
Land

Key findings

•  Western Australia’s current form 
of urban development is placing 
considerable pressure on the 
environment.

•  The capacity to manage 
environmental impacts of WA’s 
settlements is constrained by many 
small communities scattered over a 
vast area. 

Theme 7
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Land

Human settlements are the places where people congregate 
to live, work and recreate. In WA, human settlements include 
metropolitan Perth, regional centres, mining and agricultural 
towns, a range of Aboriginal communities, and very small and 
remote settlements. Settlements are fundamental to human 
societies, contributing to the modern economy and providing 
a rich social and cultural environment. 

Human settlements are connected to the natural environment 
in several ways. Firstly, settlements have direct and indirect 
impacts on the natural environment as a consequence of their 
design, construction and operation. Direct impacts include 
loss of biodiversity through land clearing during construction 
and expansion of settlements, air pollution from transport 
and industrial activities, and generation of large amounts of 
wastes that can potentially degrade land and water resources. 
Settlements indirectly impact the environment through their 

populations’ consumption of natural resources, such as wood, 
water, energy and minerals. 

Secondly, human settlements are significant environments in 
their own right and are affected by the surrounding natural 
environment. These relationships have implications for 
human health, as the condition of the environment is a major 
determinant of people’s health and many health problems 
can be linked to particular environmental factors.

Objectives
Reduce the environmental impacts of WA’s settlements by:

•  Monitoring and reporting on the environmental impacts of 
WA’s settlements;

•  Managing for sustainable growth in a manner that 
improves the efficiency of land use and infrastructure;

•  Improving resource efficiency and energy efficiency; and 

•  Protecting and enhancing natural environments that are 
part of the fabric of human settlements.

Headline indicators
There is currently no agreed indicator for measuring the overall 
condition of human settlements. The complexity of human 
settlements, including the processes that take place and the 
various impacts of those processes make it very difficult to 
assess overall condition of settlements based on a single 

introduction
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Human 
settLements

York townsite. WA has settlements ranging in size from cities to small towns (Tourism WA).



indicator. The National State of the Environment Report uses 
the Extended Urban Metabolism Model as a conceptual 
basis for reporting on human settlements. Other States and 
Territories report on human settlements at the issue level only.

Overall condition
Western Australia’s pattern of settlement has influenced 
the type and scale of environmental impacts, as the 
characteristics of WA’s settlements vary greatly in terms of 
size, remoteness, geography, climate and economic profile. 
The environmental impacts of human settlements are of 
concern, but the complex relationships between settlement 
types and environmental impacts make it difficult to 
determine their overall condition.

The capacity to manage environmental impacts in many 
of WA’s settlements is constrained by the small size and 
geographic spread of many settlements. Large settlements like 
the Perth metropolitan area provide the opportunity for more 
efficient centralised services. The provision of some services 
such as waste recycling and local public transport is not 
viable in many rural and remote settlements. However, large 
settlements use large amounts of energy and other natural 
resources and many of WA’s smaller settlements perform 
better than Perth in terms of resource conservation, such 
as water recycling. The growth and character of the State’s 
settlements are strongly guided by planning frameworks 
and strategies. To date they have had limited success in 
achieving improved environmental outcomes, partly because 
the environmental impacts of urban development have not 
received adequate consideration in the State’s planning system.

A significant problem for determining the condition of WA 
human settlements is that data are not collected across all 
settlements, or in a manner that can be used to assess their 
environmental impacts. For example, it is not possible to 
distinguish all energy and water used in the construction, 
maintenance and operation of settlements from that used 
to produce or manufacture exports. Information on waste 
generation is not collected outside the Perth metropolitan area. 

There is a need to better manage the environmental impacts 
of settlements. This requires a clear understanding of the key 
environmental issues associated with settlements and greater 
consideration of environmental factors in urban and regional 
planning policy. Until adequate monitoring systems are in place, 
it will not be possible to fully understand the impacts of the 
State’s settlements on the environment, nor to accurately assess 
the effectiveness of strategies implemented to address them.

Effectiveness
Human Settlements was not covered in the 1998 State of 
the Environment Report and therefore no assessment of 
effectiveness can be undertaken.

suggested resPonses

7.1  Implement Network City: Community Planning 
Strategy for Perth and Peel. This strategy 
outlines a framework for guiding the future 
development and for managing associated 
environmental impacts of settlements. 
However, it is yet to be adopted in planning. 

7.2  Undertake comprehensive environmental 
planning and assessment at all levels in the 
planning process, ensuring the environmental 
factors considered are appropriate to each level.

7.3  Establish environmental performance 
indicators, benchmarks and targets for the 
State Planning Strategy, Network City, regional 
plans and local planning strategies, which are 
regularly reviewed.

7.4  Review the State Planning Strategy to take into 
account management of environmental impacts 
from growth of regional centres, the impacts of 
climate change and future energy scenarios (i.e. 
transition from oil to alternative fuels).

7.5  Ensure all new subdivisions and redevelopment 
areas are designed and developed according 
to sustainability principles for resource 
efficiency and minimal environmental impact 
according to best practice.

State of the environment report WeStern auStralia 2007
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Perth has experienced high urban growth over the past decade (Department of Environment and Conservation).
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indicative extent of iSSue

Priority  
rating:
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settLement Patterns

 Description
Settlement patterns refer to the form, density and distribution 
of human settlements, and how these change over time. 
Settlement patterns influence the environmental impacts of 
settlements, how populations use resources and produce 
wastes, and affect social and economic prosperity. Ideally, 
higher density human settlements and a more compact urban 
pattern are better for reducing resource inputs (such as land, 
infrastructure materials, transport, water and energy needs) 
and for reducing waste outputs (such as air pollutants and 
greenhouse gases). However, these aspects are often balanced 
against social, economic and other environmental costs.

Over the past decade, WA has exhibited patterns of 
increasing urbanisation, particularly a shift towards coastal 
population growth and rural population decline in some 
areas. Perth, the capital city, has exhibited unprecedented 
strong urban growth over the past decade, particularly 
along the coast. Historically, State Government policy has 
encouraged peripheral suburban growth, most notably 
along the coastal corridors, creating a high dependence on 
private motor vehicle use, particularly for journeys to work. 
In other parts of the State, settlement patterns reflect the 
economic and social development of different regions, 
including holiday centres along the coast, remote mining 
towns in the north and east, and small towns scattered 
throughout the agricultural regions (Western Australian 
Planning Commission, 2005a). Many rural settlements in WA 

are currently experiencing population decline, largely as a 
result of increasing economies of scale in primary production, 
but also because of social and environmental issues (such as 
persistent drought and land salinisation). 

The historical and current patterns of settlement in WA have 
had a major influence on both the distribution and nature of 
environmental impacts. Perth’s pattern of growth has placed 
enormous pressure on the land resource, with increasing 
land use conflicts and contributed to substantial loss of 
biodiversity on the Swan Coastal Plain. Continued growth 
will further increase pressure on already stressed native 
vegetation, wetlands, estuaries, beaches and neighbouring 
marine ecosystems. The impacts of unchecked urban growth 
are increasingly of concern in view of the continued approval 
and development of new urban areas with low residential 
densities. Low density urban development carries a high 
environmental cost associated with requirements for land and 
expanded infrastructure (e.g. roads, sewerage) and services 
(e.g. water supply, electricity) in order to function. Similar 
pressures are now of concern in other parts of the South 
West that have also experienced rapid population growth. 

Objectives
Manage urban growth to limit urban spread by:

•  Increasing the efficiency of land use in urban areas;

•  Improving the integration of different land uses and 
transport networks;

•  Increasing housing density in urban developments.

Key findings

•  The urban area of Perth has doubled in size 
since the 1970s to 63 100 hectares.

•  Low density urban spread with single 
detached houses remains the dominant mode 
of urban development in Perth. 

•  Over the period 2000−2005, WA has recorded 
five of the top ten Australian settlements with 
the fastest growing population, and nine of 
the top ten Australian settlements with the 
fastest declining population.

•  Over the past decade, coastal parts of 
the South West and the Peel region have 
experienced high urban growth.

7.1

2

Clearing of native vegetation for residential development in the North 
West corridor of Perth (Department of Environment and Conservation).
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Condition

Indicator HS1: Area of land used for urban development.

The urban area of Perth, and more recently the Peel region, 
has expanded progressively over the past 80 years (Figure 
HS1.1). Perth has doubled in area since the 1970s to around 
63 000 ha in 2002. The rate of urban growth in the Peel 
region over this period has been similarly high. The developed 
part of the metropolitan area is spread throughout the 
designated Metropolitan Region Scheme in four linear 
corridors: North West, Eastern, South East and South West 
as outlined in the 1970s Corridor Plan for Perth (Metropolitan 
Region Planning Authority, 1970). A fifth corridor (North East) 

was added in 1990 with adoption of Metroplan (Department 
of Planning and Urban Development, 1990). This pattern 
of settlement is the result of a complex interplay between 
various policies, strategies, programs and scheme provisions 
established and implemented over several decades. The 
undeveloped areas of land within the urban periphery are 
progressively developed or used over time for urban or urban-
related purposes.

Rapid urban expansion has also been occurring in the South 
West coastal centres of Bunbury, Busselton and Margaret 
River. Information on the extent of urban areas in the South 
West is not available.

Figure HS1.1: Urban land growth in the Perth and Peel regions, 1925–2004.
Data source: Department for Planning and Infrastructure; Analysis: Department of Planning and Infrastructure; Presentation: EPA.

Legend
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Approximately 22.5% of the Metropolitan Region Scheme 
is designated for urban purposes such as residential 
and associated land uses including education, industry, 
administration, and transport corridors. Approximately half 
of this urban zoned land had already been developed in 
2004 (Figure HS1.2). Nearly 42% of the Metropolitan Region 
Scheme is designated and used for non-urban purposes such 
as State forest, regional recreation, public open space and 
water-related (land-based) purposes. Most of the balance 
(35%) is zoned for rural purposes.

Indicator HS2: Increase in new dwellings in urban areas.

There has been a general trend of increasing annual 
approvals of new residential dwellings in WA since 1995–96 
(Figure HS1.3). Residential dwellings are buildings intended 
for long-term residential use. Approximately 18 200 new 
residential dwellings were approved in Perth during 2005–06, 
representing 71% of total new dwelling approvals in WA in 

that period. The significant increase in construction activity 
in 1999–2000, and decline in approvals in 2000–01, can be 
attributed to introduction of the new taxation system in 2000. 
Work was brought forward prior to introduction of the goods 
and services tax, and this was followed by a downturn after its 
implementation (Australian Bureau of Statistics, 2003d).

The number of ‘other new residential’ dwellings (i.e. flats, 
units, townhouses and apartments) approved in Perth has 
increased but remained roughly proportional to the number 
of new houses approved. Single houses remain the dominant 
dwelling type in Perth, representing around 83% of dwelling 
approvals in 2005–06. Analysis of approved houses between 
1998–99 and 2000–01 showed 14% of approved houses 
were grouped dwellings (where two or more houses are 
constructed on a single parcel of land), reflecting the urban 
infill occurring in many established Perth suburbs (Australian 
Bureau of Statistics, 2001d).

Figure HS1.2: Actual used versus designated urban development areas of the Perth and Peel regions, 2004.
Data source: Department for Planning and Infrastructure; Presentation: EPA.
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The number of dwellings in the Peel and Bunbury regions has 
been growing steadily since the early 1990s. Between 1990 
and 2004, the number of dwellings in Mandurah doubled to 
over 25 000 and increased by approximately 40% in Bunbury 
(Montgomery & Saunders, 2005).
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Figure HS1.3: New residential dwelling approvals in Perth 
and Western Australia, 1995–96 to 2005–06.
Data source: Australian Bureau of Statistics (2006c). Note: Other residential buildings 
contain more than one dwelling unit and include flats, units, apartments and 
townhouses.

Indicator HS3: Gross and net residential density.

‘Residential density’ refers to the number of dwelling units 
within a defined site, suburb or region. The residential density 
of settlements can significantly influence environmental 
impacts. Low residential density results in high per capita 
land consumption and requires additional infrastructure such 
as roads, water supply, recreational space and retail facilities. 
Perth has low residential density by international standards.

Measuring residential density is complex. There is little 
agreement on the definition of terms used and several 
different measures exist. Two measures of residential density 
in the Perth metropolitan region are considered here: net 
residential density and gross residential density. 

‘Net residential density’ is the number of dwellings on the 
residential-zoned portion of a defined area, and is expressed 
as the number of dwellings of ‘per net hectare’. The average 
net residential density in the Perth metropolitan region is 
approximately 14.9 dwellings per hectare for fully developed 
lots, and approximately 8.4 dwellings per hectare if vacant 
residential lots are included (Montgomery & Saunders, 2005).

‘Gross residential density’ is the number of dwellings within 
a defined area, including residential and non-residential 
zones, the latter including roads, open space, schools and 
other local and regional uses. It is expressed as the number 
of dwellings ‘per gross hectare’. It is used in addition to net 
residential density because it takes into account all land 
required for urban development, instead of just residential 
areas. A preoccupation with net residential density often 
obscures the fact that other land used for urban and urban-
related purposes tends not to be subject to the same scrutiny 
of resource-use efficiencies. The gross average residential 
density in the Perth metropolitan region is less than one 
dwelling per hectare. The highest gross regional average 
residential density, six dwellings per gross hectare, is achieved 
in more established inner parts of Perth (Montgomery & 
Saunders, 2005).

Dwelling density in WA is largely determined and restricted by 
the Residential Design Codes of Western Australia, which sets 

maximum density limits at the site level (Western Australian 
Planning Commission, 2003). There has been a trend towards 
increased densities in the metropolitan region since the 
1990s. This is reflected in changes observed in the number 
of new dwellings developed in each density code over this 
period, with a significant reduction in low density lots (R0.5 
to R12.5) and an increase in medium density lots (R17.5 to 
R30), (Figure HS1.4). The proportion of high density (R40 
to R160) lots has decreased over this period, representing a 
decline in construction of large apartment style buildings.
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Figure HS1.4: New dwelling development by density code, 
Perth metropolitan region, 1970s–2002.
Data source: Department for Planning and Infrastructure. Note: There are 10 dwelling 
units per hectare on an R10 lot and 160 dwelling units on an R160 lot.

The predominant social preference for large blocks has 
historically driven the low density character of housing 
in Perth. The average area per dwelling is approximately 
13–60% larger than the statutory minimum lot size of the 
residential codes in all density categories (Montgomery 
& Saunders, 2005). Anecdotal evidence indicates that 
developers in Perth are responding to perceived buyer 
demand for lower densities. Analysis of all lots within the 
Perth metropolitan region (Western Australian Planning 
Commission, 2003) has shown that more than one-third of 
all developed lots are zoned at the density standard of 20 
units per net hectare (R20), but a high proportion of these 
lots are actually subdivided at a much lower net site density, 
equivalent to 12.5 units per net hectare (R12.5), (Figure 
HS1.5). This represents loss of a considerable proportion 
of the dwelling development potential. Had this land been 
subdivided in close conformity with the coding, an additional 
184 300 residential lots could have been accommodated on 
the same area of land.
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Pressures

Indicator HS4: Population growth and distribution.

The State’s population is concentrated in the Perth 
metropolitan area, which in 2005 accounted for 74% of the 
total WA population (Australian Bureau of Statistics, 2006f). 
Over the past 30 years, Perth’s population has doubled to an 
estimated 1.5 million, and is currently growing at a rate of 
over 1.6% per annum (Australian Bureau of Statistics, 2006e).

Western Australia’s population is dynamic with significant 
changes in distribution over the past decade or so (Figure 
HS1.6). The South West has experienced sustained growth, 
particularly in coastal population centres, reflecting 
movement of people from Perth and regional inland areas 

to coastal South West settlements. Other regional centres, 
such as Karratha, Broome, Albany and Esperance, have also 
experienced significant growth. Some of the reasons that may 
be driving this shift include leaving the congestion of Perth, 
wanting a more pleasant environment or climate, finding 
more affordable housing, looking for work and retiring from 
work (Australian Bureau of Statistics, 2004b)

Most of the Wheatbelt experienced a slight decline in 
population over the past decade, while significant loss 
was recorded in the Mid West and more remote inland 
communities. Of the top ten local government areas in 
Australia that experienced the fastest population decreases 
over the past five years, nine were in WA (Australian Bureau 
of Statistics, 2006b). 

Figure HS1.6: Population change in Western Australia, 1996–2006.
Data source: Australian Bureau of Statistics (2003a & 2005d); Presentation: EPA.
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Western Australia’s population is projected to grow by 
another 41% (approximately 800 000) by 2031. Most of this 
growth will occur in the Perth, Peel and South West regions. 
Population in the Peel region alone is projected to double and 
in Perth the population is expected to reach over 2 million 
by 2031 (Western Australian Planning Commission, 2005b). 
Population in the Kimberley region is also projected to nearly 
double over this period. Migration away from the agricultural 
zone and to coastal towns of the South West, are projected to 
continue (Western Australian Planning Commission, 2005b).

Indicator HS5: Household formation rate.

The rate of household formation is another factor 
contributing to urban growth, having a considerable influence 
on the rapid growth in Perth housing stock. Household 
formation has been occurring at a faster rate than population 
growth. Between 1991 and 2001, average rate of population 
growth in Perth was 1.6%, while over the same period 
average rate of growth in the number of households in 
Perth was 2.5%. Housing stock increased by 130% in Perth 
between 1971 and 1996 (Newton et al., 2001).

A significant factor influencing household formation is the 
trend in household size, which has been declining since 
the 1960s (Figure HS1.7). In 1961, around 30% of WA 
households consisted of one or two people. By 1991 this 
figure had increased to just over 50%, and by 1996 was 
over 55% (Western Australian Planning Commission, 2002). 
Household size is declining for a number of reasons including 
ageing of the population, increased divorce rates (resulting in 
families splitting into smaller units), increased life expectancy 
and economic prosperity of older persons, declining fertility 
rate, and the increased tendency of widows and widowers to 
remain as individual householders.
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Figure HS1.7: Estimated resident households and household 
size in Perth, 1996–2001.
Data source: Australian Bureau of Statistics (2004a & 2005b).

Current responses
Network City: The State Government, in consultation with 
the community, has prepared Network City: Community 
Planning Strategy for Perth and Peel (Western Australian 
Planning Commission, 2004). This outlines actions to 
improve the efficiency of urban land use and encourage a 
more compact and integrated urban form, including a policy 
objective of limiting development on the urban fringe to a 
total of 40% of new residential building lots.

Review of strategic planning and processes: The 
Department for Planning and Infrastructure is undertaking 
a review of strategic planning and processes to guide future 
growth and urban development in the metropolitan area 
toward more sustainable outcomes. This process includes 
an investigation of the characteristics of current zoning, 
use and development of urban land, and proposed revision 
of the Statement of Planning Policy No. 4.2: Metropolitan 
Centres Policy Statement of the Perth Metropolitan Region 
(Western Australian Planning Commission, 2000), aimed 
at encouraging concentrated development at designated 
strategic, regional and district centres which can be served 
more efficiently by public transport. The Western Australian 
Planning Commission has released the Statement of Planning 
Policy No. 3: Urban Growth and Settlement (2006) which 
aims to facilitate sustainable and efficient patterns of urban 
growth and settlement by guiding regional and local planning 
strategies and planning schemes.

Liveable Neighbourhoods: This policy provides an 
alternative approach for town and neighbourhood design to 
conventional development control policies. The policy aims to 
achieve more compact, well connected and resource efficient 
communities. The Western Australian Planning Commission 
has formally adopted Liveable Neighbourhoods as its 
preferred policy for controlling all subdivision and structure 
plan approvals from mid 2007.

Implications
If current patterns and rates of urban growth in Perth and 
parts of the South West continue, there will be serious 
consequences for the State’s biodiversity. Pressures will 
increase on already stressed ecosystems, resulting in the 
ongoing loss or degradation of remaining native vegetation, 
threatened ecological communities and coastal environments 
on the Swan Coastal Plain. Under current development 
trends, households are becoming increasingly isolated, 
more car-dependent, and have fewer people living in each 
dwelling. This may lead to increased resource consumption 
(e.g. electricity, water, land, infrastructure materials), 
exacerbate motor vehicle dependence and increase the 
challenges of managing wastes. 

suggested resPonses

7.6  Implement Statement of Planning Policy 3: 
Urban Growth and Settlement. 

7.7  Promote sustainable regional growth in areas 
suitable for population growth. 

7.8  Implement the State Buffer Policy to avoid 
land use conflicts in WA’s settlements. 

7.9  Develop mechanisms to assess and record the 
cumulative impacts of clearing in urban areas.
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transPort

 Description
Transport is a fundamental component of human settlements 
that allows movement of people (travel) and goods (freight) 
from one place to another. Modern transport systems are 
dependent on a network of infrastructure (such as footpaths, 
cycleways, roads, rail lines, ports and airports). The level of 
demand for transport reflects the scale, design and distribution 
of activities that require people or goods to be moved.

Transport systems impact the environment in many ways 
including through land clearing for development of transport 
infrastructure; atmospheric pollution from vehicle exhaust 
emissions; the extraction, transport and combustion of 
fuels (including petroleum and gas); and generation of 
wastes. Land used for roads, railways and other transport 
infrastructure can result in the loss or degradation of native 
vegetation, wetlands or other ecosystems, and contributes to 
landscape fragmentation. Motor vehicles are responsible for 
a large number of deaths and injuries to native animals each 
year and facilitate greater spread of feral animals and weeds. 
Motor vehicle use can also generate noise pollution and 
affect water quality through road runoff.

Objectives
Reduce the environmental impacts of transport in WA by:

•  Reducing total vehicle kilometres travelled;

•  Increasing the relative use of public transport and other 
alternative forms of transport;

•  Reducing total vehicle emissions; and

•  Reducing the total amount of fossil fuel used for transport.

Condition
Motor vehicles dominate the State’s transport system, both 
for travel and freight. Perth is one of the most car-dependent 
cities in the world (Western Australian Planning Commission, 
2004). The city also has the highest road length per capita 
of any capital city in Australia, at around 10.7 m/capita 
(Kenworthy et al., cited in Newman & Kenworthy, 1999). 
Many environmental impacts arise from this mode and 
pattern of transport.

Approximately 430 000 hectares of land is occupied by roads 
and rail networks in WA. While this area is small compared 
to the size of the State, it affects other potential land uses 
and needs. Construction of roads and other transport 
infrastructure involves major disturbances to native vegetation 
and wildlife habitats, as this infrastructure often fragments 
landscapes and ecosystems. In the Perth region, exhaust 
emissions from motor vehicles contribute significantly to 
several other air quality issues, including photochemical 
smog, particulates, nitrogen dioxide and carbon monoxide.

Key findings

•  WA has the highest rate of vehicle ownership 
in Australia – nearly 75 vehicles per 100 
people in 2004.

•   Energy consumed for transport (mostly oil and 
petrol) represents about 20% of all energy 
consumed in the State.

•   Motor vehicles contribute significantly to 
several of Perth’s air quality issues and to WA’s 
greenhouse gas emissions.

7.2

3

Motor vehicles dominate WA’s transport system (Department of 
Environment and Conservation).



    

State of the environment report WeStern auStralia 2007

 7
.0

 H
u

m
a

n
 s

e
tt

Le
m

e
n

ts
 i

n
tr

o
d

u
c

ti
o

n

202

State of the environment report WeStern auStralia 2007

 7
.2

 H
u

m
a

n
 s

e
tt

Le
m

e
n

ts
 t

r
a

n
s
P

o
r

t

202

Indicator HS6: Motor vehicle emissions and other waste 
products.

Exhaust from motor vehicles is the largest source of carbon 
monoxide (80%) and oxides of nitrogen (42%) in the Perth 
metropolitan area (Department of Environmental Protection, 
2002). Motor vehicle emissions are also one of the principle 
sources of volatile organic compounds in the Perth airshed. 
It is estimated that 29 331 tonnes of oxides of nitrogen were 
emitted by motor vehicles in the Perth airshed during 1998–99, 
an increase of 22% since 1992–93 (Figure HS2.1). The increase 
in oxides of nitrogen, sulfur dioxide and particulates (PM10) 
emissions from motor vehicles over this period is largely 
due to an increase in the number of vehicles and vehicle 
kilometres travelled (Department of Environmental Protection, 
2002). Lead emissions from motor vehicles have decreased 
dramatically since legislation was enacted in 1986, requiring all 
new motor vehicles to run on unleaded petrol. The decreases in 
emissions of carbon monoxide and volatile organic compounds 
between 1992–93 and 1998–99 are probably a result of more 
stringent emission controls and introduction of new motor 
vehicle technology (Department of Environmental Protection, 
2002). Information on emissions from motor vehicles outside 
the Perth metropolitan region is not collected.
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Figure HS2.1: Percentage change in emissions of 
atmospheric pollutants from motor vehicles in the Perth 
airshed, 1992–1999.
Data source: Department of Environmental Protection (2002). Note: NOx = oxides 
of nitrogen, CO = carbon monoxide, SO2 = sulfur dioxide, PM10 = inhalable particles 
(coarse fraction; 10µm and smaller), total VOCs = total volatile organic compounds.

Motor vehicles produce liquid and solid wastes from day-to-
day running and maintenance, and through the replacement 
and repair of vehicle parts. For example, 1.5 million passenger 
vehicle tyres are sold in WA annually: approximately 650 000 
tyres are sent to landfill and 30 000 are retreaded each year. 
Used tyres also end up in rural landfills, mine site tips and at 
illegal dumping sites (Department of Environment, 2005). 
Other waste products generated from day-to-day vehicle use 
are poorly documented.

Indicator HS7: Greenhouse gas emissions from transport.

Transport contributes to approximately 13% of WA’s 
greenhouse gas emissions, most of which are from the 
combustion of fossil fuels. Greenhouse gas emissions 
from transport in WA increased 33% between 1990 and 
2004, from 6.6 million tonnes (Mt) to 8.8 Mt. This is due 
to increased fuel consumption associated with increased 
transport activity and changes in the emissions intensity 
(amount of greenhouse gases generated per energy unit) 
over this period. The emissions intensity of passenger vehicles 
in Australia has increased since 1990 due to the increased 
proportion of vehicles equipped with pollution control 
technology, which produces more nitrous oxide per unit 
of fuel used (Australian Greenhouse Office, 2006). Road 
transport generates 90% of transport emissions, while civil 

aviation contributes 8%, navigation 1%, and rail 1%.

Indicator HS8: Transport energy consumption.

Transport currently represents around 20% of all energy 
consumed in WA, with most supplied by oil, including 
liquid petroleum gas (Australian Bureau of Agricultural and 
Resource Economics, 2005). The rate of energy use has 
stabilised in recent years while the proportion used by various 
transport modes has remained similar (Figure HS2.2). In 
2004–05 total transport energy use was 165.7 petajoules 
(PJ), of which nearly 72% was from road transport.

The average fuel efficiency of the Australian vehicle fleet has 
decreased slightly (about 10%) the since the 1970s (Bureau of 
Transport and Regional Economics, 2002). While technology 
developments have resulted in vehicle engines becoming even 
more fuel efficient, the gains made have been partly offset 
by demand for bigger and more powerful cars, leading to 
only slightly lower fuel use levels per car (Australian Bureau of 
Statistics, 2001c). 
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Figure HS2.2: Transport energy consumption by transport 
mode for Western Australia, 1986–87 to 2004–05.
Data source: Australian Bureau of Agricultural and Resource Economics (2005). Note: 
One petajoule = one million gigajoules or one billion joules.

Pressures
The overwhelming trend in WA over the last 30 years has 
been the increasing dominance of the motor vehicle for both 
people and freight movement. Development across the Perth 
metropolitan region since the late 1950s has been directed 
by a land use planning philosophy that promoted segregated 
uses and low density residential, commercial and industrial 
development. Consequently, Perth has developed a high level 
of dependence on the private motor vehicle. Approximately 
70% of Perth’s new residential development still occurs at 
or beyond the boundaries of currently developed areas. 
Expansion in these locations, with limited services and little or 
no local employment exacerbates vehicle dependence.

Western Australia’s vast rural and remote areas are also 
highly dependent on road transport for supply of goods 
and movement of people. The State’s rail network is 
predominantly used for transporting bulk freight, such as 
minerals and grains for export. The large distances between 
some settlements and Perth mean that a large amount of 
transport energy is required to supply goods to remote 
settlements. Additionally, the increasing cost-effectiveness of 
air travel has led to the growth of a ‘fly-in fly-out’ workforce, 
particularly in the resources sector (Western Australian 
Planning Commission, 2005a).
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Indicator HS9: Total vehicle kilometres travelled.

‘Vehicle kilometres travelled’ is a measure of the total 
distance travelled by motor vehicles, which is one of the main 
factors influencing vehicle-based air pollution and energy 
consumption. The total number of vehicle kilometres travelled 
in WA has increased from 17.7 billion in 1998 to 21.6 billion 
in 2005 (Figure HS2.3). Just over 75% of vehicle kilometres 
travelled in 2005 were by passenger vehicles.

The total daily vehicle kilometres travelled in Perth has 
increased by around 50% since 1991 (approximately 26 
million) to 37 million in 2004 (Department of Transport, Main 
Roads Western Australia, Ministry for Planning, Fremantle 
Port Authority, Westrail & Metrobus, 1995; Australian 
Bureau of Statistics, 2005d). This is due mostly to increase 
in population, vehicle ownership and expansion of the 
metropolitan area over this time.
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Figure HS2.3: Vehicle kilometres travelled in Western 
Australia, by vehicle type 1998–2005.
Data source: Australian Bureau of Statistics (2001c, 2003c, 2004e, 2005d & 2006f).

Indicator HS10: Vehicle kilometres travelled per capita

Western Australians have the third highest average rate of 
vehicle use per capita after Victorians and Tasmanians (Figure 
HS2.4). Personal rates of vehicle use are high in WA due to 
the State’s vast size, typically low density urban development 
and high dependence on motor vehicles for personal mobility 
and freight movement in both metropolitan and rural areas.

The average time spent travelling is similar across the Perth 
metropolitan region (60 to 70 minutes per day) and has 
remained relatively constant over the past 30 years. However, 
the average distance travelled per day differs markedly 
between residents in inner and outer suburbs of Perth. 
In inner city areas like Fremantle or the Town of Vincent, 
residents travel about 25–27 km per day, while in outer areas 
like Joondalup or Armadale, locals cover an average distance 
of 36–37 km (Montgomery & Saunders, 2005).
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Figure HS2.4: Total vehicle kilometres travelled per capita in 
Australia and its states and territories, 2005.
Data source: Australian Bureau of Statistics (2006f).

Indicator HS11: Vehicle ownership.

The level of vehicle ownership in WA has been steadily 
increasing over the past 30 years (Figure HS2.5). While 
Western Australians have the third highest rate of vehicle 
use, they have the highest rate of vehicle ownership in 
Australia. In March 2006 there were 784 vehicles registered 
in WA per 1000 population, of which 75% were passenger 
vehicles (Australian Bureau of Statistics 2006e). Of the 1.2 
million passenger vehicles registered in WA in 2006, 77% 
were registered in Perth, which has the highest rate of 
vehicle ownership of all capital cities in Australia (Australian 
Bureau of Statistics 2004d). Perth also has the highest rate 
of ownership of passenger vehicles in Western Australia 
(Figure HS2.6). The Upper Great Southern, Midlands and 
Lower Great Southern areas have the highest rates of vehicle 
ownership in WA, partly because of the high numbers of 
trucks and light commercial vehicles in these areas.

Figure HS2.5: Number of registered vehicles in Western 
Australia per 1000 of population, 1996–2006.
Data source: Australian Bureau of Statistics (2001b, 2002b, 2003b, 2004d, 2005c & 
2006d).
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Figure HS2.6: Average number of vehicles per 1000 of 
population in Western Australia, by statistical division, 2005.
Data source: Australian Bureau of Statistics (2004d & 2005c). Note: UGS = Upper 
Great Southern; LGS = Lower Great Southern; SE = South East; SW = South West.

Indicator HS12: Percentage share of transport travel 
modes.

Travel in the Perth metropolitan region is about 3.1 trips per 
person per weekday (Data Analysis Australia, unpublished) 
equating to over 4.4 million personal trips daily. Most trips 
(80%) are by car, with 62% as driver and 18% as passenger 
(Figure HS2.7). Reliance on private cars rises to above 90% 
of all trips in some newer suburbs on the urban fringe of the 
Perth metropolitan area. Alternative forms of transport such 
as walking, cycling and public transport represent a combined 
18% of all trips.

Car Driver 62% 

Other 2% 

Public Transport 5% 

Car Passenger 18%

Walk 11% 

Cycle 2% 

Figure HS2.7: Percentage share of each transport mode in 
the Perth metropolitan region, 2003.
Data source: Data Analysis Australia.

The total amount of public transport patronage in Perth has 
been increasing over the past 20 years, largely due to growth 
in population (Figure HS2.8). However, the mode shares 
of public transport, walking and cycling, have decreased 
over this period, while car mode share has increased (Data 
Analysis Australia, unpublished). Urban development in the 
northern suburbs is expanding faster than investment in rail 
infrastructure, leaving new suburbs without planned rail 
services. Without adequate rail services, residents tend to 
purchase additional motor vehicles, cementing in place long-
term car dependence.
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Figure HS2.8: Transperth public transport patronage 
– boardings and journeys, 1985–86 to 2004–05.
Data source: Public Transport Authority. Note: System journeys are complete journeys 
from place of departure to destination and may involve one or more boardings.

Indicator HS13: Air passenger kilometres travelled.

Air travel is the second largest contributor to greenhouse 
gas emissions from transport (8%) in the State after road 
transport. The total number of revenue passenger kilometres 
for domestic and regional airlines in WA has nearly doubled 
since 1995 to 11.3 billion (Figure HS2.9). ‘Revenue passenger 
kilometres’ are calculated by multiplying the number of fare 
paying passengers travelling on each flight by the distance in 
kilometres between ports. The increasing prevalence of ‘fly-in 
fly-out’ mining operations coinciding with the resources boom 
has contributed to an increase in regional air travel in WA.
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Figure HS2.9: Revenue passenger kilometres (RPK) for 
domestic and regional airlines in Western Australia, 
1995–2004.
Data source: Department of Transport and Regional Services.

Indicator HS14: Freight kilometres travelled.

Comprehensive data on freight movements supplying WA 
settlements was unavailable. 

Freight is moved over vast distances to service remote 
settlements and transport agricultural, mineral and petroleum 
products for export or processing. Rail and sea are the 
dominant transport modes for bulk freight originating in WA, 
representing 45% and 35%, respectively (Australian Bureau 
of Statistics, 2002a). 
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Freight into and around WA is dominated by road transport, 
and the remoteness of many settlements in the State means 
this is an energy-intensive activity. A study of the Pilbara 
region identified between 585 000 and 660 000 tonnes 
moved to the area by road (mostly from Perth) and around 
34 000 tonnes moved by sea (Sinclair Knight Merz, 2004). 
Most represents the transport of minerals to Pilbara ports for 
export, but also includes goods supplied to the region. 

The small volumes of non-bulk freight to and from regional 
centres, and within virtually all urban areas in the State, 
make rail an inefficient transport mode. Virtually all freight 
movement and goods delivery within Perth occurs by road. It is 
estimated that approximately 50 to 60 Mt of freight per annum 
is transported in the metropolitan region, including 22.4 Mt by 
sea (Minister for Planning and Infrastructure, 2002).

Current responses
Transport strategy: The Perth Metropolitan Transport 
Strategy (Department of Transport, Main Roads Western 
Australia, Ministry for Planning, Fremantle Port Authority, 
Westrail & Metrobus, 1995) sets a target for reducing car-
as-driver trips by 35% over the 30 years to 2029. As part 
of the strategy, the State Government has established the 
TravelSmart program, which encourages behaviour shifts 
from car trips to alternative forms of travel, including public 
transport, walking and cycling.

Freight network strategy: The Metro Freight Network 
Strategy is targeting an increase in rail movement of import 
and export freight containers to and from the Port of 
Fremantle, from 10% (approximately) at present to 30% by 
2013 (Department for Planning and Infrastructure, 2006).

Network city: The State Government, in consultation with 
the community, has prepared Network City: Community 
Planning Strategy for Perth and Peel (Western Australian 
Planning Commission, 2004). The strategy outlines actions 
to address transport problems in Perth and Peel, including 
reducing car dependence, increasing public transport use 
and better aligning land use and transport. A key element of 
the strategy is to support expansion of the public transport 
network by developing a network of activity centres 
connected by transport corridors.

Review of strategic planning and processes: The 
Department for Planning and Infrastructure is undertaking 
a review of strategic planning and processes to guide future 
growth and urban development in the metropolitan area 
toward more sustainable outcomes. This includes revision of 
Development Control Policy 1.6: Planning to Support Transit 
Use and Transit Oriented Development (Western Australian 
Planning Commission, 2006).

Strategic urban centres: Construction of the South West 
Metropolitan Railway and development of strategic urban 
centres in Perth’s southern suburbs aims to increase the 
share of journeys made by public transport and reduce 
car dependence in this rapidly growing sector of the Perth 
metropolitan area, and in the adjacent Peel region.

Implications
The distribution of settlements in WA, existing transport 
networks, urban form and the State’s vast size mean the 
population will remain dependent on fossil fuels and road 
transport into the foreseeable future. Air quality issues are 
likely to become exacerbated in Perth and possibly other major 
regional centres. Greenhouse gas emissions from transport will 
increase. Expansion of the existing road network will further 
impact native vegetation, wetlands and contribute to isolation 
of many ecological communities and wildlife. 

        suggested resPonses

7.10  Develop and implement a comprehensive 
State Transport Strategy that considers 
guidelines for urban design and development 
to reduce motor vehicle dependence, and the 
establishment of targets for vehicle kilometres 
travelled and mode share. 

7.11  Encourage the Commonwealth government to 
introduce mandatory minimum fuel efficiency 
standards for all vehicles.

7.12  Continue to support and expand transport 
and travel behaviour change programs 
including TravelSmart. 

While the total number of train journeys is increasing with population growth, the proportion of travel by public transport is decreasing (Tourism WA).  
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Description
Water is a fundamental resource for human settlements: it 
is critical to human survival, health and wellbeing; facilitates 
economic development; and provides social and recreational 
benefits. Water service provision is necessary in settlements 
to provide clean water for drinking, cooking, cleaning and 
for removing wastes. This issue focuses primarily on water 
used by households, while the broader water supply sector is 
addressed in ‘Towards Sustainability’.

Approximately 1800 gigalitres (GL) of water are used annually 
in WA, of which 18% is consumed directly by the household 
sector. Around 70% of household water comes from the 
Integrated Water Supply Scheme, and 30% from domestic 
bores. Households are indirectly responsible for water use in 
manufacturing and agriculture (particularly irrigated crops), 
as these sectors produce food (such as dairy, fruits and 
vegetables) and manufactured goods (such as paper products 
and cotton garments) consumed by households. Water use 
for public parks and gardens, around 4% of total water use in 
WA, can also be attributed indirectly to households. People in 
urban settlements are also responsible for a significant share 
of water demand in the services industry, especially in relation 
to restaurants, cafes and hotels. 

Increasing demand for water for settlements puts greater 
pressure on limited water resources through excessive 
abstraction of surface water and groundwater sources and 
eventually results in environmental degradation. Wastewater 
from households is either connected to public sewerage 
systems or discharged into septic tanks or other onsite 
treatment and disposal units. If onsite wastewater treatment 
units are not properly installed or maintained, they can pose a 
threat to public health and local receiving environments.

Objectives
•  Reduce per capita water use.

•  Improve water use efficiency in WA’s settlements.

•  Incorporate water sensitive design principles in planning 
for new and retrofitted developments.

•  Increase water reuse and recycling in WA’s settlements.

•  Promote water efficient communities, housing, garden 
design, appliances and behaviours.

Condition

Indicator HS15: Total residential water consumption.

Public scheme water supplies have historically been sourced 
from a mixture of groundwater (approximately 55%) and 
surface water (approximately 45%) sources. In November 
2006, the Kwinana seawater desalination plant commenced 
operations and currently contributes approximately 17% of 
annual demand from the Integrated Water Supply Scheme 
which supplies Perth, the Goldfields and the South West. 
Total residential consumption of scheme water has fluctuated 
between 192 and 231 GL since 1996 (Figure HS3.1). In 
2005–06, residential consumption of scheme water was 
211 GL. Initiatives of the State Water Strategy (Government 
of Western Australia, 2003) may have contributed to the 
stabilisation of household scheme water use since 2004.

The total number of domestic bores in the Perth metropolitan 
area in 2004 was about 140 000, representing 24% of all 
households in Perth (Australian Bureau of Statistics, 2004c). 
In some suburbs of Perth (including Morley, Applecross, 
Bullcreek and Rockingham), more than 75% of houses 
have garden bores (Water and Rivers Commission, 1997). 
In 2003, approximately 11% of households outside Perth 
used bore water (Australian Bureau of Statistics, 2004c). 
Accurate data on household bore water use are not available 
because domestic bores are not metered, but it is estimated 
to average 800 kilolitres (kL) per bore per year in the Perth 
metropolitan area. This water is used almost exclusively to 
water gardens. In 2003–04 total bore water use in Perth 
was around 112 GL, representing 23% of total groundwater 
abstraction in this area (Davidson & Yu, 2004). Garden bore 
abstraction is projected to continue to increase at the rate of 
3–4 GL/year.

Key findings

•  Households directly consume 18% of water 
supplies, with garden watering accounting for 
over half of the water used.

•  Household water use is declining in most WA 
settlements and may be attributed to initiatives 
of the State Water Strategy, including the 
Waterwise program and sprinkler restrictions. 

•  Only 14% of wastewater is being reused in WA.

indicative extent of iSSue
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Figure HS3.1: Total and per capita residential water use in 
Western Australia, 1996–2006.
Data source: Water Corporation. Note: These data only include water supplied 
through the Integrated Water Supply Scheme directly to the household sector by 
the Water Corporation. It excludes Bunbury and Busselton, remote communities, 
mining towns and small communities whose scheme water schemes are run by local 
authorities. It also excludes household water use from private bores.

Indicator HS16: Residential water consumption per capita

Average residential consumption of scheme water per person 
decreased between 2000–01 and 2005–06 from 142 to 114 
kL per person (Figure HS3.1). Residential water use per person 
varies considerably among settlements throughout the State 
(Figure HS3.2), and is highest in the North West. Until around 
2001, water supply capacity in this region was considered to 
significantly exceed demand and there was little urgency to 
implement demand management measures. Since this time 
there has been a growing need to manage pressure on North 
West water resources due to increased demand, particularly 
from growth in the mining sector. Most of the southern half 
of the State (Perth, South West, Peel and the Agricultural 
and Mid West regions) increased scheme water usage in 
2003–04, highlighting the sensitivity of this part of the State 
to warmer summers, as occurred in 2003–04. However, 
residential water use per capita has generally declined in the 
southern half of the State since 2000–01.
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Figure HS3.2: Trend in average per capita water use in Western Australia, by settlement and region, 1998–2004.
Data source: Water Corporation; Analysis: EPA; Presentation: EPA 

Note: These data only include water supplied through the Integrated Water Supply Scheme directly to the household sector by the Water Corporation. It excludes Bunbury and Busselton, 
remote communities, mining towns and small communities whose scheme water schemes are run by local authorities. It also excludes household water use from private bores.
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Indicator HS17: Household end use of water.

Although high quality potable water sources are used to 
supply public drinking water supply schemes, only a tiny 
fraction of this water is actually used for drinking or cooking 
(Figure HS3.3). A survey of household water use in Perth in 
1999–2000 indicates that outdoor use represents 56% of 
the total water consumption of a typical single residential 
household, which requires little treatment compared to that 
for drinking (Loh & Coghlan, 2003). Nearly all of this (97% or 
687 L/day averaged over a year) is used to water gardens, and 
a further 3% (20 L/day) is used for swimming pools. Baths and 
showers, clothes washing, and toilet flushing account for most 
indoor water use. The proportion of water used for different 
purposes may have changed since the survey was conducted 
due to the introduction of water restrictions in 2001.

According to the survey, multi-residential households (e.g. 
townhouses, villas, flats) use 40% less water on average than 
single residential households although this does not include 
water use in common areas for multi-residential households 
(Figure HS3.3). This is due in part to smaller household sizes, 
but mostly to smaller garden areas per household. Multi-
storey apartments are generally the most water-efficient  
form of housing.

It is difficult to determine exactly how much indirect water 
demand can be attributed to households, but it is likely to 
substantially exceed the water used directly by households.

Total water use — single residential (1259 L/day)

Total water use — muti-residential (768 L/day)

Swimming Pool 2% 

Leaks 2% 

Other 1% 

Toilet 9% 

Washing Machine 11% 

Bath and shower 14% 

Watering 54% 

Leaks 2%

Other 1%

Tap 10%

Toilet 8%

Washing Machine 11%

Bath and shower 16%

Watering 51%

Figure HS3.3: Average water use in Western Australian 
households in 1999–2000.
Data source: Loh & Coughlan (2003).

Indicator HS18: Proportion of wastewater reused.

Reuse of treated water from municipal wastewater systems 
reduces pressure on receiving environments and the 
demand on groundwater and surface water resources. 
Reticulated wastewater systems (deep sewerage) are the 
most common method of household wastewater disposal 
in WA. Wastewater is piped to centralised treatment plants, 
where contaminants are removed or neutralised to levels 
such that the treated wastewater can be safely discharged 
to the environment or diverted for reuse. However, treated 
wastewater can still contain significant levels of pathogens 
and requires higher levels of treatment to be considered safe 
for drinking.

For coastal communities, where urban populations and 
growth are concentrated, marine disposal of treated 
wastewater is considered an environmentally safe and 
sustainable method of disposal, due to the extensive receiving 
environment and its considerable absorptive capacity. For 
inland settlements, disposal of treated wastewater into 
waterways is often constrained by eutrophication (nutrient 
enrichment) problems.

Between 2001–02 and 2004–05 the proportion of 
wastewater generated in WA that was reused remained 
fairly constant as around 10%, with development of new 
wastewater reuse projects being just sufficient to keep pace 
with population growth. In 2005–06, the proportion of 
wastewater reuse increased slightly to 11.5% due largely 
to the commencement of the Kwinana Water Reclamation 
Plant. The plant produces around 16 megalitres per day of 
high quality water from secondary treated wastewater for 
industrial use in the Kwinana area. 

Non-metropolitan areas reuse a higher proportion of 
wastewater than Perth: about 40% compared to 5% 
(Figure HS3.4). This is due partly to the larger number of 
opportunities for large scale reuse in rural areas such as 
irrigation or heavy industry.
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Figure HS3.4: Trends in wastewater reuse in Western 
Australia by region, 2001–02 to 2005–06.
Data source: Water Corporation. Note: Includes townships within the Water 
Corporation’s wastewater service area, including Bunbury and Busselton. Excludes 
remote communities, mining towns and small communities whose sewerage schemes 
are run by local authorities.
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Indicator HS19: Proportion of households connected  
to sewerage.

Connecting households to sewerage is important for 
preventing contamination of local groundwater and 
eliminating threats to public health from on-site effluent 
disposal systems. There has been a steady increase in the 
proportion of households connected to sewerage compared 
to the number of connections available. This trend is due to 
the Water Corporation’s ongoing Infill Sewerage Program 
in established urban areas. Despite this some areas have 
comparatively low rates of connection to sewerage, most 
likely because connection is not enforced on households. 
Perth has the highest rate of sewerage connection compared 
to other regions in WA (Figure HS3.5).
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Mid West North West South West (incl. Peel) WA Total

Figure HS3.5: Trends in household connection to sewerage 
in Western Australia by region, 2002–03 to 2005–06.
Data source: Water Corporation. Note: Includes townships within the Water 
Corporation’s wastewater service area, including Bunbury and Busselton. Excludes 
remote communities, mining towns and small communities whose sewerage schemes 
are run by local authorities. South West may be artificially low due to different 
methods used to calculate per cent connections. 

Pressures
Population growth is putting considerable pressure on 
water resources and driving an increase in the volume 
of wastewater generated. This increases pressure to find 
new environmental water supplies and expand existing 
ones. It also requires significant new infrastructure for 
water treatment, delivery and wastewater removal, and 
often competes with other sectors and the environment 
for available water resources. Viable opportunities for 
wastewater reuse schemes are limited, particularly in 
Perth and other large urban centres. As population grows, 
there is mounting pressure to find and exploit new reuse 
opportunities, and continue improvements in demand 
management, reuse and source-substitution programs.
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Table HS3.1: Ownership of appliances in Perth. 
Data source: Loh & Coghlan (2003).

Appliance Ownership (%)

1981–82 1998–00

Domestic bore 27% 32%

Below ground pool 11% 21%

Fixed reticulation off mains  
(scheme water)

5% 41%

Automatic reticulation off mains 
(scheme water)

2% 25%

Two or more showers 19% 47%

One or more water efficient showers 0% 35%

Two or more toilets 22% 51%

One or more dual flush toilets 1% 65%

Automatic washing machine 64% 93%

Non-automatic washing machine 30% 6%

Dishwasher 13% 29%

Mundaring dam, a water supply source for Perth (Tourism WA).



The average household size in WA has been declining since 
the 1960s. Smaller households place greater pressure on per 
capita water demand, particularly as water consumed for 
garden watering (the highest use category) is independent of 
the number of persons living in the household.

Our aspirational culture and increasing affluence are placing 
increased pressure on per capita water consumption, 
particularly through higher expectations of garden 
appearance, and increased desire for labour saving appliances 
and fittings. For example, dishwashers use more water than 
hand washing in the sink, automatic washing machines use 
more water than twin-tubs or other non-automatic machines, 
and households with automatic reticulation use almost twice 
as much water on their gardens as those with no automatic 
reticulation. The use of appliances and fittings has become 
far more commonplace over recent decades (Table HS3.1). 
Most significant among these is the sharp increase in the 
proportion of households using automatic reticulation 
systems, up from 2% of households in 1981–82 to 25% in 
1998–00. This trend is expected to continue.

Water restrictions, community education and rebate schemes 
(to encourage use of water efficient fittings and appliances) 
are helping to reduce household water demand whilst 
maintaining lifestyle and cultural expectations. However, 
there is a limit to how much can be achieved with these 
measures. For example, the potential for gains in water use 
efficiency diminishes as more households are retrofitted with 
water efficient devices. Eventually, to further reduce per 
capita water consumption, it may be necessary to challenge 
lifestyle and cultural expectations, such as the desire for 
expansive lawns and exotic garden species.

Long-term rainfall data from the South West indicates a 
10–20% decline in rainfall over the past 30 years, manifested 
as a sudden shift towards a drier climate (from Geraldton to 
Esperance) in the mid-1970s (Indian Ocean Climate Initiative, 
2002). This has produced a 65% decline in environmental 
water availability. Modelling by CSIRO (2001) suggests that 
this trend of declining rainfall will continue, and is also likely 
to impact on water availability in the Gascoyne–Murchison 
and Goldfields regions. In addition to reduced recharge 
of water sources, higher average temperatures are likely 
to increase direct demand from the household sector to 
maintain lawns and exotic gardens, and increase demand 
from the agriculture sector to maintain productivity.

Current responses
State Water Plan: was developed to ensure the strategic 
and effective management of water resources using a whole 
of water cycle approach (Government of Western Australia, 
2007). 

State Water Strategy: was developed to improve water 
demand management and water use efficiency within the 
household sector (Government of Western Australia, 2003). 
Initiatives include a rebate scheme to encourage use of water 
efficient fittings and appliances in homes. The rebate incentive 
scheme has proved successful with 197 627rebates made 
between February 2003 and June 2005 for water efficiency 
products which have saved an estimated 6.7 GL of water per 
annum. Daytime sprinkler bans for households and public parks 
and reserves have also been implemented, and household 
sprinkler use has been restricted to two days per week for 
households served by the Integrated Water Supply Scheme. 

Waterwise program: This includes certification programs 
for industries that service the household sector, including 
plumbers, garden centres and garden irrigators. These 
programs have been well received, with 117 separate providers 
accredited and participating. The Waterwise Schools program 
targets water use efficiency within schools and provides 
comprehensive teaching materials and education programs 
across all areas of the curriculum. As at February 2006, 305 
schools were participating in the program.

Wastewater recycling: The Kwinana Water Reclamation 
Plant will be upgraded to a total capacity of 9.6 GL per year in 
coming years, which is equivalent to approximately 8.3% of 
Perth’s current wastewater production. 

Planning tools: The Department for Planning and 
Infrastructure is developing a WA version of BASIX. This 
web-based planning tool allows designers of new houses 
to achieve reductions in water and energy use compared 
to calculated benchmarks. The department is also giving 
consideration to a similar tool, Retrofix, for existing homes.

Implications
Water use and availability, and wastewater reuse are emotive 
and contentious issues for many WA settlements. Water use 
is expected to continue to grow as new water sources are 
required to meet increasing demands of a growing and more 
affluent population. The volume of wastewater generated 
will also increase and pose further eutrophication (nutrient 
pollution) related challenges for receiving environments. 
Climate change will result in some parts of WA becoming 
hotter and drier, thereby increasing water usage and 
putting additional pressure on environments where water is 
extracted. Water reuse, recycling and climate-independent 
water supplies (e.g. desalinisation) will become more 
important in these areas. Increased demand for high quality 
water sources will require new infrastructure development, 
using more economically marginal water sources than have 
historically been developed. Consequently, this will place 
upward pressure on the cost of household water services. 
Growing demand from the household sector will also increase 
competition with other sectors for scarce water resources, 
which is likely to constrain productivity or economic growth.

suggested resPonses

7.13  Continue to implement the State Water 
Strategy and the State Water Plan: both are in 
the early stages of implementation.

7.14  Implement BASIX in the development of new 
residential buildings and promote Retrofix for 
established buildings. 

7.15  Implement Western Australian Sustainable 
Cities initiatives.

7.16  Expand research and implementation of 
water recycling at planning, subdivision and 
individual building scales.

7.17  Licence domestic bores. 
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energy use in settLements

Description
Energy is a fundamental resource for human settlements: it 
is used during their construction, (e.g. roads, buildings and 
building materials), operation (e.g. homes, offices, transport 
networks) and is fundamental to liveability (e.g. televisions, air 
conditioners, cooking, computers, etc.). The focus of this issue 
is on residential energy use (energy used in homes), while the 
broader energy sector is addressed in ‘Towards Sustainability’.

Western Australian households use a considerable amount 
of energy directly through consumption in the home, and 
fuel use in private travel. Households are also indirectly 
responsible for a large amount of energy use, required 
in production and freight of the goods and services they 
consume. It has been estimated that Australian households 
are ultimately responsible for over half of total energy 
use in Australia, either directly or indirectly through the 
consumption of products and services (Australian Bureau 
of Statistics, 2001a). Nearly all energy supply to the State’s 
settlements comes from non-renewable fossil fuel resources 
(including petroleum products, coal, and natural gas). 

Due to the vast size of WA and inaccessibility of many 
settlements, transmission and distribution of centralised 
fossil fuel-based electricity to the whole State is expensive, 
inefficient and unreliable (Sustainable Energy Development 
Office, 2005). There is a substantial quantity of these low-
cost fossil fuels in WA (namely coal and natural gas), but 

generating and utilising the energy emits large amounts 
of greenhouse gases and particulate matter into the 
atmosphere. These emissions are harmful to human health 
and to the environment. 

Objectives
• Reduce energy demand.

• Increase energy efficiency.

• Increase use of renewable energy.

• Reduce greenhouse gas emissions from energy use.

Condition

Indicator HS20: Total residential energy use.

‘Residential energy use’ is expressed in final energy terms, 
which includes direct energy use in the residential sector from 
electricity, natural gas, wood, oil and related products. It 
excludes energy consumed to generate electricity. Residential 
energy also excludes embedded energy used to produce 
construction materials, build homes, or manufacture and 
transport goods that are consumed by households.

Residential energy represents less than 5% of total energy 
use in WA, but has been growing at an annual average rate 
of 2.2% since 1990 (Figure HS4.1). This is attributable to 
increasing population and per capita consumption. Total 
residential energy use in WA was around 34 petajoules in 
2004–05.

Peak electricity demand on the South West Interconnected 
System has grown at a significantly higher rate than average 
demand growth. Households and commercial businesses have 
a significant influence on peak demand for electricity, mainly 
due to air conditioners and other temperature-sensitive loads 
(Western Power, 2004). Peak electricity demand is forecast 
to grow 25% faster than average electricity demand over 
the next 10 years (Independent Market Operator, 2005). 
Disproportionate growth in peak demand is important 
from an environmental perspective, because it necessitates 
development of new electricity supply infrastructure which is 
only used for a short time period each year.

Key findings

•  Over the last 15 years, residential energy use 
per capita has increased by 15%.

•  Households in the North West consume 
more than twice the energy of South 
West households, largely due to use of air 
conditioners. 

•  Only 0.5% of WA households participate in 
the State’s Green Power program (electricity 
purchased from renewable energy sources), 
the lowest participation rate in Australia.

7.4

3
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Figure HS4.1: Total and per capita residential energy use in 
Western Australia, 1990–2005.
Data source: Australian Bureau of Statistics (2006a), Australian Bureau of Agricultural 
and Resource Economics (2005).

Indicator HS21: Residential energy use per capita.

Since 1990, per capita residential energy use has grown 
about 11%, from 15.5 gigajoules per capita in 1990 to 
17.2 gigajoules per capita in 2005 (Figure HS4.1). The rate 
of growth in per capita residential energy consumption 
has slowed considerably since the mid-1990s and has even 
declined slightly since 2003.

The increase in per capita residential energy use reflects the 
increasing number and use of appliances, and increased 
home heating and cooling. It also reflects the trend towards 
smaller households with larger homes. The majority of energy 
consumption in homes is for home heaters, air conditioning, 
and hot water systems although this varies depending on 
geographic location.

Average residential energy use per household in WA 
varies across the State (Figure HS4.2). The South West 
Interconnected System is WA’s main electricity network, 
covering the south-west corner of the State from Kalbarri 
to Albany, with a spur out to Kalgoorlie. In 2004, average 

Figure HS4.2: Trend in average electricity use per household in Western Australia, by settlement 1998–2004. 
Data source: Western Power; Analysis: EPA; Presentation: EPA 
Note: Based on average electricity consumption by residential customers of Western Power.
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electricity consumption of households connected to this 
system was approximately 5500 kilowatt hours (kWh), 
or 15 kWh per day. Households connected to the North 
West Interconnected System, which services Port Hedland, 
Karratha and Roebourne, consumed on average nearly 12 
000 kWh, or 32 kWh per day, more than double the usage 
rate in the south. The remainder of the State is supplied by 
Western Power’s Regional Network System, with average 
electricity consumption for households of 7600 kWh, or 20 
kWh per day. While reticulated natural gas supply in the Perth 
region may account for some of the difference in electricity 
consumption patterns among different settlements, anecdotal 
evidence suggests air conditioning is the main reason for 
consumption differences between the State’s north and south. 
The average rate of electricity consumption per household is 
increasing in most of WA’s settlements (Figure HS4.2).

Indicator HS22: Energy derived from renewable resources.

Renewable energy resources reduce greenhouse gas 
emissions resulting from energy use and provide a viable 
alternative form of energy supply for remote communities. 
Only 2% of all energy used in WA comes from renewable 
sources. Solar water heating is one of the most common 
forms of renewable energy used in WA homes. The current 
market penetration of solar water heaters in new and existing 
WA homes is approximately 15%, the majority of which are 
electric boosted solar (Australian Bureau of Statistics, 2005a).

Households and businesses connected to the South West 
Interconnected System can purchase electricity generated 
from renewable energy sources through Western Power’s 
accredited Green Power product, NaturalPower. Green Power 
is a national renewable energy program where consumers 
opt to pay a premium to have their consumption provided by 
renewable energy. The price premium subsidises and drives 
demand for renewable energy. Currently less than 0.5% of 
Western Power residential customers purchase Green Power. 
During 2004, the number of NaturalPower customers in WA 
increased by 21% to 1004, of which 90% are residential 
customers (URS, 2005). In comparison to other states and 
territories, WA has the lowest participation in Green Power in 
Australia (Figure HS4.3).
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Figure HS4.3: Residential customer participation in Green 
Power by state and territory, as at 31 December 2004.
Data source: URS (2005).

Pressures
Western Australia’s population growth and increasing 
urbanisation are significant pressures leading to increased 
energy use in the State’s settlements. This increases demand 
for new power stations and expansion of the capacity of 
existing stations. It also requires significant new infrastructure 
for transmission. 

Consumer trends and behaviour patterns are also leading 
to increased consumption of energy in homes. Increased 
affordability and use of electronic appliances (e.g. 
dishwashers, air conditioners, computers, televisions, etc.) is 
contributing to this trend. Average household size in WA is 
declining, while the average floor space of new dwellings is 
increasing. These trends can contribute to increased energy 
use, particularly as more energy is required for home heating, 
cooling and lighting.

Solar energy is a viable renewable energy source in Western Australia, mostly associated with solar water 
heating (Office of Energy).
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Current responses
National Framework for Energy Efficiency: has been 
developed through a joint State-Commonwealth Government 
initiative. The framework defines future directions for 
energy efficiency policy and programs in Australia and 
aims to achieve major improvements in energy efficiency, 
reduce energy demand and lower greenhouse gas emissions 
(National Framework for Energy Efficiency, 2006).

Energy programs: The Sustainable Energy Development 
Office administers a number of programs for energy 
efficiency and renewable energy in settlements. The 
Renewable Remote Power Generation Program provides 
rebates for renewable energy systems in remote settlements 
and on the fringes of the electricity grid. As of November 
2005, the program had funded a combined capacity of 
around 1.2 megawatts of small-scale renewable energy 
systems (Sustainable Energy Development Office, 2005).

Solar water heater subsidy: provides rebates to households 
that install gas-boosted solar water heaters. Sales of gas-
boosted solar water heaters in WA grew at156% per annum 
between 2002 and 2004, compared to the national average 
of 32%, with the majority of systems installed in new homes 
(Sustainable Energy Development Office, 2005).

Photovoltaic rebates: Rebates are available for homes, 
and community buildings such as schools, for installation of 
photovoltaic (solar) power systems. The Sustainable Energy 
Development Office also provides funding to communities for 
innovative renewable energy and energy efficiency projects.

Energy efficiency standards: The State Government has 
been progressively implementing thermal energy efficiency 
performance standards for new residential buildings, as 
specified in the Building Code of Australia. It is also trialling 
AccuRate, energy efficiency software, for application in new 
homes, and in additions and alterations to existing homes. 
AccuRate is a building star-rating program that is designed to 
assess the energy efficiency of dwellings.

Planning tools: The Department for Planning and 
Infrastructure is developing a WA version of BASIX. This 
web-based planning tool, used by the NSW Government, 
allows designers of new homes to achieve reductions in 
energy and water use compared to calculated benchmarks. 
The department is also giving consideration to a similar tool, 
Retrofix, for existing homes.

NaturalPower: is a program offered by Synergy that allows 
residential and commercial customers to choose to pay a 
premium to have their electricity provided by renewable 
sources. NaturalPower is accredited by the National Green 
Power Accreditation Program.

Emissions offsets: Synergy offers ‘Earth Friendly’ electricity, 
in which the greenhouse gas emissions from electricity 
generation are offset through contributions to greenhouse 
abatement programs like tree planting and diverting organic 
waste from landfill.

Implications
Under current trends, energy consumption in WA’s 
settlements is expected to continue to increase. Peak 
energy demand has been a particular problem for Perth in 
recent years, particularly with high summer temperatures 
and increased ownership of air conditioners. Consequent 
greenhouse gas emissions from growth in energy use will 
also continue to increase unless there are significant shifts 
toward greater use of renewable energy and improvements 
in energy efficiency.

    

suggested resPonses

7.18  Implement the National Framework for Energy 
Efficiency.

7.19  Implement BASIX in the development of new 
houses and promote Retrofix for established 
houses. 

7.20  Provide better financial incentives to 
customers to establish private renewable 
power generation and sell energy back to the 
State’s energy grids.

7.21  Make solar water heaters mandatory in all 
new houses.

See also ‘Energy’:

•  Require new generators to meet worlds best 
practice as adapted to Australian conditions 
for generation technology for the chosen fuel 
type and operational mode.

•  Introduce incentives for owners of existing 
plant to improve energy efficiency by 
retrofitting new technology as it becomes 
available.

•  Facilitate the expansion of Western Australia’s 
renewable energy industry.

•  Increase the diversity or capacity of fuel supply 
infrastructure for cleaner fuels.

•  Expand measures to facilitate improvements in 
consumer energy efficiency.

•  Introduce incentives to encourage greater 
uptake of fuel efficient and alternative fuel 
vehicles. 

•  Introduce a fuel efficiency target for 
government fleets. 
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indicative extent of iSSue

Priority  
rating:
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Waste generation 
and disPosaL

Description
Waste is a by-product generated by, and discarded close 
to, human settlements. It may present threats to the 
environment and public health and amenity, but this depends 
on the type of waste and the way it is managed. Wastes are 
classified in many different ways including by the activity 
that generates them (i.e. waste stream) or by their nature 
(e.g. inert, putrescible, hazardous or liquid). The focus of this 
section is largely on solid waste generated from the municipal 
(including household waste), commercial, construction and 
demolition waste streams.

Increased consumption results in greater waste both directly 
from disposal and indirectly from production processes (see 
‘Population and Consumption’).  Waste is produced in a diffuse 
manner across settlements, but management and disposal 
tends to be concentrated at nodes to achieve economic and 
engineering efficiencies. Most solid waste generated in WA 
ends up in landfill sites. Poor waste management practices at 
landfill sites can lead to land contamination and pollution of 
surface and groundwater resources. Landfill sites also generate 
methane, a major greenhouse gas, and litter problems. Landfill 
fires are also potentially environmentally damaging and may 
generate potentially toxic fumes. Communities living adjacent 
to landfill or waste treatment facilities can be particularly 
anxious about potential health effects arising from accidents or 
poor management practices. 

Small scale recycling efforts have been in place for several 
decades. Until recently, most waste streams have generally 
not been considered useful and little effort has been made 
in recovering resources for future use. ‘Resource recovery’ 
involves retrieving resources (materials, products or waste) 
from waste that have potential value and can be used to 
make new products. 

Key findings

•  Western Australians generate about 5 million 
tonnes of solid waste per year. About 20% is 
recycled or composted.

•  Construction and demolition waste makes up 
over half of waste going to landfill in Perth.

•  Recycling in Perth is slowly increasing, but 
significant improvements are needed to 
address rising waste generation.

7.5

3

Poor waste management practices at landfill sites can lead to land and water contamination, generate 
greenhouse gases and cause litter problems (Department of Environment and Conservation).
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Objectives
The State’s Vision is to work “Towards Zero Waste” 
(Department of Environment & Waste Management Board, 
2004), to be achieved by: 

•  Preventing the creation of waste.

• Improving the effective and efficient use of resources and 
the management of waste.

•  Improving resource recovery and recycling.

•  Disposing waste in an environmentally safe manner. 

Condition

Indicator HS23: Waste disposal rates to landfill from 
various waste streams.

Information on waste disposed to landfill is currently only 
collected for the material generated in the Perth metropolitan 
area. The total amount of waste disposed to landfill in Perth 
annually ranged between 1.8 and 3.2 million tonnes (Mt) 
between 1997 and 2005.  In 2005, solid landfill comprised 
25% municipal waste, 21% commercial and industrial waste, 
and 55% construction and demolition waste (Figure HS 
5.1). Waste disposed to landfill decreased in 2001, due to 
the impact of the new taxation system on the construction 
industry. Since 2001, there has been a steady increase in the 
amount of construction and demolition waste disposed to 
landfill due the rapid increase in the level of building activity 
over this period. As construction and demolition waste 
constitutes over half of all waste disposed to landfill in Perth, 
the trend in building activity influences the overall trend in 
waste generation in Perth.

The impacts of waste generation are not well quantified 
in WA as waste related data is not reported by all waste 
generators. 
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Figure HS5.1: Solid waste disposal to landfill by waste 
stream for the Perth metropolitan region, 1997–2005.
Data source: Department of Environment and Conservation.

Indicator HS24: Municipal waste generated per capita.

Municipal waste generation in Perth has been fairly steady 
since 2001 at just over half a tonne per capita (Figure 
HS5.2). There is a decreasing trend in the quantity of waste 
going to landfill per capita, which is mirrored by a slight 
increase in the level of recycling in Perth. It appears from 
2005 data that the increase in recycling is not keeping pace 
with disposal to landfill.  There is insufficient data beyond 
the metropolitan area to make similar observations for all 
Western Australian settlements. 

Figure HS5.2: Municipal waste disposed to landfill and 
recycled per capita per year, Perth metropolitan region, 
2001–05.
Data source: Department of Environment and Conservation.

Indicator HS25: Quantity of hazardous waste transported 
for disposal or treatment.

There is no agreed definition of what constitutes hazardous 
waste. However, the quantity of liquid wastes tracked 
under the Environmental Protection (Controlled Waste 
Regulations) for 2005–06 was 82 000 tonnes (GHD, in 
prep).  This estimate includes clinical and pharmaceutical 
wastes, pesticides, paints and resins, solvents, other organic 
materials, acids, alkalis, chromium, cyanide, inorganic 
chemicals, photographic wastes, low strength waste water 
and miscellaneous wastes. In addition to this, approximately 
42 000 tonnes of solid materials have been discarded to class 
IV or V landfill.  

Indicator HS26: Amount of waste materials recycled.

In the 2004–05 financial year a total of 972 600 tonnes 
of waste material was recycled in Western Australia, with 
59% recycled locally (Hyder Consulting, 2006).  Recycling of 
construction and demolition material accounts for most of the 
recycling activity in Western Australia (42% by weight), while 
the municipal sector represents 25% and the commercial and 
industrial material represents 33% (Figure HS5.3).  

About one third of material recovered for recycling in 
Western Australia is concrete, sand, brick and rubble (Figure 
HS5.3).  Metal, organics and paper products make up much 
of the remaining recycling in the State, although most of this 
material is transported either interstate or overseas for actual 
recycling. Over 362 900 tonnes (37%) was exported for 
recycling, largely to Asia. This is due to the limited recycling 
infrastructure and ease of access to Asian export destinations. 
Materials sent interstate for reprocessing accounted for 4% 
(42,930 tonnes) of total recovery.

Once biodegradable material is disposed to landfill, it 
decomposes to produce methane. This methane can be used 
for energy production. Whilst not totally efficient at capturing 
all methane, energy production is considered the best practise 
at landfills. In Western Australia, nearly all major landfill sites 
now capture methane to produce electricity.
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Commercial and industrial 33%

Plastic, rubber and textiles 1%

Municipal 25%

Construction and 
demolition 42%

Source sector of material recovered (by weight) 
for reprocessing 

Food and garden organics 15%

Glass 2%

Metals 28%

Concrete, sand brick 
and rubble 35%

Paper and cardboard 19%

Composition of material recovered by weight 
(tonnes) for reprocessing

Figure HS5.3: Proportion of materials recovered for 
recycling by source sector and type of material in Western 
Australia, 2004–05.
Data source: Hyder Consulting, 2006.

Indicator HS27: Number of licensed landfill sites.

As of March 2005 there were 309 licensed or registered 
landfills in WA. Landfills are owned and operated by local 
governments, communities and specialist waste companies, 
as well as large companies whose core business is not waste 
management. In the Perth metropolitan region and large 
regional centres, landfills for generally putrescible wastes (the 
component of the waste stream likely to become putrid e.g. 
food waste) are owned and operated by local governments, 
and inert landfills tend to be operated by waste companies. 
In rural and remote areas, landfills tend to be operated by the 
local government or community, although there is at least 
one privately owned and operated putrescible landfill outside 
the Perth metropolitan region. Private landfills are often 
operated on remote mining or pastoral leases.

Indicator HS28: Waste collection, disposal and recycling 
services.

Most Perth metropolitan local government authorities provide 
a kerbside recycling service to urban households. However 
there are some local governments with semi-rural areas 
that do not offer a service e.g. parts of Swan, Wanneroo, 
Mundaring, Rockingham and Serpentine–Jarrahdale. Many 
urban locations outside the metropolitan area also have 
access to recycling services. The effectiveness of various 
recycling systems in recovering resources from waste is 
influenced by socio-economic factors and access to markets 
for recovered resources. 

Household recycling services generally include collection 
of dry recyclables such as newspaper, cardboard, glass 
containers, aluminium and steel cans, plastic dairy and soft 
drink bottles, and liquid paperboard dairy cartons. Green 
waste is collected in separate bins by only two metropolitan 
and one rural council. Many councils collect green waste 
through bulk verge-side waste collections or at drop-off 
areas provided at waste disposal facilities. A number of local 
governments have separate arrangements for recovery of 
specific items such as batteries, chemicals and waste oil. 
Councils provide a range of recycling collection systems 
including extra recycling bins, crates or bags in which 
households deposit recyclables for separate collection. The 
City of Stirling collects recyclables and waste in one bin, for 
mechanical separation at an alternative waste treatment 
facility. The Southern Metropolitan Regional Council operates 
an alternative waste treatment facility at Canning Vale which 
composts the materials in the waste bin used in the region 
– this integrated collection system includes a dedicated 
recycling bin as well. Some small regional local governments 
only provide drop-off facilities at landfills or transfer stations.

Over half of all waste disposed to landfill in Perth is from construction 
and demolition. (Department of Environment and Conservation)

New landfill development in Perth. (Department of Environment 
and Conservation)
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Pressures
Strong links exist between waste generation and economic 
growth. Not surprisingly, total waste generation in Western 
Australia tracks economic growth with an associated increase 
in affluent lifestyles and demand for more consumables (see 
‘Population and Consumption’). 

The current situation in Western Australia is one where 
materials are consumed and then disposed of to landfill. 
Anecdotal evidence suggests that the standard of landfills and 
landfill operation in WA varies considerably, from world best 
practice to substandard. Almost every town or community has 
and needs its own landfill, but many rural and remote local 
governments do not have the resources required to operate 
them at appropriate standards. Some very small landfills in WA 
are open to the public with little or no supervision. The number 
and remoteness of many landfills, with minimal enforcement 
capability, means that many rural/remote landfills have not 
been inspected for a number of years. 

Effective waste management in Western Australia is inhibited 
by the small, often highly dispersed population and the vast 
size of the State. Logistics issues combined with a relatively 
low capacity for generating sufficient feedstock subject the 
reprocessing industry to pressures not felt in most developed 
parts of the world. There is also a general failure to properly 
account for direct and indirect landfill costs associated 
with loss of resources, contingent liabilities for possible 
contamination clean-up, landfill closure and rehabilitation, 
and the price of land, facilities and future replacement. In the 
case of landfills operated by local governments, the charge for 
disposal is often distorted by differential pricing structures. 

Finding alternatives to disposal of wastes can impact upon 
sustainability and environmental issues in several ways. 
The energy required to extract raw minerals or materials, 
process these into products, transport, collect and dispose to 
landfill is greater than the amount used in the collection and 
recycling of materials. Disposal of materials to landfill means 
that these finite resources are effectively lost.  

Encouraging waste reduction by recycling and waste recovery 
presents a challenge for a state as large as WA.  Recycling 
in WA is made difficult by reliance upon global markets, the 
cost of transportation of relatively small, dispersed quantities 
of material from remote areas, the competitive relative pricing 
of products made from virgin raw materials and the relatively 
low cost of disposal of material to landfill. 

Current responses
Waste Management Board: was established by the State 
Government in 2002 to provide advice on waste management 
issues and for developing a sustainable framework for dealing 
with waste. The Board is promoting a shift away from focusing 
solely on reducing the amount of waste to landfill, towards 
managing the whole lifecycle of every product and its wastes.

Waste Management and Recycling Fund: is a trust fund 
established for the Landfill Levy. Money from this fund is 
used for programs related to the management, reduction, 
reuse, recycling, monitoring or measurement of waste. The 
fund also provides financial support to WA-based projects 
for infrastructure, research or demonstration of best practice 
through incentive schemes managed by the Department of 
Environment and Conservation.

Statement of Strategic Direction for Waste Management 
in WA: is a strategy developed by the Waste Management 
Board that established a ‘towards zero waste’ vision for WA. 
It does this by promoting the reduction of waste generation, 
improving resource recovery and recycling, and disposing 
waste in an environmentally safe manner. 

Core Consultative Committee on Waste (3C): was 
established by the Waste Management Board to develop and 
implement a stakeholder involvement program that would 
advise on the establishment of new and better hazardous 
waste treatment facilities in WA. The 3C provided its advice 
to Government in late 2006. Government is due to provide its 
response to the 3Cs recommendations by mid 2007.

Zero Waste Plan Development Scheme: provides financial 
support to local government and to industry for the 
development and implementation of a waste management 
plan. The Zero Waste Plans will reward effective use of 
synergies between other local governments or organisations 
to work toward best sustainable solutions to waste 
management. The Resource Recovery Rebate Scheme has 
now finished and an interim scheme currently ensures that 
recycling data is collected until Zero Waste Plans for Local 
Government and online reporting of performance is in place.

Implications
As the State’s population grows, generation of waste will 
increase unless major achievements are made in the areas 
of waste minimisation and resource recovery. Our continued 
reliance on landfill as the principal means of dealing with 
waste in WA is imposing an environmental, social and 
economic liability on future generations, through resource 
loss, increased greenhouse gas generation, and potential 
contamination of groundwater and surface water supplies. 

In recent years there have been a number of waste related 
incidents and events that highlight the fragility of current 
waste management and resource recovery practices in WA. 
These have contributed to increasing community concern 
about the need to better manage waste. They include 
the Bellevue fire in 2001; closures of the Brookdale waste 
management facility and the AVI WA glass processing 
facility in 2003 and 2004 respectively; and the collapse of 
the Recycling Company of WA in 2005. As a result of these 
events and other potential problems from poorly designed 
and/or managed waste facilities, plans to establish sites in or 
near urban environments are now often met by community 
opposition. This is particularly true for hazardous wastes and 
for thermal processing.

    

suggested resPonses

7.22  Develop and implement a State policy and 
program for waste prevention and recycling in 
both the private and public sectors.

7.23 Implement a more strategic approach to 
use of the landfill levy and other economic 
instruments that will act to progressively 
discourage reliance on landfill and move 
towards more sustainable practises.

7.24  Consider waste and recycling in the broader 
sustainability context, looking at full life cycle 
impacts of products and disposal methods.

7.25  Continue to implement bio-solid disposal, the 
solid waste from wastewater treatment for 
beneficial uses in agriculture, horticulture and 
domestic gardening. 
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emerging issue – 
environmentaL HeaLtH

Environmental health is classed as an emerging issue because 
there is currently inadequate information to report fully on 
this issue: environmental conditions can affect human health 
and in many instances the links between the two are not 
well understood. Environmental health is the relationship of 
human health to environmental factors including water, air, 
food, contaminated land, waste management, vector-borne 
disease and the built environment. Environmental changes 
arising from urbanisation, population increases, and industrial 
and agricultural activities have resulted in reduced quality 
of air, water and soil and a greater presence of persistent 
chemical pollutants. Environmental degradation and chemical 
overload can be linked to diseases such as respiratory and 
cardiovascular disease, neurological and physiological 
disorders, and increased incidence of many cancers.

Although it can be demonstrated that disease and death 
occur without environmental health safeguards, direct causal 
links between specific environmental factors and particular 
disease outcomes are often not well understood and are 
difficult to show. Some direct relationships have been 
established, for example between toxic algal blooms and 
water-borne disease. Another link, between urban form and 
motor vehicle use, and obesity and heart disease has been 
demonstrated. It is more difficult to show a direct relationship 
between a particular substance in the environment and 
diseases such as asthma or lung cancer (these illnesses can 
have other causal roots such as genetic predisposition, 
exposure to cigarette smoke or lifestyle). Many environmental 
issues discussed in this report, including the three examples 
which follow, have impacts on human health. 

1. Vector-borne diseases are caused by pathogens 
transmitted from infected to susceptible hosts via the bite 
of vector organisms. Vectors are usually arthropods (insects 
and insect-like organisms) including biting flies, mosquitoes 
and ticks. They transmit a diverse array of pathogens 
including viruses (e.g. arboviruses), protozoa (e.g. malaria) 
and nematode worms (e.g. lymphatic filariasis). In WA, the 
vector-borne diseases of greatest concern to public health 
are mosquito-borne viruses including Ross River virus and 
Barmah Forest virus. These viruses occur statewide, but are 
most prevalent in coastal areas of the South West, and in 
the Kimberley and Pilbara regions. They cause non-fatal but 
potentially debilitating symptoms, which may persist for 
weeks or months. An average of well over 1000 cases of Ross 
River virus has been reported for each of the last three major 
outbreaks in WA. In the Kimberley and Pilbara, the rarer but 
potentially fatal Murray Valley encephalitis virus is a public 
health concern. There are no cures or vaccines for these 
native mosquito borne diseases. 

Mosquitoes have successfully colonised a vast array of 
natural and artificial water bodies. The current trend in WA 
of building new residential subdivisions in close proximity to 
inland waters and artificial wetlands, has resulted in a much 
larger human population residing in high-risk environments. 
This conflict between public health risk and ‘desirable’ real 
estate has been particularly evident during recent major 
outbreaks of Ross River virus. Of the 805 rural South West 
cases reported in 2003–04, 627 were in communities around 

major coastal waterways in the Peel, Leschenault, Capel and 
Busselton regions. The majority of 488 cases reported from 
Perth during the same outbreak were from outer semi-rural 
suburbs or suburbs with natural or artificial wetlands. Clear 
relationships between distance from water bodies and 
number of cases of Ross River virus during major outbreaks 
are evident from an earlier outbreak in the Peel Region (e.g. 
Figure HS6.1). This highlights the importance of planning for 
adequate buffers around waterways and wetlands.

In addition to the burden on human health, mosquito-borne 
diseases have substantial economic costs, including costs 
of health care, lost productivity, and negative impacts on 
tourism and real estate values (Commonwealth of Australia, 
1999). The nuisance caused by biting insects, especially 
mosquitoes, can impact severely on quality of life for 
communities in affected areas.
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Figure HS6.1: Cases of Ross River virus (in one kilometre 
zones from waterways) in the Peel region, including the 
Murray and Serpentine rivers, 1995–98.
Data source: Department of Health.

2. Allergic and respiratory diseases affect a significant 
proportion of the community, with one in five households 
affected by respiratory disease and more than 30% of the 
community having an allergic disorder. There has been a rapid 
increase in allergic diseases in the last 30 years, an epidemic 
seen only in western societies. This is likely to be directly related 
to the impact of human settlements on our environment and 
on disease. Causal links between environmental factors and 
some respiratory or allergic diseases have been established. For 
example, the number of cardiorespiratory deaths in Australia 
is directly proportional to the level of small particulates in city 
air (Simpson et al., 2005). Exposure to air pollutants has been 
linked to several other diseases including adenocarcinoma, 
emphysema, chronic bronchitis, pneumonia, Legionnaire’s 
disease and sick-building syndrome.

Both indoor and outdoor air quality have a considerable 
influence on lung and allergic diseases, many of which are 
caused by multiple environmental factors. An example is 
asthma, a chronic disease that has serious health effects 
and if uncontrolled leads to permanent lung damage. Grass 
pollens, such as rye and oats, are blown into settlements 
from surrounding rural areas and are a common trigger 
factor (allergen) for asthma (Burton et al., 2002). Outdoor 
air pollutants, such as those from vehicle exhaust emissions, 
can exacerbate asthma enhancing allergic responses and 
converting some pollen proteins (e.g. birch pollen) into 
allergens. Childhood asthma rates are higher for those who 
live near major traffic corridors (Brauer et al., 2002). Indoor 
allergens such as house dust mites, cats, cockroaches, moulds 
and gases trapped in the home are also common triggers 
for asthma (D’Amato et al., 2005), and are exacerbated by 
housing design which encourages poor ventilation and low 
air exchange rates. Occupational asthma constitutes 5–10% 
of all asthma, with over 350 known causative agents in the 
workplace (American Thoracic Society, 2003).
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Respiratory diseases have a significant socio-economic 
impact. For example, 10% of adults and 20% of children are 
affected by asthma in Australia (Australian Centre for Asthma 
Monitoring, 2005), which costs the nation nearly $1 billion 
annually (Australian Centre for Asthma Monitoring, 2001). 
This figure is matched only by the cost of emphysema and 
chronic bronchitis (Australian Lung Foundation, 2002). 

3. The health of Aboriginal people in WA is much poorer in 
general than the health of the non-Aboriginal population, with 
higher rates of infectious illness, chronic diseases and disability, 
and life expectancies around 15 to 20 years lower. The state of 
Aboriginal living environments is a contributing factor to poor 
health. Many Aboriginal people living in remote and town-
based communities in WA do not enjoy the same standard 
of environmental health infrastructure (such as power, water 
and waste removal services) as people living in cities and 
major towns. This affects capacity to implement healthy living 
practices in these communities. A recent environmental health 
survey (Environmental Health Needs Coordinating Committee, 
2005) of 274 discrete Aboriginal communities (those inhabited 
by Aboriginal people and with community-owned housing or 
infrastructure) showed that 73% use bore water and 58% of 
smaller communities have untreated water. Fifty per cent of the 
communities using septic tanks reported being without pump-
out equipment for maintenance, and 80% of communities also 
lacked a dust suppression program.

Hospital morbidity data (2000-2004) show that patient 
discharges for influenza, pneumonia and intestinal infectious 
diseases were six times higher for Aboriginal people than for 
the non-Aboriginal population, and acute upper respiratory 
infections were 4.5 times higher (Department of Indigenous 
Affairs, 2005). These conditions have been linked to the 
state of living environments. Many infectious illnesses are 
preventable if people have basic healthy living practices. 
Aboriginal housing surveys in rural and remote communities 
in WA showed that in a sample of 469 houses 25% had 
working showers; 40% had working basins, baths or tubs; 
25% had functioning facilities to wash clothes and bedding; 
50% had functioning flush toilets,;7% had all drains working; 
and only 3% had kitchens enabling storage, preparation and 
cooking of food (Healthabitat Pty Ltd, 2005). Equipment 
problems were mainly due to faulty installation and lack of 
regular maintenance.

Reduced health of Aboriginals in remote and regional towns 
can have substantial social and economic impacts, including 
reduced life expectancy, quality of life, and settlement 
productivity and viability.

 

Residents living close to stagnant water bodies are at higher risk of 
contracting vector-borne diseases when outbreaks occur (Department 
of Health).
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