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Glossary
Allocation

Partitioning the input or output flows of a unit process to the product of
interest.

By-Products

An incidental product derived from a manufacturing process or chemical
reaction, and not the primary product or service being produced. A byproduct can be useful and marketable, or may have negative ecological
consequences.

Category Endpoint

Attribute or aspect of natural environment, human health, or resources,
identifying an environmental issue giving cause for concern.

Characterisation

Characterisation is the second step of an impact assessment and
characterises the magnitude of the potential impacts of each inventory flow
to the corresponding environmental impact.

Characterisation Factor

Factor derived from a characterisation model which is applied to convert the
assigned LCI results to the common unit of the category indicator.

Classification

Classification is the first step of an impact assessment. It is the process of
assigning inventory outputs to specific environmental impact categories.

Condenser Dryer

Condenser dryers extract water from the clothes and condense the water on
an air-cooled heat exchanger.

Cut-off Criteria

Specification of the amount of material or energy flow, or the level of
environmental significance associated with unit processes or product
system to be excluded from a study.

Data Quality

Characteristics of data that relate to their ability to satisfy stated
requirements.

Detergent Overfilling

The use of additional detergent in excess of the manufacturers
recommended dose.

Downstream Phase

The downstream phase relates to the disposal and treatment of all the
materials and chemicals produced during the process including the
machines, detergents and waste water.

EcoInvent

A Swiss-developed database that contains international industrial life cycle
inventory data on energy supply, resource extraction, material supply,
chemicals, metals, agriculture, waste management services, and transport
services.

Electric Tumble Dryer

Electric tumble dryers (or evaporative dryers) heat the clothes within using
an electric resistance element. These dryer types do not consume water.

Environmental Aspect

An element of an organization's activities, products or services that can
interact with the environment.

Environmental Loadings

Releases of pollutants to the environment such as atmospheric and
waterborne emissions and solid waste.

Environmental Mechanism

A system of physical, chemical and biological processes for a given impact
category, linking the life cycle inventory analysis results to category
indicators and to category endpoints.
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Eutrophication

The increase of excess nutrients into a water body or system, leading to
excessive plant growth. This can cause a reduction in the level of oxygen
available within the water body and cause the death of water organisms.

Evaluation

An element within the life cycle interpretation phase intended to establish
confidence in the results of the life cycle assessment. Evaluation includes a
completeness check, a sensitivity check, a consistency check, and any
other validation that may be required according to the goal and scope
definition of the study.

Fugitive Emission

An unintended environmental release.

Functional Unit

The measure of the function of the studied system providing a reference to
which the inputs and outputs can be related. It is the unit of comparison
that assures that the products being compared provide an equivalent level
of function or service.

Fuzzy Logic

The technology by which washing machines sense the contents within the
machine and apply the correct amount of water and / or detergent required
to clean the load.

Impact Assessment

The assessment of the environmental consequences of energy and natural
resource depletion and waste releases associated with an actual or
proposed action.

Impact Categories

Classifications of human health and environmental effects caused by a
product throughout its life cycle.

Impact Indicators

Impact indicators measure the potential for an impact to occur rather than
directly quantifying the actual impact.
A product, material or energy flow that enters a unit process.

Input

NB: Products and materials include raw materials, intermediate products
and co-products.

Interpretation

The evaluation of the results of the inventory analysis and impact
assessment to reduce environmental releases and resource use with a
clear understanding of the uncertainty and the assumptions used to
generate the results.

Intermediate Flow

A product, material or energy flow occurring between unit processes of the
product system being studied.

Intermediate Product

An output from a unit process that is input to other unit processes that
require further transformation within the system.

Life Cycle

Consecutive and interlinked stages of a product system, from raw material
acquisition or generation from natural resources, to final disposal.

Life Cycle Assessment (LCA)

The compilation and evaluation of inputs, outputs and the potential
environmental impacts of a product system throughout its life cycle.

Life Cycle Impact
Assessment (LCIA)

A phase of life cycle assessment aimed at understanding and evaluating the
magnitude and significance of the potential environmental impacts for a
product system throughout the life cycle of the product.

Life Cycle Inventory Analysis
(LCI)

A phase of life cycle assessment involving the compilation and
quantification of inputs and outputs for a product throughout its life cycle.

Lower Heating Value (LHV)

Also known as net heating value, LHV is the amount of energy available
from the combustion of a fuel without recovering energy associated with
water condensing vapour produced in the combustion process.
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MEPS

Minimum energy and performance standards. MEPS establish standards
for energy performance that products must meet or exceed before they can
be sold to consumers. MEPS is based on a six star energy efficiency rating
system which enables households to compare the energy efficiency of
domestic appliances.

Monte Carlo Analysis

A method of statistical analysis which allows the level of confidence in each
indicator result to be calculated. Refer to Appendix B for more details.
A product, material or energy flow that leaves a unit process.

Output

NB: Products and materials include raw materials, intermediate products,
co-products and releases.

Pedigree Matrix

A tool used to determine an appropriate standard deviation to allow for
certainty in a calculation. Refer to Appendix E for more details.

Process Energy

The energy input required for operating the process or equipment within a
unit process excluding energy inputs for the production and delivery of
energy itself.

Product Flow

Products entering or leaving a product system.

Product System

A collection of unit processes with elementary and product flows which
perform one or more defined functions, and which model the life cycle of a
product.

Reason Washing Machine

An innovative future washing machine that utilises fuzzy logic and design
features to reduce the environmental impact of washing clothes. Features
include a water ballast tank for machine balance, new detergent, use of
room temperature water and fuzzy logic sensors for water and detergent
quantities. (see 2.3.1 for more details)

Reference Flow

A measure of the outputs from processes in a given product system
required to fulfil the function expressed by the functional unit.

Releases

Emissions to air and discharges to water and soil.

Scope 1 Emissions

Greenhouse gas emissions generated as a direct result of an activity
undertaken by a corporation.

Scope 2 Emissions

Greenhouse gas emissions generated by a second organization in the
process of producing energy (electricity, heat or steam) for the use of the
primary corporation.

Scope 3 Emissions

Greenhouse gas emissions (other than scope 2 emissions) arising from
activities such as air travel and waste disposal generated in the wider
economy as a consequence of a corporation’s activities.

Sensitivity Analysis

A systematic evaluation process for describing the effect that variations in
inputs have on an output.

SimaPro

A software based tool to collect, analyse and monitor the environmental
performance of products and services.

System Boundary

A set of criteria specifying which unit processes are part of a product
system.

System Flow Diagram

A depiction of the inputs and outputs of a system and how they are
connected.

Unit Process

The smallest element considered in the life cycle inventory analysis for
which input and output data are quantified (see Figure 1).
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Upstream Phase

Involves those processes relating to the production and delivery of a
washing machine; from manufacture through to eventual sale.

Use Phase

The regular use of the machine by households to wash and dry clothes
involving all the resources consumed during the process including water,
detergent and energy.

Water Extraction Index

Water Extraction Index is the ratio of the mass of water remaining in the
clothes following completion of the wash cycle compared to the dry mass of
the clothes expressed as a percentage.

Waterless Washing Machine

An innovative future washing machine that utilises nylon bead (instead of
water and detergent) to attract dirt and remove stains from clothing during
the washing process. (see 2.3.1 for more details)

WELS

Water Efficiency and Labelling Scheme. The WELS Scheme labels a range
of products for water efficiency based on a 6 star system.
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Executive Summary
The third Sustainability Covenant between Environment Protection Authority (EPA) Victoria and City
West Water (CWW), EPA Sustainability Covenant (the Covenant) was signed in 2009 and defines
three programs of activity to increase the resource use efficiency and reduce the ecological impact
of the water industry.
Through Program 1 – Sustainable Domestic Clothes Washing, EPA and CWW committed to
partnering to develop and implement a sustainability program that enhances the resource efficiency
and reduces environmental impacts associated with domestic clothes washing. Program 1 is
divided into three phases, two development phases (Phase 1 – Conceptual Design and Phase 2 –
Detailed Design) and an implementation phase (Phase 3 - Implementation).
Domestic clothes washing is a focus of the Covenant due to its range of environmental impacts.
The level of household water consumption is of particular importance to CWW as an organisation
committed to water conservation, as demonstrated through its various behavioural and appliancebased programs that engage residential customers in initiatives to reduce consumption.
The detailed life cycle assessment (LCA) represents a key deliverable of Phase 2. This report, Life
Cycle Assessment of Clothes Washing Options for City West Water’s Residential Customers:
Communications Report (Communications Report) presents the key findings of the LCA of interest
to CWW and is drawn from, Life Cycle Assessment of Clothes Washing Options for City West
Water’s Residential Customers: Technical Report.
The LCA study initially determined where in the domestic clothes washing life cycle impacts occur
and the magnitude of these impacts, based on the current most common approach to domestic
clothes washing within the CWW area for washing and drying a kilogram (kg) of clothing. This was
referred to as the base case.
Current Impacts of Domestic Clothes Washing
The key findings from the base case were, the:
•

majority of environmental impacts are associated with the use phase of the domestic clothes
washing cycle;

•

water consumption of washing a kg of clothes is 30.4 L, with 27.9 L, or 91 % attributable to
water consumption during the operation of the machine. Based on the Victorian Government
target of 155 L per person per day this represents 2.5% of a person’s weekly water
consumption.

•

energy consumption from washing a kg of clothes is 2,476 kJ eq, or the equivalent of 34 20W
compact florescent globes operating for an hour. Energy consumption with the inclusion of a
dryer increases to 12,196 kJ eq per kg of clothes or the equivalent of 169 20W compact
florescent globes operating for an hour.

•

global warming potential from washing a kg of clothes is 0.21 kg CO2-e, the equivalent of 4.2
black balloons per kg of clothes washed. The addition of dryer increases emissions to 1.3 kg
CO2-e, or 26 black balloons per kg of clothes washed; and

•

eutrophication potential of nutrients (phosphorous and nitrogen) is 1.17 g PO4 eq per kg of dry
clothes. A high proportion, 93.6%, of the eutrophication potential is associated with the
wastewater generated from the wash cycle.

A range of scenarios were then tested to understand how different options influenced the base case
life cycle impacts. Specific emphasis was placed on understanding the potential changes
associated with the introduction of future machine technologies, specifically the Reason and
Waterless machines.
The recommendations for households within the Communications Report represent a collation of the
insights gained through the study from both the base case assessment and scenario analysis. The
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recommendations are focused on reducing the impact of domestic clothes washing in four main
areas; water and energy consumption and global warming and eutrophication potential and are
presented in terms of actions for altering existing behaviours and considerations when purchasing a
new appliance. The recommendations for both are provided in order of priority, based on the extent
and magnitude of reduction in environmental impacts associated with adoption.
Recommendations
Behavioural change strategies (what households can do now).
A. Reduce washing frequency through filling washing machines and dryers to the maximum extent
possible for every load.
The study determined that the relationship between the loading of a machine and the
environmental impacts are inversely proportional, that is as the washing machine loading
decreases the impacts increase exponentially.
The base case assumes the washing machines are filled to 50% capacity. If a machine is filled
to 100% capacity water use decreases to 15.2 L per kg of domestic clothes washing, energy to
1,238 kJ eq or the equivalent of 17 20W compact florescent globes operating for an hour, global
warming to 0.104 kg CO2-e, an equivalent reduction of 2.1 black balloons and eutrophication
potential to 0.59 g PO4 per kg.
B. Avoid use of a dryer (in preference for line drying) whenever possible.
The use of line drying to dry clothes in preference to a dryer saves, per kg of domestic clothes
washed, 1.09 kg CO2-e of emissions (equivalent of just under 22 black balloons) and 9,720 kJ
eq of energy (equivalent of 135 20W compact fluorescent globes operating for an hour).
C. Turn off washing machines and dryers at the power point to save energy.
By switching off a washing machine when not in use, 471 kJ eq of energy (equivalent of 6.5
20W compact fluorescent globes operating for an hour) and 0.05 kg CO2-e of emissions
(equivalent of 1 black balloon), can be saved per kg of domestic clothes washed. This equates
to an annual saving of 28.2 kWh, or 1,410 20W compact fluorescent globes operating for an
hour.
D. Use concentrated, low phosphate washing detergents.
A concentrated, low phosphate detergent, such as Earth Choice, can dramatically reduce the
wastewater nutrient loading from 1.17 g PO4 per kg of domestic clothes washed to 0.1 g PO4
per kg, thus decreasing negative impacts on water ways.
E. Avoid the use of fabric softener.
The use of fabric softener can increase the impact of energy use to 2,924 kJ eq per kg,
compared to the base case (equivalent of 6.2 20W compact florescent globes operating for an
hour).
F. Consider the use of grey water for irrigation (providing that a low sodium, low phosphorous
detergent is used).
A similar reduction in eutrophication potential is associated with the installation of a grey water
system, whereby the washing wastewater is disposed of through application to garden areas.
As the wastewater is effectively removed from the life cycle it removes 93.6% of the loading and
the eutrophication potential reduces to 0.1 g PO4 per kg if all waste water is disposed of through
this system. Further water use is reduced from 30.4 L to 2.9 L per kg. This figure needs to be
viewed with caution as it assumes the grey water is constantly used for garden watering. During
the cooler months this is unlikely and as such the savings will be less. Further the study did not
consider the impacts of increase salinity associated with grey water of gardens.
G. Wash clothes on cold setting.
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The selection of the cold setting to wash clothing reduces the requirement for water heating and
the associated environmental impacts. The relationship between environmental impacts and
the cold setting is linear and a reduction of wash temperature of 10°C can result in a decrease in
global warming potential by 18% and energy use by 22%, based on the base case 5* gas
storage water heater.
H. Use no more than the manufacturer’s recommended dosage of detergent.
Detergent overfilling concentrates the impacts associated with detergent manufacture and the
detergent nutrient loading to wastewater. Overfilling of a machine by 10% can result in a 7%
increase in eutrophication potential (1.2 to 1.29 g PO4 per kg) and 3.3% increase in energy use
(2,476 to 2,557 kJ eq per kg).
I.

Send washing machines to be recycled at the end of life.
Recycling of washing machine components saves energy (56kJ per kilogram of clothes washed)
and also reduces the amount of fossil fuel and mineral depletion (4.1 kJ eq and 0.33 kJ eq
respectively both representing less than one 20 W compact florescent globes operating for an
hour) when compared with a scenario of no recycling.

Appliance strategies (what households can do when purchasing a new machine or water system).
A. When purchasing a new washing machine the priority considerations in relation to the extent of
reduction of environmental impacts are:
i.

purchase a washing machine which has a capacity close to that of the household’s
washing load requirements;
Given the importance of machine size on the impact of domestic clothes washing, it is
recommended that households purchase an appropriate size machine when replacing
their washing machine.
Machine sizes are often quoted based on the weight of clothes which they can wash.
When considering the environmental impacts associated with the use of washing
machines, results from the study suggest that in general, energy use impacts are more
closely linked to machine size than energy rating.

ii.

choose a machine with fuzzy logic;
Most households only fill their machines to 50% capacity. Fuzzy logic enables a
washing machine to sense the contents within the machine and apply the correct
amount of water and / or detergent required to clean the load.

iii.

choose a machine with the highest water efficiency rating (WELS rating);
The majority of water consumption, 91%, is associated with the operation of the
washing machine. As such the life cycle water consumption is aligned with efficiency of
the machine rather than the detergent loading, which is aligned with machine capacity.
The most efficient 4.5* WELS front loader machine consumes 20.4 L of water per kg of
clothes washed across its life cycle compared to the base case consumption of 30.4 L,
a 31.5% reduction.

iv.

choose a machine with the highest energy efficiency rating (MEPS);
Energy performance is influenced by fill capacity and detergent loading. If a machine is
filled to capacity and the correct level of detergent administered then choosing a
washing machine with the highest energy efficiency rating machine currently available
provides a 10% reduction on the life cycle energy use (a decrease from 2,476 kJ eq per
kg to 2,210 kJ eq per kg) when compared to the base case.

v.

choose a front loader for water efficiency.
Front loading machines marginally out perform the comparative top loading machine of
similar water efficiency. A comparative analysis of a 4* WELS top loader and a 4*
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WELS front loader indicates an approximately 4% reduction in water consumption, from
22.4 L across the life cycle to 21.6 L.
B. Upgrade hot water system to a solar gas split system or solar preheat with gas instantaneous.
In comparison with the base case of a 5* gas storage hot water system, the installation of a
solar gas split system or a solar preheat with gas instantaneous provides a 10% energy and a
5% global warming potential reduction per kg of domestic clothes washed, based on a washing
machine temperature setting of 20°C. The percentage reduction in environmental impact
increases markedly for temperature settings above 20°C.
C. Consider upgrading machines that are older than five years.
The LCA study did not model when a machine should be replaced. Replacement periods
depend on a number of variables such as the age of the machine and its frequency of use. An
existing American study indicated that from an environmental perspective a short replacement
period of 5 years was optimal.
The study did identify that across the life cycle of a machines operation the reduction in
environmental impacts from the base case to the current market leader is 64.4% for water
consumption, 36.3% for energy use and 46.6% for global warming potential. The eutrophication
potential remains consistent.
Emerging Technologies
The ‘Waterless’ and ‘Reason’ future machines are not currently commercially available, but are
representative of the next generation of technology. The study identified that these machines
consistently outperform the base case (except for fossil fuel depletion) and also perform better than
front loading machines.
The table below highlights that the Waterless machine results in significant reductions in water
consumption and eutrophication potential in comparison with the base case, current market leader
and Reason machine. The Reason machine provides the largest reduction in energy use and global
warming potential.
Impact
category
Water Use
(L)
Energy Use
(kJ eq)
Global
Warming
(kg CO2-e)
Eutrophication
(g PO4)

Base Case

Current Market
Leader
Impact
%
per kg
reduction

Impact
per kg

%
reduction

30.4

0.0%

10.8

2,476

0.0%

0.21
1.2

Reason

Waterless

Impact
per kg

%
reduction

Impact
per kg

%
reduction

32%

10.0

67.0%

1.5

95.0%

1,576

36.6%

1,247

49.6%

2,166

12.5%

0.0%

0.11

46.6%

0.11

44.7%

0.14

31.6%

0.0%

1.2

5.5%

0.4

64.3%

0.1

91.4%
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1

Introduction
City West Water (CWW) is one of three retail water businesses in metropolitan Melbourne
owned by the Victorian Government. It provides drinking water, sewerage, trade waste and
recycled water services to approximately 310,000 residential and 34,000 non-residential
(industrial and commercial) customers in Melbourne’s Central Business District and inner
and western suburbs.
CWW is committed to sustainability and considers environmental, social and economic
aspects in all its operations. CWW recognises that to achieve this, it needs to invest in a
number of programs and activities designed to promote sustainability within the business, as
well as providing its core services of water, sewerage, trade waste and recycled water in a
sustainable way.
The Environment Protection Authority (EPA) Victoria – has been protecting, caring for and
improving our environment since 1971. EPA Victoria was established as an independent
statutory authority under the Environment Protection Act 1970. The Act defines EPA’s
powers, duties and functions, and provides a framework for the prevention and control of air,
land and water pollution, and industrial noise. The vision of EPA is "The Victorian
community living sustainably," which to EPA is a community that knows the impact of the
decisions it makes and the actions it takes on the environment. Sustainability covenants,
such as the one with CWW, work to achieve this vision.
CWW maintains a voluntary Sustainability Covenant with EPA Victoria. This is a public
commitment by CWW and EPA Victoria to work together to achieve resource use
efficiencies and reduce operational ecological impacts. It assists CWW to achieve its vision
of being a truly sustainable water business, guaranteeing affordable and safe water for
today and tomorrow.
As part of the Covenant, CWW and EPA Victoria commissioned Arup to conduct a life cycle
assessment (LCA) of domestic clothes washing options for CWW’s residential customers.
The purpose of the project has been to understand the life cycle impacts of domestic clothes
washing within the CWW area for washing and drying a kg of clothing. The project initially
focused on four main processes associated with the life cycle of domestic clothes washing;
water supply, wastewater treatment, washing machine manufacture and detergent
manufacture and the initial process maps for each of these is included in Appendix A. Over
the course of the study the number of processes expanded to include additional processes
of relevance to the life cycle, such as hot water supply and washing machine disposal.
This Life Cycle Assessment of Clothes Washing Options for City West Water’s Residential
Customers: Communications (Communications Report) outlines the key results from Life
Cycle Assessment of Clothes Washing Options for City West Water’s Residential
Customers: Technical Report (Technical Report) and sets out recommendations for CWW
households in terms of actions that can be taken now (behaviour change) and those when
considering new appliances.
The Communications Report is therefore structured to provide information on:
•

current impacts of domestic clothes washing;

•

the potential reduction associated with emerging technologies;

•

the impact reductions associated with different domestic clothes washing scenarios;
and

•

recommendations for households to reduce their impacts.
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2

Key findings
2.1

Introduction

The LCA study initially determined where in the domestic clothes washing life cycle impacts
occur and the magnitude of these impacts, based on the current most common approach to
domestic clothes washing within the CWW area for washing and drying a kg of clothing.
This was referred to as the base case and the key results are detailed in Section 2.2.
A range of scenarios were then tested to understand how different options influenced the
base case life cycle impacts. Specific emphasis was placed on understanding the potential
changes associated with the introduction of future machine technologies, specifically the
Reason and Waterless machines. This information is presented in Section 2.3.
2.1.1
Environmental impacts assessed
The LCA considered the environmental impacts of domestic clothes washing across a range
of different impact categories. These categories and their general description are included
in Table 1. For the impact categories of water and energy use and global warming potential,
normalisation units have been specified to assist in communicating the study findings.
Table 1 Definition of impact categories
Impact Category

General Description

Normalisation Units

Water use

Total volume of water extracted from natural
sources to produce one kilogram of clean dry
clothes, includes water consumed in upstream
and downstream processes (such as at power
plants during energy generation, during
detergent manufacture and at the wastewater
treatment plant) in addition to water consumed
by the washing machines.

Target 155 – Volume of
water is compared with the
Victorian Government
‘Target 155’ campaign which
sets a water consumption
target of 155L per person per
1
day , or 1085 L per person
per week.

Energy use

Total energy resources consumed to produce
one kilogram of clean dry clothes, includes
energy consumed in upstream and
downstream processes (such as at power
plants during energy generation, during
detergent manufacture and at the wastewater
treatment plant) in addition to energy
consumed by the washing machines.

20W compact fluorescent
globe – Energy consumption
in kilojoules is converted to a
common source of energy
consumption, the operation
of a 20W compact
fluorescent globe for one
hour.

Global warming
potential

Total global warming potential of the
greenhouse gases emitted to produce one
kilogram of clean dry clothes expressed as
kilograms of carbon equivalents. (Differs from
energy use due to differing emissions
intensities of energy sources).

Black balloon – global
warming potential is
converted to the Victorian
Government defined
indicator of number of black
balloons, based on 1 black
balloon equating to 50g CO22
e.

Eutrophication
potential

Total eutrophication potential of nutrients (such
as phosphates and nitrates) released to water
bodies to produce one kilogram of clean dry
clothes.

1

State of Victoria (2010) Save Water Target 155 - Water Consumption, Accessed from http://www.target155.vic.gov.au/watersupply-and-use/water-consumption
2
Sustainability Victoria (2010) What is a black balloon, Accessed from http://www.saveenergy.vic.gov.au/blackballoons.aspx
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Impact Category

General Description

Normalisation Units

Non renewable
resource
depletion

The additional energy required to extract new
resources (which are more difficult to access,
extract and process) as a result of depletion of
existing reserves to produce one kilogram of
clean dry clothes.

Land use

The amount of land required to produce the
inputs necessary per kilogram of clean dry
clothes.

The Communications Report focuses on four of the impact categories described in Table 1;
water and energy use and global warming and eutrophication potential as these categories
are of most interest to CWW.
2.2

Current impacts of domestic clothes washing

2.2.1
Base case
All scenarios considered were compared against a base case scenario (Table 2). This base
case scenario represented the most common domestic clothes washing scenario for
residential customers within the CWW region.
Table 2 Definition of base case
Variable

Base Case Value

Water Heating System Type:

5 star energy rating (MEPS) gas storage water heater

Washing Machine Type
(WELS/energy star rating):

Top loading washing machine, 3 star WELS, 2 star energy
rating and both hot and cold water connections

Washing Machine Settings:

Normal / Default

Washing Machine Lifespan:

14 years

Washes per year:

213

Washing Machine Temperature:

Cold (20 C)

Washing Machine Rated Capacity:

7.03kg

Washing Machine Load Factor:

50% of rated load

Washing Machine Load:

3.52kg

Washing Machine Standard Test
Energy:

1.59 KWh per wash

Washing Machine Standard Test
Water Consumption

97.29 L

Water Extraction Index:

0.69

Detergent Type:

Omo top loader powder concentrate

Detergent Filling:

100% detergent dose recommendation

Use of Fabric Softener:

No

Line Drying / Dryer Use:

Line dry

Washing Machine Disposal:

Recycle only machine metals

Waste Water Disposal:

Disposal to sewer
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2.2.2
Impacts by phase
The purpose of the project has been to understand the life cycle impacts of domestic clothes
washing within the CWW area for washing and drying a kg of clothing. The life cycle for
domestic clothes washing defined during this study can be seen in Figure 1 below. This
diagram depicts three phases involved in the life cycle analysis the:
1. upstream phase
2. use phase; and
3. downstream phase.
The upstream phase involves those processes relating to the production and delivery of the
key products involved in the washing process.
The use phase, as defined in this study, involves the regular use of products by residents to
wash and dry their clothes, that is, all the resources consumed during the process including
amongst others, water, detergent and energy.
The downstream phase relates to the disposal and treatment of all the materials and
chemicals produced during the process including the machines, detergents and waste
water.
1. Upstream

2. Use Phase

3. Downstream

1.1 Energy (Hotwater) Supply
• hotwater supply type
3.1 Wastewater Treatment
2.1 Washing
• machine type
• machine temperature
• machine settings
• detergent type
• detergent filling
• use of fabric softener
• machine replacement period

1.2 Water Supply

1.3 Washing Machine
Manufacture

3.2 Waste Treatment of
Detergent Packaging

3.3 Waste Treatment of
Fabric Softener Packaging

1.4 Detergent Manufacture
3.4 Waste Treatment of
Washing Machine at End of
Life

1.5 Detergent Packaging
Manufacture
1 kg clothes
x kg water

1.6 Fabric Softener
Manufacture

1.7 Fabric Softener
Packaging Manufacture

2.2 Drying
• line/machine type
• machine replacement period

1.8 Energy (Electricity)
Supply

3.5 Waste Treatment of
Drying Machine at End of
Life

1.9 Drying Machine
Manufacture

1 kg clean dry clothes

Figure 1 Process flow diagram
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The distribution of impacts
im
by impact category associated with each phase of domestic
clothes washing is illustrated in Figure 2.

100%

4%

4%

60%

62%

1%
9%

7%

Percentage impact

80%

60%

92%

100%

94%

73%

90%

40%

Downstream
Use

20%

36%

35%

Upstream
20%
GLOBAL WARMING

LAND USE

WATER USE

FOSSIL FUEL

MINERALS

ENERGY

EUTROPHICATION

3%
3%

8%
0%

Figure 2 Percentage contribution by phase to impact categories

The upstream phase
In relation
on to the upstream phase, Figure 2 highlights that it is responsible for more than
99% of the mineral depletion impacts associated with the domestic clothes washing
process, in addition to approximately 90% of the land use impacts.. The two processes that
primarily contribute to mineral depletion and land use impacts are detergent and washing
machine manufacture.
The use phase
The use phase provides the greatest contribution to the key impact categories of water use,
energy use and
d global warming potential as illustrated in Figure 2.. The washing process
causes the largest environmental impacts due to the frequency of operation of the machines
and utilisation of the detergents. The use phase contributes to
to impacts across:
•

water use - 92% of the life cycle impact,, with 91% attributable to water machine
washing consumption;
consumption

•

energy use - 60% of the life cycle impact,, stemming from the thermal and
mechanical energy requirements and the standby power for the washing
wa
machine;

•

global warming potential - 73% of the life cycle impact,, stemming from the thermal
and mechanical energy requirements and the standby power for the washing
machine. A higher percentage than energy use reflecting the carbon intensity of
Victorian
orian grid electricity;
electricity and

•

fossil fuel depletion - 62% of the life cycle impact, stemming from the thermal and
mechanical energy requirements and the standby power for the washing machine.
machine

J:\206853-00\04-00-00_ARUP PROJECT DATA\04-02
02-00_ARUP REPORTS\0402-05_COMMUNICATIONS REPORT\CLOTHES_WASHING_LCA_
CLOTHES_WASHING_LCA_20685300_COMMUNICATIONS_REPORT_FINAL V1.2.DOCX
DOCX

Page 5

Final

Arup
31 May 2010

EPA Victoria and City West Water Life Cycle Assessment of Clothes Washing Options for City West Water’s Residential Customers
Communications Report

The downstream phase
The downstream phase of the domestic clothes washing life cycle provides the largest
contribution to the eutrophication potential, representing 94% of the life cycle impact. These
impacts arise as a result of the waste water treatment process utilised to treat water from
the CWW catchment area and the eventual eutrophication of receiving environments.
2.2.3

Impacts by category

Water use

Water
ater consumption of washing a kg of clothes is 30.4 L, with 27.9 L, or 91 % attributable to
water consumption during the operation of the machine (Figure 3).. Based on the Victorian
Government target of 155 L per person per day this represents 2.5% of a person’s weekly
water consumption.

Water Use (L per kg)

35.00
30.00
Downstream

25.00
20.00

27.85

Use
Upstream

15.00
10.00
5.00

2.54

0.00
WATER USE

Figure 3 Water use impacts by phase

Energy use

Energy
nergy consumption from washing
washing a kg of clothes is 2,476 kJ eq, or the equivalent of 34
20W compact florescent globes operating for an hour.
hour. The majority of energy use occurs
during the use phase (Figure
(
4).. Energy consumption with the inclusion of a dryer
increases
ncreases to 12,196 kJ eq per kg of clothes or the equivalent of 169 20W compact florescent
globes operating for an hour.
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49
Energy Use (kJ eq per kg)

2500
2000

1506

Downstream

1500

Use

1000

Upstream
921

500
0
ENERGY

Figure 4 Energy use impacts by phase

Global warming potential

Greenhouse
reenhouse gas emissions from washing a kg of clothes are 0.21 kg CO2-e,
CO2 the equivalent
of 4.2 black balloons per kg of clothes washed.
washed. A breakdown of the contribution to global
warming by phase is provided in Figure 5.. The addition of dryer increases emissions to 1.3
1.
kg CO2-e,
e, or 26 black balloons per kg of clothes washed.

Global Warming Potential
(kg CO2 eq per kg)

0.25

0.01

0.20
Downstream
0.15

0.15

Use
Upstream

0.10
0.05

0.04

0.00
GLOBAL WARMING

Figure 5 Global warming potential by phase

Eutrophication

The
he eutrophication potential of nutrients (phosphorous and nitrogen) is 1.17
1.1 g PO4 per kg of
dry clothes (Figure
Figure 6).. A high proportion, 93.6%, of the eutrophication potential is
associated with the downstream phase and specifically the nutrient loading of the
wastewater generated from the wash cycle.
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Eutrophication Potential
(g PO4 eq per kg)

1.20
1.00
1.10

0.80

Downstream
Use

0.60
Upstream
0.40
0.20

0.04
0.04

0.00
EUTROPHICATION

Figure 6 Eutrophication potential by phase
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2.3

Scenario analysis

2.3.1
Emerging technologies
The LCA study investigated the ‘Reason’ washing machine and the ‘Waterless’ washing
machines against the current market leader (a front loading, 4 star energy, 4.5 star WELS
rating machine) to determine the environmental benefits associated with the use of these
new technologies.
The Reason washing machine
Andrew Reason, an Architect from the UK has developed a green washing machine that uses the
fuzzy logic system to reduce the impacts of domestic clothes washing on the environment.
Water stored in a ‘balance tank’ provides the machine’s stability, enabling the elimination of
concrete, which most conventional washing machines use to balance the machine. This tank also
enables water to warm to room temperature, reducing the energy requirements of water heating
for warm or hot water loads. The creator has also developed special detergents to operate at 15
degrees that are beneficial to the environment and further reduce energy requirements for water
heating.
The fuzzy logic technology senses the exact amount of water, detergent and softener to add to
each load, further enhancing energy and water efficiency along eliminating the potential for
detergent overfilling.

The Waterless washing machine
The Waterless washing machine, developed by Xeros Ltd in the UK uses 90% less water than
conventional machines. The technology uses 20kg of nylon beads, which attract dirt and absorb
stains when mixed in the machine with a load of dirty washing.
Xeros' technology uses as little as a cup of water containing the detergent in each wash cycle,
without the need for a rinse or spin cycle. When finished, a grill at the bottom of the machine
opens to collect the chips, which can be re-used many times. The machine minimises water
consumption and through a reduction in the need to heat water, it also saves energy and
detergent. The technology is planned for commercial release by the end of 2011.

The ‘Waterless’ and ‘Reason’ future machines are not currently commercially available, but
are representative of the next generation of technology. The study identified that these
machines consistently outperform the base case (except for fossil fuel depletion) and also
perform better than front loading machines.
Both technologies have focused on reducing the energy, water and detergent consumption
associated with domestic clothes washing. The modelling associated with both machines
was limited due to the commercial confidentiality of the designs, however the estimates
utilised provide a reasonable indication of the magnitude of environmental impacts
associated with each machine.
Table 3 highlights that the Waterless machine results in significant reductions in water
consumption and eutrophication potential in comparison with the base case, current market
leader and Reason machine. The Reason machine provides the largest reduction in
environmental impact for the energy use and global warming impacts.
Table 3 Emerging technology performance by impact category
Impact
category
Water Use
(L)
Energy Use
(kJ eq)

Base Case

Current Market
Leader
Impact
%
per kg
reduction

Impact
per kg

%
reduction

30.4

0.0%

10.8

2,476

0.0%

1,576
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Waterless

Impact
per kg

%
reduction

Impact
per kg

%
reduction

64.4%

10.0

67.0%

1.5

95.0%
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1,247

49.6%

2,166

12.5%
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Base Case

Impact
category

Current Market
Leader
Impact
%
per kg
reduction

Impact
per kg

%
reduction

0.21

0.0%

0.11

1.2

0.0%

1.2

Global
Warming
(kg CO2-e)
Eutrophication
(g PO4)

Reason

Waterless

Impact
per kg

%
reduction

Impact
per kg

%
reduction

46.6%

0.11

44.7%

0.14

31.6%

5.5%

0.4

64.3%

0.1

91.4%

The information presented in Table 3 is replicated in Figure 7 and illustrates the comparative
performance of each technology across the four impact categories of water and energy use
and global warming and eutrophication
eutrophicati potential.
Figure 7 Comparative environmental impacts by emerging technologies

Eutrophication Potential
(g PO4 eq)

1.2
1
0.8
0.6

1.2

1.2

0.4
0.2

0.4

0.1

Reason

Waterless

0
Base Case

Current Market
Leader

Washing Machine Technology Type

Water Use (L per kg)

40
30
20

30.4

10

10.8

10

1.5

Reason

Waterless

0
Base Case

Current Market
Leader

Washing Machine Technology Type
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0.25
0.2
0.15
0.1

0.21

0.14
0.11

0.05

0.11

0
Base Case

Current Market
Leader

Reason

Waterless

Washing Machine Technology Type

Eutrophication Potential
(g PO4 eq)

1.2
1
0.8
0.6

1.2

1.2

0.4
0.2

0.4

0.1

Reason

Waterless

0
Base Case

Current Market
Leader

Washing Machine Technology Type

2.3.2
Machine Selection
Results from the LCA have provided an insight into washing machine selection. The LCA
has demonstrated that selecting a machine on its energy or water star rating alone may not
provide the environmental benefits to consumers that they may anticipate. The Technical
Report has instead highlighted that the most environmentally beneficial action is to firstly
improve a household’s
hold’s washing
washing habits in term of frequency of wash, and then to select a
washing machine that will best match these washing habits.
When purchasing a new washing machine the priority considerations in relation to the extent
of reduction of environmental impacts
i
are:
1. Purchase a washing machine which has a capacity close to that of the household’s
washing load requirements;
Given the importance of machine size on the impact of domestic clothes washing, it is
recommended that households purchase an appropriate
appropriate size machine when replacing
their washing machine.
Most households only fill their machines to 50% capacity. By increasing the washing
machine capacity to 100% the life cycle impacts of domestic clothes washing are
distributed over more clothes, halving
halving the per kg impacts in comparison to 50% loading.

J:\206853-00\04-00-00_ARUP PROJECT DATA\04-02
02-00_ARUP REPORTS\0402-05_COMMUNICATIONS REPORT\CLOTHES_WASHING_LCA_
CLOTHES_WASHING_LCA_20685300_COMMUNICATIONS_REPORT_FINAL V1.2.DOCX
DOCX

Page 11

Final

Arup
31 May 2010

EPA Victoria and City West Water Life Cycle Assessment of Clothes Washing Options for City West Water’s Residential Customers
Communications Report

The reduction of impacts in comparison with the base case for the four impact
categories of water and energy use and global warming and eutrophication potential are
highlighted in Figure 8. In comparison with the base case the following reductions are
realised when a machine is filled to capacity:
•

water use reduces from 30.4 L per kg of domestic clothes washed to 15.2 L per kg
of domestic clothes washing. This reduces the weekly consumption from 2.8% of
the Target 155 value to 1.45%;

•

energy use from washing a kg of clothes is reduced from 2,476 kJ eq, or the
equivalent of 34 20W compact florescent globes operating for an hour to 1,238 kJ
eq or the equivalent of 17 20W compact florescent globes operating for an hour;

•

global warming potential decreases from 0.21 kg CO2-e to 0.104 kg CO2-e, an
equivalent reduction of 2.1 black balloons; and

•

eutrophication potential declines from 1.17 PO4 per kg of domestic clothes washed
to 0.59 g PO4 per kg.
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Energy Use (kJ eq per kg)

EPA Victoria and City West Water

Water Use (L per kg)
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0.5
0.4
0.3
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Eutrophication Potential
(gPO4 eq per kg)

Global Warming Potential
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1
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0
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Figure 8 Impact reduction per kg by load capacity
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Machine sizes are often quoted based on the weight of clothes which they can wash.
When considering the environmental impacts associated with the use of washing
machines, results from the study suggest that in general, energy use impacts are more
closely linked to machine size than energy rating.
Choosing an appropriately sized machine depends on the individual washing needs of
households (e.g. separation of loads, behaviour related requirements to wash frequently
etc). Households should first try to reduce the number of loads per week to the extent
possible and then adopt the following formula to determine what size machine to buy:

  

    
  %  

Rated capacity= the rated size capacity of the washing machine
Mass of clothes per week = the total weight of all clothes washed during a week
Loads = the number of loads of washing washed per week
%Capacity = how full the washing machine is, expressed as a percentage

2. Choose a machine with fuzzy logic
As illustrated in Figure 8 the fill capacity can influence the impacts associated with
domestic clothes washing. Most households only fill their machines to 50% capacity.
Fuzzy logic enables a washing machine to sense the contents within the machine and
apply the correct amount of water and / or detergent required to clean the load.
3. Choose a machine with the highest water efficiency rating (WELS rating)
The majority of water consumption, 91%, is associated with the operation of the
washing machine. As such the life cycle water consumption is aligned with efficiency of
the machine rather than the detergent loading, which is aligned with machine capacity.
The most efficient 4.5* WELS front loader machine consumes 20.4 L of water per kg of
clothes washed across its life cycle compared to the base case consumption of 30.4 L,
a 31.5% reduction.
4. Choose a machine with the highest energy efficiency rating (MEPS)
Energy performance is influenced by fill capacity and detergent loading. If a machine is
filled to capacity and the correct level of detergent administered then choosing a
washing machine with the highest energy efficiency rating machine currently available
provides a 10% reduction on the life cycle energy use and global warming potential
when compared to the base case.
5. Choose a front loader for water efficiency
Front loading machines marginally out perform the comparative top loading machine of
similar water efficiency. A comparative analysis of a 4* WELS top loader and a 4*
WELS front loader indicates an approximately 4% reduction in water consumption, from
22.4 L across the life cycle to 21.6 L.
These are the most important factors which influence the environmental impact or efficiency
of domestic clothes washing. Once consumers have selected an appropriate machine size
for their needs, they then need to consider other aspects of their machine selection choice
and purchasing decisions which can reduce the impact of the washing process.
2.3.3
Dryer use
The use of line drying to dry clothes in preference to a dryer saves, per kg of domestic
clothes washed, 1.09 kg CO2-e of emissions (equivalent of just under 22 black balloons)
and 9,720 kJ eq of energy (equivalent of 135 20W compact fluorescent globes operating for
an hour).
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Both rotary electric and condenser dryers produce similar environmental impacts across all
impact categories except for water use, where the electric dryer uses 30% less water than
the condenser dryer in comparison to the base case.
The most common dryers available on the market at the moment are 2 star energy rated
machines. There are models available with from 2.5 stars up to 6 stars, however the variety
and quantity of the 6 star models is restricted.
The results of the LCA suggest that from an environmental perspective, line drying is always
preferential to the use of a dryer due the extent of impacts associated with the use of a
dryer. It is therefore recommended that residents’ line dry their clothes whenever possible.
2.3.4
Detergent use
Detergent use has impacts in two main ways, firstly the environmental impacts associated
with its manufacture and secondly the impacts associated with the nutrient loading of waste
water.
In relation to detergent manufacture, the impacts occur during the upstream phase of the
washing process and accounts for the following percentage of impacts of the base case
scenario:
•

8% of water use;

•

32% of energy use;

•

17% of global warming potential;

•

3% eutrophication potential;

•

29% fossil fuel depletion;

•

66% minerals depletion; and

•

87% land use impacts.

Mineral depletion and land use are both driven predominantly by the detergent
manufacturing process, largely as a result of the raw materials needed to produce
detergents and the environmental impacts associated with sourcing those ingredients.
As previously highlighted in Figure 6 the nutrient loading of detergent in washing machine
waste water provides the major contribution to the eutrophication potential of the domestic
clothes washing life cycle.
Detergent type

The type of detergent that consumers use during the washing process can determine the
degree of environmental impact associated with domestic clothes washing (Table 4).
Results from the LCA did not suggest one detergent type that had fewer environmental
impacts. It did however find that the generic powder detergent (home-brand, non
concentrate powder) included in the study produced greater environmental impacts than the
other detergents.
The exception to this was for eutrophication, where the generic detergent performed better
than the base case due to the particular phosphate content of these detergents. A
concentrated, low phosphate detergent, such as Earth Choice, can dramatically reduce the
wastewater nutrient loading from 1.17 g PO4 per kg of domestic clothes washed to 0.1 g
PO4 per kg.
The insight for consumers from this aspect of the LCA is that they should choose
concentrated washing detergents that minimise the total volume of detergent required per
load. This will assist in reducing the environmental impacts of their washing activities,
providing the correct dose is administered.
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Table 4 Impact of varying detergent type
Water Use

Energy Use

Global Warming

Eutrophication

(L)

(kJ eq)

(kg CO2-e)

(g PO4-e)

Base Case (Top
Loader
Concentrated
Powder)

30.4

2,476

0.21

1.2

Top Loader
Liquid

28.7

2,155

0.19

0.1

“Eco” Powder

29.0

2,159

0.19

0.1

Generic Powder

35.2

4,040

0.28

0.3

Scenario

Detergent dose

Detergent overfill describes the process by which more detergent is used than
recommended by the detergent manufacturer. Currently, detergent manufacturers specify
an amount of detergent per wash. Often these amounts do not vary, regardless of the size
of the load or the machine and hence, consumers may inadvertently overfill the level of
detergent, or use more than required when they perceive there is a dirtier or larger load than
normal.
Section 2.3.2 previously described the benefits with ensuring a machine operates at 100%
capacity, as it provides for the life cycle impacts to be distributed over a greater volume of
clothing.
Table 5 and Figure 9 set out the increase in impacts associated with overfilling of detergent
by 10%. This indicates that, the largest increase is in eutrophication potential due to the
increased nutrient loading and energy use, due to the energy intensive process of detergent
manufacture. The results highlight that detergent overfilling is an important consideration
and an area of potential influence of household behaviour.
Table 5 Impact of overfill detergent by 10%

Scenario

Water Use

Energy Use

Global Warming

Eutrophication

(L per kg)

(kJ eq per kg)

(kg CO2-e per
kg)

Base Case

30.4

2,476

0.21

1.2

Fill 110%

30.64

2,557

0.2106

1.29

Total change

0.24

81.4

0.0006

0.09

% change

0.79

3.3

0.29

7.1
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30.6
30.5

30.64

30.4
30.3

30.4

30.2

2500
2450

10%
Overfill

1.3
1.25
1.29
1.2

2550
2,557
2,476

2400
Base Case

Eutrophication potential
(g PO4)

Energy Use (kJ eq)

2600

1.2

1.15
base case

Base Case

Global warming potential
(kg CO2 eq)

Water Use (L per kg)

30.7

0.2106
0.2104
0.2102

0.211

0.21
0.2098

0.210

0.2096
base case

10%
Overfill

10%
Overfill

10%
Overfill

Figure 9 Impacts associated with 10% detergent overfill
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2.3.5
Machine disposal
The machine disposal aspect of the study considered three scenarios for the disposal of a
washing machine:
•

no recycling;

•

recycling of metals (base case); and

•

recycling of all machine components.

Recycling is dealt with in the LCA by applying a credit for the avoided production of raw
materials. If no recycling is undertaken then the impacts associated with disposal are also
included in the domestic clothes washing lifecycle.
The results are presented for the four key impact categories in Table 6 and indicate that
there is an environmental benefit associated with both recycling options. This benefit is not
as large as may have been expected in comparison with not recycling as disposal of a
washing machine is a one off event. Over the lifecycle of domestic clothes washing there
are other events, such as the use of detergent, operation of the machine and disposal of
wastewater that occur multiple times per week. When considered in the context of the most
common 14 year life of a washing machine (Table 2), these events represent a significant
source of impacts when compared with the one off disposal.
Table 6 Impact of disposal of washing machine at end of life
Water Use

Energy Use

Global Warming

Eutrophication

(L)

(kJ eq)

(kg CO2-e)

(g PO4-e)

Base Case
(Recycling metal
components only)

30.4

2,476

0.21

1.2

No recycling

30.4

2,516

0.21

1.2

Maximum
recycling

30.4

2,460

0.21

1.2

Scenario

2.4

Machine Replacement

The optimum replacement period for a washing machine can be based on either a financial
or environmental basis. The environmentally optimum replacement period is able to be
determined through a process of life cycle optimisation. Life cycle optimisation requires
detailed modelling of a further set of scenarios around consumer behaviour which has not
been undertaken as part of this study.
The results for optimum replacement vary depending on the type of existing machine and
the proposed replacement machine. The optimum replacement period also varies
depending on which environmental impact (or financial impact) is to be minimised
Key variables include:
•

the types of existing and proposed replacement machines in terms of efficiencies;

•

downstream impacts from the disposal of the existing machine;

•

upstream impacts from the manufacture of the existing washing machine and of the
replacement machine;

•

the age of the existing machine (compared to its lifespan); and

•

the machine’s frequency of use.
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An American LCA study (Bole, 2006) investigated washing machine replacement and how
to optimise environmental efficiencies through the replacement of an old machine with a
new machine.
The study found that there was a “disconnect between optimal replacement interval from an
environmental perspective and the optimal replacement interval from a financial
perspective”. The results showed that a short replacement cycle (every five years) was
optimal from an environmental perspective, but from a financial perspective the optimum
period was to replace any machine older than five years old but to then retain that machine
for its useful life (20 years).
Many of the conclusions drawn from the Bole study are highly dependent on the forecast
efficiencies of future washing machine models. The forecast efficiencies are based on
advice from a washing machine and dryer manufacturer so would be expected to be
technically possible. However, if the study overestimated the improvements in these future
models then the environmentally optimum replacement times would be expected to
increase. As an indicator of the assumed efficiency improvements, the use phase of a front
loading washing machine built in 2020 would consume around 65% of the electricity of
those built in 2006.
While this LCA has found significant environmental improvements associated with the
market leader and future machines, it may not necessarily be beneficial for CWW customers
to immediately replace existing machines with these new technologies as this will shorten
the lifespan and hence increase the embodied impacts associated with manufacture and
disposal. Notwithstanding, the results of the Bole study, suggest that it may be
environmentally beneficial to immediately replace machines older than five years. While
further analysis is needed to understand the upgrade from the base case to the market
leader or future machines, there is likely to be benefit in immediately upgrading the older
less efficient machines.
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3

Scenario analysis by impact category
This section provides an overview of key findings from the LCA. It is presented by impact
category and identifies which scenarios provide maximum environmental benefits.
3.1

Water use

As illustrated in Figure 3 the LCA has indicated that 91% of all water use occurs during the
washing process as a result of washing machine water consumption. This consumption can
be minimised through appropriate selection of washing machines and by filling machines to
capacity for each wash as discussed in Section 2.3.2.
The LCA results suggest that, front loaders are more water efficient than top loaders,
however it is necessary to interpret the results with caution. What matters most is the
capacity of the washing machine and how full it is when used, if this is constant, than a front
loader will be more water efficient than a top loader.
The same applies for water star ratings. It is possible that a lower water star rating machine
could actually save water if it is better matched to the size of the loads being washed on a
regular basis. Both these findings again emphasise the need for consumers to fill their
machines to capacity during each washing cycle.
Another clear result from the study is that the re-use of grey water for garden irrigation can
significantly improve water efficiency, reducing life cycle water consumption per wash by
approximately 90% as a result of the reduced need for garden watering. This result stems
from the avoided water use for gardening activities. During cooler months the demand for
this water is expected to be lower and, over the course of a year, the actual reduction in
impact is likely to be less. Caution must also be taken to ensure that the grey water is of
appropriate water quality, particularly in terms of salinity. Further the results are based on
grey water being used.
Once consumers have selected the appropriate machine for their purposes, a number of
other factors can influence the water efficiency of their loads. Table 7 highlights the
additional elements which consumers can control to improve water efficiency and indicates
the percentage water saving which each selection can provide.
Table 7 Additional elements to assist households reduce water use

Variable
Hot water system

% Reduction*

Saving (L/kg
clothes)

Gas storage 5 star

0%

0

Gas storage 3 star

0%

0

Solar gas split system

0%

0

Solar preheat with gas
instantaneous

0%

0

Recommended selection

Wash temperature

Cold (20°C)

0.2%

0.06

Fabric Softener

Not used

2.8%

0.80

Drying method

Line drying

5.0%

1.53

Water disposal

Grey water system

90.5%

27.50

* Savings represent % saving for each variable compared against the base case scenario except for
(1) wash temperature, where the comparison is based on a 60C wash; (2) fabric softener, where fabric
softener is used and (3) drying method, where the comparison is based on an electric dryer.
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3.2

Energy use

A large proportion, close to 60% of the energy used during the domestic clothes washing
process occurs in the use phase (Figure 4).
Residents can reduce up to 19% of the energy used during the washing process by turning
their machines off at the power point when not in use. This simple action reduces the
amount of stand by power necessary to produce a load of washing and can lead to a
reduction in energy use 471 kJ eq of energy (equivalent of 6.5 20W compact fluorescent
globes operating for an hour) and 0.05 kg CO2-e of emissions (equivalent of 1 black
balloon), can be saved per kg of domestic clothes washed.
30% of energy use which occurs over the life cycle of the domestic clothes washing process
occurs as a result of washing machine mechanical energy (for the machine motor and
controls). This is where energy star ratings are of assistance. The LCA results highlight
however that selection of a machine based on energy star ratings alone is not enough to
ensure residents save energy. Of most importance is machine capacity and maximising the
size of each load.
If a machine is filled to capacity and the correct level of detergent administered then
choosing a washing machine with the highest energy efficiency rating machine currently
available provides a 10% reduction on the life cycle energy use (a decrease from 2,476 kJ
eq per kg to 2,210 kJ eq per kg) when compared to the base case.
Once consumers have selected the appropriate machine for their purpose, a number of
other factors can influence the energy efficiency of their loads. Table 8 below highlights the
additional elements which consumers can control to improve energy efficiency and indicates
the percentage energy saving which each selection can provide.
Table 8 Additional elements to assist households reduce energy use

Variable

Recommended selection

% Reduction*

Saving (kJ eq/
kg clothes)

Hot water system

Solar gas split system

7.3%

180

Wash temperature

Cold (20°C)

46.4%

2,140

Fabric Softener

Not used

15.3%

448

Drying method

Line drying

79.7%

9,720

Water disposal

Grey water system

5.5%

136

* Savings represent % saving for each variable compared against the base case scenario except for
(1) wash temperature, where the comparison is based on a 60C wash; (2) fabric softener, where fabric
softener is used and (3) drying method, where the comparison is based on an electric dryer.

3.3

Emissions reduction

The majority of global warming impacts (approximately 73%) occur during the use phase of
the domestic clothes washing process (Figure 5). Of these emissions, 39% produced are
attributable to the mechanical energy of the washing machine, while 25% of the impacts are
attributable to standby power. A simple way for residents to save almost a quarter of the
emissions associated with washing their clothes is to turn the washing machine off at the
power point. Switching off the washing machine and eliminating standby power can save
around 28kWh per year or 38.5kg CO2-e per household, the equivalent of 770 black
balloons.
As mentioned, households can assist in controlling the amount of mechanical energy used
by their washing machine through selection of an appropriate sized machine during
purchase and by ensuring that their loads are filled to capacity.
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Once households have selected the appropriate machine for their required use it has been
suggested, additional factors can influence the global warming potential of the wash load.
Table 9 highlights the additional elements which consumers can control to reduce their
emissions and indicates the percentage emissions saving which each selection can provide.
Table 9 Additional elements to assist households reduce emissions

Variable

Recommended
selection

% Reduction*

Saving (kg CO2-e
/ kg clothes)

Hot water system

Solar gas split system

25.0%

0.09

Wash temperature

Cold (20°C)

42.0%

0.15

Fabric Softener

Not used

4.5%

0.01

Drying method

Line drying

83.5%

1.06

Water disposal

Grey water system

9.5%

0.02

* Savings represent % saving for each variable compared against the base case scenario except for
(1) wash temperature, where the comparison is based on a 60C wash; (2) fabric softener, where fabric
softener is used and (3) drying method, where the comparison is based on an electric dryer.

3.4

Eutrophication reduction

Household waste water contributes to eutrophication through the discharge of domestic
cleaning products, particularly those containing nitrogen and phosphorous.
Within the domestic clothes washing process 94% of all eutrophication impacts result from
waste water treatment of domestic water supplies (Figure 6). Although this is a downstream
impact, consumers still have the ability to influence the level of impact through their choice
of detergent type and the quantity of detergent used.
The use of grey water for garden irrigation can also reduce the eutrophication impact. As
previously noted this study only considered certain environmental impacts (it excluded
impacts such as salinity) and it is important that residents considering the use of grey water
seek additional advice.
Table 10 highlights the additional elements which consumers can control to reduce their
emissions and indicates the percentage emissions saving which each selection can provide.
Table 10 Additional elements to assist households reduce eutrophication impacts

% Reduction*

Saving (g PO4-e /
kg clothes)

Solar Electric
Thermosyphon (High
Efficiency)

1.0%

0.1

Solar Gas Split System

1.0%

0.1

Wash temperature

Cold (20°C)

9.3%

0.12

Fabric Softener

Not used

2.0%

0.02

Drying method

Line drying

12.8%

0.17

Water disposal

Grey water system

94.0%

1.10

Variable
Hot water system

Recommended
selection

* Savings represent % saving for each variable compared against the base case scenario except for
(1) wash temperature, where the comparison is based on a 60C wash; (2) fabric softener, where fabric
softener is used and (3) drying method, where the comparison is based on an electric dryer.
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Household recommendations
The LCA study provided a valuable insight into the domestic clothes washing process and the environmental impacts which it can cause. Study
results provide a wealth of information regarding the magnitude of environmental impacts and from analysis of those results a number of
recommendations have become evident.
The recommendations for households within the Communications Report represent a collation of the insights gained through the study from both the
base case assessment and scenario analysis. The recommendations are focused on reducing the impact of domestic clothes washing in four main
areas; water and energy consumption and global warming and eutrophication potential and are presented in terms of actions for altering existing
behaviours and considerations when purchasing new appliance. The recommendations for both are provided in order of priority, based on the
extent and magnitude of reduction in environmental impacts associated with adoption.
To assist in referencing the environmental benefits associated with each of the recommendations tables have been provided for both the behaviour
(Table 11) and appliance (Table 12) strategies that set out the reduction for relevant impact categories and provide the normalisation equivalent.
4.1

Behaviour change strategies (what households can do now)

A. Reduce washing frequency through filling washing machines and dryers to the maximum extent possible for every load.
The study determined that the relationship between the loading of a machine and the environmental impacts are inversely proportional, that is
as the washing machine loading decreases the impacts increase exponentially.
The base case assumes the washing machines are filled to 50% capacity. If a machine is filled to 100% capacity water use decreases to 15.2 L
per kg of domestic clothes washing, energy to 1,238 kJ eq or the equivalent of 17 20W compact florescent globes operating for an hour, global
warming to 0.104 kg CO2-e, an equivalent reduction of 2.1 black balloons and eutrophication potential to 0.59 g PO4 per kg.
B. Avoid use of a dryer (in preference for line drying) whenever possible.
The use of line drying to dry clothes in preference to a dryer saves, per kg of domestic clothes washed, 1.09 kg CO2-e of emissions (equivalent
of just under 22 black balloons) and 9,720 kJ eq of energy (equivalent of 135 20W compact fluorescent globes operating for an hour).
C. Turn off washing machines and dryers at the power point to save energy.
By switching off a washing machine when not in use, 471 kJ eq of energy (equivalent of 6.5 20W compact fluorescent globes operating for an
hour) and 0.05 kg CO2-e of emissions (equivalent of 1 black balloon), can be saved per kg of domestic clothes washed. This equates to an
annual saving of 28.2 kWh, or 1,410 20W compact fluorescent globes operating for an hour.
D. Use concentrated, low phosphate washing detergents.
A concentrated, low phosphate detergent, such as Earth Choice, can dramatically reduce the wastewater nutrient loading from 1.17 g PO4 per
kg of domestic clothes washed to 0.1 g PO4 per kg.
E. Avoid the use of fabric softener.
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The use of fabric softener can increase the impact of energy use to 2,924 kJ eq per kg, compared to the base case (equivalent of 6.2 20W
compact florescent globes operating for an hour).
F. Consider the use of grey water for irrigation (providing that a low sodium, low phosphorous detergent is used).
A similar reduction in eutrophication potential is associated with the installation of a grey water system, whereby the washing wastewater is
disposed of through application to garden areas. As the wastewater is effectively removed from the life cycle it removes 93.6% of the loading
and the eutrophication potential reduces to 0.1 g PO4 per kg if all waste water is disposed of through this system. Further water use is reduced
from 30.4 L to 2.9 L. This figure needs to be viewed with caution as it assumes the grey water is constantly used for garden watering. During
the cooler months this is unlikely and as such the savings will be less. Further the study did not consider the impacts of increase salinity
associated with grey water of gardens.
G. Wash clothes on cold setting.
The selection of the cold setting to wash clothing reduces the requirement for water heating and the associated environmental impacts. The
relationship between environmental impacts and the cold setting is linear and a reduction of wash temperature of 10°C can result in a decrease
in global warming potential by 18% (0.3 and energy use by 22% (544 kJ eq per kg decrease), based on the base case 5* gas storage water
heater.
H. Use no more than the manufacturer’s recommended dosage of detergent.
Detergent overfilling concentrates the impacts associated with detergent manufacture and the detergent nutrient loading to wastewater.
Overfilling of a machine by 10% can result in a 7% increase in eutrophication potential (1.2 to 1.29 g PO4 per kg) and 3.3% increase in energy
use (2,476 to 2,557 kJ eq per kg).
I.

Recycle washing machine at end of life.
Recycling of washing machine components reduces energy (56kJ per kg of clothes washed) and the amount of fossil fuel and mineral depletion
(4.1 kJ eq and 0.33 kJ eq respectively, both representing less than one 20 W compact florescent globes operating for an hour) when compared
with a scenario of no recycling.
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Table 11 Domestic clothes washing behaviour change recommendations
Water

Recommendations

Avoided
impact
(L per kg
of clothes)

A.

B.

C.

15.2

10% of a person’s
daily water usage

Avoid use of a dryer (in
preference for line drying)
whenever possible.

Use concentrated, low
phosphate washing detergents.

E.

Avoid the use of fabric softener

F.

Consider the use of grey water
for irrigation (providing that a
low sodium, low phosphorous
detergent is used)

Global Warming Potential

Avoided
impact

Normalisation
equivalent

Avoided
impact

Normalisation
equivalent

(kJ per kg
of clothes)

(20W compact
florescent globes)

(g CO2-e per
kg of
clothes)

(black balloons)

1,238

17 20W light globes
operating for an
hour

104g CO2-e

135 20 W light
globes operating

1,090g CO2-

9,720 kJ

for an hour

Turn off washing machines and
dryers at the power point to
save energy.

D.

G.

3

Reduce washing frequency
through filling washing
machines and dryers to the
maximum extent possible for
every load

Normalisation
equivalent (155L
target)

Energy

471 kJ

6.5 20W light
globes operating for
an hour

Eutrophication
Avoided impact
(g PO4–e per
kg of clothes)

2.08 black
balloons

0.587 g

e

21.8 black
balloons

-

50g

1 black balloon

1.16 g

448 kJ eq

27.5L

6.2 20W light
globes operating for
an hour

17.7% of persons
weekly allowance

Wash clothes on cold setting
3
(10°C reduction)

1.07 g

544 kJ eq

7.55 20W light
globes operating for

Reduction based on washing temperature of 60°C.
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Water

Recommendations

Avoided
impact
(L per kg
of clothes)

Normalisation
equivalent (155L
target)

Energy

Global Warming Potential

Avoided
impact

Normalisation
equivalent

Avoided
impact

Normalisation
equivalent

(kJ per kg
of clothes)

(20W compact
florescent globes)

(g CO2-e per
kg of
clothes)

(black balloons)

Eutrophication
Avoided impact
(g PO4–e per
kg of clothes)

an hour
H.

I.

Use no more than the
manufacturer’s recommended
dosage of detergent

0.24L for a
10%
overfill

0.15% of a
person’s daily
water allowance

Send washing machines to
be recycled at the end of life

4.2

81 kJ for a
10%
overfill

1.13 20W light
globes operating for
an hour

56 kJ eq

Less than 1 20W
light globe operating
for an hour

0.6g CO2-e
for a 10%
overfill

0.12 black
balloons

0.09 g

Appliance strategies (what households can do when purchasing a new machine or water system)

A. When purchasing a new washing machine the priority considerations in relation to the extent of reduction of environmental impacts are:
i. purchase a washing machine which has a capacity close to that of the household’s washing load requirements;
Given the importance of machine size on the impact of domestic clothes washing, it is recommended that households purchase an
appropriate size machine when replacing their washing machine. As highlighted in 'Recommendation A' of Section 4.1 a range of
environmental benefits can result from filling a washing machine to 100% capacity.
ii. choose a machine with fuzzy logic;
Most households only fill their machines to 50% capacity. Fuzzy logic enables a washing machine to sense the contents within the
machine and apply the correct amount of water and / or detergent required to clean the load.
iii. choose a machine with the highest water efficiency rating (WELS rating) and energy rating (MEPS);
The majority of water consumption, 91%, is associated with the operation of the washing machine. As such the life cycle water
consumption is aligned with efficiency of the machine rather than the detergent loading, which is aligned with machine capacity. The most
efficient 4.5* WELS front loader machine consumes 20.4 L of water per kg of clothes washed across its life cycle compared to the base
case consumption of 30.4 L, a 31.5% reduction.
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iv. choose a machine with the highest energy efficiency rating (MEPS);
Energy performance is influenced by fill capacity and detergent loading. If a machine is filled to capacity and the correct level of detergent
administered then choosing a washing machine with the highest energy efficiency rating machine currently available provides a 10%
reduction on the life cycle energy use (a decrease from 2,476 kJ eq per kg to 2,210 kJ eq per kg) when compared to the base case.
v. choose a front loader for water efficiency.
Front loading machines marginally out perform the comparative top loading machine of similar water efficiency. A comparative analysis of
a 4* WELS top loader and a 4* WELS front loader indicates an approximately 4% reduction in water consumption, from 22.4 L across the
life cycle to 21.6 L.
B. Upgrade hot water system to a solar gas split system or solar preheat with gas instantaneous.
In comparison with the base case of a 5* gas storage hot water system, the installation of a solar gas split system or a solar preheat with gas
instantaneous provides a 10% energy (180 kJ eq) and a 5% global warming (0.1 potential reduction per kg of domestic clothes washed, based
on a washing machine temperature setting of 20°C. The percentage reduction in environmental impact increases markedly for temperature
settings above 20°C.
C. Consider upgrading machines that are older than five years.
The LCA study did not model when a machine should be replaced. Replacement periods depend on a number of variables such as the age of
the machine and its frequency of use. An existing American study indicated that from an environmental perspective a short replacement period
of 5 years was optimal.
The study did identify that across the life cycle of a machines operation the reduction in environmental impacts from the base case to the
current market leader is 64.4% for water consumption, 36.3% for energy use and 46.6% for global warming potential. The eutrophication
potential remains consistent.
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Table 12 Domestic clothes washing appliance strategy recommendations
Water

Recommendations

Avoided
impact
(L per kg
of clothes)

A.

Normalisation
equivalent (155L
target)

Energy

Global Warming Potential

Avoided
impact

Normalisation
equivalent

Avoided
impact

Normalisation
equivalent

(kJ per kg
of clothes)

(20W compact
florescent globes)

(kg CO2-e
per kg of
clothes)

(black balloons)

Eutrophication
Avoided impact
(per kg of
clothes)

i. purchase a washing machine
which has a capacity close to
that of the household’s washing
load requirements

15.2

10% of a person’s
daily water usage

1,238

17 20W light globes
operating for an
hour

104g CO2-e

2.08 black
balloons

0.587 g

A.

ii. choose a machine with fuzzy
logic

15.2

10% of a person’s
daily water usage

1,238

17 20W light globes
operating for an
hour

104g CO2-e

2.08 black
balloons

0.587 g

A.

iii. choose a machine with the
highest water efficiency rating
(WELS rating)

10L

6% of a person’s
daily water usage

266 kJ

3.7 20W light
globes operating for
an hour

180kJ

2.5 20W light
globes operating for
an hour

100g CO2-e

2 black balloons

A.

iv. choose a machine with the
highest energy efficiency rating
(MEPS)

A.

v. choose a front loader for
water efficiency

B.

Upgrade hot water system to a
solar gas split system or solar
preheat with gas instantaneous

C.

Consider upgrading machines
that are older than five years

0.8L

0.53% of a
person’s daily
water limit

See text description.
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Initial LCA Process Maps
Part 1 (washing machine manufacture) & Part 3 (detergent manufacture)

Part 2 (wastewater treatment)
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Part 4 (water supply)
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