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Introduction 

“One way to assess product sustainability is to use a Life Cycle Analysis tool 

(LCA), but they can be expensive, time consuming and often limited in their 

application. Streamlined LCAs (SLCA) are a much quicker and cheaper 

approach to assessment that allow companies to identify 80% of the issues in a 

fraction of the time.”[1] 

The purpose of this report is to examine the current range of washing machines 

on the market and to pick a reasonably environmentally friendly machine and 

do a streamlined life cycle assessment (SLCA) of the machine to achieve 

baseline figures. From this design a new product/service is proposed and 

compared to the current off the shelf model in relation to raw material, energy,  

water usage and end of life. Figure 1 shows the current life cycle of a washing 

machine. 

 

Figure 1: Life cycle of a washing machine [2] 

  



1.0 Methodological Approach 

As mentioned in the introduction, this study will involve 3 main tasks, these 

include: 

 What are the environmental impacts of a washing machine over its life 

cycle (production, use and end of life)? 

 What is the optimal life span of a washing machine? 

 Is it feasible to recycle or reuse old washing machines or is it better to 

buy a new one? 

For the first question the environmental impacts are calculated using a currently 

off the shelf 5kg capacity washing machine. Once these calculations are 

collected, a new designed washing machine is proposed in order to reduce the 

current environmental impact of off the shelf washing machines. 

The second question, again a current off the shelf machine will be used to 

determine the current life span of a washing machine. This will involve specific 

consumption figures. Then it can be analyzed if it is better to use a washing 

machine as long a possible or to change it more frequently to realise the 

efficiency gains.  

For the final question, the consumption figures of existing machines have to be 

analyzed and compared with environmental impact and costs of production and 

purchase. The purchase of a new machine is always going to have an 

environmental impact in relation to production, this then needs to be compared 

to using an old machine and decide whether the new machines production costs 

over power the running costs of the older machine. 

For all these questions a streamlined life cycle assessment will be carried out. 

  



1.1 Streamlined Life Cycle Assessment (LCA) 

A full LCA assessment is only practical when there is no limitation to time, 

expenses, data availability etc. Extensive LCA’s have been undertaken, but a 

complete LCA has never been undertaken due to there always being a time and 

cost limit. For this report, due to the lack of design stage documents a full LCA 

is not the best option to work with. Figure 1 shows the LCA Continuum 

 
Figure 1: LCA Continuum [3] 

In order to streamline a product certain limitations need to be included [4] 

Screen the product with an inviolate list 

• Limit or eliminate life-cycle stages 

• Include only selected environmental impacts 

• Include only selected inventory parameters 

• Limit consideration to major constituents  

• Limit or eliminate impact analysis 

• Use surrogate data 

• Use qualitative rather than quantitative data 

• Eliminate interpretations or recommendations 

There are numerous LCA indicators with different levels of complexity, these 

include; ecological footprint, climate footprint, eco scarcity, cumulative energy 

demand (CED), ECO-indicator and many more. For this report CED will be 



used in order to show the life cycle assessment of a particular washing machine. 

CED was picked for the following reasons; 

 It’s the most commonly used LCA indicator for electrical and electronic 

equipment. 

 CED shows the direct and indirect energy use throughout the life cycle of 

an appliance. 

 CED requires less information in the inventory analysis compared to 

other indicators. 

Figure 2 illustrates a CED graph 

 
Figure 2: CED Graph [5] 

The start of this graph (vertical line) indicates the energy consumption during 

the production stage of the product; this includes raw materials and 

manufacturing. The linear element of the graph is the use phase of the product. 

As the years pass the overall energy used in the use phase is added up, hence the 

linear slope (cumulative). The end of the linear element is the life span of the 

product.  

 

 



In order to design a CED, values need to be gathered for each of these stages 

and plotted on the graph. The values are achieved by the following steps; 

• Define your bill of materials 

• For the “energy cost of common materials” a table is used to estimate the 

energy cost of the materials production. Figure 3 and 4 show the tables 

used to calculate the energy cost of common material used in the 

manufacture of the product. 

 

 
  Figure 3: Energy cost of Printed circuit boards [6] 



 
       Figure 4: Energy Cost of common material [7] 

 



2.0 Baseline Study 

In this section a CED will be generated from an off the shelf washing machine. 

The tables mentioned above will be used in order to generate the graph. 

2.1 Scope and System Boundary 

A product system is defined by a functional unit. In this report the functional 

unit is defined as, one unit of household washing, as the household washing 

machines are marketed and sold in such units with an expected life of 10 years. 

The system boundaries of the product system are presented as follows: 

 

Figure 5: System Boundary of washing machine [8] 

 

2.2 Raw materials, Manufacturing and End of Life 
 

2.2.0 Raw Materials Extraction 

In relation to materials usage, as you can see from the BOM in figure 6, 

different types of steel are the main raw materials used in the manufacture of 

washing machines. Although the recycling rate of these metals is high, the 

extraction of these materials is still behind. The mining of metals for electronic 

products is fuelling civil wars in developing countries. A brutal war has been 

waging in the Democratic Republic of Congo (DRC) for the past 15 

years. Mining pollutes the water of surrounding areas through contaminated 

waste ore and toxic metals and acid, which often get released into lakes, streams 



and the ocean, killing fish and contaminating drinking water. Mining for metals 

used in electronics is also extremely wasteful. For instance in order to produce 

one ounce of gold approximately 80 tonnes of waste is created.  

 In relation to plastics involved in the manufacture of a washing machine 

the following 3 raw materials are used; petroleum, coal and cellulose. The 

manufacture of plastics involves highly toxic chemicals; petroleum is a material 

that the earth cannot digest. Due to the huge demand for plastics, there is over 

exploitation resulting in the depletion of the natural resources.  

 These 2 areas of materials create the bulk of a washing machine and so 

have the biggest impact on the environment in relation to extraction of the raw 

materials needed to create the specified metals and plastics.  

2.2.1 Manufacturing 

A bill of materials (BOM) were acquired in order to establish the energy used in 

the production stage of the washing machine. Figure 6 shows the BOM used.  

 

Figure 6: Washing Machines Bill of Materials [9] 



From the above figure, it can be seen that the majority of the materials involved 

in the manufacture of a washing machine is metal parts, so a lot of those metal 

materials could be recycled or reused. The overall manufacturing energy 

consumption from table above for the washing machine is 996 MJ. This value 

does not include the manufacture of the printed circuit board (PCB) and liquid 

crystal display (LCD). So the overall energy used in the production stage is 

equal to 1008MJ or 280kWh.  

2.3 Use Phase 

The use phase of a washing machine is by far the most energy consuming stage 

of the life cycle due to the frequency of operation of the machines and 

utilisation of the detergents. The use phase contributes to impacts across: 

• Water use (92% of the life cycle impact) 

• Energy use (60% of the life cycle impact) 

• Global warming potential (73% of the life cycle impact)  

• Fossil fuel depletion (62% of the life cycle impact). 

Textiles can be made from different fabrics (cotton, wool, mineral, synthetic 

etc) and result in particular types of laundry (work wear, hospital linen, high 

visibility garments etc). The majority of the laundry is washed using the cotton 

programme. The wash temperature has a strong influence on the energy 

consumption. The higher the temperature, the more energy is needed. Other 

areas that are of high use in use phase are; water, operation of mechanical parts, 

machines on standby and wearing of parts. These are the main energy using 

areas in the use phase of a washing machine. A reduction of water usage during 

a cycle is `limited due to the water uptake of the clothes and the fact that water 

is needed to remove the dirt from the clothes. As a result the minimum water 

consumption during a wash cycle varies between 9 - 11 litres per cycle. The 

cycle also includes 3 rinsing cycles which use around 8 litres of water, so the 

overall water usage per wash is approximately 35 litres. So with the average 

household having 200 washes per year, the yearly water consumption would be 

equal to 7,000litres.The average annual electricity usage is 11,000MJ or 

3055kWh. The speed spin for drying clothes at 1800 rpm, electricity usage is 

2.75KWh for a full load (5kg). The life span of an average washing machine is 

10 years which would suggest 2,000 washes during the 10 years. The water 

usage over 10 years would equal 70,000litres and the electricity consumption 

equals approximately 80,000MJ or 2,222kWh. Keeping washing machines 

running also requires a great deal of fossil-fuel-supplied energy that, in turn, 

emits about 160 pounds of the greenhouse gas carbon dioxide (CO₂) per year 

per machine. The detailed calculations are shown in appendix 1. 



2.3.1 Detergent 

Due to difficulty of obtaining detailed detergent ingredients it is difficult to get 

an exact lifecycle inventory analysis for the chemicals involved. Table 1 shows 

the impact detergent has during the use phase of a machine. 

Table 1: Detergent affect during use phase [10] 

 
 

There is also a lack of following the suggested amount of detergent to be used 

as stated in the user manual of a washing machine. Generally people just pour a 

varied amount of detergent into the machine and are unaware of the impacts this 

has on the overall environmental impact of the clothes washing process. Table 2 

shows the impact of over use of detergent. 

 

Table 2: Over use of detergent effects [11] 

 
 

“The impact of overfilling by even 1% is therefore considerable across every 

impact category due to the significance of the manufacture of detergent 

chemicals. This represents an important result. The impacts of detergent on the 



lifecycle of household washing can be diminished if residents are careful with 

their use of detergent and ensure that they only ever use as much as they need 

and no more – even if that means using less than the recommended dose.” [12] 

 

From the above information gathered from manufacture and use phase a CED 

graph can be generated and is shown in figure 7. 

 

 
Figure 7: CED of washing machine.  

2.4 End of life 

According to WEEE which regulates the requirements for recycling, the 

proportion of white goods that has to be recycled on a material recycling basis 

lies at 85 %. With the majority of the washing machine parts being recycled 

they require 1.75 kWh of electricity to shred for recycling. The other 15% of the 

washing machine is assumed to be sent to the landfill. Figure 7 shows the 

amount of recycled material that is taken from a washing machine at the end of 

life stage. 

 

 

 

 

 

 

 



Table 3: Washing Machine Recycled materials 

Material Amount (g) 

ABS 1,228 

Aluminium 2,313 

Carboran 8,012 

Copper 925 

Iron 1304 

Steel 24320 

 

As you can see only metal materials are being recycled in relation to a washing 

machine, it can also be seen that the same amount of metal that is added during 

manufacture is recycled at end of life. This could suggest that the metal usage in 

manufacture of washing machines has a closed loop system at the present time. 

So in relation to the LCA of a washing machine, the end of life stage is at a 

reasonable standard in relation to the recycling and reuse of the materials used 

during manufacture. 

 

3.0 New Product Ideas 

In this section we will propose a new design for a washing machine that will 

improve the way in which a washing machine operates in relation to electricity 

usage, material usage and water usage. 

3.0.1 Recycling of Water from previous rinse 

Due to cost this technology is currently not seen as a major trend. 

Manufacturers say that implementing such as design would be too costly as next 

to the water tank a sterilisation device to prevent algae- or germ-growth (e.g. 

UV-lamps) had to be installed. The additional costs for the final consumers 

would be in the range of €250. But one could argue, due to being charge for 

water usage, instead of having a high water bill. The consumer could have a 

once off payment to have a washing machine that can recycle its water. But 

Studies have shown that the price for using new water for each cycle is still less 

than the cost of installation a water recycling device. 

3.0.2 Use of rainwater 

This approach is a cheaper approach to recycling water as stated above. But 

there is still an issue with algae- or germ-growth. Of course this solution would 

depend on the amount of rainfall is 1000mm. For people living in a detached 

house with a roof area of 115   the annual collectable amount would be 

115  . The annual amount of water needed for a washing cycle is 10  . So as 

you can see the amount of rain water would be sufficient. 



3.0.3 RFID technology  

This technology could be used to read clothing items put into washing machine 

to determine their fabric type and colour. The RFID tags would be inside the 

buttons attached to the fabric, this would help stop mixing of colours to be 

washed and optimizes the washing program based on the characteristics it reads 

from both the clothing and the detergent itself.  

 

3.0.4 Near Field Communication NFC  

NFC could be added to help with the maintenance of the washing machine. It 

would allow the technician communicate with the washing machine through a 

smart phone and run diagnostics, change settings, upgrade firmware and allow 

communication with the manufacturers service center.  

 

3.0.5 AC power metering  

Power consumption of the smart washing machine can be monitored and 

displayed cost-effectively, encouraging stronger energy awareness among 

consumers. Data on power consumption can also be transmitted to a remote 

service center or to the electricity provider - all controlled via the main 32-bit 

host controller. 

 

3.0.6 Pay Per Wash  

Pay per wash can be setup in the user’s household. Based on smart metering, the 

machine is connected to a measuring device at the outlet. This can then track the 

number of washes, energy used and programmes used. Only available with 

smart metering present which is being rolled out in Ireland and will be fully 

active by 2016. 

 

3.0.7 Refurbishment  

The cost for collection, transport, the refurbishing process, and other expenses is 

currently estimated to be around $170 per machine. The material cost of 

replaced components could amount to as much as $300, but depends on the 

machine’s quality segment as well as the number of replaced parts. This could 

make refurbishment economically viable in some but not all cases. 
 

3.0.8 Product Service System (PSS) 

Lease washing machines for commercial use as well as residential use. This 

provides a full service scheme which includes warranty over full life cycle of 

machine which gives the customer better service levels and added convenience. 

Lease Model could compliment refurbishment could generate savings of up to 



12% for the company supplying the service. Figure 8 shows the benefits to both 

manufacturer and customer in relation to PSS.  

 
Figure 8: Benefits of PSS [13] 

3.0.9 Direct Drive 

This would reduce the amount of parts, meaning less noise, vibration and less 

wear. It also makes the design more durable by removing all the belts and 

pulleys. Less wear suggests longer life cycle hence more washes and reduced 

manufacturing costs. 

3.0.10 Eco Bubble 

Ecobubble™ washes your clothes in a soapy foam rather than soapy water. 

These innovative systems is far more efficient at cleaning clothes than 

traditional models with the bubbles penetrating fabrics more easily than water 

and help you get good cleaning results at lower temperatures. Diamond Drum’s 



smaller holes make it harder for clothes to rip and get torn, and it’s clear to see 

that the Samsung WF0702WKE looks after your clothes. As you can wash at 

lower temperatures using Ecobubble™, you won’t use as much energy to heat 

the water required for an effective rinse. The ceramic heaters featured also help 

with energy saving; they are far more effective and more durable than standard 

heating models. [14] 

3.0.11 Smart Metering 

Some countries offer customers a charge per wash option based on smart 

metering. The washing machine is installed in the home and this is then 

connected to a measuring device installed at the power outlet. This allows for 

the tracking of energy use, programme used and number of washes. It is a very 

good idea in order to reduce billing costs and only bill on a per use basis. The 

only obstacle is a lot of countries do not have smart metering introduced. So this 

option is invalid in these regions.  

4.0 Service 

A service that can be provided for use of washing machines is to setup a product 

service system (PSS). These leasing models give the manufacturer a lot more 

control over the life cycle of the machine which allows for high return rates. 

End of life washing machines are normally recycled but, 10% of these machines 

are refurbished. Combining these leasing models with refurbishment activities, 

this would allow for parts to be reused which would reduce the cost of new 

parts due to smaller demand. This in turn would make refurbishment more 

attractive. A comparison of a new machine vs. a refurbed machine shows that 

the price of a washing machine could be reduced by 60%. This would also 

benefit the customer due to the manufacturer leasing it, it would be in their 

interest to keep the machine maintained and running efficiently in order to 

reduce repair costs that are paid for by the manufacturer. 

5.0 Comparison of Baseline to New Product/Service 

As you can see from the above selection of ideas, implementing some if not all 

of these ideas can decrease the energy/water consumption of a washing 

machine. From the above list of proposed product improvements, the following 

were decided upon to be implemented into the new design; 

 RFID Technology 

 Better steel frame for longer life 



 Sensor to determine whether machine has a full load or half load 

 Will involve Product Service System (PSS) 

 Direct drive 

 Smart Grid 

 Water Reuse using filter 

 Eco-Bubble 

Some of the items mentioned above were not included in the new design 

because; it was felt that the amount of improvement that they could add wasn’t 

justified in relation to the cost of implementation into the machine. After 

deciding upon these improvements, a new estimated CED was created for the 

new product. Upon completion of the calculations it was observed that in order 

to achieve this design, the energy used in the manufacturing stage would 

increase by 9% due to the added materials including, steel, plastic and PCB’s. In 

contrast to this, the use phase energy usage decreased by almost 30% and it was 

observed that the life span of the machine could be increased by 25% up to 5 

years with correct maintenance and use with the new technologies. Table 1 

below shows the difference in the figures of the baseline model to the proposed 

design. 

Table 4: Baseline vs. New proposed design 

Life Stage Baseline New Proposed Design 

Manufacture 1,008MJ 1,092MJ 

Use Phase 80,000MJ  84,000MJ 

Life Span 10 Years 15 Years 

Water Usage 70,000Litres 50,000Litres 

Greenhouse Gas 1600 pounds CO2 1500 pounds CO2 

 

 

Figure 9 below shows the CED comparison of the 2 designs. 



 

Figure 9: Comparison of baseline to new proposed product. 

 

6.0 New Product/Service against sustainability issues 

The new product would have a considerable improvement in relation to 

sustainability issues. The main addition would be the introduction of PSS 

system. This would put the manufacturer in control of the life cycle of the 

machine, hence this would improve the recycling rate of the machines as it 

would be cheaper for the manufacturer to take the old machines back and 

disassemble them in order to create refurbished machines or new machines. 

Because of this, the exporting of ICT products to third world countries would 

more than likely decrease, hence, creating a reduction in environmental issues 

due to the uneducated population in third world countries “recycling” these 

goods in an improper manner and trading materials illegally. Overall the figures 

show that 85% of white goods materials can be recycled, provided the recycling 

centre has the required infrastructure. Seen as the manufacturer will be the 

dismantler, it can be agreed that maximum recycling can be achieved and a 

recycling rate <85% can be achieved. 

 Another area in reducing sustainability issues would be in the 

reuse/reduction of water usage in the machines. This will lead to a lesser 

demand for water and allow for water reuse.  

5600 

11200 

16800 

22400 

28000 

33600 

39200 

44800 

50400 

56000 

61600 

67200 

72800 

78400 

84000 

10113 

17494 

24859 

32208 

39540 

46856 

54156 

61439 

68706 

75956 

0 

10000 

20000 

30000 

40000 

50000 

60000 

70000 

80000 

90000 

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 

En
er

gy
 U

se
d

 M
J 

Years 

Comparison of Baseline vs New 

New 

Baseline 



 As discussed there is an energy increase during the manufacturing stage 

of the machine due to the added parts. This could affect the sustainability of the 

product due to the added manufacture of PCBs, plastic and steel. But, seen as 

these materials are manufactured in reasonably eco friendly countries, but, then 

distributed to other countries that may have poor ways of generating electricity 

(gas, coal) in order to operate the machine during its use phase. One could argue 

that the increased energy usage is being added to the best area of the life cycle 

of the washing machine.  

 

7.0 Feasibility of implementation and potential barriers 

The feasibility of this design could be considered reasonable. The added 

components to the design are relative cheap and will more than likely not 

increase the cost of the washing machine by very much, possibly around €100 

increase. 

 The most expensive item added would be the Eco-Bubble system. 

Current models available with Eco-Bubble cost approx €500 whereas ones 

without cost approx €300 - €400 depending on design and model. This extra 

cost would be made up for in the use phase of the design as it would be a lot 

more energy efficient than the cheaper machines. Also the current machines 

with Eco-Bubble technology do not have the added ideas that are proposed in 

this report. We have already seen that the PSS system will save money for both 

consumer and manufacturer, also the other added ideas are very reasonable to 

implement and can achieve good energy/water savings. With the introduction of 

water meters in Ireland next year, the idea of water reuse/reduction during 

washes will really save the consumer money. ` 

The fitting of these items into the washing machines shell should be 

relatively easy as the inside of a washing ,machine has a lot of open space above 

and below the wash drum to add sensors, PCB’s and Eco-Bubble element, so 

practicality can be kept. The introduction of more steel into the product will 

over all make the machine heavier, but with this added robustness, it will also 

increase the life cycle of the machine. 

  



Conclusions 

The base case determined that the use phase of the washing machine has the 

largest proportion of environmental impacts due to the frequency of use of the 

machine and detergents. The use phase contributes to impacts across; 

• Water use (92% of the life cycle impact) 

• Energy use (60% of the life cycle impact) 

• Global warming potential (73% of the life cycle impact)  

• Fossil fuel depletion (62% of the life cycle impact). 

As you can see 92% life cycle impact is attributable to the washing machine 

water consumption, which represents a significant opportunity area 

improvement by forming a behaviour change program. Global warming is 39% 

of the life cycle impact and is associated with the mechanical energy of the 

washing machine and standby power. There is real potential to reduce the 

contribution to global warming by influencing household behaviour regarding 

standby power.  

 The results from the new proposed design show that there can be a big 

reduction during the use phase of the washing machine in order to save the 

consumer money and also better for the environment. Overall it was agreed that 

the new design was a practical one that could easily be implemented by the 

manufacturer. For some reason, manufacturers are slow to improve the designs, 

most likely due to R&D costs and also manufacturers will not share 

technologies between each other. So this leads to different brands having one or 

2 environmentally friendly add-ons depending on their R&D whereas if 

information was public, more add-ons could be included. Of course one could 

argue that this would eliminate competition, but every household needs a 

washing machine and there will always be a demand. 
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Appendix 1 

Baseline calculations 

 

 

  



Appendix 2 

New design calculations 

 


