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Abstract 
Demand management measures aim to increase the efficiency of water usage by using better 
appliances and changing people’s behaviour. Very little is known about how water appliances 
influence water use and savings, and water behaviour itself is a complex sociological issue. This 
research project aims to investigate the efficacy of water efficiency retrofitting. Several statistical 
analyses such as ANOVA, correlation tests and multiple regression were carried out on the dataset 
made available to us from the United Utilities Home Audit Project in 2008. Regression models show 
that household dynamics, socio-demographic factors and the type of house account for 50% of overall 
household consumption and 41% on the per capita consumption. The results also show that the 
retrofitted appliances in the Home Audit Project were successful in reducing consumption. Low flow 
showerhead induces the most savings out of the three appliances retrofitted with 34.9 
litres/household/day of savings. Retrofitting more than one type of appliances also saves more water 
than retrofitting just one type. Respondents who declared that they behaved in a water efficient 
manner and who changed their use showed a higher percentage of savings compared to those who 
admitted they did not. According to the regression models, household dynamics plays a crucial role in 
controlling household behaviour however, it can be compensated to a degree by efficient appliances. 
The results imply that demand management measures should not just focus on one area. In fact 
measures combining water efficient technologies and behavioural change are more effective.  Limited 
literature is available on the relationship between household dynamics and behaviour, however our 
results are consistent with a similar study carried out in Melbourne (Aiken, 1994). House type and 
design are also significant in the regression model; suggesting future housing development should 
consider their design impact on the household’s water consumption and even energy consumption for 
that matter. 
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1-Introduction & Scope of Project 

1.1-Problem Identification 

The challenge of providing usable water in large enough quantities to meet the requirements of 

humans and their ecosystems is starting to be a primary issue in the upcoming century. Current trends 

in water use and existing supply of water suggest that water shortage is increasing in the world 

(Lawford, 2003). Some pessimists within the industry have suggested that it may already be too late 

to solve the problem. However it may be possible to improve the situation through the interaction of 

technology, education, policies and supply and demand management. It is important to stress the 

sense of urgency required to solve the problem without suffering any large consequences.   

 A water scarcity problem depicts an environment in which the natural, domestic, agricultural and 

industrial needs for water are greater than that available within the environment (On World Net, 2009). 

This problem has existed for the past decades and even centuries in several countries, but only 

recently has its real risk been acknowledged by some governments and society. Within this context 

lies the U.K, which only in recent years has acknowledged the fact that water demand is increasing 

and without any further action, future demand could put some areas of the country into serious water 

shortage situations.  

1.2-Current issues in the U.K 

The U.K is known for its wet climate, therefore to say that the country is suffering from water 

shortage problems would seem rather odd. However, the U.K has experienced this problem since the 

1950s and ever since, demand has progressively grown over the years (Defra, 2008). In the past 

decade the increase in droughts and water shortage problems in the country has forced the 

Environment Agency to apply restrictions on public use of water when the supply of water reaches 

critically low levels. These restrictions can include banning the use of hosepipes and sprinklers and 

cutting supply in houses for a period of time. Despite these restrictions, the general public’s awareness 

of the problem has not been fully understood. Following the recent droughts of 2003 and 2006 the 

government felt the pressure of water shortages and demanded that all water companies make water 

resource management plans for the following 25 years (Water UK, 2008). This plan is one of the 

many measures being taken by the government to ensure that by 2035 there will be sufficient 

sustainable water supply for the population. Shown below are some facts of the water situation in the 

U.K. 
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(Source: Waterwise, 2009 – Environment Agency, 2008) 

(Source: Waterwise, 2009 – Environment Agency, 2008) 

Water scarcity problems are starting to affect the whole of the UK; however some areas are more 

exposed to the problem than others. In Scotland, Northern Ireland and Wales the problem is not as 

intense as some regions of England. Local authorities are aware of the problem and have started 

taking measures such as retrofitting houses and increasing reservoirs capacities to control the situation 

(CIWEM, 1987). The most affected area in the U.K is England with the South East being more at risk 

than others (Fig 1.0). This is partially due to South East England only receiving 690mm of rainfall on 

average each year compared to the national average of 897mm per year (Environment Agency, 2009).  

Figure 1.0 – Areas of relative water stress in England  

 

(Source: Environment Agency, 2007) 

UK Water Facts 

• The U.K has less available water per person than most of other E.U nations 
•  London alone is drier than Istanbul, while SE England is currently drier than 

countries like Sudan and Syria 
• Each Londoner uses an average of 162 litres per head per day compared to the 

national average of  150 litres per head per day 
• By 2020 the increase in population and housing growth would increase water demand 

by 5% - That’s an estimated extra 800 million litres of water per day.    

Levels	  of	  Water	  Stress	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Serious	  

	  	  	  	  Moderate	  

	  	  	  	   	  	  	  	  Low	  

	   	  	  	  	  Not	  Assessed	  



6	  |	  P a g e 	  
	  

1.3- Reasons for water scarcity 

Water scarcity around the globe has happened for decades or even centuries, and each country has 

different reasons and methods of overcoming the problem. Currently in the U.K this problem is 

happening for the following reasons: 

• Droughts (Which happens as a natural occurrence when there is limited rainfall. Current 

climate change will make droughts more likely to happen in the future (Environment Agency, 

2009)) 

• Population Growth 

• Change in Lifestyle (Changes in consumer consumption such as acquiring sprinklers, power 

showers, having swimming pools installed among items that are water dependent can greatly 

increase water demand)  

• Water Demand per Capita (Studies show that water demand per capita has been increasing 

over the years (Environment Agency, 2008)) 

• Leakage ( With most of the water network being made of outdated and old pipes, cities like 

London can suffer great water wastage with leaking pipes) 

1.4- Project Aim 

Water efficiency activities focus on changing water consumption behaviour and improving the 

efficiency of water consuming appliances such as showerheads, cisterns, taps, etc. Education 

campaigns and retrofitting houses with water saving devices are important methods for improving 

water efficiency. Evaluation of water efficiency trials is important for understanding the costs and 

benefits of different interventions.  

In 2008 Water Research Centre (WRc) completed a home audit and evaluation of a water efficiency 

trial for United Utilities. The analysis showed large and statistically significant water savings due to 

behaviour change and retrofitting water efficient devices in houses. 

This research project will analyse data from the 2008 United Utilities home audit trial, in conjunction 

with the Waterwise Evidence Base for Large Scale Water Efficiency. Waterwise is an independent not 

for profit organisation that focuses on decreasing water demand in the UK. They are the leading 

authority in water efficiency in the UK (Waterwise, 2009). We will be working closely with them due 

to their expertise in water efficiency and their close links with United Utilities. The project will extend 

the analysis of key indicators undertaken by WRc and United Utilities in the initial study to provide a 

more detailed understanding of the factors which influence water consumption and savings in the 

general household. The main objectives of our project are listed below.   
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The objectives of this research project are to investigate relationships between: 

1) Water use and water appliances present in the home. 

2) Water savings and water appliances present in the home. 

3) Water savings and customer attitudes to the water efficiency trial 

1.5-Chapter Summary 

Chapter 2- Background 

In this chapter we described the background of our project including an extensive literature review. 

This includes general background and drivers of demand, current and future pressures of water 

demand, current government policies in the UK and water efficiency measures.  

Chapter 3- Work and results 

In this chapter, the methodology of how the audit was carried out is further explained. An introduction 

to ANOVA, correlation and multiple regression tests are described.  

Chapter 4- Analysis and discussion 

 Analysis, results and discussions of ANOVA, correlation and multiple regression tests are explained  

Chapter 5- Conclusions  

In this Chapter, a summary of the whole problem is reviewed and our future plan for the project is 

revealed. 
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2-Background & Literature Review 

2.1- Demand Management 

Available water is becoming depleted and this problem is further aggravated by current and future 

pressures.  

In the environmental context, demand management focuses on measures that efficiently use limited 

resources. Demand management stresses on development of resource-efficient methods and 

appliances. Opposition to demand management is supply-driven approach where the solution relies on 

the investment in new facilities to increase supply to accommodate the growing demand. However, 

the ‘supply-driven’ approach is not sustainable as the cost of developing new sources or expanding 

existing sources is getting higher (Butler and Memon).  

2.1.1-Current Pressures 

Access to a safe water supply is fundamental in our everyday activities. However water, which is 

partially renewable and partially non-renewable, moves around, crosses boundary lines and has 

enormous absorptive capacity (Brooks, 2006). Since the 1950s, extraction has been increasing to the 

point where some places have become water stressed. South East and Eastern England are 

experiencing the greatest pressure with them being in the driest parts of the UK, coupled with the 

highest population density and household water use (Environmental Agency, 2008). These factors can 

make the UK be considered under water stress by international standards.  

Household water demand has been on the rise, due to changes in how water is used at home and 

population growth, and now represents more than 50 per cent of public water supply usage (Fig 2.1). 

In contrast, water demand from industrial and commercial sectors has been declining in recent years 

and is now only about 20% of the total quantity supplied, reflecting the changing nature of the UK 

industry (Defra, 2008). Agriculture abstraction has also become fairly constant over the past 30 years 

only with some regional variation.  
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Figure 2.1: Water demand of different sector in England and Wales (megalitres, %) 

 
(Source: based on Ofwat 2007 data) 

 

It is estimated that the average water consumption in England is about 150 litres per person per day 

(l/p/d) (Defra, 2008). International comparison has shown that other countries have already reduced 

their consumption to less than this. Only around 7% of the household water is used for drinking and 

cooking while the remaining after being treated to a high quality is simply used for cleaning and 

flushing toilets (Defra, 2008). However, there is a slight variation in the amount of consumption for a 

metered and an unmetered household. In general, people in households that are metered nearly always 

use less than those who pay a fixed charge (Environmental Agency, 2009). Therefore metering is an 

important aspect in water demand management. The percentage of households with a water meter in 

the UK has increased steadily in recent years. Household metering pros and cons are further discussed 

in section 2.2.5 

2.1.2-Future Pressures 

1. Water for Wildlife 

Constant water abstraction has put many important wildlife sites under great threat especially in East 

Anglia where water resources are particularly scarce. The Environment Agency has included these 

sites under their Restoring Sustainable Abstraction (RSA) programme to reduce abstraction after they 

found the nature and cause of the problem. 

2. Water for wetlands 

In July 2008, the Environment Agency worked with Natural England, English Heritage, The Royal 

Society for the Protection of Birds (RSPB) and the Wildlife Trusts to produce a 50 years vision for 



10	  |	  P a g e 	  
	  

England’s freshwater wetlands. The objective is to restore existing wetlands and identify places where 

new wetlands could be created. The aim is to make space for water in the countryside, help people 

and wildlife adapt to the climate change and reap the benefits that our wetlands can provide such as, 

helping to moderate the extremes of flooding and drought. 

3. Population growth 

Population growth is by far one of the biggest pressures on water resources. In the last 10 years, the 

population in the UK has rose at a faster rate than the previous 20 years as a whole and is forecast to 

increase at an even greater rate over the years to come (Benn, 2008). The Environmental Agency 

estimates the population of England and Wales to grow by an extra 10 million, an increase of 18 per 

cent from 2006. Many of the growth areas are in places where water is considered under stress.  

Figure 2.2: Population trends in England and Wales 

 

(Source: Crown Copyright. Environment Agency, 2008)  

4. Climate Change 

Climate change will have a significant impact on river flows across the UK by 2050 (Environment 

Agency 2008). It may reduce the recharge of aquifers and lead to a subsequent lowering of 

groundwater levels. Warmer climate will also increase the household demand and also abstraction for 

agriculture purposes (Defra, 2008). 

2.1.3-Vision for the Future  

Since the supply-driven approach is not sustainable in the long term and does not address the future 

pressure, water demand management has gained a lot of attention and interest as the solution to the 

problems. The UK government has outlined their vision for water consumption in the future; 
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VISION FOR THE FUTURE 

1. A sustainable balance between supply and demand across the UK, with no seriously 

water stressed areas.  

2. Consumption of water per capita reduced to an average of 130 litres per person per day 

by 2030. 

3. Water efficiency playing a prominent role in achieving a sustainable supply demand 

balance. All new homes are built with high standards of water efficiency and retrofitting 

existing buildings with water efficient products and technologies.  

(Source: Defra, 2008) 

To achieve this vision, the government, NGOs, industries, manufacturers and the public need to work 

together. Hence the formation of the Water Saving Group (WSG) in 2005, the group comprises of key 

water sector organizations to reduce water consumption per capita in England. Defra has developed a 

framework for pro-environmental behaviours. The framework aims to improve the understanding of 

consumers’ attitudes towards some of the environmental issues such as water, energy, transport and 

environmentally friendly products. 

2.2-Drivers of Demand 

To manage demand, we have to understand very well each of the drivers and how they interlink. In 

this research, we concentrate mostly on how technologies influence demand. However we will look 

into other relevant drivers and also offer some sociological perspective as we go along. Available 

resources throughout the world such as water and energy are becoming depleted and this problem is 

further aggravated by the rate at which population is increasing.  

From the sociological perspective, Elizabeth Shove suggests people’s consumption is increasing due 

to the change in their expectation and habits (Shove, 2003). Domestic consumption such as energy 

and water usually goes unnoticed because it is covered up by routines and habits. Sharing similar idea, 

Kelly Fielding came up with a theory of planned behaviour diagram that described how habits and 

behaviour decisions are formed (Fig 2.3).  
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Figure 2.3- Theory of planned behaviour 

 
(Source: Fielding, 2009) 

From figure 2.3, it can be seen that habit formation is a very complex process and that it can transform 

in different ways. Changing conventions and expectations are result of habit transformation and 

according to Shove can have far reaching implication for the resources required to sustain and 

maintain them (Shove, 2003). For example, the Saturday night bath, once a standard feature of British 

home, has given way to patterns of daily showering, a form predominantly valued for its convenience.  

In exploring how new conventions become normal Shove refer to three concepts: comfort, cleanliness 

and convenience. These three C’s are very resource intensive to support and each has been subject to 

change. Although comfort consists more than just heating and cooling, these two practices account for 

a large portion of the domestic energy use in most affluent countries. Domestic water consumption in 

the UK has increased by around 70% over the last thirty years with bathing, showering and laundering 

accounting for a third of household water consumption in UK (Environment Agency 2001). 

Shove pointed out that the way we carried out our daily tasks is scripted into the technology itself and 

in a way forces us to do certain things in a certain way, hence the escalation and standardization of 

comfort and cleanliness. One can sometimes glimpse the steadying impact of improvement in 

technology, but projection of future per capita demand for water and energy generally point upwards 

(Romm and Rosenfeld in Shove, 2003). This brings us back to one of our research objectives which is 

to investigate the relationship between water use, water savings and water appliances in the home. 

This illustrates how “taken-for-granted” but environmentally problematic practices are sustained and 

given form and shape by household infrastructures and familiar domestic technologies. 
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2.3-Demand management strategy 

Most of the demand management policies framed in terms of restraint, excess and individual choices, 

tend to emphasize on the consumption of water, energy and other natural resources, but not on the 

services and experiences they make possible (Shove, 2003). By putting so much emphasis on 

individual action, such policies miss the bigger picture by failing to identify cultural and generational 

shifts of expectation and practice. Hence, social environmental research and policy must change 

direction and comprehend the collective restructuring of expectation and habit.  

A common demand management strategy is to commodify the environment. This takes many forms, 

ranging from trading carbon emission to the labelling of green products. By instilling the 

environmental significance into ordinary things and practices, policy makers encourage consumers to 

make ‘the environment’ their preferred brand (Spaargaren in Shove) as part of a bigger plan to make 

the modern world more environmentally friendly. Using similar techniques, manufacturers of 

commercial goods use green credentials in pursuit of higher sales, more appealing marketing and 

differentiation from other similar products. Manufacturers believe that better information will allow 

consumers to make ‘better’ decisions, labelling and standard setting, represent important planks of 

national and international policy.  

One example of such policy in UK is the Code for Sustainable Homes1. This code encourages owners 

to live a more sustainable lifestyle and houses are built using materials from sustainable sources. The 

objective of the code is to revolutionize the design of new homes so that the housing market 

encourages people to live more sustainable lifestyles (The Code for Sustainable Home 2008) by using 

greener products to reduce carbon emission, water consumption and waste production. Such initiative 

has the dual purpose of stimulating interest in the environment and offering a ready-made channel for 

its expression through the purchase of commodities such as high-efficiency freezers, ecological 

washing powder and more (Shove 2003). 

Prior to the Code for Sustainable Home, Organization for Economic Co-operation and Development 

(OECD) produced a number of reports over the years on sustainable consumption detailing strategies 

that policy makers might adopt in guiding consumer choice in more sustainable directions. The 

objective for most of the reports is to help raise consumer awareness about the environment and 

researching methods of doing so. However, generalised environmental concerns do not simply 

transform into practice. There are intervening factors that complicate this conversion of belief into 

action. Our research will help uncover this complication. By carrying out statistical analysis, one of 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  The Code uses a 1 to 6 star rating system to communicate the overall sustainability performance of a new home. A home 
assessed, as 6 stars will have achieved the highest sustainability rating. The results of the Code assessment are then recorded 
on a certificate assigned to the dwelling, which can then be used as part of the Home Information Pack. For more 
information, visit the link in the reference page.	  
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the objectives is to find the correlation between water consumption and the customer’s attitude 

towards the water efficiency trial.  

2.4-Instruments for Water Demand Management  

Water demand management relies upon a range of instruments and techniques that can be divided into 

four sub-categories: economic, regulatory, technological and educational (Butler and Memon, 2006). 

The economy and educational instruments are designed to encourage, whilst regulatory and technical 

instruments are mainly mandatory in nature.  

As discussed in previous section, demand management policies must also take into consideration the 

services and experiences they make possible. Hence the socio-cultural adaptability, complexity and 

co-evolution of the usage of water must be considered (Butler and Memon 2006) when implementing 

these instruments. Sharing the same idea, Veronica Strang (2001), stated that policy instruments that 

conflict with the local cultural meaning of water would not be successful (Shove, 2003). 

Economic instruments comprises of monetary incentive (e.g. rebates and tax credits) and disincentives 

(e.g. real cost, penalties, fines). The implementation of economic policy instruments requires the 

awareness of the implications of such instruments and the impact they may have on particular groups 

of users. One example of economic instrument is water metering. It has been proven that water 

metering can have some impact on water consumption trends. A national metering trial conducted in 

the UK between 1989 and 1992 found an average reduction in household consumption of 10 percent 

(Stedman, 2006). However the motivation to save money, a financial incentive, rather than to save 

water, an environmental incentive, has been demonstrated to be the dominant driver just like the 

reactions to many other economic policy instruments. 

Regulatory instruments are mandatory and enabling legislations, policies, standards and guidelines 

can be used to create more efficient water usage and mitigate against wasteful water consumption 

(Butler and Memon, 2006). Code for Sustainable Home (CSH) is a good example of a regulatory 

instrument. The government has introduced the code to make a change in sustainable home building 

practice. In relation to water, CSH stresses on reducing the load on the mains water supply. CSH has a 

minimum daily allowable usage per person at every level. Since 2008, all new houses must reach at 

least a level three, which means a consumption of 105 litres per person per day (Hassell, 2008). The 

government is planning to make CSH as the single national standard for sustainable homes, used by 

home designers and builders as a guide to construction (Department for Communities and Local 

Government: London, 2006).  

Technological instruments include structural and physical improvements to water supply (e.g. 

investing in leakage repairing programme) and installation of water efficient devices. Commercial 

companies have recently made major advances in the design of water efficient appliances. However, 
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technology based policy instruments are typically associated with the lack of complimentary 

knowledge and skills required for effective deployment. Furthermore, new technologies cannot be 

implemented without understanding of how they impact existing system performance (Butler and 

Memon, 2006).  

Education instruments are often seen as the core instrument and usually utilized through different 

contact routes and media such as printed, video and audio as well as face-to-face methods to 

encourage more efficient use of water. However, its effectiveness, which is posited on the assumption 

that belief determines values, values determine attitudes, and attitude determines behaviour, is rather 

debatable and complicated (Butler and Memon, 2006). More often than not we notice that belief does 

not necessary turn into action. For example, cigarette smokers know the health effect of smoking and 

yet they still continue smoking. 

For water demand management (WDM) to work, one has to integrate all four instruments together in 

the approach. For example, retrofitting water efficient appliances scheme can be seen as an extra 

financial incentive for water metering and both can be implemented through government’s policy and 

legislation and also public awareness scheme.  

2.4.1-Water Metering 

At present, around 30 per cent of households in England and Wales are paying metered charges for 

water consumption. Despite the effectiveness (Fig 2.4) of metering in reducing consumption, the 

government’s effort in installation of water meters in the UK is rather slow due to complications.  

Figure 2.4- Household Consumption in England and Wales 

	  

(Source: Crown Copyright. Environment Agency, 2008)  

One key flaw is the uncertainty over the extent to which meters actually reduce consumption. 

Although there is evidence of an instant drop in consumption of 10 percent, the long-term effect of 

metering is still very much unclear. There is no long-term evidence to suggest metering continues to 

moderate demand (Stedman, 2006).   
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The other flaw is the insignificance of current water pricing on the consumer’s daily expenditure. 

According to Jenkins, the price of water would have to be increased considerably to force people to 

reflect and change their behaviour. The question arises, would people just pay the extra and not 

change their consumption behaviour? (Jenkins, 2005). There are impacts on affordability for the less 

affluent customers. They might cut down their consumption to save money with a consequent risk to 

health and hygiene (Horton, 2008). There is also uncertainty on how people might really behave 

during a dry period. 

Another important issue would be the question of funding a massive metering programme. The capital 

and operational costs associated with installing and maintaining metered systems are very high (Water 

UK, 2008).  

Before 2008, water companies were only able to meter in a very limited set of circumstances such as 

on customer request or on change of house ownership (Horton, 2008). Such approach limits its 

effectiveness as an instrument for demand management. However in the Government Direction in 

2008, companies in water stressed areas are permitted to introduce large-scale metering programmes 

where they can make an economic case for doing so.  

The new approach enables more of the benefits of metering to be realized. The main benefits are 

referred in the box: 

 

 

 

 

 

 

(Source: Utility Week magazine 2008) 

However, plans to help customers whose bill would rise sharply with the change in charging needs to 

be in place of the implementation of wide scale metering programme. 

Good communication on the use of water and opportunities for water efficiency is also key (Horton, 

2008). A meter buried in the ground does not give any information to the consumer and hence will 

have less impact. Water efficient appliances such as washing machines and water closets use less 

water for the same chores. This in turn will lower the monthly water bill. While water metering helps 

encourage an efficient behaviour towards water consumption (even if it’s financially motivated rather 

than environmentally), the efficiency is already scripted in the technology (Shove, 2003) of water 

1. Paying by quantity consumed is generally regarded as the fairest way to pay	  

2. Provides a stronger signal to users to manage water consumption and reduce wastage	  

3. Many customers can save money	  

4. Metering allows the possibility to design and introduce more complex tariff structures	  

5. Smart metering offers additional potential benefits, including the monitoring of 

variations in demand at different times of the day and year	  

6. Helps to detect leakage on customer properties	  
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efficient appliances and therefore would help ease the transition of an unmetered household to a 

metered one. 

2.4.2-Water Efficiency 

Water efficiency is one of the approaches to water demand management, which focus on improving 

the efficiency in the way we use water by changing our consumption behaviour and improving the 

efficiency of water consuming appliances. It can also be defined as the ‘indicator of the relationship 

between the amounts of water required for a particular purpose and the amount of water used or 

delivered. It differs from water conservation in that its aim is to reduce waste rather than restricting 

usage.  

 

Since managing water supply to meet the demand is not sustainable and the increase in water stressed 

area around the globe, water efficiency is seen as one of the better solution to the problem. Global 

organisations such as the International Water Institute, World Water Council and UNESCO have been 

leading the way in promoting water efficiency while both governmental and non-governmental 

organisations (NGOs) have also recognised and created policies and strategies to raise water 

efficiency awareness at a regional level. In the UK, Water Saving Group (a partnership between the 

government and other organisations related to water) is always identifying new ways for its members 

to promote efficient use of water among the customers. 

	  
Water efficiency can be divided into two kinds:  One being improving efficacy of technologies and 

the other being change in behaviour with the latter being a better long term solution. Efficiency 

improvements also often lead to other benefits such as lower energy consumption, better performance, 

etc (Butler & Memon, 2006). Some examples of water efficient devices are shown in the bow below: 

 

 

 

 

 

Water efficiency products are often more concerned with compromised hygiene and cleaning 

performance (Butler & Memon, 2006). However, a study carried out by the Consumer’s Association 

showed that ‘wash performance does not seem to be dependent on or guaranteed by high water use’ 

(Butler & Memon, 2006). 

	  	  

1. Shower head design 

2. Hydraulically efficient WC cisterns 

3. Tap aerators and sprays 

4. Dual-flush 
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In the UK only 30% of UK households are metered. The absence of any measuring systems makes 

water efficiency projects difficult to be conducted (Cutright, 2008). This highlights the co-importance 

of metering and water efficiency.  

	  
There are others efficiency measures apart from adding or retrofitting water efficient appliances into 

household such as grey water reuse and rainwater harvesting (Butler & Memon, 2006). 

2.4.3-Comparing Water Efficiency Appliances against Reuse and 
Harvesting 

From the economic perspective, rainwater harvesting and grey water reuse is far less cost effective 

than adding or retrofitting water efficient appliances (Fig 2.5). The rain yield is often less than 

required for washing machines and water closets and similarly, grey water production does not always 

match demand for flushing (Butler & Memon, 2006).  

Figure 2.5- Water Efficiency Hierarchy 

 

(Source: http://www.water-efficient-buildings.org.uk/?page_id=179) 

Grey water reuse and rainwater harvesting systems usually use energy for pumping and disinfections 

such as chlorine. In the end, both measures pose higher environmental impact than adding or 

retrofitting water efficient appliances (Butler & Memon, 2006). 
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3-Methodology: 

3.1-Methodology: 

The data analysed in this project was obtained from a home audit project that WRc did for United 

Utilities. The aim of this audit was to provide UU with a better understanding of the likely costs, 

practicality and associated savings of fitting domestic water efficiency devices.  

United Utilities owns and operates the water network in North West England. It provides water and 

wastewater services to around 2.9 million homes over the area. For this audit some 4,642 customers 

living in two districts in the Great Sankey area of Warrington were invited to take part of the trial. 509 

households originally agreed to participate in the trial, of which a total of 393 audits were completed 

successfully (United Utilities, 2008).   

Recruitment for the trial was done in the form of invitation/application letters sent out to the 

customers (Appendix 6A). If customers accepted the offer, they were contacted by telephone to 

arrange a suitable date and time for a qualified plumber to install the water efficient devices.  

Out of the 393 customers participating in the trial, 313 were metered and 80 were unmetered. Upon a 

successful invitation to join the trial, customers were asked to give out a reading before retrofitting the 

devices. Consequently meter readings were taken during the trial period and for three consecutive 

months post trial period. For unmetered customers, a result of a regression analysis (post trial period) 

was used to estimate meter readings that may have occurred during the trial. Meter readings from 

United Utilities billing database was also used for estimating pre-trial average daily consumptions for 

each household (United Utilities, 2008). 

All customers who underwent the trial received a ‘water savers pack’ that contained a shower timer 

and information on how to save water. In the audit three different devices were offered to the 

customers for retrofitting. Due to incompatibility, refusal or other discrepancies not all devices were 

fitted to every single household.  The following water efficient devices were installed where possible 

in each household: 

 

 

 

(Source: United Utilities, 2008) 

1. Low flow shower heads (Challis aerated showerheads) 

2. Dual flush retrofit (EcoBeta flush devices) 

3. Save-a-flush cistern device 
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When devices were being retrofitted, information on the types of showerheads, cisterns and any other 

water using device installed in the house was gathered. After the trial, customers had the choice of 

removing the devices installed.  

3.1.2-Database 

We obtained a database with the results gathered from the UU audit through Waterwise. With this 

database we carried out further analysis and did a wide variety of statistical tests,  in order to see how 

variables interacted with each other before and after the audit to induce water savings in households.  

A total of 393 households participated in the audit of which only 274 were used to gather data. The 

119 other households who did not provide any data during and after the audit were mostly unmetered 

houses who could not provide any sort of quantifiable data, with a small amount of metered 

households providing negative consumption readings, hence  being unable for use in statistical tests. 

3.2-Variables 

A vast number of data variables were gathered during the trial. After doing careful analysis with the 

aid of descriptive and frequency tests, we omitted variables that were irrelevant or unreliable to the 

audit. The variables presented below were used for preliminary ANOVA and regression tests: 

3.2.1-Outcome Variables 

• Mean Daily Consumption 

This variable measured the mean daily water consumption per household and was split into 

three different categories: Before the trial, one, and two months after the trial. The first two 

categories provided all observations possible with the latter one only providing approximately 

50% of all possible observations (For the latter one, this may have occurred because as time 

went by, customers may have forgotten or lost interest in the study and therefore did not 

respond back to UU with their meter readings).  

When undertaking statistical tests, predictor variables were measured up against this main 

variable to see if any changes had occurred. The reading before the trial is used for the 

regression modelling to control the effect of the retrofitted appliances on the consumption. 

Figure 3.0 shows mean daily water consumption per household over the course of the audit. 
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Figure 3.0-Mean daily consumption per house before and after audit 

	  

• Mean Daily Consumption Per Capita 

Recent water consumption policies and regulations implied by the UK government such as 

the CSH and Water Resource Management Plans have some of their targets measured in 

consumption per capita. With this in mind, we decided to investigate the factors influencing 

the per capita consumption 

To obtain this variable, the mean daily water consumption per household variable was divided 

by the total number of occupants present in each household. Figure 3.1 shows the 

consumption per capita over the course of the audit. 

Figure 3.1-Mean daily consumption before and after audit
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3.2.2-Predictor Variables 

• Number of Occupants-This variable accounts for the total number of people living in each 

house at the time of the audit. Figure 3.2 portrays the percentage of the total amount of people 

living per house analysed in the database. Almost 90% of the households analysed have two 

or more people residing in them, with one third of the sample having two occupants.  

Figure 3.2- Number of occupants per house 

 

 

 

 

 

 

 

 

• Number of Under 12s- This variable accounts for the total nu mber of children under 12 

years old living in each house at the time of the audit. Figure 3.3 portrays the percentage of 

the total number of children under 12 years old living in each house analysed in the database 

Figure 3.3- Number of children under 12 years old 
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• Number of Baths-This variable accounts for the total number of bath tubs present in each 

house 

• Plumbing Type-This variable represents the the type of plumbing type found in each 

household. Three different types of plumbing were present in the area: Combi-boiler, mains 

fed and gravity fed. 

• Number of Showers- This variable accounts for the total number of showers found in each 

household 

• Acorn Type- This variable accounts for the different categories of acorn type that each house 

is described. Acorn type is a geodemographic tool used to describe, identify and understand 

the UK population and the demand for products and services. UU obtained a financial acorn 

categorisation in order to achieve the wealth status of the people living in the houses of the 

area of where the audit took place. Figure 3.4 portrays the percentage of people in each acorn 

category present in the population for the trial. 77 per cent of the population analysed are 

categorised as ‘affluent’ which does not accurately describe the average UK household 

Figure 3.4- Acorn type 

 

• Number of Toilets-This variable accounts for the total number of toilets present in each 

household 

• Village/District-This variable accounts for different villages that each household was located 

in for the audit. There were two different villages/districts analysed in the audit, Great Sankey 

and Westbrook, with the majority of audits having occurred in Great Sankey  

• Type of House- This variable represents the different types of house present in the area where 

the audit took place. Figure 3.5 portrays the percentage of the different types of house in the 
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area analysed in the database. Bungalows, flat and terrace houses had to be recoded into one 

category due to lack of observation for each of them. 

Figure 3.5- Type of house 

 

 

• Paddling/Inflatable Pool- This variable accounts for whether a household owns a 

paddling/inflatable pool or not 

• Hosepipe- This variable accounts for whether a household owns a hosepipe or not 

• Sprinkler- This variable accounts for whether a household owns a sprinkler or not 

• Age of House- This variable portrays the age of each household tested in the audit. Figure 3.6 

portrays the percentage of house ages analysed in the database. 72 per cent of the households 

analysed are 20 over 10 years of age. 

Figure 3.6- House age 
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• Baths per Week- This variable portrays the total number of baths taken per household per 
week 

• Washing Machine Usage per Week- This variable portrays the total number of washing 

machine washes per household per week 

• Dishwasher Usage per Week- This variable portrays the total number of dishwasher washes 

per household per week 

 

3.3-Statistical Tests 

To achieve our results we carried out the following statistical tests: 

3.3.1-One Way ANOVA 

Analysis of Variance (ANOVA) is a statistical technique for making simultaneous comparisons 

between two or more groups of data, to verify whether a significant relationship exists between 

variables. The null hypothesis, H0 tested by one-way ANOVA is that two or more populations have 

equal means. Hence the difference in sample means are because of random sampling variation while 

the alternative hypothesis, HA, the differences between the sample means are because of actual 

differences in the population means.  

The analysis in ANOVA is similar to that of a student t-test to compare means of two independent 

groups, but in ANOVA the analysis can include multiple groups. When one-way ANOVA is applied 

to only two groups, it gives the same results as a t-test. Regardless of the number of groups, ANOVA 

only carried out one test, while several t-tests have to be carried out depending on the number of 

groups, which increases the computational and calculation work. Type 1 error rate rises with the 

amount of tests; hence the null hypothesis may be rejected when it is actually true.  

The assumptions needed to carry out ANOVA analyses are; 

• Independent of cases and data are randomly sampled from a population 

• The sample is drawn from a normally distributed population – The more participants we 

have in the study, the more likely it is for the sample to have a normal distribution.  

• Homogeneity of variance – Variance within each of the group is similar.  It is tested using 

Levene’s Test for between-subject factors and F Max test for within-subject factors. ANOVA 

is relatively flexible in respect of this assumption. Small violations (e.g. variance appearing to 

be heterogeneous) mean that ANOVA can still works well.  
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ANOVA in comparison for population variance 

ANOVA is utilized to find any variation in the means of the groups. It calculates the grand mean (e.g. 

[M1+M2+M3] / 3) and then compares it to each of the individual mean. There are two types of 

population variance that can be calculated from our data; between-group variance and within-group 

variance. Both the variances are expected to be the same if the population means are equal for all 

groups (H0=µ1=µ2 =…= µn) and vice versa.  

 

Within-groups variance: 

The formula for the calculation of within group variance is; 

σy
2 =                    [Formula 1] 

The Sum of Squares, SSWG is the sum of all the square of deviation from any point in the data, to the 

mean of the data (i.e. the numerator of formula 1). Statistically, it is an unadjusted measure of 

dispersion. The degree of freedom is simply the number of data minus 1 (i.e. the denominator of 

formula 1). The population variance, σy
2 is also known as Mean Square, MSWG.  

Within Group variation can be due to  

• Individual differences: Participants differs among themselves in abilities, personality, and 

knowledge. Hence each the score in the group will show variability.  

• Experiment error: This involves error when collecting the data or when data is incorrectly 

recorded. 

Between-groups variance 

ANOVA looks at the differences between the means of the groups. There is a variation between the 

groups if the means are different. If there are no differences between the means of the groups, then 

there is no variation. The formula for calculating between group variance is; 

σy
2 =                 [Formula 2] 

k in this equation is the number of groups of data available.  

Between groups variation can be due to; 
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• Treatment effects: This refers to the difference in the group being analysed or the 

independent variables. 

• Individual differences and experimental errors. Both of these have been explained above.  

Comparing the population variance 

 F test is carried out to compare the within-group variance and between-group variance. It is simply 

the ratio of the two variances.  

             [Formula 3] 

When the between group estimate of variance is much bigger than the within-group estimate of 

variance, the F-value will be large and the likelihood of the results occurring due to sampling error 

decreases. It also means one of the individual group mean is significantly different from the grand 

mean. However, it does not tell us which of the means are significantly different. From the F value, 

the p-value for significance can be found using the F Distribution table.	  

3.3.2-Correlational Analysis 

After performing the ANOVA test, a correlational analysis is carried out to discover whether there are 

associations between the continuous variables. Correlational analysis enables us to determine: 

• The direction of the relationship – positive, negative or zero 

• The strength or magnitude of the relationship between the two variables.  
 

It should be noted that a correlational relationship does not imply causation. That is, if two variables, 

x and y, show significant association between each other, this does not mean that x causes y or vice 

versa. There could be a third factor, a confounding factor which has an influence on the association.  

Direction of the relationship  

Positive 

A positive relationship is when high scores on one variable are associated with high scores on the 

other variable and conversely low scores on one variable associate with low scores on the other 

variable.  

In a perfect positive relationship, when the scores are plotted on a scattergram, all the points would 

fall on a straight line. In an imperfect positive relationship, the same trend still applies, only that the 

points would not be on a straight line 

Negative 
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A negative relationship is when high scores on one variable are associated with low scores on the 

other variable 

Zero 

When two variables do not have a linear (i.e. straight line) relationship between them, the relationship 

is known as a zero relationship. However, it is not to say that there is no relationship between the two 

variables. They could very well be associated with each other, just not in a linear relationship.  

The strength or magnitude of the relationship 

The strength of the association between the two variables is indicated by the correlation coefficient, r, 
which varies from 0 to 1 for a positive relationship and 0 to -1 for a negative relationship. The 
formula for calculation of the correlation coefficient is: 

 

Where  and  are the sample means of X and Y, sx and sy are the sample standard deviations.  

Note that  +1 = perfect positive relationship 

  -1 = perfect negative relationship 

The following figure (fig 3.7) shows the various strengths that the correlation coefficient indicates.  

Figure 3.7-Correlation coefficient strength	  
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3.3.3-Multiple Regression 

Regression is a statistical technique which fits a predictive model to any data and uses that model to 

predict values for dependent variables from one or more independent variables. Simple regression 

pursues to foresee a dependent variable from a single independent variable, where in the case of 

multiple regression, it seeks to foresee a dependent variable from various independent variables (Field, 

2005). In our study we analyse a variety of dependent variables, hence we have used multiple 

regression for our analysis. The equation below demonstrates a simple form of predicting any data: 

 

 

 

 

Outcomei = (Modeli) +errori 

 

 

 

For multiple regression, this general equation is followed, however the model for multiple regression 

is slightly more complex in the sense that for every extra independent variable that is included in the 

general equation, a coefficient is added.  The following equation demonstrates the general equation 

for multiple regression:  

 

Yi = (b0+b1X1+b2X2+…bnXn) +εi 

 

 

 

 

There are many predictor variables in our dataset and some may not be statistically significant. 

Multiple regression is applied to find the linear combination of predictor variables that correlate 

maximally with the outcome variable (independent variable) 

 

Like ANOVA, multiple regression seeks to account for the variance in the scores observed. However 

in ANOVA, the independent variable is manipulated to measure the resulting change in the dependent 

variable. In multiple regression, the naturally occurring scores of a number of independent variables 

are measured to try established which set of observed variables results in the best prediction of the 

dependent variable.  

This general equation dictates that the observed data can be 

predicted from the model chosen to fit the data plus some sort of 

error. For regression, the model fitted in this equation is a linear 

model 

	  

Where:	  
Yi = Outcome variable (Dependent variable) 
b0= Intercept of the line fitted to the data 
b1= Coefficient of first predictor(X1) (Independent variable) 
b2=Coefficient of second predictor (X2) 
bn=Coefficient of nth predictor (Xn) 
εi= Difference between predicted and observed value of Y 
for the ith participant 
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Terminology 

There are four terms that need to be clarified to understand the results of multiple regression analysis.  

Beta (Unstandardised regression coefficients)  

The beta value measures how strongly each independent variable influences the dependent variable. 

The higher the beta value is, the greater impact the independent variable has on the dependent variable. 

R 

Measure of the correlation between observed value and the predicted value of the dependent variable. 

In our research it would be the correlation between mean daily consumption recorded and mean daily 

consumption predicted by the independent variables. 

R Square 

It is the square of the R-value and indicates the proportion of the variance in the dependent variable, 

which is accounted for by the model. It is a measure of how good the independent variables are in 

predicting the dependent variable.  

Adjusted R Square  

R Square tends to overestimate the success of the model when applied to real world, hence an 

adjusted R Square is calculated taking the number of variables in the model and number of 

observations into account.  

Assumptions 

In order to draw conclusions from a regression analysis the following assumptions must be true: 

Variable Types: All predictor variables must be quantitative or categorical and the outcome variable 

must be quantitative, continuous and unbounded (Field, 2005) 

Multicollinearity: Multicollinearity is a statistical phenomenon in which the independent variables in 

a multiple regression model are highly correlated between each other (Wikipedia, 2010). No perfect 

linear relationship should exist between two or more predictor variables. High correlations make it 

difficult to draw inferences about the relative contribution of each independent variable to the success 

of a model 

Independent errors: For any given two observations, the residual terms should be uncorrelated 

Outlier Elimination: Outliers must be removed from the dataset in order to increase quality and 

reliability of data 

Normality: The outcome variable should be drawn from a normally distributed population. Slight 

skewness is acceptable, however strong skewness is avoided.  
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Variable Transformation 

Throughout our analysis, some variable adaptations had to be carried out in order for SPSS to achieve 

more accurate and reliable results. We did the following adaptations to our variables: 

Dummy Coding 

Dependent variables should be measured on a continuous scale (e.g. daily consumption) and 

independent variables should be measured on a ratio, interval or nominal scale. For independent 

variables to be best interpreted they should be considered a dichotomous variable. A dichotomous 

variable is a description of a variable that consists of only two categories (Field, 2005). Our database 

contained a few variables that were not dichotomous, such as type of house (Detached, Semi-detached, 

Others) among others and hence had to be recoded for better interpretation. This type of recoding is 

called dummy coding and is a form of representing variables with more than two categories with 

binary values (1,0). There is always one less dummy variable than the actual number of groups as one 

of the variables is used as a baseline (which is the group against which all other groups should be 

compared) (Field, 2005). The following table (Tab 3.0) gives an example of how we created dummy 

variables for our multiple regression analysis: 

Table 3.0-Dummy variable modification 

 Dummy Variable I Dummy Variable II 

Detached House 0 0 

Semi-Detached House 1 0 

Others        0          1 

 

In this particular case, detached house category is used as a baseline and is not included in the 

regression analysis. The other two variables are created and then analysed by regression methods. 

Data Normality Transformation 

Transforming data can be used as a tool to improve normality of variables and hence achieve better 

results. Essentially, data transformation is an application of a mathematical modification (square root, 

log, inverse) to the values of a variable. Many statistical tests assume that variables are normally 

distributed and hence violating this assumption could increase the chances of a type I error (believe in 

change, when there isn’t) or type II error (not believe in change, when there is) occurring.  Our 

outcome variable showed that it was positively skewed, therefore we utilised log transformation to 

transform our data to a more normal distribution.    
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Methods of Multiple Regression 

Backward Selection method is utilised to achieve the best fit model. In backward selection, all the 

independent variables are inputted into the model. The weakest independent variable is then removed 

and the regression re-calculated. If the model is considerably weakened, the independents variable is 

re-entered. This procedure is repeated until only significant independent variables remain in the model. 
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4-Analysis & Discussion 

4.1-Significance of predictor variables in estimating household 
consumption 

4.1.1-One-way Analysis of Variance (ANOVA) 

A One-way ANOVA test was carried out on all the categorical predictor variables to determine their 

impact on mean daily consumption and mean daily consumption per capita (Table 1). Each of the 

variables is given a null hypothesis (H0) that the variable has no effect on water consumption.  If the 

ANOVA test shows that the variable is significant (i.e. p<0.05 or p<0.1) at 95% or 90% confidence 

level, the null hypothesis is rejected and the alternative hypothesis (HA) is accepted. The alternative 

hypothesis is that the variable has an effect on water consumption. Table 4.0 shows all the variables 

included in the analyses. Only variables that are significant are highlighted. 

Table 4.0: Statistical Significance of Variables Tested 

Mean Daily Consumption Mean Daily Consumption 
Per Capita Variable Tested 

  F-value P-value F-value P-value 
     
Number of occupants 43.32 0.00 27.54 0.00 
Number of under 12s 19.02 0.00 26.06 0.00 
Number of baths 6.82 0.00 1.88 0.15 
Number of showers 26.18 0.00 0.01 0.99 
Number of toilets 31.89 0.00 2.33 0.07 
Village/District 11.60 0.00 1.84 0.18 
Water meter location 2.51 0.11 0.02 0.89 
Type of house 28.80 0.00 1.83 0.12 
Water butt 0.00 1.00 0.05 0.82 
Hose pipe 6.66 0.01 0.29 0.59 
Paddling pool 4.45 0.04 0.13 0.72 
Sprinkler 3.62 0.06 0.72 0.40 
Watering can 0.06 0.80 0.61 0.43 
Boiler type 2.85 0.06 1.14 0.32 
Age of house 17.12 0.00 1.92 0.15 
Acorn type 12.63 0.00 2.11 0.09 
Number of baths per week 10.52 0.00 1.09 0.34 
Washing machine washes per week 25.04 0.00 10.26 0.00 
Dishwasher washes per week 5.31 0.01 0.48 0.62 
     
     
             Significant at 95% confidence level  
     
             Significant at 90% confidence level 
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Statistical	  significance	  of	  predictor	  variables	  on	  mean	  daily	  consumption	  

The mean daily consumption is higher for household with more occupants (Fig 4.0). A one-way 

ANOVA shows that any differences in mean daily consumption between the different numbers of 

occupants are statistically significant. The result is consistent with current literature and assumptions.  

Figure 4.0-Effect of number of occupants 

	  

The household’s mean daily consumption is higher when there is more under 12s in the house (Fig 

4.1). The ANOVA analysis suggests the differences in mean daily consumption between different 

numbers of under 12s are statistically significant. 

Figure 4.1-Effects of number of under 12s 
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From figure 4.0 and 4.1, although the mean daily consumption increases with the number of 

occupants and under 12s, the rate of increase reduces with increasing number.   

The mean daily consumption increases as the number of baths, showers and toilets increases (Figure 

4.2, 4.3, 4.4). ANOVA shows that any difference in mean daily consumption between the different 

numbers of baths, showers and toilets are statistically significant. 

Figure 4.2-Effect of number of baths 

 

Figure 4.3- Effect of number of showers 
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Figure 4.4- Effect of number of toilets 

 

The mean daily consumption is higher for households in Westbrook Village than household in Great 

Sankey (Fig 4.5). ANOVA shows that the difference in mean daily consumption between the two 

villages is statistically significant. However, it is likely that confounding factors2 such as the different 

types of houses and ACORN type between the two villages that contribute towards the difference.  

Figure 4.5- Effect of Village 

 

Figure 4.6 shows that detached house has the highest mean daily consumption followed by terrace, 

bungalow, semi-detached and flat. ANOVA shows that the differences in mean daily consumption 
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between the different types of house are statistically significant. It is deemed that different design of 

each type of house such as the number of toilets, number of baths, size of garden that contribute to the 

differences in mean daily consumption.   

Figure 4.6- Effect of type of house 

	  

Households with hose pipe or sprinkler have higher mean daily consumption than households without 

(Fig 4.7). ANOVA shows the differences in mean daily consumption are statistically significant for 

both hosepipe and sprinkler. The significance of the difference in mean daily consumption for 

sprinkler is only at 90% confidence level. This could be due to a small sample. 

Figure 4.7- Effect of hose pipe & sprinkler 
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consumption between them is statistically significant. There are only fourteen households in our 

sample that have a paddling pool compared to 145 household that do not. This implies that the sample 

distribution is not even and could have caused in this result. 

Figure 4.8- Effect of Paddling Pool 

 

Different boiler types influence the mean daily consumption of the households. Households with 

mains fed boiler has the highest mean daily consumption followed by households with gravity fed 

boiler and combi-boiler (Fig 4.9). ANOVA shows that the differences in mean daily consumption 

between them are statistically significance at 90% confidence level. 

Figure 4.9- Effect of boiler type 
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Interestingly, older houses have lower mean daily consumption compared to newer houses (Fig 4.10). 

ANOVA shows that the differences in mean daily consumption between them are statistically 

significant. Confounding factors could have influenced the results.  

Figure 4.10-Effect of age of house 
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higher mean daily consumption. Elderly households have less people with an average of two people 
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consciousness among the middle income class could be limiting factor of their mean daily 

consumption. ANOVA shows that the differences in mean daily consumption between the ACORN 

groups are statistically significant. 

Figure 4.11- Effect of Acorn group 
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Mean daily consumption increases as the number of baths/showers taken, washing machine washes 

and dishwasher washes per week increases (Fig 4.12, 4.13, 4.14). ANOVA shows that the differences 

in mean daily consumption between them are statistically significant 

Figure 4.12- Effect of number of baths/showers per week 

 

Figure 4.13- Effect of washing machine washes per week 
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Figure 4.14-Effect of dishwasher washes per week 

 

Interestingly households with indoor water meters have higher mean daily consumption than those 

with the meter outside the house (Fig 4.15). ANOVA shows that the difference in consumption 

between them is statistically insignificant. Both the insignificance and the trend are interesting as it 

contradict with current literature and belief that better meter visibility would reduce consumption 

(Horton, 2008). This could be due to a number of reasons including high variation in consumption 

seen at the houses and confounding factors influencing the results. 

Figure 4.15-Effect of water meter location 
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could have influenced the effectiveness of the technology. A separate study needs to be carried out to 

investigate the effectiveness of water butt. 

Statistical significance of predictor variables on mean daily consumption per capita 

Although the mean daily consumption increases with increasing number of occupants, interestingly 

the mean daily consumption per capita decreases (Fig 4.16). It is deemed that members of a bigger 

household are more conscious of the water usage and hence more efficient in their use. The ANOVA 

result is consistent with this assumption in showing that the differences in the per capita consumption 

between the numbers of occupants are statistically significant. ANOVA shows the same result for the 

differences in mean daily consumption per capita between the number of under 12s (Fig 4.17) but it is 

deemed that both number of occupants and under 12s are closely correlated. 

Figure 4.16-Effect of number of occupants 

 

Figure 4.17-Effect of number of under 12s 
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The mean daily consumption per capita decreases with increasing number of toilets in the house (Fig 

4.18). Houses with four toilets or more however consume more water per capita than houses with 

three toilets. This result shows that houses with three toilets are the most efficient. ANOVA shows the 

difference in mean daily consumption per capita between the numbers of toilets to be statistically 

significant. 

Figure 4.18- Effect of number of toilets 
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Figure 4.19- Effect of acorn group 
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4.20- Effect of washing machine washes per week 
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There are various predictor variables that show significance in the mean daily consumption but not on 

the mean daily consumption per capita including; 

• Hose pipe 
• Paddling pool  
• Sprinkler 

 

These predictor variables are thought not to be associated with personal use, therefore they do not 

show any statistical significant on the mean daily consumption per capita.  

Meter location and water butt show the same insignificance on the mean daily consumption and mean 

daily consumption per capita. 

Interestingly, number of baths and showers in the house do not show any significant in the per capita 

consumption. This could also be due to a small sample. 

It is deemed that some of the predictor variables are closely related to each other and hence mask the 

actual significance of the variables. 
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4.1.2-Correlational Analysis 

Correlation analysis between mean daily consumption and independent variables 

Correlational analysis is carried out to determine the correlation between the continuous independent 

variables and consumption. 

The relationship between mean daily consumption and number of occupants, number of toilets in the 

property and number of washing machine washes per week were found to be positively and 

significantly related (Figure 4.21, 4.22, 4.23). Their R-values suggest that their correlations are 

moderate.	  

Figure 4.21- Correlation between number of occupants and mean daily consumption (R=0.603; 
Sig=0.00) 

	  

Figure 4.22- Correlation between the number of toilets in the household and mean daily 
consumption (R=0.519; Sig=0.00) 
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Figure 4.23-Correlation between washing machine washes per week and mean daily consumption 
(R=0.487; Sig=0.00) 

	  

In the ANOVA analysis, these three variables were coded and analysed as categorical variables. All 

three of them were indicated to have a statistically significant impact on mean daily consumption. 

This correlational analysis further supports the results of the ANOVA analysis in showing that the 

number of occupants, number of toilets and washing machine washes are the three variables most 

correlated to the mean daily consumption. 

ANOVA result shows that newer homes have a higher mean daily consumption compared to older 

homes. We believe that there are confounding factors that could have resulted in that relationship. 

Correlation analysis shows that mean daily consumption and the age of house are in fact negatively 

related (Fig 4.24) 

Figure 4.24- Correlation between age of house and mean daily consumption (n=262, R=-0.37) 
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Other variables that are correlated to mean daily consumption include: 

 

Table 4.1-Variables weakly correlated to mean daily consumption 

 Variables n R 
Number of occupants under 12 250 0.34 
Number of baths in property 262 0.23 
Number of baths per week 256 0.30 
Dishwasher washes per week 148 0.26 

 

The R-value shows that the relationship between mean daily consumption and the variables in table 3 

are positively and significantly related. However R-value ranging between 0.2 and 0.4 indicates weak 

correlations. 

 

Unlike the ANOVA analysis, the number of showers in the property is not related to the mean daily 

consumption according to the correlational analysis (R=0.00, Sig=0.95). The other variable that 

appear to have no relationship with the mean daily consumption is the number of washing machines 

in the property (R=0.01, Sig=0.82). 

	  

Correlation analysis between mean daily consumption per capita and predictor variables 

Table 4.2-Variable correlation 

 

 

 

 

 

 

 

 

As number of occupants in the property increases, the mean daily consumption per capita decreases 

(Fig 4.25). Household with more under 12s has less mean daily consumption per capita. As 

baths/showers taken and washing machine washes per week increases, the mean daily consumption 

per capita decreases (Table 4.2). Property with more toilets also consumes less water per capita. The 

results can be deemed statistically significant, as the confidence value is less than 0.05.  

 

 

 

	  Variables	   R	   Confidence	  
Number	  of	  occupants	   -‐0.54	   0.00	  

Number	  of	  under	  12s	   -‐0.41	   0.00	  

Washing	  machine	  washes	  per	  week	   -‐0.21	   0.00	  

Baths	  taken	  per	  week	   -‐0.13	   0.03	  

Number	  of	  toilets	  in	  property	   -‐0.15	   0.02	  

Age	  of	  house	   0.06	   0.36	  



49	  |	  P a g e 	  
	  

Figure 4.25-Correlation between number of occupants and mean daily consumption 

	  

	  

	  

	  

	  

	  

	  

	  

	  

Interestingly, the latter five variables are correlated to the number of occupants (Tab 4.2). Hence, it 

seems that number of occupants is an important factor influencing the per capita consumption. This 

assumption is supported by the R-value. Number of occupants has the highest R-value (R=-0.54) 

suggesting that it has the strongest correlation with the mean daily consumption per capita compared 

to the other variables.  

	  

As the age of the house increases, the mean daily consumption per capita increases. This result is 

consistent with current literature and assumption. The appliances in the older house are less water 

efficient than those in newer house. Newer houses are designed and fitted with technologies to be 

more water efficient and the policy that UK government has implement in recent years for example 

the Code for Sustainable Homes reduce household consumption per capita. However, the association 

between age of house and mean daily consumption per capita is not statistically significant. This 

could be due to the high variation in consumption seen within the same age, or small sample.  
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Investigation on the predictor variable, ‘Number of Occupants’ 

 

There is a correlation between number of occupants and six other predictor variables collected in the 

data and their correlations are statistically significant (Tab 4.3).  

Table 4.3- Variables correlated to number of occupants 

Variables	   R	   Confidence	  
Age	  of	  house	   -‐0.34	   0.00	  

Number	  of	  under	  12s	   0.67	   0.00	  

Number	  of	  toilets	  in	  property	   0.52	   0.00	  

Number	  of	  baths/showers	  per	  week	   0.34	   0.00	  

Washing	  machine	  washes	  per	  week	   0.59	   0.00	  

Dishwasher	  washes	  per	  week	   0.32	   0.00	  

	  

The results show that number of occupants is positively and moderately correlated number of under 

12s and washing machine washes per week. As the number of occupants increases, so does the 

number of toilets in the property. These results are consistent to our assumptions. 

 

Comparing both mean daily consumption and mean daily consumption per capita, it is beleved that as 

the number of occupants increases, the overall household activities such as baths/showers taken and 

washing machine washes increases, therefore leading to higher overall mean daily consumption. 

However, increase in household occupants increases awareness among the occupants hence reducing 

their per capita usage such as baths/showers taken and washing machine washes. The reduction in per 

capita usage subsequently leads to reduction in per capita consumption of water.  

Investigation on the predictor variable, ‘Age of house’ 

The correlation analysis shows the age of house is negatively and significantly related to the six 

variables listed in table 4.3.   

Table 4.3-Variables correlated to the age of house 

Variables	   R	   Confidence	  

Number	  of	  occupants	   -‐0.34	   0.00	  

Number	  of	  baths	  in	  property	   -‐0.23	   0.00	  

Number	  of	  toilets	  in	  property	   -‐0.64	   0.00	  

Number	  of	  baths/showers	  per	  week	   -‐0.18	   0.00	  

Washing	  machine	  washes	  per	  week	   -‐0.31	   0.00	  

Dishwasher	  washes	  per	  week	   -‐0.29	   0.00	  
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Older houses have less occupants and hence less baths and toilets. The number of baths/showers taken 

per is lower for older houses. The same relationship can be said for washing machine washes and 

dishwasher washes per week.  

 

Even though these confounding factors are only weakly or moderately correlated to the age of house, 

the combined effect of them resulted in a negative relationship between mean daily consumption and 

age of house.  
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4.1.3-Multiple regression analysis 

After carrying out ANOVA and correlation test, variables that were significant were included into the 

multiple regression analysis (Tab 4.4). The purpose of carrying multiple regressions was to produce a 

final model, which indicates variables that influence consumption the most. 

Table 4.4- Variables used in regression analysis 

Mean Daily Consumption 
Mean Daily Consumption Per 

Capita 

Number of occupants Number of occupants 
Number of under 12s  Number of under 12s 
Number of baths Number of toilets 
Number of showers Acorn type 
Number of toilets Washing machine washes per week 
Type of house   
Hose pipe   
Paddling pool   
Sprinkler   
Boiler type   
Age of house   
Acorn type   
Number of baths/showers per week   
Washing machine washes per week   
Dishwasher washes per week   

 

A backward selection multiple regressions was carried out to analyse each of the variables and their 

interaction between each other, only significant variables were included in the final model while the 

rest were eliminated. 

The graphs below (fig 4.26) show the transformation of our outcome variable. Note that before the log 

transformation the data was positively skewed, however with a transformation the data follows the 

regression assumption of normality in which residuals in the model are random normally distributed 

variables with a mean of zero. 

A normal probabilty plot is shown below (fig 4.27) to demonstrate that the data represents a normal 

distribution. The straight line in the plot represent a normal distribiution and the points represent the 

observed residuals. In a perfect normally distributed dataset all points will lie on the line. Note that 
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after the transformation, the residuals are more normally distributed, and hence the deviation from the 

line is decreased 

Figure 4.26- Log transformation 

Figure 4.27- P-Plot 

Model 1- Mean Daily Consumption 

Out of the 15 variables included in the modelling process, only three are statistically significant: 

• Number of occupants in each house 
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• Type of house 

• Number of showers 

  

The rest of the variables are excluded from the final model. With an R Square of 0.483, the model 

suggests that the three variables account for nearly 50% of the mean daily consumption.  

The model shows that as the number of occupants increase by one mean daily consumption increases 

by 18.1 per cent. Variables such as number of under 12s and household usage (i.e. washing machine 

per week, dishwasher washes per week and baths/ showers taken per week) were not significant and 

were omitted from the model. The backward method identified these variables as confounding 

variables that would cause multicollinearity and their contribution were deemed to be not significant.  

Semi-detached houses consume 18.4 per cent less water per day compared to the reference category 

of detached houses. Other types of houses (flat, terrace, bungalow) consume 10.6 per cent less water 

than detached houses. However the difference in consumption for other types of houses is deemed to 

be insignificant. This could be due to the fact that the category consists of various other types of 

 

Table 4.5-Model Summary 

Model	   R	   R	  Square	   Durbin-‐Watson	  
1	   0.695	   .483	   1.759	  

	  
	  

Table 4.6-Coefficients 

Unstandardized	  
Coefficients	  

Standardized	  
Coefficients	  

Collinearity	  
Statistics	  

Model	  

B	  
Std.	  
Error	  

Beta	  

t	   Sig.	  

Tolerance	   VIF	  

(Constant)	   -‐1.854	   .081	   	   -‐22.860	   .000	   	   	  

Number	  of	  People	   .181	   .018	   .510	   9.956	   .000	   .774	   1.292	  

Type	  of	  House	  
Semi-‐Detached	  
(Dummy	  1)	  

-‐.184	   .055	   -‐.180	   -‐3.330	   .001	   .694	   1.442	  

Type	  of	  House	  
Others	  (Dummy	  2)	  

-‐.106	   .080	   -‐.064	   -‐1.324	   .187	   .873	   1.145	  

	  

Number	  of	  
Showers	  in	  
Property	  

.114	   .036	   .161	   3.120	   .002	   .766	   1.305	  
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houses (i.e. flat, bungalow & terrace), all of which are different from each other, therefore having a 

big variation in the consumption recorded within the category. Unfortunately we had to group the 

three types of houses together into one category, as there is not enough observation to include each of 

the types individually into the regression analysis.  

As number of showers in the property increases by one, mean daily consumption increases by 11.4 

percent. There is no logical explanation for this except for that the design of the house has an effect on 

the household behaviour and therefore altering their usage. However this is only our assumption and 

is not conclusive in any way. Further studies should be carried out to investigate the relationship 

between design of house and their implication on household behaviour around their water 

consumption.  

From the model, it can be deemed that household dynamics and types of house play an important role 

in controlling consumption. Since only 50 per cent of the consumption is accounted for this model, it 

is deemed that there are other variables that influence household consumption but are not included in 

the model. Variables associated with technology such as water butt and water meter location are not 

significant, however variables such as washing machine and dishwasher model and type were not 

included our analysis because they were not reliable enough. In the next section, the relationship 

between appliances and water savings are investigated. The result shows that using water efficient 

appliances does induce water savings hence indicating that technological variables play a role in 

influencing consumption. 

Statistical Implications 

The regression assumptions state that for any two observations the residual terms should be correlated. 

A value of 2 implies that residuals are completely uncorrelated (ideal). We achieved a value of 1.80 

for Durbin-Watson test, implying that our residuals are slightly positively correlated. Nonetheless our 

value is relatively close to the ideal uncorrelated value of 2, therefore we are confident to state that the 

value we achieved is not a cause of concern to the reliability of our variables used. 

All our values of variance inflation factor (VIF), a measure of multicollinearity, are significantly 

lower than 10, meaning that collinearity is not present in our data. If a value of VIF is 10 or more than 

there are great chances that the data could contain collinearity. To further confirm that the data does 

not contain collinearity, all our values of tolerance are above 0.2. Values below 0.2 indicate that there 

could be potential problem with collinearity. 
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Model 2 – Mean Daily Consumption Per Capita 

Out of the 5 variables included in the modelling process, only three are statistically significant; 

• Number of occupants in each property 

• Acorn Type 

• Number of toilets 

 

Table 4.7- Model Summary 

Model	   R	  
R	  

Square	  
Adjusted	  
R	  Square	  

Std.	  
Error	  of	  
the	  

Estimate	  

Durbin-‐
Watson	  

 1 .618 .412 .370 .28953 1.911 

 

Table 4.8-Coefficients 

Unstandardized	  
Coefficients	  

Standardized	  
Coefficients	  

Collinearity	  
Statistics	  

Model	  

B	  
Std.	  
Error	  

Beta	  

t	   Sig.	  

Tolerance	   VIF	  

(Constant)	   -‐1.620	   .096	   	   -‐16.960	   .000	   	   	  

Number	  of	  People	   -‐.214	   .018	   -‐.701	   -‐11.765	   .000	   .684	   1.462	  

Number	  of	  Toilets	  in	  
House	  

.083	   .026	   .216	   3.200	   .002	   .535	   1.871	  

Acorn	  Cat.	  4	  (Middle	  
Income)	  

	  (Dummy	  3)	  
-‐.247	   .093	   -‐.237	   -‐2.644	   .009	   .302	   3.306	  

Acorn	  Cat.	  3	  (Elderly	  
Residents)	  	  
(Dummy	  2)	  

-‐.163	   .117	   -‐.094	   -‐1.399	   .030	   .537	   1.861	  

Acorn	  Cat.	  2	  (Affluent	  
Household)	  	  	  	  	  	  	  
(Dummy	  1)	  

-‐.132	   .081	   -‐.155	   -‐1.630	   .104	   .267	   3.740	  

 

The rest of the variables are excluded from the final model. With an R Square of 0.412, the model 

suggests that the three variables account for about 41 per cent of the mean daily consumption per 

capita. 

The model shows that as the number of occupants increase by one, the mean daily consumption per 

capita decreases by 21.4 %. This result shows that increase in water consumption is often less than 

proportional to increase in household size, which is consistent with the study carried out by Aitken in 
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1994 in Melbourne. Likewise to the first model, variables such as number of under 12s and household 

usage (i.e. washing machine per week, dishwasher washes per week and baths/ showers taken per 

week) were not significant and were removed from the model.  

The model also shows that different acorn types have a statistical significance in the per capita 

consumption. Middle-income households consume 24.7 per cent less than the reference category of 

affluent professionals while elderly residents consume 16.3 per cent less. The model shows that there 

is no significant difference in the per capita consumption between affluent household with mortgages 

and affluent professionals. These results are consistent with current literature, in that higher income is 

related to higher consumption (Fielding, 2009). Similar study carried out by Gregory and Di Leo 

(2003) also showed elderly people and lower income families are more likely to consume less water.   

As number of toilets increase in the property increase by one, per capita consumption increases by 8.3 

per cent.  Likewise to the mean daily consumption model, there is no logical explanation for this 

result except that the design of the house has an affect on the household behaviour and therefore 

altering their usage.  

From this model, it can be deemed that household dynamics and the socio-mographic status of the 

households play important roles in determining the per capita consumption.   

Statistical Implication 

We achieved a value of 1.91 for Durbin-Watson test, similar to the value achieved for consumption 

per household, implying that our residuals are slightly positively correlated. Our value is very close to 

the ideal uncorrelated value of 2, therefore we are confident to state that the value we achieved is not 

a cause of concern to the reliability of our variables used 

For consumption per capita all our values of VIF are significantly lower than 10, meaning that 

collinearity is not present in our data. To further confirm that the data does not contain collinearity, all 

our values of tolerance are above 0.2 

The same procedures (histogram and p-plot) as with consumption per household were carried out to 

ensure that the transformation met the assumptions for regression. In both cases (histogram and p-plot) 

the residuals showed an increase in normality after the transformation. 

Looking at both models, household dynamics plays an important role in water consumption as they 

may exert a degree of social control that impacts on household water consumption patterns (Randolph, 

Troy and Fielding, 2008). While geodemographic status is significant in influencing the per capita 

consumption, the type of house is seen to be more significant in controlling the overall household’s 

water consumption. 
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4.2-Water savings against water appliances fitted  

Only houses fitted with one appliance were chosen for the analysis of each of the appliances efficacy. 

The reason for this is to make sure the recorded savings are only associated to the appliance fitted. 

However apart from the appliance fitted, all the household were provided with a shower timer. Out of 

20 houses, 7 houses were only fitted with low flow showerheads, 10 were only fitted with Save-a-

flush and 4 were only fitted with Ecobeta dual flush. Due to the small sample size, only ANOVA 

analysis was carried out instead of multiple regressions.  

Figure 4.28 show that houses retrofitted with low flow showerheads save 10.91% of their mean daily 

consumption. Save-a-flush device manage to save the households 4.98% and 3.55% of savings was 

recorded for houses retrofitted with Ecobeta dual flush. ANOVA shows that the difference in 

percentage savings between the appliances is statistically significant (F=2.838, p-value= 0.06) at 90% 

confidence level. The low confidence level could be due to a number of reasons including high 

variation in savings recorded, or small sample.	  	  

Figure 4.28- Efficacy of appliance 

	  

The average mean daily consumption before the appliances were fitted is 0.32 m3/ day. The savings 

from the appliance fitted on the average initial mean daily consumption is then; 

Table 4.9-Appliance Savings 

Appliance	   %	  Savings	  
Average	  Savings,	  

m3/day	  
Average	  Savings,	  

	  litres/day	  
Literature	  Value3,	  

litres/day	  

Showerhead	   10.91	   0.0349	   34.9	   36.8	  

Save-‐a-‐flush	   4.98	   0.0159	   15.9	   10.0	  
Ecobeta	  dual	  flush	   3.55	   0.0114	   11.4	   2.2	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  These	  values	  are	  from	  multiple	  regression	  from	  the	  United	  Utilities	  Home	  Audit	  Report	  
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The calculated average savings seems to differ from the literature value especially for Ecobeta dual 

flush (table 2) and could be due to various reasons including different statistic tests carried out and 

different set of data. The calculated average savings however does follow the same trend as the 

literature value with showerhead recording the highest savings follow by Save-a-flush and Ecobeta 

dual flush. 

A total of 137 houses were fitted with different combination of the appliances. However out of the 

137 only 73 had their mean daily consumption recorded after the trial, hence reducing the sample size 

by almost half. Out of the 73 houses, 27 were fitted with one appliance, 22 were fitted with two 

appliances and 24 were fitted with three appliances. No differentiation was made on the types of 

combination. For instance, no differentiation was made between; 

• A house fitted with low flow shower head and Save-a-flush, and 

• A house fitted with Save-a-flush and Ecobeta dual flush. 

Both houses are considered as having two types of appliances fitted.  

Figure 4.29 show that percentage savings increase as more types of appliances are fitted. Houses with 

one type of appliance fitted recorded an average of 6.48% of savings on their mean daily consumption 

while houses with two appliances fitted recorded a saving of 10.38%. Houses with three types of 

appliances fitted recorded the highest percentage savings of 11.26%. ANOVA shows that the 

difference in the percentage savings between them is statistically significant (F=2.196, 0.076) at 90% 

confidence level. 

Figure 4.29- Savings associated with combination of appliances 
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Table 1.10-Associated appliance savings 

	  	   %	  Savings	  
Average	  Savings,	  

m3/day	  
Average	  Savings,	  

litres/day	  

1	  type	  of	  appliance	  fitted	   8.48	   0.0271	   27.1	  

2	  types	  of	  appliances	  fitted	   13.44	   0.0429	   42.9	  
3	  types	  of	  appliances	  fitted	  	   17.52	   0.0561	   56.1	  

An average savings of 20.7 litres of water per day is observed for houses with 1 type of appliance 

fitted while 33.2 litres of water per day is saved for houses with two types of appliances fitted. Houses 

with three types of appliances fitted recorded the highest average savings of 36 litres per day. There is 

no literature value to compare these results with.  

4.3-Water Savings against Household’s Behaviour 

84 of the 166 respondents (50.6%) indicated they had changed their use since the trial. Expectedly 

from the United Utilities Report, the average water savings for respondents who changed their 

behaviour is higher than the average savings for those who have not changed their usage (Table 4.11).  

Table 4.11- 

Changed use? % Water Savings 
Average Water Savings, 

m3/day 

Yes 16.7 0.0534 

No 14.8 0.0473 

 

From the audit, 155 of the 166 (93.3%) respondents believed that they behaved in a water efficient 

manner. Interestingly, the average water savings for respondents who declare they are water efficient 

is higher than the average savings for those who admitted they have not behaved in a water efficient 

manner (Table 4.12).  

Table 4.12 

Are you water efficient? % Savings 
Average Water Savings, 

m3/day 

Yes  21.8 0.06976 

No 15.8 0.05056 

 

The savings for respondents who thinks they have behave efficiently are lower than those who 

actually changed their usage of water. It is deemed that some of the respondents who declare they 

have behaved in a water efficient manner did not change their use. 
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5-Conclusion 
Water efficiency has been recognised as a key strategy for sustainable development of water resources 

in the UK with the government setting a target of reducing water consumption from 150 

litres/person/day to 130 litres/person/day by 2030. The aim of this project is to evaluate the efficacy of 

water efficiency trials and to contribute to existing literature regarding the issues.  

At the start of the project, we set out three objectives that we wanted to achieve and they are to 

investigate the relationship between: 

i. Water use and water appliances present in the home 

The regression models suggest that household dynamics such as number of occupants play an 

important role in regulating both the overall consumption and per capita consumption.  

Geodemographic status is significant in determining the per capita consumption while type of 

house is significant in determining the overall consumption of the household. However, since 

only about 50 per cent and 41 per cent of the consumptions are accounted by the models, other 

predictors such as the types of appliance present in the home could be accounted for the rest of the 

consumption patterns. Unfortunately the data available on water appliances (e.g. washing machine 

and dishwasher) are not reliable enough to be included in our modelling However, in one of the 

other objectives, our findings show that retrofitting old devices resulted in household using less 

water, which supported our assumption that household appliances influence water consumption.  

ii. Water savings and water appliances present in the home 

Our findings show that retrofitting old devices to more efficient ones resulted in water savings. 

Household that retrofitted more types of appliances show higher savings compared to households 

that retrofitted just one type of appliance. Different types of appliances are used for different 

purposes, therefore retrofitting more types will cover more usage and hence more effective as 

shown by our results.  

iii. Water savings and customer attitudes to the water efficiency trial 

The results show that households who behave in a water efficient manner and who changed their 

use produce higher savings compared to households that do not. This indicates that retrofitting 

water appliances combined with behavioural change is more effective.  

The results of this project need to be considered in context of the location of the properties targeted.  

Since the audit is carried out in Warrington, an area that is not water stress, the results could have 

been different if carried out in a water stressed area. Nonetheless, the results achieved are very 

positive. 
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One of the limitations to our regression model is that the mean daily consumption is assumed to 

increase linearly to number of occupants. However, it is deemed that is usually not the case.  

Majority of the meter reading were self-reported and some misreported and had to be negated from 

our analysis. There were only 133 meter readings recorded after installation compared to the 274 

readings before the installation. These issues decrease the sample size and could have affected the 

reliability of our results. More variables could have been significance if a bigger sample size of data 

was used.  

ANOVA analysis shows that rainwater harvesting measure (i.e. water butt) and water meter visibility 

are not significant to water consumption. Since they are seen as a feasible measure of water efficiency, 

further studies need to be carried out to investigate their effectiveness.  

Both our regression models identify number of occupants as an important variable in consumption. 

Even though, our results show increase in number of occupants increases overall consumption for the 

household, the per capita consumption actually decreases. This finding suggests that further research 

need to be carried out to investigate the role of household dynamics in water consumption pattern. 

There is limited literature on the issue at the moment although our finding is consistent with a similar 

study carried out in Melbourne (Aitken, 1994). 

Further study should also be carried out to investigate the interaction between design of the house and 

the household consumption behaviour.  

A similar study to this one should be carried out in water stress area and the result can be used to 

compare to ours. 
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