to further increase the area 
available for vegetation.  Aim at maximising the amount 
of vegetated coverage for the site, based on the view 
from an aeroplane flying over.

Support the existing vegetation by protecting the root 
zone using permeable pavement and driveways to 
allow water to reach critical root zones, and protect 
trees during construction in accordance with Australian 
Standard AS4970-2009 Protection of trees on 

development sites.
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Natural water supply has 

been diminishing

Recent weather patterns have shown a trend towards 

less rainfall, which has tipped the balance towards 

demand exceeding supply.  This is reflected in the 

continued reduction in storage levels at reservoirs over 

successive years.  It has been clear for some time that a 

culture change is needed, but the urgency has escalated 

as the available supplies have diminished.

Frankston’s Central Activity District (CAD) is mainly 

a commercial hub, composed of retail and office 

tenancies.  These present limited yet useful opportunities 

for reductions in water consumption.  Additional 

significant capacity for savings is found at the large 

educational institutions of Chisholm TAFE and Monash 

University, and hospitals which are situated in relatively 

close proximity to the CAD.  Public facilities such as 

playing fields, aquatic centres and parks also have  

good potential.

Our consumption of 

drinking water is exorbitant

The traditional water supply mode in urban environments 

has been to install a single pipe of high quality drinking 

water, then use that water for whatever purpose is 

necessary on site.  In the domestic realm this has 

ranged from the kitchen, bathroom, toilets, laundry and 

gardening.  Other large volume uses are involved in 

commercial and industrial contexts, such as fire services, 

cooling towers and general manufacturing processes.  

Municipal uses tend to be predominantly irrigation  

of parks and playing fields, and the operation of 

community facilities.

At a state level agriculture is the primary consumer of 

water, at 77%, while buildings only account for 8-10% 

of the overall water consumption.  However when we 

consider this at a local scale the story is very different.  

The majority of Frankston City’s water supply is from 

the Cardinia Reservoir, which is held at the Frankston 

Reservoir for distribution.  Of all the water used in 

Frankston, 83% is residential consumption, and 50% of 

that is for watering gardens and toilet flushing. This is a 

clear area for action with significant benefits.

Element 2 Water
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Water	consumption	and	impact	of	water	restrictions
Source: Water Supply-Demand Strategy For Melbourne 2006 - 2055, p.22 from www.melbournewater.com.au, accessed April 2009

Principles

We need water.  Around 2/3 of our body is made up of water, and we need to drink around  

2 litres of water a day to avoid dehydration.  It is fundamental to human existence that we 

have a constant and clean source of water, so any supplies are valuable and should be 

managed carefully.  In our modern society we are presented with two main issues.



Element 2 Water

Ecologically Sustainable Development Design Guide - Buildings 23

E
lem

ent 2 W
ater

Element 2 Water

23

E
lem

ent 2 W
ater

Water	storage	-	Frankston	Reservoir

Key strategies to reduce 

our water usage

The key strategies to reduce our water usage are:

	measure and monitor;

	 reduce consumption;

	source alternative supplies; and

	 treat discharge.

Measure	and	monitor
The building blocks of managing water supply and 

usage are gathering the raw data of storage levels and 

consumption rates, and monitoring these to be able to 

establish trends and predict the long term availability.  

It is also important locally for individual properties to 

be able to identify the impact of activities, and see the 

benefits of water saving initiatives.  This assists in early 

warnings of anomalies which may indicate leaks or 

faults in the system, as well as highlighting where further 

improvements can be made.

Reduce	consumption
It seems obvious, but reducing consumption is at 

the core of effective water management. Immediate 

impacts are achieved by installing efficient appliances 

and fittings.  Other influencing factors are behaviour and 

fit-for-purpose water supply.  Not all water needs to be 

drinking quality.  Our usage patterns and behaviours 

determine the effectiveness of water-saving appliances, 

and simple changes in processes or handling methods 

make a difference to the overall consumption.  Many 

water reduction opportunities exist in the design of 

landscaped areas.

22
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Annual	inflow	to	Melbourne	water	storage	by	year
Source: www.melbournewater.com.au, accessed April 2009

Melbourne	reservoir	storage	levels	by	year
Source: www.melbournewater.com.au, accessed April 2009
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Raingarden
Seaford	Shops,	Nepean	Highway

Third	pipe	for	recycled	water
Sandhurst	Estate

Treat	discharge
This is naturally achieved as part of the reuse process 

for greywater and blackwater so that the volume of 

discharge is reduced and the quality is improved.  

There have also been significant advances in the 

detailing and technologies associated with the discharge 

of water into catchments.  Excellent options exist at a 

domestic scale for the removal of leaf litter and erosion 

control.  Larger scale retention and detention systems 

have built in gross pollutant traps that facilitate significant 

improvement to the water quality.

In addition to this there has been a remarkable rise 

in Water Sensitive Urban Design (WSUD), which has 

been advanced through water authorities, and local 

and state governments. One result of these actions 

has been a notable improvement to the water quality of 

Port Phillip Bay, into which all of Frankston City’s main 

tributaries flow.  It also pays dividends as streams such 

as Kananook Creek, Sweetwater Creek and Boggy 

Creek are improving in quality and health, supporting 

excellent habitat and wildlife.  The design solutions used 

in WSUD have started to be more effectively integrated 

into buildings and their sites, rather than being left to 

the public realm.  The cumulative effect of small scale 

upper catchment treatment can be profound for lower 

catchment areas and reduces the need for large scale 

water treatment.

There is also an invisible, unpublicised and yet high 

impact way to reduce water consumption, and that is to 

use less energy.  The production of electricity from fossil 

fuels is dependent on large volumes of water.  Reducing 

the energy requirements of a building, and sourcing 

renewable energy instead of fossil fuel energy will further 

improve the sustainability of our water sources.  Refer 

to the Energy section for some specific ways to reduce 

energy consumption.

24

Element 2 Water

24

Element 2 Water

Ecologically Sustainable Development Design Guide - Buildings

Alternative	supplies
The convenience of all water coming from a single pipe 

has meant we have lost touch with the other options 

available.  These have far less environmental impact.  

The common options in buildings are:

	Rainwater: Natural precipitation is easily harvested 

from sealed surfaces and is of very good quality in 

Australia.  It can be readily used for most activities, 

and clean roof catchment collection is already 

treated and used for drinking by many Australians.

	Greywater: This is water that has been 

reclaimed from a waste source but has not been 

contaminated by high risk hazardous materials 

such as excrement or industrial waste.  The low 

level of contamination makes it easy to treat for  

re-use, however it is often used untreated in 

irrigation uses especially in a residential context.  

Greywater offers a wide range of potential 

applications such as irrigation of non-consumable 

landscaping and toilet flushing.  There are risks 

associated with the nature of the detergents  

used and the duration of its storage which  

should be taken into account at design stage  

and during operation. 

	Blackwater: Blackwater is waste water that has 

the solids and contamination from sewerage.  

It is typically composed of around 95% water 

and 5% solids, and it can be diverted from the 

standard waste stream to separate out the water 

for treatment and reuse.  The level of treatment 

determines the permissible uses, but potable grade 

output is becoming more common as pressure 

on natural supplies increases.  Technological 

innovations have made it possible for individual 

buildings to carry out sewer-mining, which involves 

the removal of sewerage from base infrastructure 

outside the site, and treat it for use on site.  The 

solids leftover from this process are sent to the 

standard sewerage system.  

	Stormwater: Rainfall is classified as stormwater 

once it makes contact with a building structure 

or surface that directs the water flow into a pipe 

for remote discharge.  The purity of the water 

depends on the nature of the surface from which 

it is collected.  Collection from roofs, for example, 

has minimal interference from contaminating 

sources and hence is one of the best sources 

of stormwater.  Sealed areas such as carparks, 

roads and pathways, on the other hand, are 

exposed to fuel and chemical spills and settled 

exhaust pollution.  Stormwater can also become 

overloaded with nutrients as a result of sediment 

runoff as well as gross pollutants such as litter and 

leaves, which can lead to problems in the lower 

catchment areas.  These factors should be taken 

into account when considering the extent  

of treatment required and the nature of the  

water’s use.

	Groundwater: Another water source is 

groundwater which is a feasible option if well 

managed. However, there are strict requirements 

designated by Southern Rural Water for its use, 

and the water source is finite.  In Frankston it is 

important to note that water tables close to the  

bay tend to have higher salt content.  However,  

there are several sites around Frankston that  

have successfully used aquifers such as  

golf courses.  
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Objective	2.01

Measure and monitor.

Design	Suggestion	2.01.1
Install a meter that is connected to the Building 

Management System (BMS). Have separate sub 

meters for key activities to improve the usefulness 

of data collected and assist in localising issues.  It is 

recommended that separate meters be considered  

for each of the following:

	Bathroom water consumption

	Cooling towers

	 Irrigation and wash-down systems

	Recycled water systems

	Rainwater collection systems

	Hot water services

	Fire services

	Water features / pools

Design	Suggestion	2.01.2
Metering technology has come a long way, with excellent 

capacity for immediate assessment of long term trends 

and consumption rates.  It also allows remote access to 

the information if required.  The usefulness of monitoring 

hinges on the reporting that is carried out, so setup clear 

and regular reporting.  In conjunction with the electronic 

assessment, it is important that regular visual inspections 

are carried out to identify slow leaks that may not be 

showing up in reports.

Design	Suggestion	2.01.3
Preventative measures can be as simple as checking 

the water pressure in the potable water supply.  Most 

buildings have a maximum pressure requirement of 

500kPa, but often the supply pressure can exceed this, 

increasing the risk of leaks and reducing the lifespan of 

equipment.  If ground level pressures exceed 800kPa 

then a pressure reduction valve should be investigated. 

This is for potable water lines only.  Never adjust fire 

supply lines.(4)

Objective	2.02

Reduce consumption.

Design	Suggestion	2.02.1
The most obvious way to achieve this is through 

installing water efficient appliances.  In Australia, 

appliances are rated through the Water Efficiency 

Labelling and Standards Scheme (WELS). The Scheme 

allows users to compare water efficiency of different 

products. The rating system is based on a maximum six 

star rating system - more stars means greater efficiency 

of the product.

Water efficient products include:

	 low-volume dual-flush toilets: there are some very 

effective models now on the market which have 

reduced the flush cycle to 3 and 4.5 litres.  Check 

with your plumber or local water retailer for the 

most reliable models;

	waterless urinals;

	 low-flow taps and showerheads: newer models 

are very well designed achieving excellent water 

pressure; and

	washing equipment such as dishwashers and 

washing machines with high star rating.  

Go to www.waterrating.gov.au for information on  

the WELS. 

Visit your local water retailer, in Frankston City this is 

South East Water. Go to www.southeastwater.com.au.

Design	Suggestion	2.02.2
Further savings can be achieved by installing flow 

restrictors and tap aerators, and sensor operated taps 

with an automatic shut-off can also assist.

Element 2 Water
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Design suggestions

Water conservation can be optimally achieved when addressed as a whole of site strategy, 

rather than a series of discrete handling methods.  Where possible, centralising storage 

and infrastructure will minimise cost and set up a series of interdependent supply and 

consumption relationships on site between key activities such as heating, cooling, fire 

services, landscaping and wet area activities.  An overall strategy makes it possible to 

incrementally deliver a staged implementation of water saving measures for existing buildings 

by ensuring services are adequately specified and correctly installed to meet the various 

system needs.  
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Objective	2.04

Cooling towers (6) have emerged as the staple method of achieving cooling in large buildings, 

especially commercial offices.  While new ESD based buildings are radically rethinking the 

cooling process, there are thousands of existing buildings which use the old technology.   

New buildings and significant refurbishments should strive for greater use of natural 

ventilation, and even eliminating the dependence on a cooling tower.  

Large improvements can be achieved in the existing building stock which will reduce the 

water and energy consumption associated with cooling towers.  The following are areas 

where water consumption can be targeted.

Design	Suggestion	2.04.1
Evaporation (88% of cooling tower consumption):  

evaporation is the basis of the cooling system hence 

the best approach is to reduce the demand on the 

system.  This achieved through a well designed building 

that performs well thermally and uses natural ventilation.  

There are several options for improving building 

performance that are explored in the Energy chapter.  

Evaporation can also be reduced by installing a bypass 

line for times of low heat load, thereby reducing the flow 

of water through the tower.

Design	Suggestion	2.04.2
Install an appropriate drift eliminator/arrestor.  The 

Standard AS/NZS 3666 Part 1 stipulates a maximum 

drift loss of 0.002% from the condenser water system.

Design	Suggestion	2.04.3
Install anti-splash louvers to prevent water splashing out 

of the tower, and act as a wind break.  They also provide 

shade which reduces algal growth and hence minimises 

the need for bleed.

Design	Suggestion	2.04.4
Bleed, or blow-down (5%): reduce the need for bleed by 

managing the conductivity levels through well managed 

water treatment, and when possible increase the cycle 

of concentration setting.  Large office buildings such as 

101 Collins have been able to operate without bleed due 

to a well managed maintenance program.  This reduces 

water consumption and runs the overall system a lot 

more efficiently, thereby also saving energy.  Melbourne 

has relatively soft water which is ideal for low bleed 

options.  Clean the conductivity sensor and recalibrate 

it every six months to make sure it is running at optimal 

levels.  It is worth noting that regular bleeding can reduce 

the effectiveness of chemical and biocidal treatment, as 

they require time to take effect.  Capture bleed water for 

use in backwash cleaning the side stream filters, or use 

a bag or cartridge filter to avoid backwash altogether.

28

Element 2 Water

Current	guidance	on	sustainable	gardening	in	Frankston	City

(available	from	Council’s	Customer	Service	Centres)
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Objective	2.03

Landscaping.

Design	Suggestion	2.03.1
The volume of water required for irrigation can be 

significantly reduced by selecting plants that are local 

to the Frankston area.  A helpful reference is the 

“Sustainable Gardening in Frankston” publication, which 

is readily available through Frankston City Council.  The 

key benefits of using indigenous plants are:

	 they attract native wildlife and provide valuable 

habitat

	 they are well adapted to local soils and climatic 

conditions, and hence grow easily

	 they help maintain the natural balance, reducing 

outbreaks of pest species

	 they generally require little watering once they are 

established.

Design	Suggestion	2.03.2
Mulch is defined as any loose material placed over the 

soil to control weeds and to conserve soil moisture. 

Mulch can be any material such as stones, sawdust, 

leaves or bark. Mulching garden beds with 25-75mm 

of woody cover will prevent up to 73% of normal 

evaporation from soil, while supplying nutrients as it 

breaks down.  Soil wetting agents also assist in retaining 

the moisture in the soil, especially near the plant.

Design	Suggestion	2.03.3
Developments in watering technologies provide highly 

effective low volume watering solutions, such as drip 

watering and more recently capillary based systems that 

consume up to 80% less water than sprinklers and up to 

60% less than drip systems.  The effects of evaporation 

are minimised by targeting the roots from beneath the 

surface especially when partnered with mulching.  This is 

also assisted by watering in early morning or late evening. 

 

Avoid fine mist sprinkler sprays, which can waste up to 

70% of water through drift and evaporation.  Instead 

use sprinklers that generate large drops of water.  

Overwatering can be prevented by installing timers 

to taps along with a rain sensor.  Monitoring weather 

forecasts can prevent watering unnecessarily, as can  

soil moisture sensors.

Design	Suggestion	2.03.4
Xeriscape has emerged as an overall discipline in low-

water gardening.  Stemming from the Greek word “xeros” 

meaning dry, it includes plant types and combinations, 

siting requirements, watering methods and rethinking the 

cultural norms of grass selection and ground covers.(5)  

Go to xeriscape.org for further information.  

Design	Suggestion	2.03.5
Weeds compete with other plants for water and 

nutrients, so remove weeds regularly.  
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Fire	hydrant	flow	testingCeiling-mounted	fire	sprinkler	head

Design	Suggestion	2.05.3
Zoning the system minimises the volume required to be 

drained during tenancy adjustments.  It is also possible 

to eliminate drain down by using a flexible wire braided 

tube in lieu of the standard rigid pipe, allowing relocation 

of sprinkler heads within the reach of tube.

Design	Suggestion	2.05.4
Another opportunity to reduce water loss is through 

managing water pressure with a variable speed fire 

system pump.  This avoids the dumping of water 

triggered by pressure relief valves when the pressure 

exceeds the tolerable limits.

The installation of an AFSS is itself a great way to 

preserve water in the long run.  In around 80% of fire 

events in a building fitted with an AFSS, the fire will 

be contained by 1-2 sprinkler heads.  This prevents 

the huge volumes of water that must be applied to an 

established building fire.
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Design	Suggestion	2.04.5
Ensure ball float valves are set beneath the overflow 

level.  Install discharge pipework to fall away from the 

tower to prevent water flowing back into the basin 

causing water to overflow.

The make-up supply inlet and bleed outlet should both 

be monitored for comparison to ascertain the volume 

lost during the cooling process and to track the rate  

of bleed.  

Design	Suggestion	2.04.6
Use alternative water sources.  Capture condensate for 

use in the cooling tower, as the condensate water is 

often clean and cold.  This can be as much as 170L/hr 

in a 10,000m2 office building.  Rainwater is also a good 

option, however the large consumption rate will require 

potable supply top-up.  Recycled/recovered water can 

also be used if suitably treated.

Design	Suggestion	2.04.7
Check for leaks from pipes, joints and pump glands.   

A combined leak of just 250ml per second can cost 

more than $15,000 per year.

It is important to note that all of the above options will 

greatly reduce water consumption, improve the system 

performance and save significant annual costs, with 

excellent payback periods of 2-3 years, or in some 

cases as short as 6 months.

Objective	2.05

Fire services(7).

Design	Suggestion	2.05.1
The first step to improving an automatic fire sprinkler 

system’s (AFSS) performance should be an audit of the 

existing system by a fire services engineer.  This should 

identify the level of compliance with AS 1851-2005 – 

Maintenance of Fire Protection Systems and Equipment, 

and what measures are required to achieve compliance.  

Once compliant, a system has the capacity to cut testing 

from weekly to monthly, achieving almost 75% reduction 

in water consumption.

In all projects, a pressure and flow test is often carried 

out at design stage and then at commissioning of the 

system.  This involves large volumes of water that could 

be collected by a municipal tanker for use in garden 

irrigation.  This would be a simple coordination exercise.

Design	Suggestion	2.05.2
Another excellent opportunity to reduce consumption is 

to capture the water used in testing.  Large volumes are 

used for regular and annual testing as well as when the 

system is drained for tenancy or maintenance works.  

These sources can be stored in tanks which can supply 

water back into the fire system at the completion of 

works, replacing mains supply by being recirculated as 

part of the testing process, or used for other common 

functions such as toilet flushing and garden irrigation.  

Installing an additional tank or temporary bladder would 

provide opportunity to drain one into the other while 

maintenance and inspections are carried out.  If the 

mains water is separately captured during testing then 

it will retain its classification and be able to be used for 

ordinary use.  

Often the water is very high quality, especially when 

taken straight from the hydrant, hence minimal treatment 

is required to bring it up to potable levels. 
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Objective	2.07

Use greywater as an alternative source.  There are few opportunities to collect common 

greywater in a CAD context, as it generally comes from laundries, showers and in some 

cases kitchens.  However, these sources can also be supplemented by the capturing of 

water from testing fire services, as outlined in the Automatic Fire Sprinkler Systems section.  

When combined these provide reasonably high volumes of good quality water for toilet 

flushing and irrigation.  

Design	Suggestion	2.07.1
It is preferable to divert the greywater immediately to 

garden beds.  The irrigation should be installed beneath 

the soil surface as a health precaution.  If storage is 

necessary the water should be treated prior to storage, 

as it is often delivered warm which promotes algal and 

bacterial growth, and can result in the water developing 

odours and becoming septic.  Excess water should 

be directed to the sewer.  It is important to manage 

the quality of the greywater supplying the system, as 

heavy soiling can increase contamination and render it 

blackwater.  This is particularly where organic matter can 

be added to the water such as in kitchens.

There are passive treatments which require no 

mechanical intervention.  These generally include 

reed beds and bioretention pits, which employ natural 

biological principles and are also common features in 

WSUD.  There are also mechanical systems that use 

a series of filters to extract and purify the water.  The 

following table provides a good indication of suitable 

approaches depending on the building type:

Greywater	treatment	technologies	for	different	scales

Scale Treatment technologies

Small	

(i.e. Household)

Greywater diversion
Temporary storage
Subsurface flow wetland
Disinfection

Medium

(i.e. High-rise residential 
development
Mixed use urban 
development
Residential urban 
development / 
redevelopment)

Subsurface flow wetland
Biological processes – 
suspended growth system
Biological processes – fixed 
growth systems
Recirculating media filter
Depth filtration
Disinfection

Large

(i.e. Commercial 
development
Industrial development)

Biological processes – 
suspended growth system
Biological processes – fixed 
growth systems
Depth filtration
Membrane filtration
Disinfection

Source: Water Sensitive Urban Design Guidelines 

– City of Melbourne
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Rainwater	collection/storage	tank

SA	Water	(Image:	Hansen	Yuncken)
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Objective	2.06

Use rainwater as an alternative source.

Design	Suggestion	2.06.1
Roofs provide the perfect surface from which to collect 

rainwater for reuse, provided they are not made of 

asbestos or other potential contaminants.  There is 

virtually no water loss in the collection process, with 

the roof surface immediately directing it to the gutter 

and downpipes to the collection point.  Storage can 

be above ground or in-ground depending on site 

requirements, and can be in a concrete, metal or plastic 

tank.  Concrete requires a tanking membrane or similar 

to seal it, and requires strong foundations.  Some 

innovative design solutions have been achieved using 

precast concrete stormwater profiles.  Other storage 

options include waterwalls (lower capacity and difficult 

to clean but small footprint), bladders (a flexible option 

for subfloor spaces or under decking), and in-slab 

(same principle as a waffle pod for slab-on-ground 

construction).

A tank is classified as a Class 10b building, so check 

with Frankston City Council prior to deciding on the 

type and positioning of the tank.  Above ground storage 

should be placed in the shade to prevent UV breakdown 

of the tank material.  

Design	Suggestion	2.06.2
Connect your downpipes to a tank to collect rainwater, 

and monitor the water quality.  Have separate tanks if 

required to capture the whole roof runoff from different 

sides of the building.  Prevent contamination by litter 

and solids through suitable filtering and gutter guards, 

or install self filtering gutters.  This is also assisted by 

installing a first flush diverter which discards the initial 

flow that carries the most litter and sediment.  A pump 

will generally be required to move the water to where it is 

to be used, however careful siting can sometimes enable 

gravity feed.

The average annual rainfall for Frankston area is 735mm, 

which should form the basis of tank calculations.  It is 

important to note that the 5-year average from 2002-

2006 has been 636mm.  The Australian Rainwater 

Industry Development Group (www.arid.asn.au) have 

published a Rainwater – 2007 Consumer Guide which 

provides details for calculating tank size and pump 

specification criteria.
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Objective	2.08

Use blackwater as an alternative source.  There are currently two types of treatment of black 

water, biological (using bacteria and worms) and mechanical (using filters), and two sources, 

on site sewerage and off site mains sewers.  The flow of sewerage fluctuates during the day, 

with peaks in the morning and evening in response to typical behaviour patterns.  

Design	Suggestion	2.08.1
It is ideal to install a larger capacity blackwater collection 

system to improve the reliability of flow, however smaller 

systems can use a surge tank for on-site storage to 

maximise operation of the system during low-flow times.  

In a CAD context a smaller scale system would be 

acceptable, providing treated water on an as-need basis.  

The EPA have published Guidelines for Environmental 

Management – Use of Reclaimed Water (Publication 

464.2) which outlines the key parameters for water 

quality that must be achieved for different uses.

Design	Suggestion	2.08.2
A good model of blackwater treatment has been used 

at City of Melbourne’s CH2 offices called a Multi-Water-

Reuse (MWR) System.  It involves a three stage process, 

using a 200 micron pre-screen, a ceramic ultra-filtration 

and then reverse osmosis.  The merits of the system 

are that it is relatively low-energy input, requires a small 

footprint and has been specified to manage peak 

capacity or low flows during holidays.  The final water is 

mixed with rainwater to replenish the oxygen levels that 

are lost during the treatment process.

Treatment costs can be reduced by minimising the 

amount of solids extracted.  This can be achieved 

by extracting close to the sewerage surface, thereby 

avoiding the settled solids.  

In Frankston, blackwater treatment is carried out on a 

large scale at the South-East Water Treatment Plant, and 

then distributed as ‘recycled’ water to garden beds and 

playing fields.

Design	Suggestion	2.08.3
There are three levels of treatment of wastewater: 

primary, secondary and tertiary.

The primary treatment is a basic mechanical process 

that screens out solids.  Immediate screening and 

returning the solids to the sewer system also reduces 

the operating costs.  Other pre-treatments include 

hydro-cyclone separators, sedimentation, enhanced 

sedimentation and dissolved air flotation devices.  

The secondary treatment is normally a biological process 

which reduces the nutrient content.  This is achieved 

through activated sludge, trickling filters or lagoons 

which can achieve Class C water suitable for irrigation.

Tertiary treatment becomes necessary when the recycled 

water is likely to come into contact with humans.  A 

rating of Class B or Class A quality is achieved through 

a combination of measures.  Filtration through sand 

and anthracite will remove parasites.  Bacteria and 

viruses are then targeted through activated carbon 

adsorption, and chlorine or ultraviolet disinfection 

processes.  Membranes can also be used to filter and 

disinfect the water, with microfiltration removing parasites 

and bacteria and reverse osmosis removing smaller 

microorganisms and viruses.  
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Light Greywater

Mesh screen to remove larger objects

Disinfection often by ultraviolet exposure, which kills micro-organisms
such as pathogens and bacteria.  Other options are chlorination and ozonisation.

Sedimentation tank providing settlement of larger sized pollutants as well as
acting as a surge tank to manage peak in-flows.  Settled sludge is disposed

at the base of the tank

Treatment to reduce and dissolve organic matter.  This is typically
through wetlands, trickling filters or a Rotating Biological Contractor

Clarifier to stabilise the flow and allow further sedimentation
to remove excess biomass

Filtration through a sand or membrane medium, increasing
the water quality to the desired compliance levels.

Storage normally in a tank to allow for occasional increases in demand
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A treatment system for greywater will normally use a 

collection of technologies to achieve the desired quality.  

Refer to the City of Melbourne’s Water Sensitive Urban 

Design Guidelines for details of each system to assist in 

the selection of the most suitable solution.

A typical system is illustrated below.

Selection of the best system configuration requires a 

careful assessment of all factors, including the quality 

of in-flow, the intended end-use of the treated water, 

site spatial restrictions, the volume of water needing 

treatment and requirements of local authorities.  

Preference should be given for systems that require low 

energy to process the water to prevent a hidden water 

consumption in the system negating the benefits. 
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Matrix	water	storage	system	(by	Invisible	Structures)	under	construction	at	Karingal	PLACE

Constructed	wetland

Jayco	Caravans,	Dandenong	South
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Objective	2.09

Use stormwater as an alternative source.  The field of sustainable stormwater management 

has become known as Water Sensitive Urban Design (WSUD).  Its primary focus is to improve 

the quality of water being discharged into waterways, however it brings with it significant 

benefits in the use of stormwater on site and increases its viability as an alternative water 

source.

The key elements include directing and capturing rainwater runoff, removing gross pollutants, 

treating the water through filtration and planting, and storage.

Design	Suggestion	2.09.1
The available surfaces to direct and capture the water 

are generally roofs and external paved areas such as 

driveways, carparks and paths.  Storage and treatment 

areas need to be in close proximity to the water source 

to prevent the need for pumping.  This often takes the 

form of a dropped garden bed along pavement edges.  

The storage can be in tanks, or an increasingly popular 

option is a matrix system that has high load bearing 

capacity making it suitable for installation beneath 

trafficable paved areas and eliminating the footprint on 

site.   

Design	Suggestion	2.09.2
The garden beds filter out the gross pollutants which 

remain at the surface for collection as litter.  The nutrients 

and pollutants are then filtered out by the sand layers 

and dissolved for uptake by the plants.  Plant selection, 

soil profile and filter composition are critical to the 

effectiveness of treatment.  

Design	Suggestion	2.09.3
Select perennial plants that can tolerate short periods of 

inundation then long dry periods.  Their growth needs 

to be spreading rather than clumped, and they will need 

deep fibrous roots.  Use a gravel or pebble mulch, as a 

timber or bark mulch will float during peak rainfalls.  

Design	Suggestion	2.09.4
The following table sets out treatment options and 

suitable site applications for each.  Some are not suitable 

for a CAD context but can be considered for larger 

developments.

removal.  Installing a “third-pipe” system allows for the 

reuse of water that has not been treated to potable 

levels.  This is in line with the fit-for-purpose approach to 

water use, which allows lower grade water to be used 

for toilet flushing and irrigation.

A critical consideration for green roofs is the additional 

loading on roof structure.  In addition to the soil and 

vegetation, they can also absorb around 76 litres of 

water per square metre which produces a higher peak 

load that must be factored into the structural design.  

However their benefits are broad and of high value, as 

outlined in the Land Use & Ecology chapter, and provide 

a strong basis for incorporation of green roofs into a 

project.
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Objective	2.10

Use groundwater as an alternative source.  

Sourcing groundwater requires the 

installation of a bore to extract.  This may not 

be suitable for the Frankston CAD precinct, 

but is being well used outside the CAD.  

It is imperative that all relevant authorities 

are consulted prior to proceeding with water 

reuse options to ensure public health and 

environmental quality are preserved.  This 

includes Frankston City Council, South East 

Water and the EPA.

Objective	2.11

Treat discharge.  This relates specifically 

to stormwater and involves improving the 

quality of the water that is discharged from 

the site.  The main measures available are 

outlined above Objective 2.09, however 

when the water is discharged from site it 

does not require on site storage in a tank.  

It is also critical to control the effluent 

and contaminants added to the sewer 

system; however this is largely managed 

through behaviour change.  This includes 

implementing appropriate chemical handling 

procedures, suitable chemical and detergent 

selection, and preventing and containing 

spills.
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Treatment 
measure

Potential benefits Suitable site conditions
Unsuitable site 

conditions

Gross	
pollutant	traps

Reduces litter and debris.
Can reduce sediment.
Acts as a pre-treatment for other 
measures.

Conventional drainage systems Sites larger than 
100ha.
Natural channels

Sediment	
basins

Coarse sediment capture.
Temporary installation.
Pre-treatment for other measures.

Need available land area. Proximity to airports.

Rainwater	
tanks

Storage for reuse.
Sediment removal in tank.
Frequent flood retardation.

Proximity to roof.
Suitable site for gravity feed.
Incorporate into urban design.

Non-roof run-off 
treatment Below a 
water table

Matrix	storage Storage for reuse.
Sediment removal in tank.
Frequent flood retardation.
Can tolerate heavy vehicle 
loadings.

Proximity to paved areas and 
planting treatments.
Can be located beneath 
pavements, recreation areas and 
parks.

Below a water table

Vegetated	
swales

Medium and fine particulate 
removal.
Streetscape amenity
Passive irrigation.

Mild slopes (<4%) Steep slopes

Buffer	strips Pretreatment of runoff for 
sediment removal.
Streetscape amenity.

Flat terrain Steep terrain

Bioretention	
systems

Fine and soluble pollutants 
removal.
Styreetscape amenity.
Frequent flood retardation.

Flat terrain Steep terrain.
High groundwater 
table.

Ponds Storage for reuse.
Fine sediment settling.
Flood retardation.
Community and wildlife asset.

Steep terrain with confined 
valleys.

Proximity to airports or 
landfill.

Wetlands Community asset.
Medium to fine particulate and 
some soluble pollutant removal.
Flood retardation.
Storage for reuse.
Wildlife habitat.

Flat terrain. Steep terrain.
High groundwater 
table.
Acid sulphate soils.

Retarding	
basins

Flood retardation.
Community asset.

Available space. Limited available 
space.
Very flat terrain.

Source: Water Sensitive Urban Design Guidelines – City of Melbourne (adapted)

A building typically has two pipes installed, one for potable water supply and another for waste water 
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Electricity	transmission	linesFerrybridge	Power	Station

(Source:	FreeFoto.com)

Fortunately there are many options available 

to improve the efficiency of energy use 

in buildings, as well as to provide clean 

efficient energy which can be implemented 

immediately.  These include highly effective 

interventions to existing buildings, and a 

plethora of initiatives that new buildings can 

incorporate to dramatically cut the overall 

energy consumption and reduce, or even 

eliminate, the reliance on non-renewable 

sources.  As a flow-on from these initiatives 

are a suite of occupant and building owner 

benefits beyond the core goal of reduced 

energy consumption, such as reduced 

operating costs and increased comfort 

levels.

The main strategies are as follows:

	passive design

	appropriate services selection and sizing

	zoning and sensors

	building management

	renewable energy

	minimise embodied energy

The cumulative implementation of these 

strategies will make deep cuts to the current 

emissions and work to mitigate the impacts 

of climate change.
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Principles

There is a remote and unseen back-story to our electricity that belies the ease of access that 

is taken for granted.  Energy is invisible.  We cannot watch a reservoir of electricity trickle 

away when we switch on a light, rather we merely see the effects of the energy as the gas 

ignites.  As a result it is difficult to appreciate energy as a finite and precious resource.  Our 

understanding of energy has been limited to the infrastructure that carries it, and the activities 

that it permits.  Interruptions to power supply are infrequent and can normally be explained by 

some other incident such as a fallen tree branch or a traffic incident.  

Our energy supply in Victoria is reliant on very finite sources, in particular coal, gas and water.  

Immense amounts of damaging emissions are generated and enormous effort is expended 

in mining, transporting and processing coal and gas.  Large volumes of water are diverted 

and consumed to facilitate the power production process.  The electricity then travels along 

hundreds of kilometres of cable with its own inherent embodied energy, incurring energy 

losses along the way, before eventually arriving at the final destination for use.  

There is a legacy of existing built form that is entirely reliant on high volumes of energy 

sourced from centralised power supply which is highly polluting and unsustainable.  This 

attitude would be overturned very quickly if we were required to pedal a bike to generate the 

power for one light.  Equally, the damaging effects would be strongly felt if we had a small 

generator in our office or lounge room filling the building with its exhaust.  The argument to 

reduce demand would suddenly become a lot more compelling, and the need for a clean 

energy source would become urgent.  This is what we are currently doing to our environment, 

but on a dramatically larger scale.
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Minimise	embodied	energy
While the key elements of this are discussed in 

Chapter 4 – Materials, it is an important consideration 

in assessing the energy demands of a building.  The 

term ‘embodied energy’ is used to describe the energy 

that is required to achieve a certain outcome, which is 

not immediately evident when looking at the finished 

product.  Embodied energy is commonly thought of in 

the context of the materials from which the building is 

built or the finishes applied to surfaces.  Two materials 

can achieve the same function, but one may involve high 

energy manufacturing processes or require long distance 

transport.

Another good example of embodied energy is the 

impact of selecting a site detached from public transport 

systems or activity centres.  This can result in the need 

for the majority of users to adopt high energy transport 

options in lieu of more sustainable ones, such as a car 

trip instead of walking, cycling or public transport.  

A careful and informed decision making process can be 

a very effective way to make a large scale difference to 

energy consumption.
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Passive	Design
Traditional built form achieves comfort levels through 

energy-intensive technology to heat and cool.  

Fundamental to a low-energy building are design 

solutions that require little active energy input to maintain 

comfort levels, hence the term ‘passive’ design.  Many 

of the principles maximise the natural climate and take 

into account human physiology.  These principles are 

explored further in Element 5 – Indoor Environment 

Quality, along with the health and performance benefits 

of each.

Dependence on artificial lighting can be significantly 

reduced through a managed use of natural daylight.  

This also has the added advantage of introducing  

views for the occupants.

Appropriate	services	selection	and	sizing
A useful reference in assessing the size of an air-

conditioning system is that during summer the energy 

consumption is doubled for every 5oC of cooling.  

Hence, through the implementation of passive design 

techniques much of the loading on the system can be 

reduced along with the energy required.  

In addition to this setting realistic building energy needs 

can further reduce the system sizing.  This includes 

understanding the nature of activities in the building,  

the likely hours of occupancy, and the number of people 

using it.  These principles also apply to the lighting 

design, where the extent and type of artificial lighting  

can deliver savings.

This approach will reduce the reliance on artificial 

heating and cooling systems in a building. However, 

where air-conditioning is required it is important to 

specify the most energy efficient equipment available 

and ensure that the plant is not oversized. Decentralised 

air-conditioning allows problem areas to be managed 

separately from other areas where passive heating and 

natural ventilation may be possible.    

Zoning	and	sensors
Designing a zoned mechanical and lighting system 

allows individual control that can respond to varying 

needs, without over-treating a space or conditioning 

an unoccupied area.  This can be achieved through 

separate switching of the zones.  In the case of 

lighting, this can also be linked to a light and movement 

sensor system which will eliminate the reliance on 

users to regulate the light levels.  A sensor system for 

mechanical systems will ensure the level of conditioning 

is appropriate to the demands of the space.

Building	management
The majority of energy use for a building is incurred 

after it is occupied.  Therefore it is crucial to manage 

the ongoing operation through a comprehensive yet 

accessible Building Management System (BMS).  

This requires a well-designed network of meters and 

monitors, which will provide the necessary data to 

identify issues early as well as give a basis for reporting 

on the impact of improvements to the system.

Renewable	energy
The primary issue with our current energy use is that 

most of it is sourced from highly polluting fossil fuel 

technologies.  Shifting some of the building’s energy 

demand across to a renewable supply makes a dramatic 

difference to the emissions.  Reducing the overall system 

demands will minimise the infrastructure required to 

produce the energy, and reliance on passive systems 

wherever possible will enable storing of the energy 

for use when the sun goes down or wind levels drop.  

Alternatively the excess power can be directly fed into 

the mains power grid, thereby turning the site meter 

backwards.
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Rose of Wind direction versus Wind speed in km/h (01 Feb 1992 to 31 Dec 2006)
FRANKSTON AWS
Site No: 086371 • Opened Jul 1990 • Still Open • Latitude: -38.1481° • Longitude: 145.1156° • Elevation 6m

An asterisk (*) indicates that calm is less than 0.5%.
Other important info about this analysis is available in the accompanying notes.
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Wind	chart	diagrams	for	Melbourne
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Objective	3.02

One of the challenges in the Frankston area 

is the desire to capitalise on the stunning 

views of Port Phillip Bay to the west.  

Design	Suggestion	3.02.1
In this situation it is recommended that a combination 

of deep overhangs and operable shade devices be 

provided, thereby maximising the view while providing 

flexibility to manually manage the shade as required.  A 

vertical shade element can achieve an equivalent effect 

to deep horizontal shades if space is a premium.

Design	Suggestion	3.02.2
East-west openings will also be ideal for capturing 

the prevailing winds in Frankston City.  The majority of 

summer breezes will come from the west and south-

west straight off the bay, along with some sustained 

breezes from the east.  These will assist with natural 

ventilation and night purging.  Wind speed can be 

notably stronger from the west and therefore some 

control should be allowed to moderate the air flow.

Design	Suggestion	3.02.3
The cold winter winds come mainly from the north along 

with some less frequent winds from the west and north-

west.  This creates a conflict with the desire for north 

glazing, hence openings should be insulated and well 

sealed.  
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Solar	diagrams	for	Melbourne

Design suggestions 

Passive Design

Objective	3.01

The orientation of the building is pivotal to the success of passive design principles.  It seeks 

to harness the sun’s natural energy and light, which follows a highly predictable pattern 

throughout the year.  

Design	Suggestion	3.01.1
The primary frontage should preferably face either north, 

or if necessary no more than 20 degrees to the west 

or 30 degrees to the east.  This will minimise the harsh 

low direct sun that occurs at either end of the day, while 

permitting a controlled capturing of solar warmth as the 

sun rises.  The building form needs to allow suitable 

shading to the north facade to control the seasonal 

variances in the sun’s path.  The hot summer sun needs 

to be shaded from the building, whilst still permitting the 

lower winter sun to deliver warmth.(8)

Design	Suggestion	3.01.2
In Frankston City, the sun’s peak midday elevation in 

summer is 75o from horizontal and in winter at midday it 

reaches 28o.  The ideal elevation for shade to commence 

is 67o which will protect from late October through to 

late February.  This should be used as a reference angle 

when calculating the dimensions of shade devices.
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Objective	3.04

Night purging is the process of using the 

cool night time air to remove the heat that 

has accumulated inside a building during 

the day.  During the hottest months of 

December to March the mean overnight low 

temperature for Frankston City is between 

13.6oC to 15.9oC, which is optimal for 

this process.  In residential buildings this 

is typically occupant controlled, however 

in other building types it requires an 

automated system to open the building after 

hours.  The system design should take into 

account potential security issues and an 

unobstructed air flow through the building.

Objective	3.05

Natural daylight can be harnessed by 

windows with suitable shade devices.  For 

high ceilings or tall windows a light shelf can 

provide shade whilst bouncing the daylight 

deep into the building.  

Design	Suggestion	3.05.1
Ideally the base building floor plate should be no more 

than 14m deep to maximise the effectiveness of daylight 

penetration.  Some block sizes necessitate a deeper 

floor plate which can compromise the performance of 

passive systems, hence an atrium or series of light wells 

can achieve improved ventilation and good daylight 

penetration.

Design	Suggestion	3.05.2
High performance windows should be used to prevent 

heat escape in winter, and have the option of shading to 

avoid intense summer heat loads.  Clerestory glazing is 

also ideal for low height buildings or upper levels.  These 

can sometimes cause glare, which can be addressed 

through the installation of a series of translucent baffles 

to diffuse the direct sun.  

Design	Suggestion	3.05.3
A light coloured roof will also assist in reflecting 

additional light back up onto the ceiling of a clerestory 

whilst preventing excessive heat load during summer.
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Objective	3.03

Thermal mass is a central principle for passive design.  It is essentially the capacity of the 

building materials to store heat.  Some examples of materials that can deliver excellent 

thermal storage are concrete, brick and blockwork, stone or rock.  Water can also be used 

as an energy storage medium.  In summer the thermal mass is used to absorb the excess 

internal heat of the building while providing a pool of cool air at floor level.  At night time 

the stored heat is stripped out through night-purging.  During winter the thermal mass can 

absorb the daytime sun’s warmth then gradually release this back into the building through 

the night.  

Design	Suggestion	3.03.1
It is important that the surface of the thermal mass be 

exposed directly to the sun and air to allow the heat 

transfer to take place.

Design	Suggestion	3.03.2
The thermal mass can be integral to the building 

structure such as walls, floors and roof.  It can also be 

added as a dedicated feature, such as the sub-floor 

labyrinth system used beneath Federation Square 

in Melbourne.  An unusual yet increasingly popular 

technology uses Phase-Change Material (PCM) as a 

thermal mass to absorb the air’s heat, which is later 

rejected through night purge air.  The qualities of the 

PCM allow it to freeze at room temperature providing a 

heightened capacity to store heat.

Design	Suggestion	3.03.3
These passive approaches to managing thermal comfort 

need to be complemented with a comprehensive sealing 

of the building to avoid leakage, and inclusion of high 

performance insulation to the walls, floor and ceiling.  

This effectively wraps the building in a blanket of air, 

thereby ensuring the conditioned space is separated 

from the fluctuating outside ambient conditions.  This 

holistic approach will minimise the demands on the 

system and maximise its performance.  Clear guidance 

on insulation type and installation can be found at 

the Your Home website (www.yourhome.gov.au) and 

the ICANZ Insulation Handbook, Part 1 - Thermal 

Performance (www.icanz.org.au/handbook).

Design	Suggestion	3.03.4
Apart from the wall, floor and ceiling, the other aspect 

of insulation is the window.(9)  The amount of heat 

lost or gained can be improved by up to four times a 

conventional window through the introduction of an 

extra sheet of glass to create an air gap.  This curtain of 

air regulates the heat transfer, preventing the direct loss 

that a single sheet of glass allows.  The performance of 

a window can be ascertained by its Windows Energy 

Rating Scheme (WERS) Rating.
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Ceiling	fans	can	support	natural	ventilation

Internal	zoning	and	ventilation

Natural	ventilation	through	openable	windows	and	rooflights

Inadequate natural

ventilation

Ventilation through 

two adjacent walls, 

satisfactory

Superior ventilation is

achieved with full

front & back openings

Zoning	&	Ventilation:	

Ideal orientation is fac-

ing southwest to funnel 

prevailing winds through 

the unit.

The ability to effectively 

ventilate trapped hot air 

is vital for comfortable 

year-round living.

Design	Suggestion	3.06.2
The openings required for an air pressure system are 

effectively the same as a stack effect system, however it 

uses the difference in air pressure that occurs when wind 

blows against a building.  

The surface blown against generates a positive air 

pressure pushing air into the building, and creates 

a negative air pressure on the opposite side which 

effectively sucks the air out of the building.  Roof shape 

can enhance the effectiveness of this process.  This is 

sometimes referred to as the Bernoulli Effect.
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Natural	ventilation	and	cooling	through	openable	facade	louvres	

Natural	ventilation	and	‘stack	effect’	heat	exhaust
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Objective	3.06

Ventilation can be achieved very effectively 

using natural systems such as the stack 

effect and air pressure.  Stack effect occurs 

when air heats up making it less dense 

thereby causing it to move upwards.  This 

can be used to ventilate a building through 

high levels openings, an atrium, or a thermal 

chimney.  

Design	Suggestion	3.06.1
There will need to be equivalent low level openings to 

facilitate through air movement.  The movement can be 

accelerated by selecting a dark colour for the chimney 

surface which increases the temperature, and the use of 

wind turbines for extraction if the site suits.  It may still 

be necessary to have a supplementary extraction fan to 

ensure adequate air changes are achieved.
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Appropriate services selection and sizing

Through the inclusion of well considered passive design principles, many other aspects of the 

building design can be reduced.  This particularly includes lighting and Heating, Ventilation 

and Air-conditioning (HVAC) systems.  Current approaches to reducing energy consumption 

in lighting include:

	energy efficient fluorescent tubes (T5 or T8 depending on the siting and how the light will 

be used)

	avoiding 12V halogen downlights for general purpose lighting – use compact fluorescents 

instead

	use of natural light

	use of electronic ballasts (7% more efficient)

	user controls to allow lights in rarely used areas to be turned off

	use of automated light dimming where cost effective

There are other technologies also growing in the market, one of which is the use of LEDs 

(light-emitting diodes), which have very low energy consumption and significantly improved 

lamp life.  To minimise energy use in HVAC systems, consider:

	decentralised systems to better meet specific needs of problem areas

	prevent air infiltration (uncontrolled air entry)

	outside air economy cycle for “free” cooling and overnight building flushing

	evaporative rather than refrigerated cooling systems

	absorption cooling, perhaps in conjunction with cogeneration

	variable air volume systems

	variable speed drives for chillers/compressors for part load conditions

	specifying high efficiency electric motors for fans and pumps

	avoiding reheat systems

	maintain system according to manufacturers specification

	avoiding returning air through ceiling plenum to minimise air losses

	radiant heating as an alternative to air heating in large, open areas  

52

Element 3 Energy

Shading	implications	for	varying	sun	angles	and	facade	designs

Internal	louvres	as	shading	devices	to	rooflight
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Design	Suggestion	3.06.3
The spatial relationships of rooms to the outdoor 

environment are pivotal to the success of passive 

design.  Some useful tips are:

	 living spaces need good access to winter sun. 

North facing living areas and balconies or outdoor 

spaces are ideal.

	a suitable area of glass on north facing walls with 

access to winter sun. As a general guide this should 

be 10-25 per cent of the floor area of the room.

	west facing glazing should not be excessive in area 

and properly shaded to prevent overheating. West 

facing walls receive the strongest sun at the hottest 

part of the day.

	avoid any significant detrimental over-shadowing by 

adjacent buildings and trees.

	ensure that there is year round solar access for 

clothes drying and solar collectors(3).
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Radiator	above	external	windows,	CH2	Melbourne

Chilled	ceiling	beams,	CH2	Melbourne

Facade	‘shower	tower’,	CH2	Melbourne

Design	Suggestion	3.07.2
Chilled ceiling and beams: a chilled ceiling panel uses 

chilled water to produce radiant cooling to the main 

office space.  If the cooling requirements are above the 

capacity of a ceiling panel, then chilled beams can be 

included around the perimeter.  This will address the heat 

loads from direct solar gain and heat conducted from 

windows.  This system is commonly used in conjunction 

with displacement ventilation, as the air movement 

produced is complimentary.

Design	Suggestion	3.07.3
Shower tower: this is a low energy form of evaporative 

cooling where water is sprayed from a height to deliver 

air movement, in lieu of fan-driven air movement.  The 

evaporation that occurs strips out the heat energy, 

providing a source of coolth from both the air and 

water.  The process also cools the surface of the tower 

thereby providing additional cooling.  On a typical 35°C 

Melbourne summer’s day, a 9 metre high shower tower 

can achieve 20°C air temperature, which is a significant 

energy saving(5).

Design	Suggestion	3.07.4
Hydronic: Water pipes are an efficient method for 

transporting cool or heat around a building.  They can be 

laid into a concrete slab, or run through wall and ceiling 

panels.  A well designed pipe network requires minimal 

energy to move the water around, and can easily be 

retrofitted into existing buildings.  They take up very little 

space making it possible for it to be run through tight 

ceiling spaces, or even be exposed without significant 

visual clutter.  Hydronic systems also separate the 

heating and cooling system from the ventilation system 

thereby providing opportunity to more easily address 

comfort issues without compromising fresh air volumes.  

The response time is slower than air-based heating and 

cooling, however this can be addressed through time 

settings for the Building Management System (BMS).
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East Melbourne Library
Ground source heating and cooling pump schematics
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East	Melbourne	Library’s	ground	source	heat	
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exchange	in	summer	mode	
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Objective	3.07

In addition to the above measures, further efficiencies can be achieved through the 

implementation of alternative methods for heating and cooling.  The use of passive design 

will reduce energy consumption and the reliance on active heating and cooling systems.  

However it is often still necessary to provide a mixed mode system to cater for the extremes 

of weather conditions which move outside tolerable comfort levels.  The selection of this 

active system can further heighten the building’s performance.  Some current technologies 

being used are outlined in the design suggestions below.

Design	Suggestion	3.07.1
Ground source heat exchange: while air temperatures 

fluctuate on a daily basis, beneath the ground surface 

the soil temperature tends to remain very stable.  This 

is an ideal low energy opportunity for heat rejection or 

tempering.  Water runs through pipes that are laid either 

vertically or horizontally in the soil, which then exchange 

this to the building’s delivery system through a heat 

pump.
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Zoning, sensors and controls

Objective	3.09

Once the performance of a building envelope has been maximised, and the required energy 

reduced, the next step is to provide the option of not using the system.  This is achieved 

through zoning, sensors and separate controls for the heating, cooling and lighting.  

Fundamental to zoning is the principle that the building systems only service the areas that 

need servicing, and only operate when they are required.  By creating a linked series of 

zones, an unused area can be turned off without effecting the actively used areas.  The BMS 

can assist in monitoring his process, so that only occupied spaces are conditioned.  

In conjunction with this is the use of sensors which add a more immediate control to the 

selective use of spaces.  Sensors are most effective in a well zoned building.  Some examples 

are as follows:

	a movement sensor will ensure an unoccupied room is not lit or conditioned;  

	a lux level sensor will turn off artificial lighting if there is good natural light levels available;

	a carbon dioxide sensor will ensure a space is not being over or under ventilated, 

adjusting fresh air deliver rates to suit the needs of the space;  

	temperature sensors will moderate the amount of ventilation, heating and cooling required 

to a space, and if partnered with an outdoor weather station can determine if the ambient 

outdoor air temperature is suitable for direct use inside with no or minimal treatment; 

	 in HVAC systems, widen the deadband to avoid heating fighting cooling;

	a timer can turn off lighting and mechanical services at certain times.  They can also 

be used on appliances such as boiling water units which generally don’t need to be 

operational in the middle of the night.
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Objective	3.08

Central to efficient lighting is the concept of 

efficient use of electricity.  Many older types 

of lighting lose energy through heat, whereas 

newer types maximise light output and 

minimise heat loss.  The added benefit of 

this is the reduced heat load to the internal 

space. 

Design	Suggestion	3.08.1
Combining efficient lighting and efficient appliances 

within the building can make a positive reduction in the 

requirement for cooling. 

Design	Suggestion	3.08.2
It is common for a floor to be uniformly illuminated 

at around 600 lux to cater for the highest demand 

illumination for task spaces, whereas a lot of energy 

can be saved by simply designing the base light level 

to be a lot lower and complementing with specific task 

lighting.  Task spaces can be illuminated to 500 lux, 

however circulation areas and computer monitors can be 

illuminated at 150-300 lux to prevent reflection and glare.  

The ambient light should not exceed 300 lux (4).
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Building Management System (BMS)

Objective	3.10

It has been noted that “the greatest life-time energy impact of a building is its operational 

energy”, hence this is a critical part of the building’s design and delivery.

Design	Suggestion	3.10.1
Include a centralised BMS that is partnered with a 

comprehensive set of meters and sensors.  Use this 

information to monitor and regularly report on the 

building’s performance levels, and for early identification 

of issues.  The readings can be used for benchmarking 

against industry best practice, and are required to 

calculate an ABGR (Australian Green Building Rating).  

The ABGR is a star rating measure of the energy 

consumption in a commercial building, where the higher 

the rating the better the performance.  It is also used by 

other rating systems that assess a suite of measures in 

addition to energy consumption.

Design	Suggestion	3.10.2
Incorporate an Environmental Management System 

(EMS), green leases and tenant building user manuals 

into tenancy agreements.  A useful reference is the 

Investa publication “Green Lease Guide: for commercial 

office tenants”.(12)

Design	Suggestion	3.10.3
The operation of the tenancy, while outside a building 

owner’s control, is improved by allowing separate  

tenant control of lighting and mechanical services.   

It is also improved through the selection of efficient  

office equipment. 

The greatest life-time energy impact of a building is its 

operational energy(13), hence this is a critical part of the 

building’s design and delivery.  One study of Canadian 

office buildings concludes that over 50 years, the 

operating energy is more than 6 times greater than the 

total embodied energy.(8)
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The third aspect of controls is a difficult 

balancing act between allowing individual 

control of services to meet their unique 

requirements, which is an important aspect 

of perception of comfort, while avoiding 

an escalation in energy due to competing 

requirements.  This is especially the case 

with heating and cooling where one person 

may be turning up the temperature while 

another needs it cooler.  

Design	Suggestion	3.09.1
The recommended approach is to apply a base 

condition across the floor for lighting, heating and 

cooling, then allow user control through task lighting  

and adjustable air delivery direction.
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plant	at	40	Albert	Road

	Solar	hot	water: Water moves through 

pipes that are laid over an absorber plate, 

both of which absorb the sun’s heat.  The 

hot water is stored until it is needed.  The 

advantage of solar hot water is its rapid 

payback period.  In commercial systems, 

a combination of collectors, tanks and 

natural gas boosting can ensure that 

hot water demand is met even when 

there is insufficient available solar energy. 

Heat pump systems are also available 

which do not require sunshine or rooftop 

collectors.  

	Wind	turbines: Wind is used to turn the 

drive-shaft of an electricity generator, 

either directly or through a gearbox.  

A horizontal axis turbine can be very 

efficient but only operates when facing 

into the wind, whereas a vertical axis 

turbine will generate electricity in any 

wind direction.  Several examples now 

exist of wind turbines being incorporated 

into the architecture of buildings. The 

bayside location of Frankston provides 

some consistent wind loadings which 

increase the viability of this technology, 

however noise in small scale turbines and 

unobstructed access to steady wind are 

challenges in more built-up areas.

	Co-generation: While technically not 

renewable, this is a high efficiency energy 

production system that combines heat 

and power production (CHP).  It typically 

uses natural gas to drive electricity 

generators, then the excess heat is 

captured and used for other systems 

such as hot water and space heating.  

Natural gas has a significantly lower 

emissions level when compared to coal 

derived electricity.  By introducing an 

absorption chiller to the system it can 

become capable of producing combined 

heating, cooling and power (CHCP), also 

known as tri-generation.
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Renewable energy

Objective	3.11

It is likely that renewable energy will be a shifting market as new technologies are developed.  

There will be added pressure on this industry once Australia formally adopts a carbon market 

in line with the Kyoto protocols.  However, it is important to note that we have the technology 

that can achieve the necessary emissions reductions required to address the issue of climate 

change.  There are some excellent options that can be immediately included in a building 

project.  These include:

	Photovoltaic	cells: These convert solar 

energy into electricity by using two layers 

of silicon, one positive and the other 

negative, which react to light causing 

electrons to flow.  This can generate a 

current which is then converted to usable 

AC current.  With a grid-interactive 

system, if the electricity from the solar 

panels is not used, it can be fed back 

into the mains electricity grid, offsetting 

the power consumed at other times.  If 

it is not used the electricity can be fed 

back into the mains electricity grid (if 

connected) and reverse the building’s 

meter.  There are several types of 

PV now on the market, including 

evacuated tubes, amorphous, thin film.  

Developments in this technology have 

made it possible for photovoltaic cells 

to be integrated into the building fabric, 

such as replacing glazing or being used 

as roofing or cladding material, which 

can assist in it having a comfortable 

relationship to the architecture instead 

of looking like an add-on, whilst also 

reducing the capital cost by replacing 

another building material.



Element 3 Energy

Ecologically Sustainable Development Design Guide - Buildings 63

E
lem

ent 3 E
nergy

Element 3 Energy

63

E
lem

ent 3 E
nergyImage	from	Melbourne 2030	to	illustrate	a	sustainable,	mixed	use	urban	development

Minimise embodied energy

Objective	3.12

Select a site that is in close proximity to public transport and an activity centre.  For large 

scale developments, include a mix of uses within the building, such as upper level residential 

or commercial uses, with lower level retail and cafes.  Other inclusions could be a child 

care centre or gym.  These are all common activities that often necessitate a car trip.  

Consolidating these uses into a development can eliminate these trips whilst generating life 

and activity which improves safety.    

Refer to Element 4 – Materials, for guidance on building material selection criterion.
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	Hydroelectricity:	This is an ancient 

method of harnessing the energy of 

water movement, but it remains a 

relevant means of energy generation.  

The main uses are large scale hydro such 

as the Snowy River system, however 

there are useful applications of mini-

hydro that can be included in buildings 

and stormwater systems.  All that is 

required is a volume of water and a 

vertical drop, which creates a source of 

energy that can be converted. 

Design	Suggestion	3.11.1
Many of the renewable technologies are by nature 

intermittent and therefore it is recommended that they 

are used in conjunction with a storage system or mains 

electricity supply as backup.  

Design	Suggestion	3.11.2
Building rating tools will often use assessment criteria 

that include overall energy consumption, and the 

percentage reduction in CO2 emissions based on the 

proportion of power sourced from renewable energy.  

Reducing overall consumption and increasing the 

renewable energy production will maximise this score.

 

Design	Suggestion	3.11.3
Where the actual renewable energy technology cannot 

be physically incorporated into a project, the alternative 

is to source electricity from GreenPower, which is now 

available from all the main electricity retailers.  This is a 

government accredited system that ensures the amount 

of energy consumed on site is matched by generation 

from an approved large scale renewable energy 

production elsewhere.  This can either be a proportion of 

your power supply or the entire amount.  It is important 

that the GreenPower product carries the accredited 

logo, and that the proportion of GreenPower is clear 

as this will affect any assessments of carbon footprint.  

Business and Government GreenPower customers can 

apply to use the GreenPower logo for promotional and 

marketing purposes.
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40	Albert	Road,	South	Melbourne

Avoid
The least impact possible is achieved by not using 

materials.  This may seem strange considering a building 

cannot exist without materials, however there are some 

design decisions that can significantly reduce the volume 

of materials required, these include:

	facade systems and architectural features can 

often be refined to use less framing and materials;  

	combining functions can also deliver equivalent 

benefits, such as using photovoltaic cells as 

roofing or cladding, and using roof overhangs or 

architectural features to achieve shading 

	careful detailing and designing to standard 

material sizes can reduce member sizes and 

quantity, while avoiding waste;  

	expressing the structure can reduce the need 

for additional cladding.  Decisions such as using 

exposed concrete not only avoids the need for 

an additional floor lining but also offers excellent 

thermal mass and a highly durable and trafficable 

surface;

	don’t oversize the building.  Only build what is 

required;

	careful application of passive design principles 

can reduce or even eliminate the need for some 

materials and equipment.

Reuse
For the materials that are used in a project, the best way 

to minimise impact is the use of existing materials, as it 

eliminates any new materials and the resources required 

to make them.  

This can be achieved through a few approaches:

	reuse a building: this can be the whole building 

or preserving existing building elements such as 

facades or structural elements;

	reuse materials from demolished sections: most 

materials have reuse potential, but some obvious 

opportunities are steel beams or columns and 

large timber sections, topsoil which can be 

stockpiled for redistribution, and vegetation can 

be protected.  Any materials reclaimed from 

the project site have the added benefit of not 

requiring any transport;

	specify reclaimed materials: there are many 

second hand building materials suppliers that 

offer a large selection of common materials.  If the 

material is to be used as part of an architectural 

feature it is worthwhile to visit the supplier and 

select the specific item.  This may be pre-

purchased and become a supplied item for the 

main building works.

Element 4 Materials
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Principles

In the broader context of a construction project and a building’s life, the impact of materials 

on the environment is far less than other considerations such as building operation, especially 

in terms of greenhouse gas emissions.  However materials remain an important link in the 

chain of elements that make a building ecologically sustainable, with many associated 

impacts apart from the obvious consideration of embodied energy.  Good ESD design should 

endeavour to use materials with the lowest environmental impacts.

Some key selection criteria can be established that assist with decision making and these can 

alleviate the complexity of the process.  This is evident in materials such as timber, where the 

origin of the timber and the management of the forest can be assessed and independently 

certified.  For steel, there are simple measures such as the percentage of recycled content or 

identifying that the steel is post-consumer sourced.

For other materials the assessment is not as straight forward.  There are, in fact, so many 

variables and competing issues to consider that it is often difficult to arrive at a clear 

conclusion as to which option has the least impact.  The most effective method to achieve 

an even comparison is for the manufacturer to carry out a Life Cycle Assessment (LCA) 

of each material.  This is an onerous task, however manufacturers benefit from having a 

definitive and objective assessment that verifies their product’s credentials.  It is very thorough 

and encompasses all the necessary considerations such as extraction, manufacture, 

transportation, use or operation and eventual disposal or re-use.  An LCA can also be carried 

out for an entire building, taking into account all the combined materials and their relationship 

to the other building elements.

In addition to the actual material itself, there are broader considerations such as how it is 

used, how it is installed and its suitability for the application.  These issues require careful 

planning by the project architect to ensure a holistic approach is taken.

The following guiding principles are a sound basis for any project and will assist in developing 

a clear strategy for material selection.
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	emissions: some materials are inert once produced, 

whereas others release pollutants.  The rate of 

emission is typically highest when the material 

is new and will diminish over time.  Secondary 

sources are from the adhesives required for 

installing certain materials, the coatings applied to 

them, and the chemicals used to maintain or clean 

them.  They can be harmful substances such as 

volatile organic compounds (VOC’s), especially the 

common formaldehyde which has been shown to 

be carcinogenic(15). Other emissions like odours and 

fumes may not produce long term harm but can still 

cause immediate side effects of discomfort such 

as nausea or headaches.  Each of these contribute 

contaminants to the indoor environment, hence 

low emission materials take priority during material 

selection;

	durability: understanding how the material will be 

used is fundamental to an appropriate selection of 

durability.  Some uses necessitate high durability 

due to heavy traffic or harsh conditions such as 

near coastal areas.  In these applications it is more 

appropriate to select a material that may have 

higher embodied energy but will last, rather than 

one that will need to be replaced after a short 

time.  Replacement effectively doubles the impact 

of the original material.  On the other hand, some 

structures may be only temporary or not be exposed 

to any abrasive or corrosive conditions, and hence 

a less durable material that has lower embodied 

energy will be preferable;

	toxicity: while there are tolerance levels for some 

emissions, there are specific types that can 

have serious implications for occupants or the 

environment and need to minimised or eliminated.  

In some instances, the material itself can prove 

to be hazardous, such as lead or asbestos, and 

must be excluded from selection processes, and 

appropriately managed or removed in existing 

buildings;

	transport: many materials have travelled very long 

distances prior to their arrival at the building site 

for installation.  This is further exacerbated if the 

distance travelled by the individual components 

is added to the equation, as an overseas supplier 

may have already imported various chemicals 

and compounds as part of the manufacturing 

process.  Hence locally manufactured and sourced 

materials are preferred.  This is reinforced by the 

stricter environmental controls placed on Australian 

industries when compared to some manufacturing 

countries.  There are occasional exceptions, where 

the outstanding manufacturing standards of an 

international company may warrant the transport 

required to import;
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Recycle
Any material no longer needed is not necessarily waste, 

but rather available as a resource that can be used in 

some other form.  This diversion of material away from 

the waste stream is known as recycling, and has three 

applications in project planning:

	waste separation: during demolition many materials 

can be separated for collection for recycling.  This 

will reduce the amount of raw materials required in 

the manufacture of new materials, as well as prevent 

soil contamination from landfill;

	recycled materials: specify materials that have 

recycled content.  There are some excellent options 

available on the market which are almost entirely 

made from recycled content, and there are even 

more options available with a proportion of recycled 

material;

	recyclable materials: give consideration to the 

material’s end-of-life management, with preference 

for materials that can be easily removed for reuse 

or recycling.  This will promote a closed waste cycle 

where materials can continue to be reused with little 

or no need for additional raw materials.  Some of the 

leading manufacturers offer a product stewardship 

programme where they will take full responsibility 

of their product at the end of its usable life and 

maximise the reuse of the materials.

Low	Impact
There has been a significant improvement in the 

diversity of products available on the market.  This has 

been stimulated by market demand for options that 

have less environmental impacts and better effect on 

occupant health.  In many instances the characteristics 

of the products available remain unsatisfactory despite 

recent improvements, however a continued demand 

will ensure manufacturers aim higher.  There are several 

key considerations when selecting a material, and these 

should be prioritised depending on the application of the 

material.  They cover both the nature of the material as 

well as the associated activities required to produce it. 

These are:

	embodied energy: this is the energy consumed in 

the production of the material.  It includes each 

stage of the process from extracting the natural 

resources to delivery to the building site and the 

administration required in between.  Reducing 

the embodied energy will reduce the overall 

environmental impact of the material;

	embodied water: in the same vein as embodied 

energy, embodied water is an assessment of the 

volume of water required over the life of a material’s 

procurement, including growing, processing and 

transporting.  The increasing scarcity of water has 

elevated the importance of this consideration, and 

puts a more realistic understanding on the impact of 

the material;
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The cost difference between these options will continue 

to improve over time as market demand shifts towards 

the sustainable options.

Alternatively, a material with higher embodied energy 

may be selected due to the greater longer term benefit 

of lower operating energy consumption.  This is the case 

when choosing between timber or sheet flooring which 

has comparatively low embodied energy but no thermal 

mass, whereas concrete has high embodied energy 

but can deliver excellent long term energy savings if 

its thermal mass is harnessed through passive design 

principles.  The temperate climate of Frankston City 

is well suited to the use of concrete’s thermal mass.  

However the lightweight timber would be preferable  

in a tropical climate where night temperatures are 

generally higher.

It becomes clear from the above examples that there is 

not a fixed set of rules that can be applied across the 

board, but rather fundamental principles that must be 

referred to in assessing the merits of materials for  

each project.  
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	environmental impact:

	Biodiversity: this takes into account all 

forms of life, such as plants, animals, 

micro-organisms, and even the genes 

they contain.  It also encompasses 

the ecosystems within which they live.  

The processes required to procure the 

materials can result in very serious impacts 

such as directly causing extinction of 

species, or destroying their habitat and 

the natural systems that support life.  A 

common consequence of development 

is the severance of linkages between 

habitats and wildlife populations, especially 

by roads.  The consequences can creep 

outside the boundary of development, 

with emissions and disturbance causing 

degradation of the natural systems.

	Landscape: while landscape is inherently 

tied to biodiversity, it needs to be 

considered as an entity in itself.  This 

includes the natural physical features, 

water bodies and land formations.  

Materials that require intensive mining incur 

large physical scars on the landscape 

that cannot be reversed.  Water intensive 

industries divert water away from rivers 

and lakes.

The concealed nature of the majority of these impacts 

has made it difficult to influence market purchasing 

habits.  However the increase in accurate and reliable 

information has precipitated a growing shift towards 

genuinely sustainable material selections.

Prioritisation of these factors can be separated into 

two levels: prerequisite criteria, and negotiable criteria.  

Some prerequisite criteria may automatically eliminate 

a material due to high impacts such as destruction of 

native habitat or intolerable toxicity levels.  Chrome 

plating and chrome treatment generally is a very high 

impact process, consuming large volumes of energy and 

water and involving some highly toxic chemicals and 

emissions.  There are some excellent alternatives that 

can easily be substituted such as stainless steel, timber 

framing and chrome-free leathers.  

Other criteria may be played off against competing 

project considerations due to necessity.  A lower cost 

option may be selected due to the cost penalty of the 

better materials.  

One example is joinery, which typically uses a medium-

density fibreboard (mdf) core with laminate veneer.  

There are various other options available that increase 

the environmental credentials and have differing cost 

impacts.  These may include using:

	a zero emissions (E0) mdf

	an FSC certified timber veneer

	powder-coat paint finish

	compact laminate, which is durable, has low 

emissions and requires no edging

	an FSC certified plywood sheet.  
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	CSIRO	graph:	Relative	embodied	energy	by	use

CSIRO	graph:	Relative	embodied	energy	by	weight
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Design Suggestions

Adhering to the guidance outlined in the above section, in particular the priorities of avoid, 

reuse and recycle, will deliver some of the most significant gains prior to the selection of new 

materials.

When specifying new materials one of the most useful tools currently available is Ecospecifier 

(www.ecospecifier.org), a subscription based online database of preselected and assessed 

materials and products.  It identifies products and materials which eliminate or reduce 

potential environmental and health impacts across their life-cycle when compared with other 

equivalent products.  There are also categories for products that are specifically developed 

for ecological or health purposes, such as photovoltaic panels.  Search functions allow the 

user to set criteria that are most important for the project, such as credit points related to the 

Green Star Technical Manual.  The database is regularly updated to include recent entries to 

the market, thereby allowing easy access to current information.

Also offering excellent resources is the GECA label, or Good Environmental Choices Australia 

(www.geca.org.au).

In addition to using the above tools, the following tables provide some clear guidance on a 

material’s embodied energy performance.
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Standard	logo
Timber	certification	scheme

Forest	Stewardship	Council	(FSC)

Objective	4.01:	Timber

The main consideration for timber is its source, as more than half of Australia’s forests 

and woodlands have been lost over the past 200 years.(16)  This puts us in the top five 

deforestation countries in the world, and indicates a strong need for a change to sustainable 

and certified timber sources.  

Good wood is:

	NOT derived from rainforests or native growth forests (old growth);

	grown in plantations as a renewable resource;

	recycled timber;

	laminates (plywoods) and other composite woods from plantations;

	timber that has not led to habitat destruction.

Design	Suggestion	4.01.1
The best option is to use recycled or reclaimed timber.  

This is often sourced from demolished structures such 

as woolsheds, bridges and wharves.  These can be 

machined to suit the application.

Design	Suggestion	4.01.2
If new timber is required, it is recommended to select 

a certified timber such as FSC (Forestry Stewardship 

Council) (17) or the Australian Forestry Standard  

(AFS) .(18)  This is an international labelling scheme 

ensuring it is sourced from a well-managed forest,  

with a strong sustainability focus.  It takes into account 

the way the forest’s ecosystem has been maintained 

as well as the overall financial and socioeconomic 

viability.  These products have been put through rigorous 

assessment criteria in order to achieve certification.  

There are now a broad range of FSC products available, 

including standard dimension plantation timbers, as well 

as plywood and medium-density fibreboard sheets and 

timber veneers.  

Design	Suggestion	4.01.3
Medium density fibreboard (MDF) is composed of 

wood fibres bonded together with urea-formaldehyde 

resins, with a high resin-to-wood ratio and is generally 

recognised as the highest formaldehyde-emitting 

pressed wood product.  Formaldehyde has been 

shown to cause many illnesses including respiratory and 

allergic reactions, however more seriously it has also 

been shown to cause cancer in animals and may cause 

cancer in humans.(19)  Use either a zero emissions MDF 

product, referred to as E0, or replace with alternative 

materials such as a lower emitting plywood.  Ongoing 

emissions can be reduced by sealing the panel product 

with paint or laminates.
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MATERIAL
Embodied	

Energy		(MJ/kg)

Kiln dried sawn softwood 3.4
Kiln dried sawn hardwood 2.0
Air dried sawn hardwood 0.5
Hardboard 24.2
Particleboard 8.0
MDF 11.3
Plywood 10.4
Glue-laminated timber 11.0
Laminated veneer lumber 11.0
Plastics – general 90
PVC 80.0
Synthetic rubber 110.0
Acrylic paint 61.5
Stabilised earth 0.7
Imported dimension granite 13.9
Local dimension granite 5.9
Gypsum plaster 2.9
Plasterboard 4.4
Fibre cement 4.8*
Cement 5.6
Insitu Concrete 1.9
Precast steam-cured concrete 2.0
Precast tilt-up concrete 1.9
Clay bricks 2.5
Concrete blocks 1.5
AAC 3.6
Glass 12.7
Aluminium 170
Copper 100
Galvanised steel 38

Source: Lawson 1996, cited in Your Home – Embodied Energy

Each material is used in differing volumes during 

construction.  The following table puts this in perspective, 

demonstrating the overall embodied energy of different 

ASSEMBLY
Embodied	

Energy		(MJ/kg)

Walls
Timber frame, timber weatherboard, plasterboard lining 188
Timber frame, clay brick veneer, plasterboard lining 561
Timber frame, aluminium weatherboard, plasterboard lining 403
Steel frame, clay brick veneer, plasterboard lining 604
Double clay brick, plasterboard lined 906
Cement stabilised rammed earth

376
Floors
Elevated timber floor 293
110 mm concrete slab on ground 645
200 mm precast concrete, T beam/infill

644
Roofs
Timber frame, concrete tile, plasterboard ceiling 251
Timber frame, terracotta tile, plasterboard ceiling 271
Timber frame, steel sheet, plasterboard ceiling 330

 

In mainstream construction 

practices there are a few 

materials that are commonly 

encountered which warrant 

particular focus.

The following are some 

general design suggestions 

that can be a useful guide 

when selecting materials 

in building projects.  It is 

expected that this list will 

grow over time as more 

research becomes available 

and the building industry 

and its suppliers continue to 

respond to the growing need 

for sustainable products and 

materials.
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Source: Lawson 1996, cited in Your Home – Embodied Energy
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Timber frame, clay brick veneer, plasterboard lining 561
Timber frame, aluminium weatherboard, plasterboard lining 403
Steel frame, clay brick veneer, plasterboard lining 604
Double clay brick, plasterboard lined 906
Cement stabilised rammed earth 376
Floors
Elevated timber floor 293
110 mm concrete slab on ground 645
200 mm precast concrete, T beam/infill 644
Roofs
Timber frame, concrete tile, plasterboard ceiling 251
Timber frame, terracotta tile, plasterboard ceiling 271
Timber frame, steel sheet, plasterboard ceiling 330
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Objective	4.03:	Steel

Steel is an excellent material for recycling, as there is no loss in its qualities or downgrading 

involved.  The level of recycling of steel is improving as its magnetic properties make it easy 

to separate from the primary waste stream.  However demand for steel is far in excess of 

the currently recycled material available for remanufacture.  This means much of the steel 

produced is new material from mined iron ore.  Increased demand for second hand steel 

sections and recycled content in steel products will improve the commodity value of scrap 

metal and reduce the need for mining and processing of raw materials.  

A reasonable target is to exceed 50% post-consumer recycled content in the steel used on a 

project.  There are currently no Australian mills that produce more than 70% recycled content.

Pre-cast	concrete	construction

East	Melbourne	Library

Pre-cast	concrete	construction

East	Melbourne	Library
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Objective	4.02:	Concrete

Concrete, as evident in the comparative tables above, has a particularly high embodied 

energy; however this can be reduced by the use of alternatives to Portland cement and a 

proportion of recycled aggregate.  This will also proportionately reduce the impacts of mining 

and transport of the raw materials, as well as divert material from the waste stream.

The production of Portland cement consumes large amounts of energy, however some 

waste and byproducts of other industries are ideally suited to being blended into the Portland 

cement.  At the correct proportions the structural qualities are not compromised, and in some 

applications can actually improve the quality and properties of the concrete.  The options are:

	slag - a granulated by-product of blast furnace production of iron, which is ground and 

added;  

	fly ash – a fine residue leftover from the combustion of coal in power stations.  This is 

cheaper than cement and is commonly used to replace around 20-25% of the Portland 

cement, however there have been successful examples of higher proportions;

	silica fume – a by-product from the production of elemental silicon and ferro-silicon alloys.  

It is an extremely fine particle that can have a high water demand, and may require high-

range water reducers to keep the water mixing requirements within an acceptable level.

Each of these depend on the presence of the Portland cement to activate the reaction.

Reclaimed aggregate is sourced from unused fresh concrete that is returned to the batch 

plant and washed down instead of being dumped.

Recycled aggregate can be used for up to 30% of aggregate in typical concrete mixes 

without notably effecting the concrete’s properties, and up to 100% in footpaths and 

bikeways (Standards Australia, HB 155-2002).  The material can be sourced from 

construction and demolition, including concrete, bricks and tiles, asphalt planings from road 

maintenance, and excavation.  Ideally it is processed in situ into recycled aggregate, thereby 

avoiding the transport impacts.
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Design	Suggestion	4.04.1	
Pipes – vitrified clay pipes are very durable and suitable 

for underground pipes, and HDPE is a more flexible and 

shock resilient option.

Design	Suggestion	4.04.2
Electrical cables – the most common alternative wire 

sheathing is polyethylene, however there are also rubber 

options available.  The volume of cabling can also be 

reduced by combining phone and data services through 

the VOIP (Voice-Over-Internet Protocol) technology.

Design	Suggestion	4.04.3
Electrical conduits – polyethylene and steel conduits are 

readily available.

Design	Suggestion	4.04.4	
Blinds – fabric and glass fibre weaves can readily replace 

PVC coated blinds, as can timber or aluminium slats.

Design	Suggestion	4.04.5
Floor coverings – excellent hard wearing alternatives 

are marmoleum and linoleum, which are composed of 

organic materials.  Other options are rubber, including 

reconstituted rubber products made from old car tyres, 

and composite products that do not have PVC.

Design	Suggestion	4.04.6	
Cladding – there are a vast array of alternative cladding 

systems that can be used internally and externally 

such as timber or metal panels, fibre-cement sheet, 

concrete and masonry, and plywood or composite wood 

boards.  (Source: GBCA Green Star – Office Design v2 – 

Technical Manual Mat-6)

It is also important to remember that PVC is readily 

recycled, so any waste PVC from demolition should be 

separated for collection.  This will prevent the hazardous 

chemicals from entering soils and water tables.
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Objective	4.04:	PVC

Many products involve hazardous substances, however there are a few serious issues with 

PVC that have been identified by Greenpeace, and have elevated it to a key criterion in the 

GBCA’s Green Star rating system.  Toxic additives are used such as lead, cadmium and 

phthalates or plasticisers, which can leach out over time or are released when burnt.  Its 

production creates toxic waste in the form of ethylene dichloride (EDC) tars which contains 

large quantities of dioxins.(20)  

Once installed, PVC plasticisers, some of which are known carcinogens, can evaporate into 

habitable spaces.  It is the second most used plastic in the world, and is the most harmful.  

Buildings are responsible for 60% of this PVC usage, which presents a clear opportunity to 

make a meaningful reduction in its use.  PVC is found in various forms in buildings, such as 

plumbing and electrical conduits, sheathing for electrical cable and in some floor and wall 

finishes.  These can be readily substituted with alternative materials of lesser impact such 

as wood based materials, rubber products made from recycled car tyre, HDPE (high density 

polyethylene) or other suitable plastics.  A useful cross section of alternatives can be found at 

http://archive.greenpeace.org/toxics/pvcdatabase/.
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Objective	4.06:	Adhesives

There are numerous ways to install a material in a building, and often the fastest and easiest 

method is selected to expedite construction. However there are some important aspects 

that need to be considered in order to reduce the environmental impact.  Adhesives, 

which includes adhesive-backed tapes, are applied in a malleable form which then cures 

to generate the required bond between surfaces.  This process involves evaporation, or 

off-gassing, of the active solvents which creates high indoor levels of VOC’s which can be 

harmful to the occupants.  The residue that is left can also make it very difficult to recycle or 

reuse the material at the end of the building’s life.  Manufacture of adhesives is a very high 

energy process and uses many toxic or hazardous chemicals with significant emission of 

greenhouse gases.

Mechanical fixings are generally made from metals, some of which can have high 

embodied energy, such as chromium.  However they are a preferred option as they improve 

maintenance through easy disassembly, which also permits reuse or recycling of the material 

at its end of life(23). 

The VOC level can be reduced by using natural glues in lieu of synthetic glues.  If a synthetic 

glue is required, then a water-based option such as PVAC or EVA is considered of least 

impact.  Epoxy glues have been attributed to high allergen rates, although the off-gassing 

duration is finite and the glue will be inert once cured.
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Objective	4.05:	Aluminium

The production of aluminium directly contributes many greenhouse gases and some harmful 

by-products during refining and smelting, including sulphur dioxide which contributes to acid 

rain, carbon dioxide, perflurocarbons and fluoride(21).  It also indirectly generates greenhouse 

gases through the consumption of enormous amounts of electricity, accounting for 13% of 

the national electricity generation.  Reduction or elimination of aluminium has been proposed 

as a clear option in a plan to achieve the reductions in greenhouse gas necessary to combat 

climate change(22).  

Aluminium has some benefits during construction, being lightweight, with excellent structural 

qualities and high resistance to corrosion through its naturally forming patina.  In addition to 

this, the recyclability of aluminium is excellent and requires only 5% of the energy required 

to produce new aluminium.  Hence the end of life management of aluminium components 

and members is pivotal to reducing its impact.  Decision making must take into account all 

aspects of this material based on a project’s requirements, and where appropriate reduce  

its use.

Aluminium is often used for cladding in sandwich panels, applied as an outer skin over a core 

material.  This prevents the aluminium from being recycled thereby negating any of its end 

of life advantage.  There are numerous other cladding alternatives on the market which can 

achieve equivalent architectural solutions.
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Objective	4.08:	Furniture

The difficulty with selecting furniture is that one item can have a combination of many different 

materials, so finding a single item that satisfactorily meets environmental criteria on each 

material involved can be very difficult.  Some general principles for materials for furniture 

selection are:

	Chrome: the chrome plating process has many highly toxic by-products during the 

plating process.  In particular, it releases fumes containing chromium +6 ions that are 

carcinogenic and can cause other medical problems such as perforated nasal passages 

and skin rashes.  Dichromates are also toxic to fish life since they swiftly penetrate cell 

walls.  The manufacture process is also high-energy and high water which is in addition 

to the energy and water used to manufacture the base material being plated.  The issue 

does not stop at the plating shop, as coatings will wear and flake and the toxic elements 

then make their way back into the environment.  It is recommended to use alternative 

furniture framing options such as timber, recycled plastics, stainless steel or powder 

coated steel, which are of lesser impacts(25);

	Leather:  the tanning process for leather traditionally uses chrome.  Metal compounds 

are not biodegradable and hence will exist as long term environmental features and 

accumulate.  Chromium 3+ is found mainly in soluble form in waste from the chrome 

tanning process, which when discharged contributes to sludge generation.  This 

significantly inhibits the biological breakdown of the waste.  Even low concentrations are 

toxic to key elements of the marine food chain, and may inhibit photosynthesis(18).  At the 

leather’s end-of-life these chemicals leach back into soils and waterways further impacting 

on the environment.  There are now very good options for chrome-free and organic 

leathers which are readily available;
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Objective	4.07:	Flooring

The most appropriate flooring type will depend on the application, and hence a project-by-

project approach must be used.  However some guiding principles are as follows: 

	Carpet: Natural carpet fibres are preferable as they are biodegradable.  To date these 

come mainly in broadloom options which have a very high potential waste proportion and 

are difficult to recycle.  Carpet tiles are a more sustainable option, especially in higher 

wear scenarios, as they can easily be lifted and replaced without requiring an entire re-

carpet.  They are also easily reused and recycled, have minimal waste during manufacture 

and installation, and can be more efficiently transported.  There are excellent product 

stewardship programs available that ensure a cradle-to-cradle life for the materials;

	Ceramic	tile:  These are readily available locally, are inert once installed and are hard 

wearing.  They also preserve the thermal mass function of a concrete slab.  However they 

have a high embodied energy and cannot be easily reused or recycled as they break on 

removal and have adhesive backing;

	Timber:  Refer to the Timber section above;

	Sheet	flooring:  Refer to the PVC section above.

In addition to the above material considerations, it is important to be cautious of preserving 

the thermal mass potential of concrete floors.  This can be compromised by covering it with 

wall-to-wall linings.  An alternative approach is to retain the exposed concrete and use softer 

linings locally where comfort is important. There can be high VOC emissions immediately after 

concrete sealing, but these diminish rapidly and are generally inert in the long term. 
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Objective	4.09:	Treatments

Consider first the option of exposing the actual material in its raw form.  If this is not plausible 

then make careful selections of the finishes.

Traditional oil based paints are composed of around 50% solvent, which means that for 

every four litres of paint there will be two litres that evaporates into the atmosphere, making 

a notable contribution to greenhouse gases and having a detrimental effect on indoor 

environmental quality.  On the other hand, water based paints have only 7% solvent.  

There are some very good organic and renewable alternative additives that are used in paints, 

but because they evaporate they still constitute as VOCs.  Hence specifications should call 

for low odour and low environmental impact.  Some feature colours may not be available in a 

low VOC option, so specify an upper VOC limit of 90g per litre.

Powder coatings are 100% solids and have zero VOCs, produce tough finishes and are long 

lasting.  They have an embodied energy element as they require baking onto the substrate.

Timber treatments can be tung oil and wood turpentine based, which is natural and 

renewable, however they tend to have high VOC levels(27).
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	Fabric: natural fibres have significant benefits above synthetic fibres, including the 

ability to be easily reused and recycled, and are biodegradable if disposed of.  They are 

manufactured using rapidly-renewable resources, and some, such as wool and cotton, 

can improve air quality by absorbing and retaining VOCs.  The natural fibre is also used in 

its least-processed state.  The negative aspects of growing natural fibres are now being 

well managed by leading textile manufacturers, thereby providing a strong case for wool.  

Synthetic fibres can have much higher impacts and are not biodegradable.  If a synthetic 

fabric is required, preference should be given to recycled polyester which is produced 

from waste PET plastic. Solution dyed fabrics are preferred as they have reduced water 

consumption and waste water(26).  Recyclability is increased by using stitching instead  

of glues;

	Foam	cushioning:  select furniture that has minimal cushioning, and request foam that 

is certified by Good Environmental Choice Australia (GECA).  These are readily available 

through the major foam manufacturers.

Furniture	at	East	Melbourne	Library
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Automated	openable	windows	at	CH2	Melbourne

a.)	Ventilation
It is widely accepted that air quality can contribute to the 

incidence of diseases such as rhinitis sinusitis, asthma, 

contact dermatitis, eye and nasal irritation, Legionnaire’s 

disease and some central nervous system symptoms.  

In response to this the building industry have stipulated 

through AS 1668.2-1991 ventilation requirements on 

all buildings, thereby ensuring adequate levels of fresh 

air are delivered to an occupied space.  However these 

are minimum requirements only that serve to mitigate 

risk, and do not go far enough to truly capitalise on the 

potential benefits of high fresh air intake.  Increasing the 

proportion of fresh air will increase the benefits, with 

one study finding that most symptoms of sick building 

syndrome (SBS) can be diminished by increasing 

the ventilation rate by 5 L/s per person.  Another 

study has found that buildings with higher ventilation 

rates can have a 35 per cent reduction in short-term 

absences.  Research in call centres has observed higher 

productivity, as measured by shorter talk times, when 

the supply of outdoor air was increased by 5 L/s per 

person.  There is therefore a strong correlation between 

ventilation rates, health and productivity.(28) 

This ventilation can be carried out either mechanically 

or naturally.  A mechanical method of delivery relies on 

fan forcing the air through conduits which can consume 

large amounts of energy; however the rate of air flow is 

predictable and controlled. 

Alternatively, the building can be naturally ventilated 

which has only marginal energy requirements.  

Sometimes this takes place through openable windows 

that allow cross ventilation, or a series of louvres or 

dampers that can regulate the air flow based on outside 

weather conditions.  Another approach relies on the 

principle of displacement ventilation, where fresh air 

enters the building at occupant level, then rises as it 

heats up to be released at ceiling level through roof 

vents.  A third method of natural ventilation employs 

wind turbines to extract the air and generate the 

necessary air movement, as found in the CH2 building.

While each of the natural ventilation methods are very 

effective, the degree of air movement and air changes 

that they deliver will fluctuate based on climate and 

occupancy levels.  Hence a dedicated natural ventilation 

system may only be appropriate for some applications 

that can tolerate this variance.  A more predictable air 

movement can be achieved by using a combination of 

both natural and mechanical ventilation, which is referred 

to as mixed mode.  This is a common approach often 

used in commercial buildings.

It is important that a careful balance is achieved between 

the fresh air requirements of the building, and the 

resultant loss of heating and cooling.  In addition to 

this, the air that is delivered to a space needs to create 

an effective air movement in all areas, without creating 

pockets of still air.  This is referred to as the Air Change 

Effectiveness (ACE), and a well designed air flow will 

ensure the benefits of higher ventilation rates  

are maximised and distributed evenly.

88

Element 5 Indoor Environmental Quality

Principles

An environmental solution for a building extends beyond the needs of landscape, wildlife and 

the ecology.  Pivotal to the whole design process are the needs of the human occupants 

and their health.  This becomes even more important when it is considered that Australians 

generally spend 90% of our time indoors, yet ironically we have resorted to some simplistic 

and poor models for the indoor environment.

It is encouraging, however, to realise that acknowledging and incorporating the requirements 

of a healthy built form can bring immense benefits in the form of increased productivity, 

improved occupant health which delivers reduced absenteeism, whilst also reducing building 

operating costs.  All of these have been well established through studies that demonstrate 

their direct links to the quality of the indoor environment, with a correlating cost benefit 

delivering value to building owners and occupants alike.

There are three primary areas that require attention:

	 Ventilation

	 Occupant Comfort

	 Pollutants
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Facade	planting	at	CH2	MelbourneInternal	office	environment	at	CH2	Melbourne

In terms of artificial lighting, the majority of office 

lighting is achieved through fluorescent luminaires.  The 

conventional model operates at a low frequency which 

can produce a perceptible flicker effect.  Over time this 

can cause eye strain and headaches.  High frequency 

ballasts can alleviate this issue, as will some alternative 

luminaire types, whilst also delivering energy savings.  

Similar discomfort can result from lighting levels that 

are too bright or too dim.  Common installations for 

commercial, industrial and institutional buildings have 

involved a homogenous saturation of the floor with light 

to comply with reading requirements.  This can produce 

eye fatigue as well as consume much more energy than 

necessary.  This can be easily addressed through task 

lighting and appropriate lower lighting to circulation areas 

and non-reading spaces.   
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b.)	Occupant	Comfort
The common measure for occupant comfort has 

previously been limited to air temperature in many 

cases, however research has demonstrated a more 

complex relationship between the occupant and the built 

environment.  Acknowledging these other variables can 

deliver some exciting shifts in the experience of buildings 

while achieving cost savings through energy reduction 

and improved occupant effectiveness.

Occupant comfort can be considered from a broad 

range of contributing factors, including the amount of 

daylight access, glare and artificial lighting levels, access 

to views, and even something as simple as the ability to 

individually control the environment.  

Thermal comfort is also a critical element and is not 

a straight forward temperature reading, although 

temperature is important.  It is effectively a perception-

based assessment which is influenced by factors such 

as air movement, humidity levels, amount of clothing, 

radiant temperature and metabolic rates which are the 

result of activity levels.  In addition to this, each person 

has a unique tolerance to heat and cold exposure.  

 

The need for a broad consideration is clear when 

considering some hypothetical scenarios.  For example, 

a cold environment can be tolerable if the occupant 

is engaged in high levels of activity or wearing heavier 

clothing.  A hotter indoor temperature becomes 

more acceptable if there is gentle air movement, 

shade and low humidity.  And a room that meets all 

the traditional expectations of comfort by being at a 

constant temperature of around 22° C can be rendered 

unacceptably uncomfortable due to harsh sunlight 

glare or radiant heat load from a direct heat source.  

Alternatively, all thermal and ventilation factors can be 

perfectly balanced yet two people sitting sit by side will 

experience a different level of comfort, and the comfort 

can be undermined if the room is landlocked with no 

natural light or views to outside.  

It becomes clear, based on these examples, that giving 

consideration to these variables will provide an enhanced 

internal environment that delivers substantial benefits.

Studies into student effectiveness have shown a 

remarkable 20-25% increase in productivity and learning 

rates when natural light and occupant control were 

introduced.  Attention rates increase, disruptiveness 

decreases and general health improves.  This makes 

sense when it is considered that day light has a broad 

spectrum of colours, the qualities of which change 

throughout the day from sunrise, midday to sunset.  

This assists in programming the body’s natural patterns, 

known as circadian rhythms, which is in contrast to 

the homogenous and limited spectral range of artificial 

lighting.  Light stimulates not only the visual receptors 

of the brain but also the mood and hormone regulating 

areas.  Depriving the body of these natural patterns and 

light can have adverse impacts, as witnessed in regions 

that have long dark winters.  The resultant depressive 

condition has become known as Seasonal Affective 

Disorder.  Interestingly, a first line of treatment involves 

exposure to bright light through the eyes, which assists 

in rebalancing the body’s response patterns. 

Tied in with the need for exposure to variances in natural 

light is the need for visual connection with the outside.  

This is now mainstream teaching in the Occupational 

Health and Safety industry, which advocates the need 

for periodic refocussing on a distant object away from 

the close range of a computer screen.  This assists 

in preventing eye strain and associated side effects.  

Access to external windows will address several of the 

above issues.

The performance and layout of windows must be 

managed to prevent negative effects such as glare, 

contrast, reflection, solar heat gain and perceived loss  

of privacy.
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c.)	Pollutants
Buildings are a complex assembly of different materials 

and systems, each of which present potential sources 

of pollutants that can render a space unhealthy or 

unpleasant.  Effective ventilation has a central role to 

play in alleviating some of these factors, in particular 

maintaining a low level of carbon dioxide thereby 

maximising the breathable air.  It is important that the 

outdoor fresh air intake point is carefully selected to 

avoid external pollution sources such as vehicle exhaust 

and sewer vents.  

Ventilation also assists in removing odours that may be 

lingering.  These may be from daily sources such as 

cooking, cleaning or bathrooms.  Longer term odours 

tend to be more serious and indicate the presence of 

other potentially harmful substances such as mould and 

volatile organic compounds (VOCs). 

While mould is an everyday occurrence which normally 

presents no risks, excessive quantities or particular types 

can be much more serious and have immediate impacts 

such as respiratory irritation, allergic reactions and 

infections.  Controlling humidity and moisture is crucial to 

the management of mould.

The presence of VOCs in buildings is due to the high 

volume of petro-chemical based solvents used in the 

construction industry.  These are used as a medium 

to dissolve various chemicals, and then evaporate to 

leave behind the desired material or finish.  This applies 

to common items such as paints, adhesives, carpets, 

sealants and reconstituted wood products.  Individually 

these can be harmful to human health, but these VOCs 

continue to be released from numerous sources well 

after the construction process has been completed, 

producing a soup of potentially harmful airborne 

chemicals.  This is calculated as the total VOC (TVOC) 

concentration.  Selecting materials and finishes that are 

low or no VOC will significantly improve the quality of the 

air.

Similarly, formaldehyde resin products such as 

fibreboards and some particleboards continue to emit 

vapours long after their initial fabrication.  There are now 

products available that have very low or zero emissions.

Asbestos is demonstrated to be extremely hazardous 

and has therefore been well regulated within the building 

industry, however it is still encountered in existing 

buildings posing potential long term risks if inadvertently 

disturbed by occupants or contractors.  The preferred 

approach is to completely remove the risk in accordance 

with guidelines provided by the National Occupational 

Health and Safety Commission. 

 

Noise, while not a physical substance, can have serious 

impacts on health and productivity.  Continued high 

exposure can cause physical and permanent damage, 

however some noise is often necessary to mask 

disrupting sounds and provide privacy when occupants 

are in close proximity to each other.  

Overall, there are several sources of pollution for 

buildings which can be managed to produce a healthy 

and productive environment.
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support	natural	ventilation

Objective	5.02

The two main options for natural ventilation 

are cross-ventilation and displacement 

ventilation.  Wind turbines can also be used 

to produce air flows.  If naturally ventilating 

the building, allow for operable openings 

equivalent to 5% of the net floor area.  

These should be evenly distributed around 

the building to prevent areas of still air, and 

located to ensure no part of the building 

is greater than 7 metres from a ventilation 

opening. 

Design	Suggestion	5.02.1
Internal walls must have openings sized equivalent to the 

nearby perimeter openings to prevent diminishing of the 

air flow.  

Design	Suggestion	5.02.2
Each enclosed space should have a low level intake 

point and high level exhaust vents.  Natural ventilation 

should achieve a distribution and laminar flow pattern 

in the direction of the air flow for at least 90% of the 

enclosed space, and needs to be effective for at least 

95% of the hours that the space is occupied.

Design	Suggestion	5.02.3
Mixed mode buildings should achieve the outcomes of 

both modes as above.

Floor	air	distribution	vents	at	CH2	Melbourne
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Design suggestions 

In response to the above considerations, the following are some design criteria that will assist 

in achieving the aims of a sustainable building.

Ventilation

Objective	5.01

For mechanically ventilated buildings, 

increase the rate of ventilation above the 

requirements of AS 1668.2-1991 by at least 

50%, or if possible an optimal outcome 

would achieve a 150% improvement on the 

required rate.  The Air Change Effectiveness 

(ACE) rate should be >0.95 in the breathing 

zone for 90% of the net floor area, in 

accordance with ASHRAE F25-1997.  The 

installation of a CO2 sensor in each return 

air duct provides the necessary monitoring 

to ensure the required fresh air intake is 

being achieved.  Under-floor air distribution 

(UFAD) systems assist in producing air flows 

that move pollutants upwards away from the 

occupants.
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Objective	5.04

The delivery of daylight should be controlled 

to prevent glare.  This can be achieved 

through careful window orientation and 

sizing, and the use of fixed external shades.  

Deep roof eaves achieve this while reducing 

the heat-load on the rest of the building.   

A fixed external shade device should shade 

a working surface that is 1.5m in from 

the centre of the window for at least 80% 

of standard occupied hours.  Blinds and 

screens need to be automated or permit 

individual control, and should have a visual 

light transmittance of no more than 10%.   

There are also some design solutions that 

provide diffused sunlight through reflection 

from surfaces.  This includes the use of 

skylights with translucent baffles, and light 

shelves that bounce the light back onto the 

ceiling achieving a deeper penetration of 

daylight without the harsh direct sunlight.(29)

Design	Suggestion	5.04.1
General lighting levels should be no more than  

400 lux at 900mm above the floor level, with localised  

or task lighting provided for areas used for reading.   

All fluorescent lighting should use high frequency ballasts 

which eliminate perceptible flicker whilst reducing energy 

consumption.

Design	Suggestion	5.04.2
Thermal comfort should be measured using a Predicted 

Mean Vote (PMV) in accordance with ISO7730.  The 

preferred target is a PMV between -0.5 and +0.5, based 

on standard clothing, metabolic rate and air velocity.  

A lesser PMV between -1 and +1 is acceptable.

Design	Suggestion	5.04.3
This should be complemented with the opportunity 

for individual user control of the air supply rate, air 

temperature or radiant temperature.  This can be 

through adjustable ventilation openings and air diffusers, 

and operable windows.
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Occupant Comfort

Objective	5.03

The majority of the building floor area 

should have access to an external view, 

or alternatively to an internal atrium that is 

naturally lit.  At least 30% of the floor area 

should have a Daylight Factor of 2.5% at 

floor level based on a uniform sky, however 

the benefits will increase with a greater 

coverage.  

Internal	fixtures	at	East	Melbourne	Library
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Objective	5.05

High ventilation rates will address many 

odour and air contaminant issues, whilst 

also increasing the impact of clean air 

filters on productivity.  A dedicated tenant 

exhaust riser will allow localised removal 

of contaminants such as from printing and 

copying areas. This air should not  

be recycled.

Objective	5.06

Prevent mould through maintaining low 

humidity levels to 80% relative humidity in air 

supply ductwork and 60% relative humidity 

to internal spaces.  Smooth duct walls 

prevent the build up of residues and dust 

that promote mould growth. 

Objective	5.07

Excessive and prolonged noise exposure 

should be eliminated from a building; 

however a naturally ventilated building 

can be very quiet, as can under-floor air 

distribution systems.  This may necessitate 

the addition of low-level “white noise” to an 

internal space to mask disrupting sounds 

and provide privacy, with ambient internal 

noise levels generally in accordance with  

AS/NZS 2107:2000.

Objective	5.08

Select materials, adhesives and finishes that 

are low or no VOC, and specify fibreboards 

and particleboards that have very low or zero 

emissions.  Maximum benefit is achieved by 

eliminating the source, hence, if possible, 

do not use composite wood products, 

adhesives, paints or carpet.  Sometimes 

the off-gassing process can be accelerated 

by running the heating system prior to 

occupancy.

Design	Suggestion	5.08.1
For existing buildings, a hazardous materials audit 

should be carried out, specifically identifying the 

presence of asbestos, with the construction works 

including the correct removal and disposal of asbestos.

 

Objective	5.09

The role of plants in removing pollutants was 

identified by City of Melbourne in their design 

process for CH2: “Research in Australia has 

demonstrated the ability of certain plants and 

their potting mix to reduce the concentration 

of volatile organic compounds in enclosed 

spaces (Wood et al 2002).(30)  In experiments 

conducted in test chambers, Spathyphyllum 

wallisi (Petite Peace Lillies) were shown  

to reduce concentrations of benzene  

from 25ppm to almost zero over two to  

three days.”
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Indoor	plants	CH2,	Melbourne

Pollutants

Buildings are a complex assembly of different materials and systems, each of which present 

potential sources of pollutants that can render a space unhealthy or unpleasant.  Effective 

ventilation has a central role to play in alleviating some of these factors, in particular 

maintaining a low level of carbon dioxide thereby maximising the breathable air.  It is 

important that the outdoor fresh air intake point is carefully selected to avoid external  

pollution sources such as vehicle exhaust and sewer vents.  
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c.)	Watercourse	pollution
In Australia the stormwater system is separate from the 

sewer, directing the surface runoff of urbanised areas 

into the nearest waterway.  This untreated water carries 

a vast array of contaminants that damage vegetation, 

marine life and causes disturbance to the natural balance 

of algaes and insect species.  Under natural conditions 

the runoff of surface water into streams is around 12 %, 

however the high level of sealed surfaces in urban areas 

can produce an inflow of up to 90% of the rainfall.

d.)	Soil	contamination
Many of the substances that humans produce are 

harmful to human health, as well as animals and plants.  

If these substances are not carefully managed they 

will contaminate surfaces they come into contact with.  

Soil is the common end destination point for a spill 

or stray waste.  This has created immense issues for 

current construction projects where vast tracts of land 

are deemed contaminated and unsafe for prolonged 

human exposure.  As a result the soil must be removed, 

replaced or capped.  Past practices permitted legal 

burial of such contaminants, however legislation has 

tightened significantly to prevent such large scale 

contamination.  Yet despite this, contamination still 

continues but in a more detached form.  Municipal waste 

management is still dependent on the burial of large 

volumes of contaminating matter.  Re-use, recycling and 

onsite management practices such as composting have 

assisted in alleviating some of this impact, however the 

current proportion sent to landfill is immensely damaging 

to the soil.

e.)	Reduced	air	quality
Emissions in the form of exhaust, fumes, air-borne 

particles and odours have a detrimental effect on 

air quality and can play a major role in sick building 

syndrome (SBS).  These can come from wall and floor 

linings, paints, furniture.  In addition to this, some plant 

and equipment can be polluting and affect air quality.  

Cooling towers have come under particular scrutiny due 

to the risks associated with Legionella bacteria which 

can be fatal to humans.

f.)	Fauna	disruption
It may seem unlikely that a building on a defined site 

could possibly affect fauna, however it can and with 

devastating consequences.  The primary contributor is 

light on a structure or that escapes a site, either through 

poorly directed uplighting or reflected from light surfaces, 

also known as light spill.  This results in a phenomenon 

called skyglow, where the night sky is much lighter than 

its natural state, and has been proven to directly disrupt 

migratory habits of birds and the habits of nocturnal 

animals.  The Green Building Council of Australia cite 

cases in the US where birds crash into highly illuminated 

structures, or circle them until they drop from exhaustion.  

This light attraction has been witnessed in Melbourne 

for many years at the iconic Arts Centre spire.  Further 

to this, much of life is reliant on the diurnal cycles of day 

and night to regulate biological rhythms, so a constant 

state of illumination prevents this synchronicity.
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Principles

Emissions can be thought of very broadly as anything that leaves the site.  This can occur in 

many forms, such as the physical waste produced through onsite activities, litter dropped by 

humans or vegetation, stormwater and sewage, exhaust from any plant or equipment, fumes 

from finishes, leakage of gases, and light that spills outside the site boundary.  These ongoing 

impacts generally commence upon completion of a building, although some are generated 

during the construction process.  This therefore requires careful planning to manage the 

various sources in an attempt to eliminate the harmful consequences.

The nature of these impacts varies depending on the type of emission, as outlined below.

a.)	Ozone	depletion	
Some gases produced by refrigerants and insulation 

have a direct impact on Earth’s protective skin, the 

stratospheric ozone layer.  Unmitigated production 

of these gases in the past has caused a thinning of 

this layer, resulting in living organisms experiencing a 

higher exposure to harmful levels of solar radiation.  The 

measure for this is the Ozone Depletion Potential (ODP) 

of a chemical.

b.)	Global	warming
Global warming has become a significant concern 

over recent years due to the strong consensus that 

humans are the cause of current irregularities in 

temperature trends.  It arises when heat is trapped 

within the atmosphere resulting in an overall increase in 

temperature of the earth with dramatic consequences.  

When ascertaining the impact of a particular chemical 

or gas, it is compared to that of carbon dioxide, the 

main greenhouse gas, and this comparison produces a 

resultant measure of Global Warming Potential (GWP).  

Some refrigerants can have a GWP in excess of 3000 

times that of carbon dioxide which makes an urgent 

case to eliminate or contain these gases.  In addition 

to this, there is a direct correlation between reducing 

greenhouse gases and reducing waste to landfill.  

Methane is the major gas produced by landfill and 

has 21 times the warming potential of carbon dioxide.  

Hence a target of ‘No Waste’ is a genuine and serious 

response to global warming and climate change.
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Guidance can also be found in the waste management pyramid that has become an industry 

standard, and is the founding principle of Frankston City Council’s Waste Minimisation and 

Management Strategy.  The pyramid is a hierarchy of approaches to managing waste and the 

efficient use of resources and is arranged in order of the most desirable option to the least 

desirable option, as outlined below:

	 Rethink

	 Refuse

	 Reduce / Avoid

	 Reuse

	 Recycle

	 Recover energy

	 Treat

	 Dispose

This becomes particularly important when applied to the building itself, as each stage of a 

building project presents opportunities to apply the waste hierarchy pyramid.  These stages 

are design, documentation, construction, operation and end-of-life.

Waste	Management	Pyramid
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g.)	Resource	consumption
Much of the waste that leaves a site is actually a 

potential resource that has not been used.  By sending 

this to landfill the commodities that make up the 

material are lost and production must rely on extracting 

a new set of the raw materials in order to eventually 

arrive at the same point.  It is not just the material 

content of a product that is important, as there are 

also the secondary impacts, such as power and water 

consumption, that arise through the manufacturing 

process.  EcoRecycle Victoria estimated that between 

1996 and 2005 recycling reduced greenhouse gas 

emissions by 19 million tonnes of carbon dioxide, saved 

249,000 megalitres of water and 380 million gigajoules 

of energy in Victoria.  These are profound figures that 

emphasise the need to adopt a proactive approach to 

emissions and waste.  A change in thinking is necessary 

where all matter is seen as a resource rather than waste.  

The layout of a site and the design of a building is pivotal 

to the effectiveness of this process of waste separation 

and onsite management.

Coal-fired	electricity	generation
(Source: FreeFoto.com)
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Insulation
The manufacture and composition of 

thermal insulation can involve the use of 

ozone depleting substances, however 

there are alternatives that do not use these 

substances.  A check of the manufacturer’s 

specifications will identify whether this is an 

issue, with the preferred alternative being a 

hydrocarbon, typically pentane.

Watercourse	pollution	
Refer to Chapter 2 – Water for the suite 

of design options available as part of 

Water Sensitive Urban Design (WSUD).  

These water management and treatment 

techniques assist in significantly improving 

the quality of water discharged into natural 

water courses.  It also prevents soil 

contamination from runoff and spills by 

treating the discharge.

In addition to this, Chapter 2 outlines 

methods of treating and managing greywater 

and blackwater.  This will deliver important 

water savings and reduce the volume of 

discharge from the site.  The majority of 

wastewater in Australia is discharged into 

coastal waters which presents a source of 

pollution that needs to be minimised.

Lighting
All lighting needs to be managed to prevent 

spill.  Generally avoid uplighting, especially 

of trees where much of the light can escape 

between the branches.  Any lighting should 

be directed entirely onto a designated 

surface.  
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Design suggestions 
Cooling	systems

There is a very clear area for attention that 

will mitigate the emissions impact of a 

building.  It focuses on cooling systems, 

which typically use refrigerants and cooling 

towers.  The ultimate aim is to eliminate any 

chemicals that will deplete the ozone layer 

or have potential to contribute to global 

warming, and either replace them with 

non-harmful alternative refrigerants or use 

alternative technologies that are not reliant 

on refrigerants.  Ideally 95% or more of the 

refrigerants used by volume will have an 

Ozone Depletion Potential (ODP) of zero.

Past cooling systems have used the 

refrigerants Chloroflurocarbon (CFC), 

which is now banned in Australia, and 

Hydrochloroflurocarbon (HCFC), which is 

largely used as a transition chemical while 

CFC is phased out.  Neither of these two will 

achieve the 95% ideal.  Another option is 

Hydroflurocarbon (HFC), which performs well 

from an ODP perspective however it also 

comes with a high Global Warming Potential 

(GWP).  On this basis, the preferred options 

that are readily available in the market 

are hydrocarbons and ammonia-based 

refrigerants.

In conjunction with the refrigerant selection 

is the management of the refrigerant on 

site. This involves detecting and preventing 

leaks, which will increase system efficiency 

and save money, as well as managing 

their disposal during maintenance.  New 

buildings can achieve this with multi-point 

sensing detectors and a separate tank 

for pump down of the refrigerant.  It can 

also be achieved for existing systems but 

relies on manual leak detection and manual 

storage tank systems which require a diligent 

adherence to procedures to be effective.

Cooling towers introduce a serious risk 

of Legionnaire’s disease, which has 

necessitated strict legislation and intensive 

maintenance regimes.  These initiatives 

manage the risk but can’t eliminate it.  

Alternative heat rejection methods can avoid 

this risk altogether, whilst also providing 

other benefits such as reduced water and 

energy consumption.  These include air-

cooled heat rejection, harbour heat rejection, 

river heat rejection and ground heat rejection.  

The site conditions and building type will 

determine the most appropriate option for 

the project.
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Design for materials and 

design for standard	sizes

Many items come in standard sizes, for example, 

tiles, sheet materials such as fibre cement sheet and 

plasterboard, vinyl and carpet, composite wood products 

and joinery materials etc.  Taking this into account during 

early design stage will reduce offcuts and end of roll 

pieces.

Design for flexibility The careful selection of the floor plate layout and 

structural wall and column configurations can permit a 

great variety of activities to take place within the building.  

Flexible wall, floor and ceiling systems also allow for 

changes within a company structure or management 

without necessitating demolition.  A highly customised 

building type will limit capacity for future reuse.

Design for assembly and 

disassembly

There are now many options available throughout Europe 

for the building itself to be assembled and disassembled, 

allowing reuse.  While this is not mainstream practice in 

Australia the principle can still be applied, and extended 

to the fitout.  This is particularly relevant to joinery design.  

Modularisation and loose furniture alternatives to built-

in items allow future reconfiguration and reuse without 

creating any waste.

Design using prefabricated 

components

It is a lot easier to manage waste in a controlled offsite 

environment, and there are often material efficiencies that 

can be achieved by using prefabricated components.  

This complements the assembly strategy.

Design for ease of waste 

separation, including 

composting and recycling

For waste separation to be effective, there must be 

suitable spaces for storage and collection.  This includes 

internal areas that cater for commingled recycling, 

composting, and hard waste, and externally for ease 

of vehicle access.  Inconvenient access or unclear 

delineation between waste streams can result in high 

levels of contamination.
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Building	project	opportunities
Each stage of a building project is important as it either influences or directly contributes to the amount of waste 

produced.  The following are opportunities in each stage to make a positive impact.

Design	Stage
The design stage involves very little actual waste, except 

for that produced by standard office practices.  These 

can be managed sustainably using the principles found 

at www.resourcesmart.vic.gov.au.  By contrast, the 

decisions that are made at this stage have far reaching 

impacts on the rest of the process.  Some suggested 

strategies are as follows:

Documentation	Stage
Key outputs from the documentation stage are detailed 

drawings and technical specifications.  Each of these 

present opportunities for the architect and project team 

to integrate strong ESD principles, and set the basis 

for the construction process.  This can be achieved 

through careful specification of materials, finishes and 

furniture items, as outlined in Chapter 4 – Materials.  

Where relevant, these decisions need to be discussed 

with consultants for their inclusion, such as alternative 

concrete composition, use of recycled materials, 

elimination of damaging refrigerants, conduit types, etc.

A sound knowledge of structural and building systems 

will also facilitate positive negotiations with engineering 

consultants to achieve a reduction in member sizes or 

utilise alternative structural systems that have a lesser 

environmental impact or that can be more readily reused.  

Other engineering consultancies can play a critical role 

in conserving water and using low energy systems.  

Some of the recommendations from previous chapters 

could be included in these discussions to ascertain the 

suitability of various options.

Cost planning during this stage often produces pressure 

to scale down environmental features, so it is crucial 

that there is a strong commitment by all parties to the 

project’s early objectives and that these objectives form 

the basis of consultancy agreements.  The business 

case for an environmental building may need to be 

reiterated to reinforce its prudence.

In addition to this, standard clauses can be developed 

for Preliminaries sections that require an Environmental 

Management Plan (EMP) and Waste Management 

Plan (WMP).  Other considerations for preliminaries are 

site facilities such as bike storage facilities, vegetation 

protection, capture and reuse of rainwater and greywater 

for toilet facilities, and even the potential for temporary 

onsite power generation on the site shed roofs.  While 

there will be an upfront cost for these items, many of 

them can easily be reused by the builder at their next 

site, so identifying them in a preliminaries section will 

encourage commencement of this process.

Many tenderers will separate out a trade section for 

separate sub-contractor trade quotes which creates 

a potential weak link in the transferral of the ESD 

principles.  While this does not in any way absolve the 

tenderer of their responsibilities under the contract, it 

is recommended that trade sections also be modified 

to incorporate standard clauses that require certain 

practices such as waste separation, avoiding certain 

materials, and runoff management. This will make the 

construction process smoother and ensure there is an 

agreed basis for work on site.

One option to achieve a comprehensive environmental 

response onsite is to nominate certification for ISO 

14001 which demonstrates knowledge of the various 

aspects of sustainability in construction.  
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Green Lease Guide
for commercial office tenants

‘Big savings can be easier and cheaper 
to achieve than small ones if you 

combine the right ingredients in the 
right way.’ Amory Lovins

The	Green	Lease	Guide	sets	out	environmental
and	social	objectives	for	the	relationship	between

building	owner	and	tenant	(Investa	Group)

End-of-Life	Stage
Many projects need to deal with the issue of an existing 

building on a site, and the dilemma of whether to 

demolish or refurbish the building.  Much of the decision 

making is based on cost, however the environmental 

impact is a serious consideration that needs inclusion in 

the process.  

The obvious and greatest benefit is achieved through 

reuse of the existing building.  The ability to do this 

is sometimes limited by the building’s condition or its 

capacity to be modified to meet a new need or function.  

However, even a partial reuse has a lot of value.  Around 

half of the embodied energy of a building is tied up in 

its structure and roof, particularly in materials such as 

concrete, steel.  

If parts of the building have been identified for 

demolition, then the next option is to reuse the removed 

components.  These can be any element such as 

windows, roof tiles, fittings, timbers, cladding materials, 

joinery and masonry items.  There is a large market for 

second hand building materials which will increase with a 

growth in environmental awareness.  Materials that can’t 

be directly reused can often be reprocessed or recycled. 
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Construction	Stage
Once the contract has been awarded there is very 

little room for negotiating new conditions, however if 

the specification has been well compiled it should be 

a clear matter of implementing the processes already 

laid out.  As with Occupational Health and Safety, the 

systems are only effective if enforced and monitored.  

The most effective way to achieve this is to have clear 

site induction processes that articulate the expectations 

for each tradeperson.  The regular site meetings during 

construction should have reporting on the EMP and 

WMP, or the ISO 14001 certification, as recurring agenda 

items, and this needs to be accompanied by observation 

of activities

Construction and demolition processes generate around 

one third of the landfill volume in Australia, however 

comprehensive onsite management can reduce this by 

up to 90%.  Much of the waste produced is predictable 

based on trades, and the Waste Management Plan 

submitted at tender should have outlined how each type 

will be collected and where it will be directed.  This can 

make site access difficult if not taken into account at 

the start, so project managers and architects need to 

be proactive in ensuring that it has been included in site 

planning.

Operation	Stage
A building’s waste management system is only 

successful if managed and implemented correctly once 

occupied.  This can be part of an overall Environment 

Management System which forms the basis of all 

Building Management processes, and can also be built 

into tenancy agreements.  A useful reference is the 

Investa publication “Green Lease Guide: for commercial 

office tenants”.

Ease of access is key to the likelihood of tenants utilising 

the various waste streams, which adds importance 

to taking into account waste during the earlier design 

stages.  This is particularly relevant to higher density 

residential developments where there is less control over 

tenant behaviours.  A strong Body Corporate position 

and a circulated outline of the waste management 

available will encourage adoption of recycling and waste 

minimisation, and reduce contamination levels.
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Small	cars	can	be	accommodated	in	smaller	spaces,	making	
better	use	of	space (Source: FreeFoto.com)

a.)	Car	parking	provision	
Minimise the number of carparks provided to encourage 

alternative sustainable modes of transport.  The 

Frankston Planning Scheme stipulates a required 

number of carspaces for different uses, however there 

are provisions for the reduction of these if adequate 

justification can be provided.

b.)	Mixed	use	development	
Centralising activities such as housing, shops, 

commercial and services will assist in reducing the need 

for high emission travel modes.  Locating a child care 

centre within a commercial development can remove 

the need for two car trips a day.  Locating housing near 

or amongst various shops and services once again 

will reduce the need to use a car.  If you are planning a 

development in or near the CAD try to include diverse 

uses that have a relationship with each other to improve 

the ease of access.

c.)	Embodied	transport	
The construction process and ongoing operation of 

a building can bring environmental impacts that are 

not immediately obvious.  Importing a material from 

overseas amplifies the environmental impact simply from 

the distance it needs to travel, and the multiple shifts 

of handling that the transport process necessitates.  

Selecting locally manufactured materials will almost 

eliminate this hidden impact, whilst supporting local 

industry growth.  This is also discussed in Chapter 4 – 

Materials.

d.)	Small	vehicle	space	provision	
Large vehicles have a more significant environmental 

impact than smaller cars, consuming more fuel, emitting 

more pollution and having a greater impact on road 

infrastructure.  Other low-impact vehicles that are 

increasingly popular are mopeds and motorbikes.  Both 

of these are spatially efficient on roads and for parking, 

and are a good option for longer distances, generating 

lower emissions than cars. Providing dedicated spaces 

for these vehicles will promote them as preferred modes 

and thereby reduce the emissions that would otherwise 

occur with standard cars, and enact a cultural shift away 

from unnecessarily large cars.
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Principles

Transport is an aspect of buildings that is often given little thought. In the past it has been 

assumed that the fundamental requirement is to be able to access the building by car, 

and park as many of them as possible in a secure manner.  This is in line with our society’s 

dependence on car use for the majority of activities.

The result of these entrenched habits is a massive contribution of greenhouse gases into the 

atmosphere, accelerating the rate of climate change and polluting the air we breathe.  The 

airborne pollution settles on sealed surfaces, then washes into our waterways causing a 

secondary pollution impact.  If the air pollution is left unchecked it can accumulate and react 

in the atmosphere, turning acidic with devastating results on the landscape.  This ‘acid rain’ 

has been witnessed in China, Russia, Canada, US and Eastern Europe.

In Australia in 2002, cars contributed 43 million tones of CO2 of equivalent greenhouse 

gases, which is 8% of the total national emissions.  The combustion of fossil fuels especially 

by cars, is the source of 70-95% of Carbon Monoxide pollution, 45-50% of Hydrocarbons, 

70-80% of Oxides of Nitrogen, and 10-50% of particulates.  The most significant issue is that 

the overall volume of emissions continues to increase substantially every year despite the 

urgent need to actually reduce emissions.

Our built environment can make a notable contribution to change these into positive and 

responsible travel habits.  The key principles to implement this change are outlined below.
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Cycle	storage	facilities	and	pedestrian	pathway	in	the	
basement	of	CH2,	Melbourne

f.)	Cyclist	facilities	
There is a growing acknowledgement of the broad 

benefits of a cycle-friendly workplace.  The most 

important aspect in the context of these guidelines 

is the almost zero carbon footprint of cycling, with 

the only marginal impact arising from the occasional 

service and parts.  No fuel is consumed, it produces 

no pollution, it is lightweight, flexible and easy to park, 

and requires very little infrastructure.  Cycling is direct 

without requiring changes in transport mode, and caters 

for a much higher volume of users per metre than other 

modes. A cycle-based approach will assist in alleviating 

the congestion issues that are recurring throughout 

Melbourne’s road network.

It is estimated that one third of car trips are 3km or 

less in length, which is an easy cycle trip.  This is even 

more relevant when considering the elevated pollution 

levels of a cold car, as it can take up to 5km for pollution 

control devises such as a catalytic converter to become 

effective.  These short trips are ideal for walking and 

cycling, and therefore offer higher environmental returns.

Aside from the environmental benefits, organisations are 

starting to realise the commercial benefits of cycling, with 

research showing that healthy workers are almost three 

times as productive as unhealthy workers.  Cycling is a 

low-impact form of exercise, which will assist in reducing 

the likelihood of obesity, heart disease, diabetes and 

some forms of cancer.  Exercise also helps control 

stress, anxiety and depression.

In addition to this, cycling facilities have a dramatically 

lower capital cost than carparking, with one car space 

being large enough for 10 bicycles, thereby providing 

financial incentives for organisations.

Based on the above it becomes clear why Melbourne 

has witnessed a dramatic increase in cycle patronage 

in the CBD over the past five years.  The most effective 

way to promote this is through building design which 

facilitates the cycling interface.  This includes publicly 

accessible infrastructure for visitors as well as secure 

spaces for building occupants.  Important considerations 

are the provision of bicycle storage racks, lockers 

or cupboards for equipment and clothing storage, 

and good change areas.  For retail precincts, the 

provision of bike storage as part of a development will 

access a growing customer base and demonstrate an 

environmental awareness and corporate responsibility.  

Many high-end consumers regularly cycle for day-to-day 

activities.

The provision of these facilities has a real influence on 

behaviour patterns, with several organisations having 

observed a marked increase in bike usage after the 

provision of good quality facilities.  In some cases 

this has necessitated an increase in capacity to meet 

demand.

To complement this, local councils including Frankston 

City Council continue to improve bike access to key 

destinations, improve bike security around shops and 

entertainment precincts, and lobby with responsible 

authorities for safer integration of bike traffic into major 

arterials.

Elevated	tram	‘super	stop’	in	Collins	Street,	Melbourne

Demarcated	cycle	lane	in	St	Kilda	Road,

Melbourne
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e.)	Public	transport	access	
Public transport is an environmentally efficient method 

of transport, producing less greenhouse gases and 

pollution than individual vehicle transportation.  In 1950 

around 30% of all urban commute trips were by public 

transport, but this proportion has plummeted to less 

than 10%.  While the quality and cost of the service 

provided is highly influential in the choice of transport 

mode, it remains a government responsibility.  

Buildings, on the other hand, are something we can 

control and have a direct impact on the likelihood of 

the use of public transport based on three fundamental 

considerations:

	Site location: the basic principle is that you can’t use 

it if you don’t have it.  Hence site selection is critical 

to the effective use of public transport.  Selecting a 

site within 250m to 500m of a major transport node 

makes it possible for people to walk to it without the 

need for secondary connecting services;

	Ease of access: the route to the public transport 

should be safe and legible.  Complicated routes will 

deter users;

	Adequate service: a regular transport service is 

crucial to allowing users choice of time of travel, 

and reliability will enhance perceptions.  Locating a 

development next to a once daily bus is not likely to 

be adequate for regular commuters.
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Cyclist	facilities
Suitable provision of bicycle facilities includes: 

	Secure staff bicycle storage (based on one person per 15m2): acceptable: for 5% of 

building staff and preferred: for 10% of building staff;

	Accessible showers: 1 per 10 bicycle spaces;

	Changing facilities with lockers: 1 for each bicycle space, available for both male and 

female users.   Lockers need to be suitable for hanging clothing;

	Secure visitor bicycle storage: 1 space per 750m2 and each space accessibly located 

near a major public entrance and signposted.  Storage racks must be dedicated 

structures that can be accessed without the need to move other bikes.  They need to be 

sheltered from rain and in locations that are well lit.

Refer to AS 2890.3, and The Cycle–Friendly Workplace and The Bicycle Parking Handbook 

published by Bicycle Victoria.

Your step-by-step guide

The Cycle-Friendly Workplace

     ✔ Increase staff productivity

✔ Reduce pressure on parking

         ✔ Reduce absenteeism 

   ✔ Reduce greenhouse gas emissions

Your expert guide to:

The bicycle parking handbook

✔ Choosing a location

✔ Evaluating your needs

✔ Selecting the right rails

✔ Designing a layout that works

The Bic ycle Parking Exper ts ™

Element 7 Transport
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Design suggestions

The following are recommendations for inclusion in the decision making and design process 

for a building project.

Car	parking	provision
Only install the minimum number of 

carspaces as required by the Frankston 

Planning Scheme, or negotiate for a 

reduction based on a sound alternative 

transport solution.

Embodied	transport
The key recommendation is to select 

locally produced materials and use local 

tradespeople and service providers to 

avoid incurring large travel distances during 

construction and the building’s operation.

Refer to the Chapter 4 – Materials for 

specific guidance on materials selection.

Small	vehicle	space	provision
Allocate at least 10% of carspaces to be 

dimensioned specifically for small cars (i.e. 

2.3m wide x 5.0m long) or mopeds and 

motorbikes, although a 25% allocation is 

preferable.

Refer to AS 2890.1-1993 for additional 

guidance on small car parking provisions.  

This includes:

	Minimise small car spaces in areas open 

to the public;

	Clearly identify the spaces with colour-

coded signage;

	Take into account potential obstruction 

to traffic flow in the event the space is 

used inappropriately.



Element 7 Transport

Ecologically Sustainable Development Design Guide - Buildings 121120

E
lem

ent 7 Transport

Element 7 Transport

Ecologically Sustainable Development Design Guide - Buildings

Element 7 Transport

121

E
lem

ent 7 Transport

120

Element 7 Transport

Public	transport	access
Buildings have a direct impact on the 

likelihood of the use of public transport 

based on three fundamental considerations:

	Site location: select a site within 250m 

to 500m of a major transport nodes.  

The maximum walking distance should 

be 800m which equates to around 10 

minutes.  This should be measured by 

the actual access route from the main 

building site entrance, rather than “as 

the crow flies”.

	Ease of access: identify access routes to 

the public transport nodes that are direct 

and well-lit.  Provide alternative site 

entrances if appropriate to improve ease 

of access.

	Adequate service: the maximum time 

between services is 30 minutes, with 

the preferred interval being 15 minutes.  

A building located in close proximity to 

regular and centralised public transport 

will make a real difference to occupant 

and visitor travel choices.

Mixed	use	development
Assess likely needs of a development and 

potential associated activities, and include 

this into the early design briefs.  Take into 

account the different spatial relationships of 

various floor levels.  Ground level frontages 

are well suited to retail tenancies, cafes and 

restaurants, with upper levels ideal for either 

commercial or higher density residential 

uses.  Larger developments can integrate 

strong relationships between interdependent 

activities, increasing the financial viability and 

marketability.
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East Melbourne Library utilises remotely monitored Building Management 

System (BMS) for heating, cooling and ventilation
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Principles

Management is the critical link to the success of all environmental initiatives.  It ensures 

adherence to the stated objectives, and provides the necessary support to what has been 

designed and built.  All stages of the process must be managed, from the earliest briefing 

through to the operation and occupation of the building.  Most important is the final stage,  

as this transition into long term management falls outside the control of the original architects, 

engineers and builders, and incurs the highest consumption of energy and water.  The key 

elements of a successful management process are:

	availability of accurate and clear information;

	effective and ongoing communication; and

	thorough monitoring and reporting.
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Environmental	Management
There are two aspects to Environmental Management.  The first is the Environmental 

Management Systems (EMS) Certification which applies to the organisation carrying out the 

work, regardless of the project.  The latter is most commonly achieved through ISO 14001 

certification which is internationally recognised.  It is an ongoing process that secures high-

level commitment to controlling and improving the environmental impacts.  Regular reviews 

identify and prioritise the environmental impacts, and outline a set of targets and an action 

plan.  These are supported through regular monitoring and reporting.  The overall aim is to 

reduce the amount of raw materials used, energy consumed and waste generated, whilst 

saving money through more efficient processes, lower waste disposal costs and the use of 

recoverable resources.

The second aspect is the Environmental Management Plan (EMP) which is normally specific 

to the actual site and all the activities that are carried out during the project.  Project-

specific requirements form part of the tender documents and require the head contractor 

to submit a detailed plan against which monitoring and reporting can be carried out during 

the construction phase.  There are different types of EMP; some are broader organisation 

based documents that form part of the overall EMS, others are documents issued by local 

government which are supported by local laws, but all of them provide specific details of how 

the reduced environmental impact is to be achieved.
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Design suggestions 

Accredited	professional
The use of rating tools is a very effective 

means for verifying the environmental 

credibility of a building project, however the 

process must be thoroughly managed to 

be effective.  These tools can be maximised 

by using an experienced professional to 

provide advice and monitor the process.  

There are recognised trained assessors for 

many of these, and often it is a requisite of 

the certification process that one of these 

assessors is commissioned to provide an 

objective and thorough check of the various 

performance measures. For example, when 

applying the Green Star rating tool, the 

Green Building Council of Australia requires 

that an Accredited Professional must be 

engaged as a principal participant in the 

design team prior to schematic design. 

Their involvement must be documented 

clearly to demonstrate compliance with the 

requirement.  For smaller residential projects, 

the First Rate software can only be accessed 

by authorised and trained assessors.  Other 

tools such as STEPS and SDS are readily 

available online for public access.

Life	Cycle	Analysis
A Life Cycle Analysis (LCA) report is a 

technical assessment of the impacts and  

life-cycle of specific components of a 

building and a compiled whole-of-building 

report.  It provides a realistic expectation 

of the long term cost of the building and 

its operation, with a particular focus on 

the environmental performance. It uses 

actual data such as energy use, emissions 

and materials specifications to arrive at a 

whole-of-life assessment. The broad set 

of criterion used provide a comprehensive 

basis for decision making, and avoid some 

of the pitfalls of a superficial environmental 

assessment.  An LCA report is also a 

valuable business planning tool for the long 

term management of the building, assisting 

in the planning of asset renewal and the 

decommissioning process.
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Commissioning
The pressure to complete construction projects can jeopardise the effectiveness of the 

commissioning phase.  Hence there is a need for all parties to have an upfront commitment 

to the final stages, which is best achieved through comprehensive commissioning clauses in 

the contracts.  The best reference is the ASHRAE Guideline 1 or the CIBSE Commissioning 

Codes, which call up requirements for contractors and sub-contractors to adhere to pre-

commissioning, commissioning and quality monitoring.

This can be further reinforced by ensuring the transfer of all relevant information from the 

design team and contractor to the building owner or building manager.  The documentation 

needs to include the design intent, as-built drawings and details, all Operations and 

Maintenance manuals, completed commissioning reports, and a focussed training of the 

building management staff.  Part of this commissioning is a 12 month period for building 

tuning.  It is important that there is adequate budget allocated to make this phase effective, 

and needs to include regular monitoring to verify that the building and its systems are 

achieving the designed potential.  A full year is necessary to capture all seasonal variations 

and identify any adjustments to respond to varying user behaviours.

The value of commissioning is improved by engaging an independent commissioning agent 

who is effectively an advocate for the building owner. They can identify system issues early 

in the design process and follow up on their rectification in the documentation.  Their role 

should also involve developing a commissioning plan along with expected standards and 

strategies that are reflected in the contract documentation. During construction they are to 

coordinate and oversee all commissioning and testing, then compile a final report on the 

building’s performance with recommendations to the client.
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Waste	Management
There are extensive opportunities throughout the construction process to reduce or 

divert waste from landfill, however this will typically only take place if required under the 

contract and if well planned.  Normally this would be included in the overall Environmental 

Management Plan, and contains very site-specific details.  The core elements of a successful 

Waste Management Plan include:

	the establishment of an on-site waste management area for sorting and segregating 

waste;

	identification of appropriate waste sub-contractors for recycling, the costs for collection, 

and timing of collection services;

	participation in waste management training for contractors and sub-contractors;

	a published waste minimisation plan for all contractors to reduce on-site waste to landfill 

by a specified percentage;

	provision for colour-coded and clearly marked containers for various materials.

	(Source: Green Building Council of Australia, Green Star – Office Design v2)
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Building	User’s	Guide
A Building User’s Guide is different to the more technical Operations and Maintenance 

Manuals that are handed over to the building manager at the end of a project.  The Building 

User’s Guide is an accessible and broad set of instructions for occupants that outlines the 

various environmental measures and the role the occupant plays in realising these.  It should 

include the following:

1. Environmental Strategy: an explanation of the building features and measures employed 

to reduce environmental impact.

2. Monitoring and Targeting: outline of the building’s performance targets, and instructions 

on how to access the information for monitoring and reporting.

3. Building Services: conceptual diagrams that convey how the different building systems 

work, accompanied by explanatory notes.

4. Transport Facilities: explanation of what facilities are available on site for various transport 

modes and how they are to be used. This includes cycling, cars, public transport 

information, and information of other options such as carpooling.

5. Materials and Waste Service: clear information on how the onsite waste separation 

process works, and identifying the correct receptacle for the different types of waste.

6. Expansion/re-fit Considerations: a basic guideline for any tenancy/re-fit works within the 

building, with details of sustainable materials, principles of sustainable fitout and key 

design considerations.  It should also identify key features or performance targets that 

must be preserved or achieved in order to retain any accredited rating.

7. References and Further Information: the are many useful websites which provide 

comprehensive information on all aspects of ESD, and these can be listed to provide 

avenues for further research by the building user (Source: Green Building Council of 

Australia: Green Star - Office Design v2).
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Glossary

A

ABGR
ABGR the Australian Building Greenhouse Rating 
Scheme is the universally accepted benchmarking 
tool for energy consumption of commercial buildings 
in Australia. It has been incorporated in other rating 
systems to ensure a consistent approach from industry 
to this important issue. (DEUS, 2005).

Adaptive comfort
Adds human behaviour to the comfort analysis. 
It assumes that, if changes occur in the thermal 
environment to produce discomfort, then people will 
generally change their behaviour and act in a way that 
will restore their comfort. Such actions could include 
taking off clothing, reducing activity levels or even 
opening a window. The main effect of such models is 
to increase the range of conditions that designers can 
consider as comfortable, especially in naturally ventilated 
buildings where the occupants have a greater degree of 
control over their thermal environment. (Andrew Marsh 
Square one - http://www.squ1.com).

Adhesives
A substance capable of holding materials together by 
surface attachment. Adhesives are one source of off-
gassing in indoor environments. (Property Council of 
Australia, Sustainable Development Guide, 2001).

Air quality
To do with the level of particulate, gases, vapours, 
pollens and micro-organisms in the air. (Property Council 
of Australia, Sustainable Development Guide, 2001).

Alliance partnerships
A long-term commercial partnering arrangement that 
enhances project team innovation and avoids the cost 
of tendering for team formation on every new project. 
This can assist integrated delivery of sustainable design 
objectives. (Property Council of Australia, Sustainable 
Development Guide, 2001).

Aquifer
A geological formation that will yield water to a well in 
sufficient quantities to make the production of water 
from this formation feasible for beneficial use; permeable 
layers of underground rock or sand that hold or transmit 
groundwater below the water table. (Property Council of 
Australia, Sustainable Development Guide, 2001).

B

Base Building Brief
Working document which specifies at any point in time 
the relevant needs and aims, resources of the client 
and user, the context of the project and any appropriate 
design requirements within which all subsequent briefing 
(when needed) and designing can take place. (Adapted 
from definition of brief in ISO 9699).

BDP
Australian Council of Building Design Professionals 
– BPD has published a multi-volume Environment 
Design Guide containing literature on how to reduce 
the environmental impact of the built environment. 
(Melbourne Docklands ESD Guide, Oct 2002).

BCA
Building Code of Australia.

Biodegradable
A material capable of being decomposed by bacteria or 
other living organisms as a result of the action of micro-
organisms. (Property Council of Australia, Sustainable 
Development Guide, 2001).

Biodiversity
The variety of all life forms; the different plants, animals 
and micro-organisms, the genes they contain and the 
ecosystems they form. (Property Council of Australia, 
Sustainable Development Guide, 2001).

Brownfield Site
Land within an urban area on which development 
has previously taken place. (Corus Construction 
Centre glossary, http://www.corusconstruction.com/
page_9041.htm).
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Building monitoring systems or
Building Management System (BMS)
A Building Management System includes more of the 
systems and plans for review and improvement while the 
building monitoring system is a computerised system 
that monitors the engineering services, security and 
other building systems for the purpose of recording, 
reporting and operational control of the systems to 
maximise safety, security, operational performance  
and for overall cost minimisation and efficiency.  
(Property Council of Australia, Sustainable  
Development Guide, 2001).

C

Carbon credit
A term that refers to three types of units of greenhouse 
gas reductions defined under the Kyoto Protocol:

	 emissions reduction units are generated via joint 
implementation under Article 6 of the Kyoto 
Protocol,

	 certified emission reduction units are generated 
and certified under the provisions of Article 12 
of the Kyoto Protocol, the Clean Development 
Mechanism, and

	 verified emission reductions are verified reductions 
in greenhouse gas emissions below a pre-
determined baseline.

(Property Council of Australia, Sustainable Development 
Guide, 2001).

Carbon dioxide equivalent gases
Greenhouse gases that contribute to the greenhouse 
effect are referred to as carbon dioxide equivalent 
gases since this is the most abundant greenhouse gas. 
(Property Council of Australia, Sustainable Development 
Guide, 2001).

Chlorofluorocarbons (CFCs)
Synthetic products which do not occur naturally and 
contain chlorine and fluorine; commonly used in various 
industrial processes and as refrigerants and, prior 
to 1990, as a propellant gas for sprays. CFCs are a 
powerful greenhouse gas. (Property Council of Australia, 
Sustainable Development Guide, 2001). CFCs are used 
as a refrigerant. They are the worst ozone depleting 
product and the most significant cause of ozone layer 
depletion. CFCs are being phased out as part of the 
Montreal Protocol. (Melbourne Docklands ESD Guide, 
Oct 2002).

Client brief
A project vision statement and sustainable development 
criteria provided to the design team. (Property Council of 
Australia, Sustainable Development Guide, 2001).

Climate Change Levy
A tax on corporate energy use introduced by the 
government in 1999 aimed at reducing energy 
consumption. (Corus Construction Centre glossary, 
http://www.corusconstruction.com/page_9041.htm).

Cogeneration
Generation of electricity combined with the production  
of heat for commercial or industrial use. Excess 
electricity produced can be fed back into the power  
grid. Cogeneration is an energy efficient way of using 
fossil fuels. (National Greenhouse Strategy  
http://ngs.greenhouse.gov.au/glossary/).

Commercial buildings
Typically refers to any non-residential building such as a 
shopping centre, office tower, business park, industrial 
property or tourism and leisure asset. (Property Council 
of Australia, Sustainable Development Guide, 2001).

Commingles
Materials all mixed together, such as plastic bottles with 
glass and metal containers. Commingled recyclable 
materials require sorting after collection before they can 
be recycled. Current collections in the CBD are usually 
plastics marked 1, 2 and 3; glass beverage containers 
and aluminium and steel cans. Fully commingled 
collections also include paper. (Department of Treasury 
and Finance, Reporting of Office-Based Environmental 
Impacts by Government Departments: Guidance to 
Financial Reporting Direction FRD24, July 2003).

Commissioning
The start-up phase of a new or renovated building 
which includes testing and finetuning of the HVAC, 
electrical, plumbing and other systems to assure 
proper functioning and adherence to design criteria. 
Commissioning also includes preparation of the systems 
operations manual and instruction of the building 
maintenance personnel. (Property Council of Australia, 
Sustainable Development Guide, 2001).

Copper chrome arsenate (CCA)
A powerful preservative most commonly used to treat 
softwoods for external use to provide protection against 
fungi, termites and wood boring insects. Spills of CCA 
can leave short-term residues of arsenic and long-term 
residues of chromium in affected soils, which have 
serious health and environmental implications.  
(Property Council of Australia, Sustainable  
Development Guide, 2001).

Cost benefit analysis
A method of evaluating projects or investments by 
comparing the present value or annual value of expected 
benefits to costs. (Property Council of Australia, 
Sustainable Development Guide, 2001).

D

Deconstruction
A technique which is based on the old practice of 
dismantling buildings to enable redundant materials to 
be salvaged for reuse and recycling. (Corus Construction 
Centre glossary, http://www. corusconstruction.com/
page_9041.htm).

Demountable
Components or whole buildings which can  
be dismantled and re-erected elsewhere.  
(Corus Construction Centre glossary,
http://www.corusconstruction.com/page_9041.htm).

Downcycling
The mechanical recycling of end-of-life products which 
produces materials of inferior quality. The secondary 
material cannot substitute the virgin state, an example 
being crushed concrete used as fill. (Corus Construction 
Centre glossary, http://www.corusconstruction.com/
page_9041.htm).

Dual pipe system
A system where one pipe feeds potable or drinking 
water, the second feeds treated water, typically for toilet 
flushing or irrigation – also called the purple or lilac pipe. 
(Property Council of Australia, Sustainable Development 
Guide, 2001).

E

Embodied energy
The non-renewable energy consumed in the  
acquisition of raw materials, their processing, 
manufacture, transportation to site and the construction 
process. Also the non-renewable energy consumed  
to maintain, repair, restore, refurbish or replace materials, 
components or systems during the lifetime of a  
building. (Corus Construction Centre glossary,  
http://www.corusconstruction.com/page_9041.htm).

EMP
Environmental Management Plan – this document 
outlines the environmental requirements and 
responsibilities for an individual development  
(as per the Docklands Authority requirements  
for the development of Melbourne Docklands).
(Melbourne Docklands ESD Guide, Oct 2002).

EMS
Environmental Management System – this 
document outlines specific requirements for planning 
implementation, operation, checking and correct actions 
regarding environmental issues.
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F

Formaldehydes
A resin used as an adhesive, surface coating, foam or 
in the manufacture of laminates and sandwich panels. 
Formaldehyde adhesives can present a health hazard 
due to their off-gassing tendencies. (Property Council  
of Australia, Sustainable Development Guide, 2001).

Forest Stewardship Council (FSC)
An international organisation promoting responsible 
forest management. FSC has developed principles for 
forest management which may be used for verifying the 
management of forest holdings and a system of tracing, 
verifying and labelling timber and wood products that 
originate from FSC certified forests. (Australian Paper 
www.australianpaper.com.au/environs/glossary.asp).

Fuel Cell
Used to convert chemicals into electrical energy.  
This is an apparatus used for combining fuel and  
oxides to generate electricity. (Energy Australia  
www.energy.com.au).

G

Global warming potential (GWP)
GWP is a measure of how much a given mass of 
greenhouse gas is estimated to contribute to global 
warming. It is a relative scale which compares the gas 
in question to that of the same mass of carbon dioxide 
whose GWP is one. An exact definition can be found at 
the IPCC web site. Examples of the GWP of gases are 
as follows:

	 carbon dioxide has a GWP of exactly 1 (since it 
is the baseline unit to which all other greenhouse 
gases are compared.)

	 methane has a GWP of 21
	 nitrogen dioxide has a GWP of 310
	 some hydrofluorocarbon (HFC) compounds have 

GWPs of several thousands (HFC-23 is 11,700).

Environmental Management System
A management system to identify, manage and 
reduce an organisation’s impact on the environment. 
(Department of Treasury and Finance, Reporting of 
Office-Based Environmental Impacts by Government 
Departments: Guidance to Financial Reporting Direction 
FRD24, July 2003).

Environmentally preferable products/materials
Products that embody one or several positive 
environmental attributes as a result of deliberately 
eliminating or reducing potential environmental impacts 
across its life cycle. These products don’t have negative 
impacts on human health and the environment when 
compared with competing products. This comparison 
may consider raw materials acquisition, production, 
manufacturing, packaging, distribution, reuse, operation, 
maintenance, or disposal of the product. (EcoRecycle, 
2003).

EPBC Act
Environment Protection and Biodiversity Conservation 
Act 1999 (EPBC Act) is the Australian Government’s 
major piece of environmental legislation. It protects 
the environment, particularly matters of National 
Environmental Significance.

ESD
Ecologically Sustainable Development – development 
that does not compromise the ability of future 
generations to enjoy similar levels of development.  
This is done by minimising the effect of development 
on the environment. (Melbourne Docklands ESD Guide, 
Oct 2002) Also defined by the Australian Government 
as ‘using, conserving and enhancing the community’s 
resources so that ecological processes, on which  
life depends, are maintained, and the total quality  
of life, now and in the future, can be increased’.  
(NSESD, DEH 1992).

Greenfield site
Land on which no development has previously taken 
place. Usually on the periphery of an existing built-up 
area. (Corus Construction Centre glossary,  
http://www.corusconstruction.com/page_9041.htm).

Greenhouse gases
Gases which contribute to global warming by preventing 
the outward radiation of heat from the Earth which 
increases the atmosphere’s absorption of sunlight (the 
greenhouse effect). Greenhouse gases are measured 
in carbon dioxide equivalent units. Some greenhouse 
gases are naturally occurring (water vapour, carbon 
dioxide, methane, nitrous oxide and ozone). Others result 
from human activities, the most powerful of which are: 
chloroflurocarbons (CFCs), hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs) and sulphur hexafluoride (SF6). 
(Property Council of Australia, Sustainable Development 
Guide, 2001).

Green lease schedule
A lease schedule that sets out the mutual obligation 
for building owners, managers and tenants regarding  
environmental performance.

Green power
Electricity generated from clean renewable sources, 
such as the sun, wind, water and organic matter. The 
electricity is bought by energy suppliers on behalf of their 
customers. (Property Council of Australia, Sustainable 
Development Guide, 2001).

Green Star
Green Star was developed and funded by industry and 
government. Green Star’s framework brings existing 
tools and standards together under one unified system. 
Green Star rating tools are relevant to building type, 
phase of development cycle and geographical location. 
Green Star awards points for best practice initiatives 
and, as such, projects that receive a Green Star 
Certified Rating have demonstrated leadership and are 
considered to be in the top quartile of the market. Green 
Star rating tools are being released for all building types 
(office, retail, education, health, residential etc.).

Groundwater
Water within the earth that supplies wells and springs; 
water in the zone of saturation where all openings in 
rocks and soil are filled, the upper surface of which 
forms the water table. (Property Council of Australia, 
Sustainable Development Guide, 2001).

H

Hydrochlorofluorocarbons (HCFCs)
HCFCs were used as the original replacement for CFCs 
and are still commonly used. HCFCs, like CFCs, cause 
ozone depletion, but to a lesser extent. HCFCs are being 
phased out under the Montreal Protocol. (Melbourne 
Docklands ESD Guide, Oct 2002).

Hydrofluorocarbons (HFCs)
Transitional replacements for CFCs, they are also 
greenhouse gases. (Property Council of Australia, 
Sustainable Development Guide, 2001).

HVAC systems
The equipment, distribution network and terminals that 
provide either collectively or individually the processes 
of heating, ventilation or air-conditioning to a building. 
(Property Council of Australia, Sustainable Development 
Guide, 2001).

I

Intergovernmental Panel on Climate Change (IPCC)
The IPCC was established in 1988 by two United 
Nations organisations, the World Meteorological 
Organisation (WMO) and the United Nations Environment 
Programme (UNEP) to assess the ‘risk of human-
induced climate change’. The panel is open to all 
members of the WMO and UNEP. Its reports are widely 
cited and have been highly influential in forming  national 
and international responses to climate change.
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Indoor air quality (IAQ)
Includes the introduction and distribution of adequate 
ventilation air, control of airborne contaminants and 
maintenance of acceptable temperature and relative 
humidity. (Property Council of Australia, Sustainable 
Development Guide, 2001).

Indoor environment quality (IEQ)
This factor describes the cumulative effects of indoor 
air quality, lighting and thermal conditions. Poor IEQ 
is responsible for health problems in the work place. 
(Melbourne Docklands ESD Guide, Oct 2002).

Integrated design
A design process that mobilises multidisciplinary design 
input and cooperation, ideally to maximise and integrate 
environmental and economic life cycle benefits.  
(Property Council of Australia, Sustainable  
Development Guide, 2001).

ISO 14000
International standards for EMS’ - ISO14001 and 
ISO14004 are international standards concerning 
Environmental Management Systems, and include 
specifications and guidelines. (Melbourne Docklands 
ESD Guide, Oct 2002).

ISO 7730
International standard for thermal comfort – this standard 
is based on a determination of the PMV (Predicted 
Mean Vote) and PPD (Predicted Percentage Dissatisfied) 
indices, and specification of the conditions for thermal 
comfort. (Melbourne Docklands ESD Guide, Oct 2002).

K

Kyoto Protocol
An international agreement reached in 1997 in Kyoto, 
Japan, which extends the commitment of the United 
Nations Framework Convention on Climate Change. In 
particular, it sets targets for future emissions by each 
developed country over the first commitment period 
and foreshadows further action over future commitment 
periods. (Property Council of Australia, Sustainable 
Development Guide, 2001).  An international agreement 
to limit greenhouse gas emissions. The protocol was 
adopted in 1997 and has been ratified by 54 countries, 
including most developed countries. (Melbourne 
Docklands ESD Guide, Oct 2002).

L

LAeq
This scale measures the average energy of the noise 
level. It is the equivalent steady state level of a fluctuating 
noise level. When considered over a period of time T, 
this is represented by the scale dB LAeqT. ASINZS 
1269.1:1998 sets out the method for calculating this 
level. (Green Star-Office Design v2).

Life cycle assessment (LCA)
A technique for assessing the environmental aspects 
and potential impacts associated with a product or 
process, by compiling an inventory of relevant inputs 
and outputs, evaluating the potential environmental 
impacts associated with those inputs and outputs, and 
interpreting the results of the inventory analysis and 
impact assessment phases in relation to the objectives. 
(Property Council of Australia, Sustainable Development 
Guide, 2001).

Life cycle costing (LCC)
A technique that enables a comparative cost 
assessment to be made for various investment 
alternatives, over a specified period of time, taking  
into account all relevant factors, both in terms of initial 
capital costs and future estimated cost. The objective  
is to identify the most economic overall choice.  
(Property Council of Australia, Sustainable  
Development Guide, 2001).

Lux
Measure of the amount of light at a certain point.

M

Montreal Protocol
This international treaty was first signed in 1987  
(now signed by 181 countries). It sets a time schedule 
for the reduction and eventual elimination of ozone 
depleting substances. (Melbourne Docklands ESD 
Guide, Oct 2002).

N

NABERS
National Australian Built Environment Rating System 
– an environmental rating tool for non-residential 
buildings that is now being developed by the Australian 
Government. (Property Council of Australia, Sustainable 
Development Guide, 2001).

NatHERS
National House Energy Rating Scheme – this is a 
national scheme used to rate the energy consumption  
of residential buildings. (Melbourne Docklands  
ESD Guide, Oct 2002).

NSESD
The National Strategy for Ecologically Sustainable 
Development sets out the broad strategic and policy  
framework under which governments will cooperatively 
make decisions and take actions to pursue ESD in 
Australia. It will be used by governments to guide policy 
and decision making, particularly in those key industry 
sectors which rely on the utilisation of natural resources.

O

Off-gassing
The release of gases or vapours from solid materials in 
a form of evaporation of a slow chemical change which 
produces indoor air pollution for prolonged periods after 
installation of a material. (Property Council of Australia, 
Sustainable Development Guide, 2001).

Operational energy
The energy consumed in heating, cooling, lighting  
and powering equipment and appliances in  
buildings. (Corus Construction Centre glossary,  
http://www.corusconstruction.com/page_9041.htm).

Ozone Depletion Potential (ODP)
A number that refers to the amount of ozone depletion 
caused by a substance. The ODP is the ratio of the 
impact on ozone of a chemical compared to the impact 
of a similar mass of CFC-11. Thus, the ODP of CFC-
11 is defined to be 1.0.  Other CFCs and HCFCs have 
ODPs that range from 0.01 to 1.0. The halons have 
ODPs ranging up to 10. Carbon tetrachloride has an 
ODP of 1.2, and methyl chloroform’s ODP is 0.11. HFCs 
have zero ODP because they do not contain chlorine. 
(US EPA web site www.epa.gov/ozone/defns.html ).

Ozone layer depletion
The ozone layer protects earth from ultra violet rays, 
which are known to cause cancer. Refrigerants such 
as CFCs and HCFCs contribute greatly to ozone layer 
depletion. (Melbourne Docklands ESD Guide, Oct 2002).
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P

Photoelectric cell (PEcell)
These are used to monitor the amount of light in a room.

Phase Change Materials (PCM)
These are materials which turn from one phase to 
another (for example liquid to gas, or solid to liquid)  
at a certain temperature – such as water at zero  
degrees Celsius.

Photovoltaic
Generating electricity from the energy of sunlight using 
photocells. (Property Council of Australia, Sustainable 
Development Guide, 2001).

PMV
Predicted Mean Vote is an international measure, used 
for determining thermal comfort. It is based on surveys 
of the most acceptable levels of indoor temperature, 
humidity and radiant heat for different clothing and 
activity levels. (Melbourne Docklands ESD Guide,  
Oct 2002).

Polychlorinated biphenyls (PCBs)
A group of synthetic chlorinated organic compounds, 
toxic to humans and identified as carcinogenic. They 
were used mainly in older electrical capacitors or 
transformers. (Property Council of Australia, Sustainable 
Development Guide, 2001).

Polyvinyl Chloride (PVC)
This common building material is mostly used for pipes 
and electrical cables. Production of PVC requires 
toxic chemicals and heavy metals. These additives 
risk polluting soil and waterways during PVC disposal. 
(Melbourne Docklands ESD Guide, Oct 2002).

Potable water
Water that is fit for human consumption. (Property 
Council of Australia, Sustainable Development Guide, 
2001).

PPD
Predicted Percentage Dissatisfied. This measure is linked 
with PMV. A PMV of 0 indicates a PPD of 5% and a PMV 
of +/-1 indicates a PPD of 25%. This means that 25% of 
occupants perceive the space to be either warm or cool. 
(Melbourne Docklands ESD Guide, Oct 2002).

Project brief
Typically a response to a client brief and is prepared 
by the integrated design team. (Property Council of 
Australia, Sustainable Development Guide, 2001).

R

Recycled material
Material that would otherwise be destined for disposal 
but is diverted or separated from the waste stream, 
reintroduced as material feedstock and processed into 
marketed end products. (Property Council of Australia, 
Sustainable Development Guide, 2001). Materials that 
have been reprocessed from recovered material by 
means of a manufacturing process and made into a final 
product or into a component for incorporation into a 
product. (EcoRecycle, 2003).

Recycled products
Materials that have been recovered, processed and 
used as a raw material for the manufacture of a useful 
new product through a commercial process. These 
products will contain a specified percentage of material 
that would otherwise have been disposed of as wastes. 
(EcoRecycle, 2003).

Recycling
Includes paper, commingles and compostables 
accepted and recycled by contractors or internally  
(i.e. through on-site worm farms). These figures can  
be extrapolated from waste assessments. (Department 
of Treasury and Finance, Reporting of Office-Based 
Environmental Impacts by Government Departments: 
Guidance to Financial Reporting Direction FRD24,  
July 2003).

Re-manufactured
Means to renew or restore a used product into its 
original form or into a useful new product through a 
commercial process. (EcoRecycle, 2003).

Renewable
A renewable product can be grown or naturally 
replenished or cleansed at a rate that exceeds human 
depletion of the resource. (Property Council of Australia, 
Sustainable Development Guide, 2001).

Renewable Energy
Renewable energy is obtained from sources that can 
be sustained indefinitely. Examples of renewable energy 
systems include photovoltaic solar collection, solar 
thermal turbine generation and wind power. (Melbourne 
Docklands ESD Guide, Oct 2002).

Reuse
The recovery of a material to be used again for a similar 
application without reprocessing. (Property Council of
Australia, Sustainable Development Guide, 2001).

S

SEMP
Site Environmental Management Plan – this document 
guides and sets standards for construction and 
operation of new developments. It includes strategies 
and processes to manage and minimise environmental 
impacts. (Melbourne Docklands ESD Guide, Oct 2002)

Sustainable development
Development that meets the needs of the present 
without compromising the ability of future generations 
to meet their own needs. (Property Council of Australia, 
Sustainable Development Guide, 2001).

T

Toxic
Any substance which causes harm to living organisms, 
from very low to extreme toxicity. (Property Council of 
Australia, Sustainable Development Guide, 2001) Toxic 
substances are identified in the Australian National 
Pollutant Inventory.

Triple Bottom Line
Measures the economic, social and environmental 
sustainability of a project. A sustainable development 
aims for synergy rather than compromise between  
these factors.

V

VDU
Visual Display Units – computer monitors and other 
office equipment which include artificially illuminated 
surfaces.

Volatile organic compounds (VOCs)
Chemical compounds based on carbon and hydrogen 
structure that are vaporised at room temperatures. 
VOCs are one type of indoor air contaminant. Although 
thousands have been identified in indoor air, only a few 
are well understood and regulated. (Property Council 
of Australia, Sustainable Development Guide, 2001) 
These chemicals are found in paints and other building 
products. They are known to cause health problems, 
including asthma and other respiratory ailments.  
(Melbourne Docklands ESD Guide, Oct 2002).
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W

Waste
All waste placed in landfill waste and recycling streams 
(paper, green waste, composts, commingles), including 
‘one off’ clean outs, office relocations etc. (Department 
of Treasury and Finance, Reporting of Office-Based 
Environmental Impacts by Government Departments: 
Guidance to Financial Reporting Direction FRD24, July 
2003).

WMP
A waste management plan sets out the waste 
requirements and responsibilities of a project. It is usually 
site specific and looks at the minimisation, recycling and 
reuse of waste through all onsite processes. It usually 
forms part of an EMP.

X

Xeriscape
Xeriscaping is derived from the Greek word ‘xeros’, 
meaning ‘dry’ and combined with ‘landscape’, xeriscape 
means gardening with less than average water. A 
trademarked term referring to water-efficient choices in 
planting and irrigation design. It refers to seven basic 
principles for conserving water and protecting the 
environment. These include: (1) planning and design (2) 
use of well-adapted plants (3) soil analysis (4) practical 
turf areas (5) use of mulches (6) appropriate maintenance 
and (7) efficient irrigation. (Ecolodgical  http://
ecolodgical.yourhomeplanet.com/glossary.php).

Source:	ESD	Design	Guide:	Office	and	Public	

Buildings,	May	2007,	Department	of	the	

Environment,	Water,	Heritage	and	the	Arts.		
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