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ABSTRACT 

 

This study disseminates an extensive investigation into the effective implementation of the 

WDM mechanisms of price, water saving technologies, communication/education and water 

restriction to produce greater water demand reduction. There are three main parts to the study. 

First is the analysis of the effect of the mechanisms on water demand reduction, and the 

determination of the type of interrelationship that exists between the mechanisms and its 

significance. Based on the first part, it was found that the WDM mechanisms need to be 

integrated in order to maximise water demand reduction. Furthermore, there exists 

interrelationship between the mechanisms which can affect the effectiveness of the 

mechanisms in reducing water demand. The second part of the study is the analysis of the effect 

of household income, water end use and property type on the effectiveness of the mechanisms 

in reducing domestic water demand. For this, an 8-year WDM program was designed for the 

city of Kuala Lumpur. It was found that the usage of price, technologies and 

communication/education can reduce domestic water demand of Kuala Lumpur by 18%. The 

findings from this part also showed that the effectiveness of the mechanisms in reducing 

domestic water demand depends greatly on the factors of household income, end use and 

property type. The third part of the study is the model development of integrated 

implementation of the mechanisms, which was based on the findings from the first two parts 

of the study. In order to conduct an effective WDM program, the developed model needs to be 

applied in a 3-steps cycle process. The first step involved the collection and evaluation of the 

water demand profile of the area (i.e. end use across income levels and property types). The 

second step involved the design of the program through selecting the type of mechanisms to be 

used and the way it will be implemented, focusing on the attributes and interrelationship of the 

mechanisms. And the final step involved the implementation of the mechanisms. It is expected 

that this study can assist in effectively integrating the mechanisms of price, technologies, 

communication/education and restriction, which will lead to a more sustainable water 

consumption.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background  

1.1.1 Global water scarcity 

The world is facing a freshwater crisis (Falkenmark, 1998; Gleick, 1998; 2000), which is 

regarded as one of the major environmental challenges for the 21st century (UNESCO, 

1998). Figure 1.1 shows the global map of water stress regions for the year 2011, measured 

by the Total Renewable Water Resource (TRWR) index, which reflects the theoretical 

availability of water resources for development within a region. According to WWAP (2014), 

vulnerability occurs when TRWR falls below 2500 m3 per capita per year, stress occurs when 

TRWR falls below 1700 m3 per capita per year, while scarcity occurs when TRWR falls 

below 1000 m3 per capita per year. Of the BRIICS countries (i.e. Brazil, Russia, India, 

Indonesia, China and South Africa), only Brazil, Russia and Indonesia still have TRWR value 

of more than 2500 m3 per capita per year, while the rest (i.e. India, China and South Africa) 

have TRWR value of less than 2500 m3 per capita per year. Furthermore, the TRWR in most 

of the developing countries in the Arab region have already fallen to less than 500 m3 per 

capita per year, which is considered to be in the state of absolute scarcity. This water scarcity 

is a critical issue, since these developing countries especially the BRIICS, were projected to 

demand more water in the future due to population and economic growth. Due to this, it was 

projected that, without the intervention of new policies, the number of people living in river 

basins under severe water stress will reach 3.9 billion people by 2050, which is double the 

amount in 2000 (OECD, 2012).  
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Figure 1.1. Global Total Renewable Water Resources (TRWR), 2011 (WWAP, 2014) 

 

1.1.2 Global water demand growth  

In term of sectors, agriculture is the biggest water user, accounting for about 70% of the 

total global water withdrawal, while the global shares from industrial and domestic sectors 

accounting for about 20% and 10%, respectively (WWAP, 2014). Figure 1.2 shows the 

growth of global annual water withdrawals by sector, from 1900 to 2000. It can be seen that, 

even though agriculture remained the biggest user of water, the proportion of agriculture had 

been decreasing, while the proportion of industrial and domestic have been increasing. 

According to Gleick and Palaniappan (2010), the annual water withdrawals in the majority of 

the developed countries have stabilized due to the improvement in efficiency and increasing 

reliance on imported water intensive goods, such as food. Thus, most of the recent global 

increase in water demand had been occurring almost exclusively in the developing countries, 

especially in Asia, as shown in Figure 1.3.  
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Figure 1.2. Historic growth of global water demand by sector, 1900 – 2000 (IWMI, 2006; 

Shiklomanov, 2000) 

 

 

Figure 1.3. Historic and projected water demand growth by region, 1900 – 2025 (UNDP, 

UNEP, World Bank and WRI, 2000) 
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Figure 1.4 shows the percentage of water withdrawal by sector for various regions in the 

world. While developed countries have a larger portion of water withdrawal for industrial 

usage, the less developed countries have a larger portion for agriculture, where 90% of the 

water withdrawal in the least developed countries (LDCs) was used for agriculture (WWAP, 

2012;  FAO, 2011). Water withdrawal for municipal usage, including domestic, vary greatly 

between countries, where the lowest withdrawal came from the LDCs, and the highest 

withdrawal came from the developing regions (i.e. Pacific Islands, and Southern and Central 

America). One of the main reasons for this is that, while the LDCs municipal water supply is 

limited due to low investment in the water infrastructure system (e.g. centralised water supply 

system), the municipal water withdrawal in the developing region is high due to the rapid 

population growth, rapid economic development, more sprawling urban form, and 

inefficiency in the supply and use of water. Municipal water withdrawal in the developed 

regions on the other hand is lower than the developing region, indicating that the municipal 

water withdrawal will decrease after reaching a certain development level, mainly due to the 

low population growth rate, increased education level, more efficient water supply and use 

technologies, and more compact urban form (i.e. limits the outdoor water usage). Thus, the 

trend shows that water withdrawal for agriculture tend to decrease with increasing level of 

development, while withdrawal for industry tend to increase with increasing level of 

development, and municipal withdrawal tends to increase with increasing level of 

development, but will decrease once reaching a certain development level.  
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Figure 1.4. The percentage of water withdrawal of various regions (WWAP, 2012). 

 

Figure 1.5 shows the projected global water demand in 2050. The total global water 

abstraction in 2000 was 3500 km3, and was projected to increase to 5500 km3 in 2050, with a 

dramatic increase in the manufacturing (400%), electricity generation (140%), and domestic 

sectors (130%) (OECD, 2012; WWAP, 2014). Even though the figure shows that the 

withdrawal for agriculture sector is going to decrease by 2050, the data for agriculture 

withdrawal in the figure did not include the usage of rainfed systems, which could account 

for up to 60 percent of the world`s food production (IFAD, n.d.). Thus, without the 

intervention of improved efficiencies, the global water withdrawal for agriculture was 

projected to increase by 20% (WWAP, 2012).  Due to the projected population growth and 

economic development, the largest proportion of the water demand growth was projected to 

come from the BRIICS countries (i.e. Brazil, Russia, India, Indonesia, China and South 

Africa), where higher water withdrawal was projected for the manufacturing, electricity 

generation and domestic sectors.  



6 
 

 

Figure 1.5. Projected global water demand growth in 2050 (OECD, 2012; WWAP, 2014) 

 

1.1.3 The drivers of water demand  

Population growth 

Population growth is one of the major drivers of water demand. As the population grows, 

more water will be needed for the domestic sector to satisfy the demand of the population. 

Apart from that, more food is also required to feed the growing population, which requires 

more agricultural production, consequently increasing the pressure on water resources (FAO, 

2008). Furthermore, more rapid industrialization is also required to meet the many needs of a 

growing population, which will increase the industrial water demand.  

Figure 1.6 shows the historic and projection of global population from the 2012 Revision 

of the official United Nations population estimates and projections (UNDESA, 2013). Under 

a medium scenario of growth, the world population of 7.2 billion in mid-2013 was projected 

to increase by almost one billion people within the next twelve tears, reaching 8.1 billion in 

2025, 9.6 billion in 2050 and 10.9 billion by 2100. Almost all of the additional population in 
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2100 was projected to come from the developing countries, where the population in 

developing countries was projected to increase from 5.9 billion in 2013 to 8.2 billion in 2050 

and 9.6 billion in 2100. In the LDCs, the population was projected to increase from 898 

million to 1.8 billion in 2050 and 2.9 billion in 2100. As for the developed countries, due to 

the in-migration and slight increase in fertility rate, the total population was projected to 

increase slightly from 1.25 billion in 2013 to 1.3 billion in 2050, before falling back to about 

1.28 billion by 2100. Thus, this growth in population, especially in the developing countries 

and the LDCs, means mounting demand and competition for water for agricultural, industrial 

and domestic uses. 

 

Figure 1.6. Historic and projection of global population growth, 1950 – 2000 (UNDESA, 

2013) 

 

Economic development 

Apart from population growth, the economic progress of a country also contributes to the 

growing water demand. The impact of economic development is twofold. First, the economic 

level of a country determines the ability of the country to invest in water supply 

infrastructure. According to Grey and Sagoff (2006), the investments in water infrastructure 

and human capacity to operate the investment differ between industrial countries (i.e. 

developed countries), intermediate economies (i.e. developing countries) and least developed 



8 
 

countries (LDCs). In developed countries, early and large investments have been made in 

bulk water infrastructure and in the human capacity required to operate and maintain these 

investments. Due to the maturity of the infrastructure platform, some of the countries had 

already focused on water management and infrastructure operations to maximize the returns 

on infrastructure investment as well as to respond to shifting societal priorities, especially to 

preserving the environmental assets. In developing countries, even though water investments 

have typically been made to promote growth, the human capacity is usually inadequate to 

effectively manage water resources and new infrastructure. In LDCs, the capacity, institutions 

and infrastructure needed to manage water resources are generally inadequate. Thus, as the 

economy of the developing countries and the LDCs grow, these countries will then be able to 

improve their water supply infrastructure, which will increase the access of their population 

to clean water. However, this improvement will directly result in increasing global water 

withdrawal.   

Second, the growth in GDP will lead to the increase in household income, which will then 

give rise to and spread of the consuming class (Kharas, 2010). This new consuming class 

usually came from the stepping up of the low income class to the middle income class, where 

the increase in income of these previously low income households is high enough to classify 

them as significant consumers of goods and products. Due to the increased income, this new 

consuming class will be able to gain access to a multitude of consumer items associated with 

greater prosperity, which includes higher per capita consumption of water (Dobbs et al., 

2012), higher demand for industrial products, such as automobiles (Kharas, 2010) and higher 

consumption of agricultural products, especially higher quality food such as meat (Watts, 

2008). Table 1.1 shows the projected number and the percentage share of the global middle 

class. Based on the projection, the percentage share of the global middle class from the 

American and European region was projected to decrease by 2030, while the percentage 

share from the Asia Pacific region, including China and India was projected to increase 

significantly by 2030. In total, the population of the middle income was projected to increase 

to 4.88 billion by 2030 from 1.85 billion in 2009. Thus, higher water withdrawal will be 

needed, either directly (i.e. through the increased water demand per capita), or indirectly (i.e. 

through higher demand for products and food) to satisfy the demand from this rising 

consuming class.  
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Table 1.1. Number (millions) and share (percentage) of the Global Middle Class (Kharas and 

Gertz, 2010) 

  2009 2020 2030 

North America 338 18% 333 10% 322 7% 

Europe 664 36% 703 22% 680 14% 

Central and South America 181 10% 251 8% 313 6% 

Asia Pacific 525 28% 1740 54% 3228 66% 

Sub-Saharan Africa 32 2% 57 2% 107 2% 

Middle East and North 
Africa 

105 6% 165 5% 234 5% 

World 1845 100% 3249 100% 4884 100% 

 

 

1.1.4 Urbanization and urban water management 

Figure 1.7 shows the historic and projection of global urban and rural population. Rapid 

urbanization is a relatively recent phenomenon, where the global urban population was only 

3% in 1800, before increasing to 14% and 30% in 1900 and 1950 respectively (Biswas, 

2006). Since then, many regions reached 50% very rapidly, but it was not until 2008 that the 

global urban populations exceeded the rural population (UNDESA, 2012; 2014). In 2014, 

54% of the global population is urban, and by 2050, the percentage will increase to 66% with 

the total population of approximately 7 billion (UNDESA, 2014). Thus, urban areas of the 

world were expected to grow rapidly; absorbing the projected global population growth, 

while drawing in some of the rural population (WWAP, 2014). 
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Figure 1.7. Historic and projection of global urban and rural population, 1950 – 2050 

(UNDESA, 2014) 

 

Figure 1.8 shows the historic and projection of urban and rural population by development 

group. While the population of the rural in the more developed regions already have the 

maximum population in 1950 – 1960, the rural population in the less developed regions was 

projected to have the maximum population in 2018 – 2019. Starting from 1970 – 1980, the 

increment of the urban population in the less developed regions had been more significant as 

compared to the more developed regions, and was projected to house more than 5 billion 

people by 2050. Thus, the urbanization rate in the future will be more intense in the less 

developed regions of the world as compared to the more developed regions.  
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Figure 1.8. Urban and rural populations by development group, 1950 – 2050 (WWAP, 2014; 

UNDESA, 2012). 

 

Due to the rapid urbanization growth rate, especially in the less developed countries, 

ensuring adequate supply of water to urban areas is one of the challenges of the 21st century. 

Even though the global water withdrawal for domestic sector is low, the current and projected 

trend indicates that the domestic water withdrawal is growing, especially in urban areas of the 

developing countries. There are two approaches to urban water management. First is through 

the increasing supply approach. Through this approach, the water supply capacity will be 

increased by the water authority through the building of more water supply plants (e.g. dams, 

groundwater, desalination) to meet the increasing water demand of an area. However, 

depending on this approach alone to meet future water demands may not be sustainable, since 

there have been a growing number of studies showing the negative impacts of these 

infrastructures, especially on the ecology and environment (Carpenter et al., 2011; Nilsson et 

al., 2005; Villholth, 2006). 

Second is through the water demand management (WDM) approach. Through this 

approach, focus are given on reducing and managing water demand, where increasing supply 

solutions will only be recommended after all possible strategies for reducing the demand had 

been considered. There is a wide range of benefits from WDM including: 1) cost saving 
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through delaying the construction of new supply facilities, 2) cost saving for water treatment 

and reticulation through lower water demand, 3) cost saving for wastewater treatment 

through lower production of wastewater, and 4) reduce competing demands for water, 

especially in areas where water resources are already constrained. In light of the projected 

increasing demands, the negative impacts of the increasing supply approach and the scarcity 

of water, there have been a number of calls to include WDM in the water planning of a city 

(WWAP, 2014; Jiménez Cisneros et al., 2014). 

The mechanisms used to reduce and manage water demand in WDM can generally be 

divided into two; price and non-price, the latter including water saving technologies, 

communication/education and water restrictions. The individual effect of these mechanisms 

in reducing water demand varies from one mechanism to another, ranging from 12% through 

the usage of communication/education (UKWIR, 1998 as cited in Inman and Jeffrey, 2006), 

up to 79% through the usage of water saving technologies (Ghisi et al., 2007). Previous 

studies have found that there exists an interaction between the mechanisms in joint 

implementation, which may affect the effectiveness of the mechanisms (Howe and Goemans, 

2002; Goemans et al., 2012; Kim and Yoo, 2009). Furthermore, the effectiveness of the 

mechanisms in reducing water demand also depends greatly on the external factors of the 

area, including household income (Inman and Jeffrey, 2006; Renwick and Green, 2000; 

Fielding et al., 2012a), water end use (Fielding et al., 2012b) and property type (Fox et al., 

2009; Zhang and Brown, 2005). 

An effective WDM program (i.e. program that can produce greater water demand 

reduction) requires integrated and synergistic implementation of a set of mechanisms. 

However, studies analysing on the synergistic implementation of the mechanisms are still 

lacking in the current body of knowledge. Thus, there exists a gap in the current body of 

knowledge in addressing the synergistic implementation of the WDM mechanisms for an 

effective WDM program. 
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1.2 Aim and objectives 

The main objective of this study was to assess the application of various WDM 

mechanisms to determine how they can be implemented synergistically to maximise water 

demand reductions, considering the interrelationships and intrarelationships of the 

mechanisms.  The principal objectives of this research were:  

1. To study the effect of WDM mechanisms on water demand, and analyse the 

interrelationship that exists between the mechanisms. 

 

2. To study the influence of household income, water end use and property type on the 

effectiveness of the WDM mechanisms by designing a WDM program for Kuala 

Lumpur. 

 

3. To develop a conceptual model of WDM mechanisms, focusing on the processes 

involved in establishing and implementing effective water demand management 

strategies and procedures.  

 

1.3 Scope of study 

This study was conducted within the following scope. First, this study was limited to the 

usage of the mechanisms of price, technologies, communication and education (which will be 

known as communication/education from here onwards) and restriction to reduce water 

demand. Second, this study was restricted to reducing the water demand from the domestic 

sector only (i.e. will not include the commercial and industrial sector). Third, this study only 

focused on the external factors of household income, water end use and property type (i.e. 

will not include other external factors such as weather, culture and norm). 

 

 

1.4 Contribution to the body of knowledge 

There were three main contributions of this research to the scientific understandings in the 

field of water demand management. First is the novel usage of a weighted scoring system for 

the retrospective analysis of the effect of the implementation of the mechanisms on water 
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demand and for the analysis of the existence of interrelationship between the mechanisms. 

Second is the development of a method to analyse and estimate potential water demand 

reduction resulting from the implementation of the mechanisms, based on the effect of the 

external factors of household income, water end use and property type. Third is the 

development of a conceptual model for effective implementation of the mechanisms which 

focuses on the interrelationship between the mechanisms and the intrarelationship of the 

mechanisms with external factors.  

 

1.5 Thesis Layout 

This thesis is organised into 7 chapters. Chapter 1 gives an introduction regarding the 

study area, research objectives, research scope and the contribution of the research to the 

body of knowledge. Chapter 2 involves a comprehensive literature review of the mechanisms 

of price, technologies, communication and education and restriction and how these 

mechanisms have been used in WDM. Chapter 3 is the analysis on the effect of the 

mechanisms on water demand reduction and the interrelationship that exists between the 

mechanisms. Chapter 4 is the analysis of the influence of household income, water end use 

and property type on the effect of the WDM mechanisms in reducing water demand. Chapter 

5 is the modelling of the synergistic implementation of the mechanisms in order to conduct 

an effective WDM program. The findings from the study are summarized and discussed in 

Chapter 6. The final chapter gives the conclusion of the study and recommendation for future 

research.   
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction 

Water is a fundamental necessity, not only for human being, but also for the economic 

progress of a country as well as for the environment. According to WWAP (2014), 10% of 

the total global water withdrawal was used for the municipal sector, which included domestic 

purposes. Although the percentage of the municipal sector was small as compared to 

agricultural (70%) and industrial (20%), the amount of water needed to be supplied for 

municipal and domestic usage was projected to increase in the future. The increment was 

expected to be more dramatic in the developing countries, due to the expected significant 

population growth and the economic progress in these countries. Since water demand for 

other sectors, especially manufacturing and electricity generation was also projected to 

increase, the competition for water between sectors was expected to be tight in the future. 

Thus ensuring adequate supply of water to satisfy the need of all the sectors will be a 

challenging task in the future. 

One of the ways to reduce this competition for water is by lowering the domestic water 

usage of an area through water demand management (WDM) approach. WDM approach 

involves the usage of various mechanisms intended to reduce and manage domestic water 

demand. The two main mechanisms used in WDM are price and non-price, the latter 

including water saving technologies, communication/education and water restrictions. This 

chapter reviewed the usage and effectiveness of these mechanisms in reducing water demand, 

particularly on the mechanisms of price, water saving technologies, 

communication/education and restriction. Apart from that, this chapter also reviewed the 

approaches that have been used by previous studies in analysing the WDM mechanisms.  
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2.2 Water Demand Management (WDM) Mechanisms 

2.2.1 Price  

The pricing of water is one of the earliest considered factors in domestic water demand 

and had emerged as one of the appropriate tools in water demand management (Garcia and 

Reynaud, 2004; Arbués et al., 2004; Rogers et al., 2002). The basic sense of price mechanism 

is that, as the price escalates, the consumption would decrease. Some of the authors working 

on domestic water had studied the elasticity of water demand and price, and generally found 

that demand reduction is comparatively lower than price rise, where the elasticity values of 

price and water consumption were between 0 and -1 depending on time and usage (Arbués et 

al., 2003; Mazzanti and Montini, 2006; Martínez-Espiñeira and Nauges, 2004). In terms of 

time, Espey et al. (1997) had found that the price elasticity value for the median long-run was 

-0.64 and -0.38 for the short run, which means that the price mechanism is more effective in 

the long run. In another study, Dalhuisen et al. (2002) had found that the more time 

households need to adapt to the increment of price, they will be more responsive to price 

changes.  

In terms of water demand and usage activities, price elasticity of the demand approaches -

1 when it involves water leisure activities (i.e. swimming pools and garden watering). This 

means that the usage of price mechanism is more effective when dealing with these types of 

activities. However, the relation of price and water demand was found to be not as accurate 

when dealing with more basic usage of water (i.e. drinking, personal hygiene) (Renwick and 

Green, 2000; Dalhuisen et al., 2003). In line with basic water needs and pricing, Martínez-

Espiñeira and Nauges (2004) discussed the existence of a threshold of water needed for 

satisfying basic and essential needs. They argued that while the water usage below the 

threshold will be very much less responsive to pricing, price variation will greatly influence 

the water usage above the threshold.  

There exist significant variations in price elasticity for different income groups and 

regions. Dalhuisen et al. (2003) found that the average price elasticity ranged from -0.005 in 

both the eastern and western US, to -0.28 in Europe, while Dandy et al (1997) found that the 

price elasticity ranged from -0.6 to -0.8 in Australia. In terms of income, it had been reported 

that middle income households were more impacted by price rise as compared to the high 

income households and low income households (UKWIR, 1996). This may be because the 

increment of price simply could not curb the demand of the high income households due to 
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their strong financial strength, while the low income households were already using water for 

fulfilling their basic needs, which is within the threshold discussed by Martínez-Espiñeira and 

Nauges (2004). This may have caused the high and low income households to be less 

sensitive to price rise, as compared to the middle income households.  

 

2.2.2 Water saving technologies  

Water efficient appliances 

One of the important strategies in WDM is the installation of water efficient appliances. 

Water efficient appliances can be considered as an effective mechanism to reduce water 

demand due to three reasons (Millock and Nauges, 2010). Firstly, a significant share of 

domestic water is consumed through the appliances (e.g. toilets, showers, washing machines). 

Secondly, from the perspective of engineering, the water saving potential of these fixtures is 

well acknowledged (e.g. water efficient washing machine could be using just a third of an 

inefficient model). And thirdly, the promotion of installation of these appliances is politically 

better as compared to policies on water price and restrictions, since increasing price and 

imposing restriction are usually considered unpopular by the public. Studies on water saving 

appliances in the USA, UK and Australia found that the installation of the appliances, 

including faucet aerators and low-flow showerheads, reduced water consumption by 12% 

(Fielding et al., 2012). Turner et al. (2004) as cited by Fielding et al. (2012) reported that 

12% reduction in water consumption was obtained in Australia through the replacement of 

inefficient fixtures and the checking and repairing of leaks. Furthermore, according to Inman 

and Jeffrey (2006), a more comprehensive program for retrofitting water efficient appliances 

may reduce water consumption by 35% to 50%.  

Among the most comprehensive studies conducted on the effect of retrofitting water 

efficient appliances in households were the studies conducted by Mayer et al. (2000; 2003; 

2004) in the cities of Seattle, Tampa Bay and East Bay Municipal Utility District (EBMUD) 

in San Francisco. In the studies, a group of sample houses were retrofitted with a range of 

water saving appliances including water efficient washing machines, dishwashers, faucet 

aerators, low-flow showerheads and ultra-low flow toilets. Furthermore, water audits for the 

checking and repairing of leaks were also conducted. The water saving due to the appliances 

were then obtained based on the comparison of water consumption before-and-after the 
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retrofit. The highest reduction came from the repairing of leaks, with the reduction of 19.7%, 

while the lowest came from the installation of dishwashers, with the reduction of 0.3% 

(Figure 2.1). In terms of regions, the highest water reduction was recorded in Tampa Bay 

with the total reduction of 49.7%, while the lowest was recorded in Seattle with the total 

reduction of 37.2%. Overall, with the exception of leaks, the installation of water efficient 

washing machines, dishwashers, faucet aerators, low-flow showerheads and ultra-low flow 

toilets reduced indoor water consumption by up to 30%. 

 

Figure 2.1. Percentage savings resulting from the installation of water saving appliances     

(Mayer et al., 2000; 2003; 2004) 

Decentralized supply system 

Apart from water efficient appliances, it is also possible to secure water supply by 

installing a decentralized water supply to houses. Among the most used decentralized water 

supply system is the rainwater harvesting system (RWHS) and greywater recycling system 

(GRWS). There have been a growing number of studies analysing different parameters of the 

rainwater harvesting system, including the analysis of the quality of the stored rainwater 

(Kim et al., 2005), the evaluation of the optimum size of rainwater storage tanks (Villareal 

and Dixon, 2005; Ghisi et al., 2006) as well as the estimation of the potential mains water 

savings due to the installation of rainwater harvesting systems (Coombes and Kuczera, 2003; 

Ghisi, Bressan and Martini, 2007). Some of the studies have also analysed the side effects of 

rainwater harvesting system, including the changes to runoff characteristics (Li et al, 2004) 

and the environmental advantages (Coombes et al, 2002; Vaes and Berlamont 2001). 
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Rainwater harvesting can be effectively targeted in substituting mains water supply to 

non-potable end uses, including for toilet flushing, garden irrigation and washing machines 

(Jones and Hunt, 2010). Based on the results of the investigations on the micro-component of 

household water end use, a significant part of domestic consumption is typically used for 

toilet flushing, laundry and outdoor use (Mayer et al., 2000; 2003; 2004; Heinrich, 2008; 

Water Corporation, 2010). Thus, non-potable water constitutes a significant part of household 

water consumption, and a potentially high water savings can be obtained by the usage of 

rainwater harvesting systems. There have been a growing number of studies showing the 

suitability of rainwater harvesting as an alternative source for saving potable water. In 

southern Brazil, Ghisi et al. (2007) found that the potential mains water saving ranged from 

12% to 79%. In the UK, Fewkes (1999) found that the average mains water saving from the 

usage of rainwater for toilet flushing alone was approximately 57%. While in Taiwan, Cheng 

et al. (2006) found that the potential of mains water saving can be up to 32%, with rainwater 

used mostly for toilet flushing, cleaning and gardening.  

Apart from RWHS, some studies have also analysed the usage of decentralized greywater 

recycling system for domestic water supply. Greywater can be defined as wastewater that is 

produced from sources apart from toilets, where greywater can constitute about 75% of the 

residential sewage (Hansen and Kjellerup, 1994 as cited by Eriksson et al., 2003). According 

to Karpiscak et al. (1990), 30% of the total household water consumption could be saved 

through the usage of greywater for toilet flushing alone. Furthermore, it was estimated by 

Friedler and Galil (2003) that 50 MCM/year (million cubic meters per year) of mains water in 

Israel could be saved by 2023 should the greywater recycling system obtain 30% penetration 

ratio in the country. The author further demonstrated that it is possible to reach 30% 

penetration in 20 years’ time, provided that the government provides support through 

encouragement and promotion.   

 

2.2.3 Communication/education 

For this study, the mechanisms of public information campaigns and education will be 

combined under communication/education. One of the most vital objectives of 

communication/education is to engage the public on the issues of water conservation 

(Howarth and Butler, 2004). In a study by Baumann et al (1998), it was reported that 

communication/education effort, such as through media broadcasts, can reduce water demand 
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by 2% - 5%. According to Billings and Day (1989), a function of water consumption and 

public information on the need to conserve water had an elasticity of -0.05. This means that 

for every 10% increase in the amount of publicity efforts, there will be an approximately 

0.5% reduction of water consumption. However, there were no explanations provided by the 

authors on how this was measured but they concluded that, despite the expected reduction 

that can be gained from publicity, the effects are temporary, and will only last as long as the 

publicity continues.   

In a study by the UK Environment Agency (1999) on public education campaign in 

Zaragoza, it was found that longer term water savings can be realized through boosting 

consumers’ involvement with the community as well as educating the consumers. The 

Zaragoza public education campaign was conducted in two stages. The first was identifying 

and bringing the water efficient appliances` suppliers in contact with the local community, 

and the consequent step was notifying the public on the practicalities and benefits of 

conserving water through school visits, exposition and public presentations. An evaluation 

carried out one year after the program found that the program reduced annual water 

consumption of the city by 5.6%. In another study, Wang et al (1999) analysed the effect of a 

public education program put forward by Artesian Water Company Inc. in the area of New 

Castle County in Delaware. In the program, the company used pamphlets and bill inserts as 

the means to inform consumers about water conservation. The study had found that the 

program reduced summer water demand by 4.8% between the years 1992 and 1997.  

It was also found that communication/education have different effects for different 

regions, particularly in regions with different dry environment. For example, the study by 

Nieswiadomy (1992) on the effect of communication/education efforts in four regions in the 

US – southern region, western region, north east region and central region, found that the 

only region most impacted by the efforts was the western region, which is more prone to 

water scarcity.  Similarly, Renwick and Green (2000) found that demand side policies, 

including public information campaigns, reduced water demand in the western region of the 

US by 8%, while Howarth and Butler (2004) found that information campaigns had no effect 

in Swindon, UK.  This phenomenon can be explained by the work of Gersick (1991) who 

argued that radical change generally only occurs if those involved perceived a significant 

crisis. 
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2.2.4 Restriction 

Among the approaches used to reduce water demand during times of scarcity is the usage 

of water restriction. According to Halich and Stephenson (2009), there are three basic 

components in a restriction; program content, program promotion and information 

dissemination, and enforcement. Program content refers to the type and the extent of water 

use restrictions, where the greater the number of activities restricted, the higher the reductions 

in the water consumption that can be expected. Program promotion and information 

dissemination on the other hand, should convey to the public four general elements; the 

seriousness of the water situation, the restricted activities, the penalties for non-compliance 

and the promotion of additional ways to reduce water consumption.  Finally, restriction 

programs require a system of enforcement, which involves monitoring and penalizing 

offenders. Monitoring can include both passive efforts (e.g. citizen hotlines) and active 

efforts (e.g. public works department or police) (Renwick and Archibald, 1998), while 

penalties can include warnings, fines and, under extreme circumstances, termination of water 

services. 

Water restriction can take two forms (Howe and Goemans, 2002); outdoor use restriction 

(OUR) and total use constraint (TUC). In OUR, the focus is on restricting how and when 

watering takes place, by restricting the timing of outdoor water use (e.g. restricting outdoor 

water use to only certain time and day) and the manner in which water is used (e.g. for filling 

of swimming pool, car washing, pavement watering). However, households can still use as 

much water as they like, provided that this occurs for permitted water use activities during the 

allotted watering days. Therefore, OUR does not directly address the fundamental issues of 

“total use of water”, denying households the opportunity to decide how to make any 

reductions in their water consumption. Water restriction can also take the form of total use 

constraint, where the quantity of water for each household is restricted. For example, under 

level 6 water restriction, households in southeast Queensland will face tough penalties if they 

use more than 800 l/day (Australian Government Bureau of Meteorology, n.d.). Apart from 

the form of restriction, water restriction can also be either voluntary or mandatory. Studies 

that have examined drought management programs tend to model the presence of voluntary 

or mandatory restrictions as a single variable. In aggregate, these studies reported that 

voluntary restriction programs reduced household water use by 0% to 16%, while mandatory 

restriction programs reduced water use by 16% to 31% (Renwick and Archibald, 1998; 

Renwick and Green, 2000; Nieswiadomy, 1992; Wang et al, 1999; Kenney et al. 2008).  
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2.3 The usage of the WDM mechanisms for long term water management and short term 

water crisis  

One of the decision pathways for water planning and management is reactionary crisis 

management, including drought management plans. A drought management plan focuses on 

mitigation and response strategies that can provide short-term relief from temporary water 

supply shortages. For example, during the Millennium Drought period from 1995 to 2012, 

southeast Australia was impacted by what was described as the worst drought on record (van 

Dijk et al., 2013). During this period, a number of cities suffered severe water shortage 

problems, causing the Victorian Government to implement the WDM mechanisms to 

alleviate the water shortages. The Victorian Government used the mechanisms of price, 

technologies, communication/education and restriction to reduce household water demand in 

Melbourne. The implementation of the mechanisms reduced the domestic water demand in 

Melbourne by nearly 35%, from 247 lcd recorded in 2000/01 to 161 lcd in 2012/13 (City 

West Water, South East Water, Yarra Valley Water and Melbourne Water, 2013). On the 

other hand, the water authority in South East Queensland used the mechanisms of 

technologies, communication/education and restriction to reduce domestic water demand. 

The implementation of the mechanisms significantly reduced the domestic water demand in 

the area by nearly 60%, from the recorded 300 lcd in 2005 to 122 lcd in 2008 (Shearer, 

2011). 

It is increasingly recognized that proactive and forward thinking risk management 

approaches are more effective in mitigating effects of potential disasters or unwanted 

situations. This is because although some crises may be unforeseen, which requires 

reactionary responses, many crises related to water management, such as drought, are at least 

partially foreseeable. Thus, responses can be proactively planned to either mitigate the 

effects, avoid them entirely, or transform them into opportunities. Some regions that are 

prone to drought and water shortages have initiated planning for drought mitigation. For 

example, the Ontario Low Water Response (OLWR) is a response policy designed to 

improve the flexibility of the water allocation system in the event of a drought. The policy 

involves voluntary WDM efforts through communication/education, and mandatory 

restrictions when required (OMNR, OME, OMAFR, OMMAH, OMRI, AMO and CO, 



23 
 

2010). However, despite the flexibility, in its current form, OLWR still remains largely a 

reaction approach (Kreutzwiser et al., 2004). 

Measures taken in crisis situations typically aim to meet water demand under the 

prevailing water availability conditions, and hence are temporary in nature. To maintain an 

overall reduction in water consumption, different strategies will be required which promote a 

water conservation culture. Such strategies would require water managers to focus on 

proactive planning instead of crisis management. Some of the programs conducted by water 

authorities already aim to break the current reactionary approach of focusing on the benefits 

of water conservation primarily in response to emergencies and crisis, to focusing on the long 

term water management. For instance, Singapore, classed as a water-scarce country by the 

United Nations (UNESCO, 2006), used the mechanisms of price, technologies and 

communication/education to reduce domestic water demand (Tortajada et al., 2013). The 

implementation of these mechanisms reduced the domestic water demand in Singapore by 

16%, from the recorded demand of 176 lcd in 1994 to 147 lcd in 2012 (Tortajada et al., 

2013). In another instance, the region of South Florida, which is prone to extreme drought 

conditions, had prepared a water conservation plan in 2008, with the goal of replacing the as 

needed thinking with a more beneficial, year-round water conservation ethic. In the plan, the 

water authority (South Florida Water Management District or SFWMD) used the 

mechanisms of price, technologies, and communication/education to reduce domestic water 

demand (South Florida Water Management District, 2008). In 2010, mandatory outdoor use 

restriction was also imposed, under the “Year-Round Landscape Irrigation Rule” where 

outdoor water use is only allowed during specified times and days (South Florida Water 

Management District, n.d.). In a study conducted by the University of Florida`s Bureau of 

Economic and Business Research, the water demand per capita in the county of Miami-Dade, 

Broward, Palm Beach and Monroe fell from more than 600 liters per day (176 gallons) in 

2000 to slightly over 500 liters per day (140 gallons) in 2010 (Plumbing Perspective, 2012).  

 

2.4 The interrelationship of the mechanisms 

 According to Reynaud (2013) and Syme et al. (2000), since WDM mechanisms were 

usually implemented in combination by water utilities, there may exist possible interactions 
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between the mechanisms. This section will discuss some of the possible interrelationships 

that may exist between the mechanisms.  

The mechanism of price may influence the adoption and effectiveness of the technological 

improvement mechanism. This is because these water efficient technologies entail 

installation, operation and maintenance costs. Thus, from the financial perspective, if the 

water price is low, there will be no dire need to conserve water for the consumers, and the 

installation of these technologies to save on water bills may not be cost effective. 

Nonetheless, as the price of water increases, water and cost saving resulting from these 

technologies becomes more financially viable. Kim and Yoo (2009) suggested that the price 

of water needs to be increased by a factor of five in order for RWHS to become financially 

viable in South Korea. In Japan, Marleni et al. (2012) found that residents choose to install 

greywater reuse systems due to the high price of water. Restriction may also influence how 

households respond to changes in price and vice-versa, where demand was found to be less 

price elastic when restrictions are in place and restrictions were found to be less effective in 

areas with relatively high prices (Howe and Goemans, 2002; Goemans et al., 2012). This is a 

result of restrictions affecting outdoor water use activities with further water savings due to 

price increases being primarily a result of cut-backs from indoor water use activities. Failing 

to account for this interaction resulted in biased estimates of the effectiveness of both 

mechanisms in reducing water demand (Howe and Goemans, 2002; Goemans et al., 2012). 

 

Rebate schemes, financial incentives and water restriction programs can contribute to the 

uptake of technologies. Renwick and Archibald (1998) have shown that high water prices and 

subsidy programs encouraged consumers to use technologies to conserve water, particularly 

efficient irrigation systems, low-flow toilets and showerheads. In Melbourne, the usage of 

RWHS among households increased significantly by 14% over the period of 2007 to 2010 

(Australian Bureau of Statistics, 2010). This increment may be due to several factors, 

including an increased rebate on installment of water saving technologies especially RWHS; 

implementation of stricter restriction conditions on outdoor water usage; and various public 

information campaigns on water conservation under the ‘Our Water, Our Future’ program 

since 2004 and ‘T155’ program since 2007.  

Public information campaigns have also been found to improve the effectiveness of other 

mechanisms. According to Halich and Stephenson (2009), during water restriction programs, 



25 
 

information dissemination efforts through communication/education should attempt to 

convey four general elements to the public; 1) the emphasis of the seriousness of the water 

situation, 2) which activities are covered by the restrictions, 3) specific penalties for non-

compliance and 4) promotion of additional ways to reduce water use that might not be 

covered by the restrictions. This information improves understanding and awareness of the 

restriction by the public, thus making the water restriction more effective. 

Communication/education may also disseminate information on the technologies and any 

rebate scheme or financial incentives available to save water as well as the benefit of having 

those technologies. An example is the Water Efficient Labeling Scheme (WELS) which was 

introduced in Singapore in 2006 and made mandatory in 2009. Through this scheme, 

consumers make informed choices when making purchases, hence improving the 

effectiveness of these technologies. Since consumers often lack understanding of the price 

rate structure of water (Carter and Milon, 2005; Arbués et al, 2003), information 

dissemination is also important in ensuring that consumers are aware and understand how 

water is priced.  

Apart from that, measuring water consumption on a per unit basis through metering enables 

the tracking of household water consumption, as well as assessing the effect of the 

implementation of WDM mechanisms. For example, metering and charging water based on 

usage produces water bills that reflect the consumption of water, making the effect of price 

mechanisms visible to the consumers. Enabling households to track their own consumption 

can also be critical in the implementation of quantity restrictions and promoting water-saving 

technologies. Furthermore, metering can also assist the communication/education efforts of 

the water managers (i.e. setting household water demand reduction target such as T155 

campaign in Melbourne).     

  

2.5 Approaches to studies in WDM mechanisms 

There are generally four approaches to studies in WDM mechanisms (Tsai et al., 2011). 

First is the price elasticity approach, which was used to analyse the effectiveness of price 

mechanism in reducing household water demand. Price elasticity is an indication of the 

percentage reduction in household water demand when the price of water is increased by a 

certain percentage. Most of the studies through this approach were conducted using 
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sophisticated statistical techniques, including Generalized Least Square (GLS) (Martínez-

Espiñeira and Nauges, 2004; Nauges and Thomas, 2000), Fixed Effect (FE) (Martínez-

Espiñeira, 2002; 2003a; 2003b), Random Effect (RE) (Fenrick and Getachew, 2012) and 

Generalized Method of Moments (GMM) (Nauges and Thomas, 2000; Romano et al., 2014). 

For example, Martínez-Espiñeira (2003a) used the combination of ordinary least square, 

generalized least square, multinomial logistic regression and instrumental variable to estimate 

domestic water demand functions under linear and non-linear tariffs, and found that the 

average-price elasticity estimates lie between -0.51 and -0.67 (reduction of 5.1% to 6.7% for 

every 10% increase in price). In another example, Romano et al. (2014) used generalized 

method of moments to estimate the determinants of residential water demand for chief towns 

of every Italian province in the period 2007-2009, and found that price increase had a 

negative effect on residential water consumption, and that it was a relevant driver of domestic 

water consumption.  

Second is the behavioural study approach, which was used to analyse and understand the 

water-related behaviour and attitude of households, and the possible factors that can influence 

their water consumption. Studies using this approach were usually conducted by using a 

controlled experiment design, based on the combination of survey and multiple variable 

regression technique. For example, Domene and Sauri (2006) investigated the influence of 

demographic, behavioural and housing factors on the residential water consumption of 532 

households surveyed in 22 municipalities across the Metropolitan Region of Barcelona using 

descriptive statistics and multiple variable regression analysis. They found that income, 

housing type, members per household, the presence of outdoor uses, the kind of species 

planted in the garden and consumer behaviour towards conservation practices play a 

significant role in explaining variations in water consumption. In another example, Mondéjar-

Jiménez et al. (2011) used the result of the survey conducted by the Spain`s Instituto 

Nacional de Estadistica on the environmental-related consumption patterns and attitudes of 

Spanish household to formulate a structural model in explaining the environmental behaviour 

of Spanish households, focusing on the relationships between personal factors (i.e. lifestyle), 

environmental awareness (i.e. environmental attitudes) and water saving (i.e. environmental 

behaviour). By using multiple variable regression analysis, they found that the relationship of 

environmental consciousness and water saving behaviour was positive, while lifestyle was 

inversely related to saving behaviour.  
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Third is the controlled experiments and simulation approach. Most of the previous studies 

analysing the effect of the installation of water saving technologies on water demand 

reduction were conducted using this approach. There were two ways of how studies using 

this approach have been previously conducted. First is through the measuring of the actual 

water saving in a group of sample houses by comparing water consumption before and after 

the installation of specific water saving technologies. For example, the study by Mayer et al. 

(2004) had measured the actual impact of a variety of water efficient appliances through a 

before-and-after paired comparison of water use patterns from a sample of 26 single-family 

homes in the Tampa area. They found that the installation of the water saving appliances 

reduced up to 30% of the total indoor water demand. The second method involved simulation 

to estimate the potential water saving that can be achieved through the installation of water 

saving technologies. For example, Coombes and Kuczera (2003) found that, based on local 

rainfall data and specific water consumption pattern, an individual building with a 150 m2 

roof area and a 1-5 kL tank in Sydney has the potential of yielding 10% to 58% mains water 

savings. Some of the recent studies analysing the effect of other WDM mechanisms (e.g. 

behaviour of households, effect of water saving campaign) have also started to use this 

approach. For example, Linkola et al. (2013) used an agent based model to simulate the 

dynamic water using behaviour of households in the US and the Netherlands, and used 

sensitivity analysis to analyse the effect of water saving campaigns and the installation of 

water meter on households` water consumption, based on the households` level of care for 

the environment. They found that water meter installation and water saving campaigns can 

reduce water demand by about 40 lcd for households with low care for the environment, and 

80 lcd for households with high care for the environment.   

The fourth approach involved retrospective analysis of previous water use for an area 

using available data. Most of the studies using this approach used multiple variable regression 

technique to predict water demand as a function of a set of implemented mechanisms in the 

area. For example, Renwick and Green (2000) used multiple variable regression analysis to 

determine the effect of the conservation efforts conducted in California during the 1989-1996 

periods. There were six policies included in the effort; increment of price, public information 

campaigns, low-flow toilet rebate program, distribution of free plumbing retrofit kits, water 

rationing, water restriction and compliance affidavit policy (i.e. requiring households to file 

an affidavit attesting that specific water-efficient devices were installed, or faced higher 

marginal price). They found that the effect of each policy on water demand differ, where the 
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lowest came from the affidavit policy with only 0.3%, while the highest came from water 

restriction with 29%. The adjusted R2 of 0.91 obtained in the study also shows that the water 

demand reduction during the specified period was a result of the combination of all the 

policies. While most of the studies used simple multiple variable regression technique, some 

of the recent studies have used more sophisticated multiple variable regression technique. For 

example, Kenney et al (2008) used a fixed effect model and instrumental variable to analyse 

the effect of price increase, water restriction, rebates for indoor water saving technologies, 

rebates for outdoor water saving technologies, and rebates for water smart readers on water 

demand in Aurora, Colorado during the period 1997 to 2005. They found that the highest 

water reduction came from water restriction, while the lowest came from the rebates on 

outdoor water saving technologies. Apart from that, they also analysed the effect of weather 

related factors (i.e. irrigation and holiday season, total precipitation and maximum 

temperature) on water demand, where irrigation was found to be the most influential factor 

on water demand (i.e. water usage was significantly higher during irrigation season). In most 

of these studies, while the mechanism of price was represented by the either the marginal 

price (i.e. the cost of the last unit purchased) or average price, other WDM mechanisms (e.g. 

restriction, rebates) were indicated by dummy variables, where the variable was set to 1 for 

times at which the policies were implemented, and 0 for otherwise. 

 

 

2.6 Summary 

In summary, the review in this chapter has showed that the WDM mechanisms have been 

widely used in order to reduce and manage domestic water demand. The effectiveness of the 

mechanisms in reducing domestic water demand varies from one mechanism to another, 

where water saving technologies, particularly rainwater harvesting systems were found to 

yield the greatest water demand reduction, while communication/education yields the lowest. 

The WDM mechanisms have been used by various cities around the world as a measure for 

short term water crisis or for long term water management. Despite the different measures, 

most of the cities reviewed used integrated implementation of the mechanisms to reduce 

water demand. This shows that the mechanisms need to be combined in order to produce 

greater water demand reduction. However, since the effect of the mechanisms on water 
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demand differs from one mechanism to another, different combinations of the mechanisms 

will result in different water demand reduction. Furthermore, studies have also showed that 

there exist interactions in joint implementation of the mechanisms, which can be used to 

increase the effectiveness of the mechanisms in reducing water demand. Thus, effective 

strategies in implementing integrated mechanisms are vital in order to maximise water 

demand reduction. However, based on the review, there are still no studies conducted on the 

effective implementation of integrated mechanisms. Thus, this study aimed to fill the gap by 

developing effective WDM strategies and procedures through synergistic implementation of 

the mechanisms, which will be done through the use of a retrospective analysis approach and 

controlled experiment and simulation approach.  
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CHAPTER 3 

ANALYZING WATER DEMAND MANAGEMENT (WDM) 

MECHANISMS: CASE STUDIES IN MELBOURNE AND 

SINGAPORE (Paper being submitted to journal) 

 

3.1 Abstract 

Increasing demand and deteriorating water supply is putting pressure on existing water 

resources. There is an urgent need to develop strategies to manage this demand via means of 

effective water demand management (WDM). Using case studies of WDM programs 

conducted in Melbourne and Singapore, this study analysed the effect of WDM mechanisms 

on domestic water demand. The results showed that the water demand reduction was a result 

of the combination of price, technologies, communication/education, and restrictions. We 

also found that interrelationships exist between the mechanisms, which can either increase 

(positive interrelationship) or reduce (negative interrelationship) a mechanism’s efficacy. 

 

3.2 Introduction 

Global water shortage is a serious global concern (Barlow, 2008). Increasing demand and 

dwindling supplies are exacerbated by climate change and pollution. Continuous reliance on 

increasing water supplies is argued to be unsustainable as most accessible water resources 

have already been tapped (United Nations Educational Scientific and Cultural Organization 

(UNESCO), 2003). Despite the numerous definitions and measurements of water scarcity 

(Rijsberman, 2006), what is certain is that humans are causing widespread environmental 

degradation through over-abstraction of water (Millennium Ecosystem Assessment, 2005). 

Due to increasing water demand and population, economic growth and water 

mismanagement, in 2025, two out of three people could be facing water scarcity (Arnell, 

2004) and by 2030, the worldwide demand for water will exceed the supply by 40% (World 

Economic Forum, 2010). 
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The infrastructures of modern water provisioning systems are well embedded in developed 

societies (Otnes, 1988; van Vliet et al., 2005). However, mounting pressure on water 

resources means an increased requirement for better water management (Butler and Memon, 

2005). Accordingly, the roles of water demand management (WDM) in ensuring continuous 

provision of water while maintaining healthy ecosystems have become a global focus (Nelson 

et al., 2011). WDM focuses on reducing water demand to achieve required water allocations 

and sustainability, where structural solutions will only be recommended after possible 

strategies of reducing water demand have been fully analysed (Savenije and van der Zaag, 

2002; Bakker, 2002; Saurí and del Moral, 2001; Kallis and Coccossis, 2003; Brooks, 2006).  

The two main mechanisms used in WDM are price and non-price, the latter including 

metering, water saving technologies, communication/education and water restrictions. 

Studies on WDM mechanisms have found that there exists interrelationship between the 

mechanisms which may increase or decrease the effect of the mechanism. For example, 

Howe and Goemans (2002) and Goemans et al. (2012) found that the effect of price was 

lower in areas under water restrictions, and restrictions were less effective in areas with high 

water price, while Kim and Yoo (2009) and Marleni et al. (2012) found that household 

adoption of water saving technologies depends on the price of water. Intrarelationship of the 

mechanisms with the external factors such as household income (e.g. Renwick and Green, 

2000; Inman and Jeffrey, 2006; Fielding et al., 2012) and property size (e.g. Fox et al., 2009; 

Zhang and Brown, 2005; Wentz and Gober, 2007) may also affect the mechanisms. For 

example, assisting the uptake of water saving technologies in high income areas may be more 

effective in reducing water demand than in low income areas, since retrofitting these 

technologies can be too costly for low income families.  

Studies on WDM have also shown that different mechanisms reduce water demand 

differently. For example, Mayer et al. (2004) found that water saving technologies can reduce 

water demand from 4.2% through the usage of faucet aerators, up to 13% through the usage 

of low-flow toilets. This means that the water demand reduction for households owning low-

flow toilets should be greater than households using faucet aerators. Hence, the analysis of 

water demand reduction must consider the effectiveness of the mechanisms to produce 

accurate assessments of the effect of each mechanism.  

Based on this, we present in this study a method to analyse the effect of the 

implementation of a WDM program on water demand, based on the varying effectiveness of 
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each mechanism in reducing water demand. We then evaluate the applicability of the method 

by using the WDM programs implemented in Melbourne and Singapore as case studies. 

Based on the method, we also investigate the interrelationship that exists between the 

mechanisms and how they influence the effectiveness of the program. The outcomes from 

this study may assist in better understanding the mechanisms used in WDM and the varying 

influences they exert on water demand. In addition, the proposed method can also be used to 

design more effective WDM programs. 

 

3.3 Data and case studies 

3.3.1 Data 

Time series data on domestic water demand of the area and the data on the implementation 

of the mechanisms of price, communication/education and restrictions as well as the data on 

household adoption of water saving technologies were collected. For Melbourne, data on 

water consumption were obtained from Water Outlook for Melbourne, an annual publication 

by Melbourne`s water industries (City West Water, South East Water, Yarra Valley Water 

and Melbourne Water, 2013). The data on changes in water price and the uptake of water 

saving technologies were retrieved from Edwards (2005), Essential Services Commission of 

Australia (2009) and the Australian Bureau of Statistics (2010). Information on 

communication/education efforts in Melbourne were found in a number of publications 

including Edwards (2005), Cahill and Lund (2013) and Liubinas and Harrison (2012). The 

data on the implementation and stages of water restrictions were extracted from the official 

webpage of Victoria Government Department of Environment and Primary Industries (DEPI) 

(Department of Environment and Primary Industries, 2014). For Singapore, the time series 

data of the domestic water demand were primarily obtained from the Yearbook of Statistics 

Singapore [Singapore Department of Statistics, 2007; 2008; 2009; 2010; 2011; 2012; 2013].  

Tortajada et al. (2013), Howe and Mitchell (2012), Chen et al. (2010), Tortajada (2006) and 

Tortajada and Joshi (2012) were the primary references for the information on the 

implementation of WDM mechanisms in Singapore. 
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3.3.2 Melbourne 

Australia faces significant challenges to meet increasing water demand (Hurlimann, 2011; 

Dolnicar and Hurlimann, 2010). The Millennium Drought period from 1995 to 2012 was 

described as the worst drought on record for Australia (van Dijk et al., 2013). Victoria bore 

the brunt of the drought and faced extended periods where rainfall was below average. 

During this period, the average inflow to Melbourne was only 62% of the average for the 

1913-1996 period (Hurlimann, 2011). 

The Victorian Government introduced policies to mitigate the effects of these extended 

drought conditions. The government promoted water conservation through behavioural 

change programs such as ‘Our Water Our Future’ and the `Target 155` voluntary campaign. 

In these programs, the government had used mass media, campaigns and bill inserts to 

convey the messages on water conservation. Melbourne residents also received fiscal 

incentives for installing water saving technologies, including rainwater harvesting systems 

(RWHS), dual-flush toilets and low-flow showerheads. Water restrictions (stages 1 to 4) were 

imposed in most areas, and price mechanisms were also implemented to encourage water 

conservation (Please refer to Supporting Information 3.1 to 3.5 for summary). These 

mechanisms succeeded in reducing household water demand in Melbourne from 247 lcd in 

2000/01 to a minimum of 147 lcd in 2010/11 (40%). 

In order to assist in preventing future water shortage, apart from the WDM measures, the 

Victorian Government also opt to augment the water supply system, among others through 

the development of a desalination plant in Wonthaggi. The plant, initiated in 2007, was the 

then largest plant in the world (since replaced in 2014 by a 150-200 GL/year plant in Sorek, 

south of Tel Aviv, Israel), which is able to supply up to 150 GL per year of water to the state 

of Victoria (Dundorf et al., 2009). However, the operating and maintaining of this plant had 

cost a yearly increase of up to AUD200 in the average water bill in Melbourne (Ferguson, 

2014).   
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3.3.3 Singapore 

Singapore is categorised as ‘water-scarce’ by the United Nations (United Nations 

Educational Scientific and Cultural Organization (UNESCO), 2006). Parallel to the 

expansion and diversification of water sources, the Public Utility Board (PUB) which is the 

Singapore’s national water agency, implemented a comprehensive policy in managing 

domestic water demand. For this, PUB implemented various publicity campaigns, including 

‘Save Water Campaigns’ in 1996 and 1997, the ‘Turn it off’ campaign in 1998 and the ‘10 

litres challenge’ campaign in 2006. Under the Water Efficient Homes program launched in 

2003, PUB formed water volunteer groups (WVG) to convey information on water 

conservation. This initiative fostered public support for its programs and helped the 

community understand the required values and good habits of conserving water.  

Water tariffs in Singapore were increased in 1997, 1998, 1999 and 2000 to encourage 

greater fiscal incentives for consumers who complied with the proposed recommendations. 

As for technologies, the government focused on the installation of thimbles (i.e. pipe fittings 

to reduce water flow in taps and showerheads) and dual-flush toilets, in addition to free 

distribution of thimbles and cistern bags to households (Please refer to Supporting 

Information 6 to 8 for summary). These mechanisms succeeded in reducing Singapore’s 

domestic water consumption from 176 lcd in 1996 to 147 lcd in 2012 (16%). 

In an effort to explore the possibility of reusing wastewater for industrial and potable uses, 

the Singapore Government launched in 2000 a wastewater recycling project, where a portion 

of the treated effluent from the Bedok Sewage Treatment Plant was diverted to the water 

purification plant (called the NEWater Factory) (Giap, 2005; Law, 2003; Singh, 2005). 

NEWater is primarily used in industrial application and in cooling towers, however, a small 

amount is injected to the potable water reservoirs (accounting for less than 2.5% of the total 

water supply) (Angelakis and Gikas, 2014). However, as the contract with Malaysia for water 

importation will expire in 2061, Singapore is preparing to increase the use of NEWater to 

50% in case the contract is not renewed (Angelakis and Gikas, 2014).   
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3.4 Methodology 

The water demand reduction resulting from a WDM program can be associated with the 

intensity of each mechanism used in the program. This intensity can be defined as the 

potential ability of the mechanism to reduce water demand, which depends on the level of 

implementation and the effectiveness of the mechanism. Due to the different level of 

implementation and the varying effectiveness of the mechanisms, the intensity of each 

mechanism in a WDM program should differ. This study proposed a method to measure the 

intensity of the mechanisms by using a weighted scoring system. The proposed method is 

represented in Equation 3.1: 

 Score (S) = R x NW                (3.1) 

where R is the rating of the mechanism, which will indicate the level of the 

implementation of the mechanism over time, and NW is the respective normalized weighting 

factors of the mechanism. Through the equation, the intensity over time for each mechanism 

in a WDM program can be represented by a set of scores. We then used the scores to analyze 

the effect of the mechanisms on water demand reduction. We also used the scores to 

determine the existence of interrelationship between the mechanisms, and its significance on 

water demand reduction.  

 

3.4.1 The rating of the mechanisms 

WDM mechanisms were rated to indicate changes in the implementation of the 

mechanisms over time. The mechanisms were rated yearly, relative to a reference year when 

the WDM program started. Some of the mechanisms can be assessed and rated based on the 

available quantitative data. For technologies, the ratings will be based on the penetration rate 

(PR) of the technologies, which were calculated by comparing the percentage of households 

owning the technologies for that year against the base year as reference. For price, the ratings 

will be based on the expected average percentage change (PC) in the household water bill due 

to changes in the water tariff with respect to the base year.  

However, there is no universal standard for water restrictions. Local water managers 

decide the type of water-related activities to be restricted and the duration. The same goes for 
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communication/education, where the media channel and content is decided by local water 

managers. Methods for measuring the intensity of both restrictions and 

communication/education have yet to be developed. Thus, we used indicative rating (IR) to 

rate the implementation of restrictions and communication/education over time. For 

restrictions, the ratings were based on the restricted water-related activities and its duration 

for each stage of the restrictions, while for communication/education, the ratings were based 

on the medium used and the messages contained.  

Here, two points need to be highlighted. First, all PR and IR ratings were based on a 

reference year. Thus, the implementation of the mechanisms before the reference year will 

not be included in the analysis. Second, the IR obtained in this study was based on local area, 

focusing on the changes in the implementation of the mechanisms in the area over time. 

Thus, the IR for one area cannot be directly compared to another area. Further research is 

needed to determine the pattern of the mechanisms for a comparable IR. Regardless, these 

yearly ratings should be able to indicate the changes in the implementation of the 

mechanisms, thereby enabling the analysis of the resulting household water demand 

reduction. 

 

3.4.2 Weighting factors 

The effects of the mechanisms on water demand reduction should vary, since each 

mechanism possessed different water saving properties. Thus, we used the maximum 

percentage of water demand reduction reported as the weighting factor. The justification for 

using the maximum percentage value was based on the assumption that the varying 

effectiveness of the mechanisms were partially caused by the interrelationship that exist 

between the mechanisms and the intrarelationship of the mechanisms with the external 

factors (e.g. climate factor, household income, population density, water end use share). 

Thus, the weighting factor of the mechanisms served as the benchmark of the effectiveness of 

the mechanisms, which later was adjusted by the interrelationship and external factors. 

However, the determination of the value of interrelationship and external factors were beyond 

the scope of this study and requires further research.   

The weighting factors of the mechanisms were then normalized into a common factor. The 

aim was to combine the effect of different mechanisms based on their relative impact on 
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water demand. Based on previous studies, we found that RWHS yielded the highest water 

saving percentage. Thus, we normalized the weighting factors to the value of 100% PR of 

RWHS using Equation 3.2: 

Normalized weighting factors (NW) = Wi / WRWHS              (3.2) 

where Wi is the weighting factor of each mechanism, and WRWHS is the weighting factor of 

RWHS. The yearly scores of the mechanisms were then calculated using Equation 3.3-3.5: 

Score (S) for price     = NW x PR           (3.3) 

Score (S) for technologies    = ∑ (NW x PR)            (3.4) 

Score (S) for communication/education and restrictions     

        = NW x IR           (3.5) 

where NW is the normalized weighting factor of each mechanisms, and PC, PR and IR are 

the ratings of the mechanisms, where PC is the percentage change in water price, PR is the 

yearly penetration rate of each technologies and IR is the yearly indicative rating of the 

mechanisms of communication/education and restrictions. Table 3.1 summarizes the 

mathematical relationships between the ratings and the weighting factors.  
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Table 3.1.Mathematical relationship between ratings and the weighting factors 

 

Mechanisms 
 Maximum 

%Reduction  

Weighting 

Factor 

Normalized 

Weighting Factor 

Normalized 

Score 

Pricea 67% 0.67 0.848 PC x 0.848 

Restrictionsb 31% 0.31 0.39 IR x 0.39 

Tech 

(Demand)c  

Showerhead 4.5% 0.045 0.057 
PR @ IR x 

0.057 

Toilet 17.2% 0.172 0.218 
PR @ IR x 

0.218 

Faucet 4.2% 0.042 0.053 
PR @ IR x 

0.053 

Dishwasher 0.3% 0.003 0.004 
PR @ IR x 

0.004 

Washing 

machine 
9% 0.09 0.114 

PR @ IR x 

0.114 

Tech 

(Supply)d 
RWHS 79% 0.79 1 PR @ IR x 1 

Communication & 

Education (C/E)e 
12% 0.12 0.152 IR x 0.152 

PR = penetration rate, PC = price change, IR = indicative rating. 
a from Martínez-Espiñeira (2002; 2003; 2007), Martins and Fortunato (2007), Arbués et al. 

(2004), García-Valiñas (2005), Garcia and Reynaud (2004), Arbués and Villanúa (2006), 

Nauges and Thomas (2000; 2003).  
b from Renwick and Archibald (1998), Renwick and Green (2000), Kenney et al. (2008), 

Inman and Jeffrey (2006). 
c from Mayer et al. (2000; 2003; 2004). 
d from Ghisi and de Oliveira (2007), Ghisi et al. (2007), Villareal and Dixon (2005), 

Muthukumaran et al. (2011). 
e from Renwick and Green (2000), Inman and Jeffrey (2006), United States Environmental 

Protection Agency (1998), UKWIR (1998). 
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3.4.3 Statistical analysis 

The scores of the mechanisms and their resultant water demand reduction were regressed 

together at the 95% confidence level to determine the effects of the model on water demand. 

The coefficient of determination, R2 was used to assess the percentage of variability in the 

resulting water demand reduction that could be explained by the model, with p-values 

indicating whether the model was significant to the resulting reduction. Since the regression 

was conducted at the 95% confidence level, model with p-values less than 0.05 will be 

considered as significant.   

Next, we used an F test analysis to determine the existence and significance of the 

interrelationship between the mechanisms. Generally, F-test values correspond to the ratio of 

the explained variances to the unexplained variances, where higher F values indicate higher 

ratio of the explained variances. In this analysis, the score of individuals and pairs of 

mechanisms were set to zero, and the resulting F-test value for the reduced model (i.e. model 

without the inclusion of the mechanisms being tested) were analysed and compared with the 

full model (i.e. model with the inclusion of all the mechanisms). Large differences in the F 

values will indicate that the contribution of the tested mechanisms were significant, which 

means that there was a significant difference between a model with the inclusion of the 

mechanisms and a model without the mechanisms. All statistical analyses conducted in this 

step were performed using Excel and ‘regress’ and ‘test’ command in STATA. 

 

3.5 Results and discussion 

3.5.1 Scores of the mechanisms 

Melbourne  

Figure 3.1 shows the trend of the scores of the mechanisms and the resulting water 

demand for Melbourne, based on the reference year of 2000/01 (Please refer to Supporting 

Information 3.9 and 3.10 for detail ratings and scores of the mechanisms). The score for price 

changed five times during the years; once in 2004 and a continuous increment between the 

years 2009 and 2012, with the highest value of 0.47. The score for communication/education 

changed three times; increased score in 2004/05 due to ‘Our Water, Our Future’ program, 



40 
 

further increased in 2004/05 due to ‘T155’ campaigns and decreased in 2012/13 when the 

‘T155’ campaign was discontinued. Due to the low weighting factor for 

communication/education, the resulting scores were the lowest compared to the other 

mechanisms, with the highest score of only 0.06. 

 

 

Figure 3.1. Graph of the scores of the mechanisms and the resulting water demand for 

Melbourne 

 

As for technologies, the survey on the percentage of households in Victoria owning the 

technologies of RWHS, low-flow showerhead and dual-flush toilet conducted by the 

Australian Bureau of Statistics (ABS) was done once every three years. Thus, we let the PR 

value of technologies be constant between the surveyed years. Showerhead yielded the 

highest PR, while RWHS yielded the lowest, which may be due to the higher cost needed for 

installing RWHS as compared to showerhead. The highest PR increment for RWHS and 

showerhead occurred between 2007/08 to 2010/11, which may be due to the significant 

increase in the fiscal incentives offered by the Victorian Government for these two 
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technologies in 2007/08 and the increase in the price of water in 2009. PR for dual-flush 

toilet increased at a constant rate of 7% from 2001/02 to 2009/10. However, the rate of 

increment reduced to 3% between 2010/11 to 2012/13, which may be due to the already high 

percentage of household owning dual-flush toilet (88.6% as of 2010). The resulting scores for 

technologies yielded the maximum value of 0.23, with the highest increment occurring 

between 2007/08 to 2010/11, parallel to the high PR increase for RWHS.  

For restrictions, during the course of the WDM program, the government had been 

increasing and decreasing the restrictions on water usage corresponding to the severity of the 

water shortage. For example, from 2003 to 2005, stage 3 restrictions were imposed due to the 

severe water level drop in the supplying dams, before it was substituted by less strict 

‘Permanent Water Saving Rules’ in 2005. However, the water level severely dropped again in 

2006, forcing the government to re-impose stage 3 and stage 3A restrictions in 2007. The 

highest score for restrictions was 0.28, which corresponds to the implementation of stage 3A 

restrictions between the years 2007/08 and 2009/10.  

 

Singapore  

Figure 3.2 shows the trend of the scores of the mechanisms and the resulting water 

demand for Singapore, based on the reference year of 1994 (Please see Supporting 

Information 3.11 and 3.12 for detail ratings and scores of the mechanisms). In comparison to 

Melbourne, there have been no literatures indicating the usage of restrictions in Singapore. 

Thus, the mechanism of restrictions was not included in the analysis. The Singapore 

government increased the water price in 1997, 1998 and 1999. However, since there were no 

data available to ascertain the effect of the price changes to household bills, we used the 

change in price for 100m3 of water. This should give an indication of how the price changes, 

even though the accuracy might be lower. The maximum score of price was 0.68.   
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Figure 3.2. Graph of the scores of the mechanisms and the resulting water demand for 

Singapore 

 

For technologies, Singapore focused on free distribution of thimbles and cistern bags, and 

mandatory requirement for installation of thimbles and dual-flush toilets for new and on-

going development. However, the data on the penetration rates of these technologies were 

also not available. Thus, we used IR to rate the technologies. There were four significant 

changes in the rating of technologies; 1995 when the government distributed free thimbles 

during water saving campaigns, 1997 when the government made mandatory the installation 

of toilets with lesser than 4.5 litres/flush for new and on-going residential projects, 1999 

when the government made mandatory the installation of thimbles for new housing flats and 

2003 when free water saving kits containing cistern bag and thimbles were distributed under 

the Water Efficient Homes program. The highest resulting score of technologies was in the 

year 2012, with the value of 0.06.  
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The score for communication/education increased numerous times during the years due to 

the efforts put forward by the Singapore government. This included the yearly water saving 

campaigns from 1995 to 1998, the Water Efficient Homes Program in 2003, the education 

programs for the young in 2005, the formation of water volunteer groups in 2006 and the 

WELS program in 2009. The highest score for communication/education was obtained in 

years 2011 and 2012, with the value of 0.14.  

 

3.5.2 Statistical analysis of the scores 

Regression results 

The scores of the mechanisms and the resulting water demand reduction were regressed to 

determine the values of R2 of the model and its significance, as shown in Tables 3.2(a) and 

3.2(b).  The individual ability of restrictions and price were found to be low, where 

restrictions and price can only explain about 33% and 50% of the variation in water demand 

respectively. Furthermore, the individual ability of restrictions was also found to be 

statistically non-significant to the water demand reduction. On the contrary, the individual 

ability of communication/education was found to be high, where the R2 value showed that 

more than 80% of the variation in water demand can be explained by 

communication/education. Moreover, the individual ability of communication/education was 

also found to be statistically significant in both case studies. 

The highest R2 was obtained through the effect of the full model (combination of all the 

mechanisms), where the values were found to be 0.934 and 0.963 for Melbourne and 

Singapore, respectively. This means that the combination of price, technologies, 

communication/education and restrictions can explain more than 93% of the water demand 

reduction. The p-value obtained for the full model was also low, indicating the high 

significance of the model. However, price and technologies were found to be non-significant 

in the full model. This means that the contribution of these mechanisms in the full model may 

be lower compared to the other mechanisms. However, despite the low contribution of price 

and technologies, the R2 obtained clearly demonstrated that the water demand reduction in 

both Melbourne and Singapore was due to the combination of the mechanisms and not the 

mechanisms’ individual effects. 
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Table 3.2 (a). Regression results for Melbourne  

  

R2 
Overall 

Significance 

Significant 

Mechanisms 

(p < 0.05)  

Non-

significant 

Mechanisms 

(p > 0.05)  

Individual 

PRICE (P) 0.491 0.008 P - 

TECHNOLOGIES (T) 0.678 0.002 T - 

COMM/EDU (C) 0.808 <0.001 C - 

RESTRICTIONS (R) 0.331 0.068 - R 

Combination 

P + T + C + R* 0.934 <0.001 C, R P, T 

T + C + R 0.927 <0.001 T, C, R - 

P + C + R 0.931 <0.001 P, C, R - 

P + T + R 0.894 <0.001 R P, T 

P + T + C 0.871 <0.001 C P, T 

P + T 0.731 0.007 T P 

P + C 0.860 <0.001 C P 

P + R 0.868 <0.001 P, R - 

T + C 0.870 <0.001 C T 

T + R 0.892 <0.001 T, R - 

C + R 0.820 <0.001 C R 
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Table 3.2 (b). Regression results for Singapore  

  

R2 
Overall 

Significance 

Significant 

Mechanisms 

(p < 0.05)  

Non-

significant 

Mechanisms 

(p > 0.05)  

Individual 

PRICE (P) 0.547 <0.001 P - 

TECHNOLOGIES (T) 0.896 <0.001 T - 

COMM/EDU (C) 0.959 <0.001 C - 

Combination 

P + T + C* 0.963 <0.001 C P, T 

P + T 0.902 <0.001 P T 

P + C 0.960 <0.001 P C 

T + C 0.962 <0.001 T C 

 

Legend 

High ability to explain water demand reduction (R2 more than 0.9) 

Medium ability to explain water demand reduction (R2 between 0.5 and 0.9) 

Low ability to explain water demand reduction (R2 less than 0.5) 

*   =   highest R2 

 

Contribution of the mechanisms 

The varying significances of the mechanisms showed that the contribution of the 

mechanisms in the full model differs. Based on the F-test results (Figure 3.3), we found that 

restrictions played a more significant role in Melbourne. The WDM program in Melbourne 

was geared towards short-term water crisis, where restrictions were one of the mechanisms 

suitable for that purpose. Apart from that, the external factors for Melbourne (i.e. water end 

use share) also showed that a large proportion of water was used for outdoor consumption 

(Gato-Trinidad et al., 2011), and as such, was more affected by restrictions. All these reasons 
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may have contributed to restrictions playing a more significant role in the water demand 

reduction for Melbourne. 

 

  P  T  C  R 

 

  P T C 

P 0.76 
 

    

 

P 0.66     

T 6.85(+) 0.31 
 

  

 

T 0.87(-) 1.40   

C 2.50(-) 3.98(-) 4.79 
 

 

C 12.51(-) 84.94(+) 25.02 

R 3.80(-) 4.48(-) 12.20(+) 7.56 

     (a)       (b)  

Legend 

High contribution (F-test value more than 10) 

Medium contribution (F-test value between 1 and 10) 
 

Low contribution (F-test value less than 1) 

 

(-)   =  negative interrelationship 
(+)  =  positive interrelationship 

Figure 3.3. Relative contribution of the mechanisms in the model (significant F-test value) 

for a) Melbourne and b) Singapore 

 

On the other hand, communication/education played a more significant role for Singapore. 

Since Singapore is a densely populated area of more than 7400 people per km2, it is likely 

that indoor water usage had a larger proportion as compared to outdoor usage. Hence, the 

usage of communication/education may be more effective to reduce the water demand in 

Singapore. Apart from that, the WDM program conducted in Singapore was geared towards 

long-term water management, where communication/education is one of the mechanisms 

suitable for that purpose. Thus, communication/education may have been more significant to 

the model as compared to the other mechanisms.  

While some of the individual mechanisms contributed significantly to the model, the 

highest contribution came from the combination of mechanisms. For example, the highest 

contribution to the model in Melbourne came from the combination of 

communication/education+restrictions, while the highest contribution in Singapore came 

from the combination of technologies+communication/education. This is worth noting since 
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the respective individual contributions of price and technologies to the full model in 

Melbourne and Singapore were low. This showed that there exist interrelationships between 

the mechanisms which were significant to the effectiveness of the model.  

 

3.5.3 The interrelationship of the mechanisms 

There are two types of interrelationships that can be observed. First is the positive 

interrelationship, where the F value of the combination of the mechanisms was greater than 

the individual F values of both the mechanisms (denoted by the symbol (+) in Figure 3.3).This 

positive interrelationship showed that the implementation of both the mechanisms had an 

additive effect on water demand reduction, where an increase in the intensity of one 

mechanism may also increase the effect of another, and vice versa. Second is the negative 

interrelationship, where the F value of the combination of mechanisms was smaller than the 

maximum individual F value (denoted by the symbol (-) in Figure 3.3). This indicates that, 

apart from increasing the effectiveness of the mechanisms, there is also a possibility that the 

implementation of a mechanism may have non-additive effect on the effectiveness of other 

mechanisms.  

The positive interrelationship of technologies+communication/education in Singapore and 

price+technologies in Melbourne can be explained by the way the mechanisms were 

implemented. In Singapore, to assist the uptake of water saving technologies, apart from 

mandatory means, the government also focused on the distribution of free water saving kits 

through communication/education (i.e. water saving campaigns and WVG). Thus, this may 

have created the positive interrelationships of technologies+communication/education. 

However, since water price is insignificant in the uptake of technologies in Singapore, this 

may have created the negative interrelationship of price+technologies.  

Conversely, the Victorian government focused on fiscal incentives to assist the uptake of 

water saving technologies in Melbourne. High water price will lead to households opting to 

technologies in order to save water (Kim and Yoo, 2009; Marleni et al., 2012). Thus, 

combined with fiscal incentives, water price may have been more significant as compared to 

communication/education; creating the positive interrelationship of price+technologies and 

the negative interrelationship of technologies+communication/education in Melbourne. 

Communication/education+restrictions was also found to be positive in Melbourne. During 
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restrictions, communication/education can be used to create awareness of the restricted 

activities and the severity of the scarcity (Halich and Stephenson, 2009). Thus, this may have 

created the positive interrelationship of communication/education+restrictions. 

Price+communication/education was found to be negative in both case studies. This may 

be due to households generally having little understanding of how water was priced (Carter 

and Milon, 2005; Arbués et. al., 2003) (especially block pricing, which was used in both 

cities). Thus, even though communication/education may have been used to disseminate 

information on the increment of price, households may still have little understanding of the 

tariff, and how reducing their water consumption can save their water bill.  

Restrictions was found to be negatively interrelated with both price and technologies. 

Howe and Goemans (2002) and Goemans et al. (2012) found that demand was less price 

elastic when restrictions were in place and restrictions were found to be less effective in areas 

with relatively high prices. This is because restrictions affect outdoor water use, with further 

water savings due to price increase being primarily a result of cut-backs from indoor water 

use. On the other hand, the negative interrelationship between restrictions+technologies may 

be due to the type of water saving technologies considered. Renwick and Archibald (1998) 

found that restrictions can assist the uptake of water saving technologies, especially outdoor 

water saving technologies. However, due to the non-availability of data on outdoor water 

saving technologies (e.g. water efficient irrigation system, water jet for washing cars), we 

only considered indoor water saving technologies (i.e. dual-flush toilet, low-flow 

showerhead, RWHS). Hence, different types of interrelationship between technologies and 

restrictions may be obtained should the data on outdoor water saving technologies be 

considered in the future. 

 

3.6 Conclusion 

In conclusion, this study presented a method for analysing the effect of the implementation 

of WDM mechanisms on water demand reduction through the usage of a weighted scoring 

system. Using this method, we showed that the reduction in water demand was due to the 

combination of price, technologies, communication/education and restrictions. We also found 

that there exists interrelationships between the mechanisms which may increase or decrease 

the effect of the mechanisms. However, more research is needed in order to explain and draw 
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conclusions from these interrelationships, as well as determining the effect of these 

interrelationships on water demand. While this work may produce results applicable to cities 

in Australia and South East Asia, different results may be obtained for other areas with 

varying implementation and different external factors (e.g. climate, culture, household 

income, water end use share). This further study may assist in analysing the effect of the 

interrelationships and intrarelationships of the mechanisms on the overall effectiveness of the 

mechanisms. It is expected that through the use of the proposed method, and with due 

consideration of the influences from the interrelationship and intrarelationship of the 

mechanisms, water managers can estimate more accurately the resulting household water 

demand reduction through the implementation of the WDM mechanisms. 
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Supporting Information 3.1. Water price in Melbourne 

Year 
Average Increase 

($AUD/household) 

Percentage 

increase (per 

household) 

Cumulative 

percentage 

increase 

2004 5 5 5 

2009 16 16 21 

2010 14.83 15 36 

2011 10.5 11 47 

2012 7.77 8 55 

 

Supporting Information 3.2. The uptake of water saving technologies in Victoria 

Year 

RWHS  Showerhead Toilet  

% PR 
Diff 

(%) 
% PR 

Diff 

(%) 
% PR 

Diff 

(%) 

1998 13.9 0 31.7 0 64.2 0 

2001 13.5 -0.4 31.7 0 71.2 7 

2004 16 2.1 41.6 9.9 77.8 13.6 

2007 16.7 2.8 52 20.3 85.1 20.9 

2010 29.6 15.7 67.4 35.7 88.6 24.4 

 

Supporting Information 3.3. The conducted communication/education in Melbourne 

Year Activities 

2004 - 

2007 

Daily dam storage information and ways to reduce water 

consumption through website and printed, TV and radio 

advertisements. 

2007 - 

2011 

More specific target reduction. Distribution of factsheet 

consumption through bill inserts and mail, with 155 lcd as 

benchmark, including simple instruction on how to 

monitor and reduce consumption. More effective 

advertisements via TV, newspapers, radio and billboards. 

Feedback reports from TV, radio and websites on the 

achievement of the 155 lcd target. 
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Supporting Information 3.4. The restricted activities for each level of restriction in Melbourne 

Level 

Lawn watering 

Hard 

surface 

Car 

washing 

Swimming pools 

Handwatering 
Watering 

systems 

Filling 

Topup 
Mobile 

spa 
< 2000 

litres 

> 2000 

litres 

PWSR 

Anytime using 

hand-held hose 

(trigger 

nozzle), 

bucket, can 

Any day, 

6pm-10am  
Ban NA NA NA NA NA 

1 Ditto 

Alternate 

days, 6am-

10am, 

6pm-10pm 

Ban 

Anytime 

using 

high-

pressure 

cleaning 

unit, 

trigger 

nozzle, 

bucket, 

can 

Anytime 
Permit 

required 
Anytime 

Permit 

required 

2 

Gardens 

anytime using 

handheld hose 

(trigger 

nozzle), 

bucket,can. 

Lawn ban 

Garden, 

alternate 

days, 6-

8am, 6-

8pm. 

Lawn ban 

Ban Ditto Ditto Ditto 

Alternate 

days, 

6am-

8am, 

6pm-

8pm, or 

anytime 

with 

permit 

Ditto 
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Supporting Information 3.4. The restricted activities for each level of restriction in Melbourne (con`t) 

Level 

Lawn watering 

Hard 

surface 

Car 

washing 

Swimming pools 

Handwatering 
Watering 

systems 

Filling 

Topup 
Mobile 

spa 
< 2000 

litres 

> 2000 

litres 

3 

Gardens, 

alternate days, 

6-8am using 

handheld hose 

(trigger 

nozzle). Lawn 

ban 

Garden, 

dripper 

only, 

alternate 

days, 6-

8am. Lawn 

ban 

Ban 

Windows, 

mirrors, 

lights, 

plates and 

spot 

removing 

corrosive 

substances 

using 

bucket, can 

Permit 

required 
Ditto 

Alternate 

days, 

6am-

8am. 

(anytime 

with 

permit) 

Ditto 

3.5 

Garden, 2 

days/week, 

6am-8am. 

Lawn ban 

Garden, 2 

days/week, 

12am-2am. 

Lawn ban 

Ban Ditto Ditto Ditto 

Anytime 

only 

using 

bucket, 

can 

Ditto 

4 Ban Ban Ban Ditto Ban Ban Ditto Ditto 
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Supporting Information 3.5. The historic timeline of restriction in Melbourne 

Year Highest level of restriction 

2002 1 

2003 2 

2005 
Permanent Water Saving Rules 

(PWSR) 

2006 2 

2007 3a 

2010 3 

2011 PWSR 

 

Supporting Information 3.6. Water price in Singapore  

    

< 1st 

July 

1997 

1st 

July 

1997 

1st 

July 

1998 

1st 

July 

1999 

1st 

July 

2000 

Tariff 

(cent/m3) 

1-20 m3 56 73 87 103 117 

20-40 

m3 
80 90 98 106 117 

> 40 m3 117 121 124 133 140 

WCT 

(%) 

1-20 m3 0 10 20 25 30 

20-40 

m3 
15 20 25 30 30 

> 40 m3 15 25 35 40 45 

WBF 

(cent/m3) 

1-20 m3 10 15 20 25 30 

20-40 

m3 
10 15 20 25 30 

> 40 m3 10 15 20 25 30 

       

100m3 

Tariff 9740 10520 11140 12160 13080 

WCT 1461 2630 3899 4864 5886 

WBF 1000 1500 2000 2500 3000 

Total (S$) 122.0 146.5 170.4 195.2 219.7 

% Diff 0 20 40 60 80 
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Supporting Information 3.7. The mechanism of technologies in Singapore 

  Thimbles Toilets 

1995 

Free thimbles 

distributed in 

campaign 

  

1997   

new and ongoing 

residential projects 

required to install 

<4.5 litres/flush 

1999 

thimbles installed in 

every washbasin taps 

in new hdb flats 

  

2003 

> 333,000 water 

saving kits distributed, 

100,000 homes fitted 

> 333,000 water 

saving kits distributed, 

100,000 homes fitted 

2009   

Dual Flush LCFC 

(3/4.5) made 

mandatory for all new 

premises and those 

undergoing 

redevelopment 

 

 

Supporting Information 3.8. Conducted communication/education efforts in Singapore 

Year Activities 

1995 ‘Use water wisely’ campaign. Target community groups, students. First time 

staged in shopping malls.  

1997 Massive mass media campaign on price increase and water conservation 

awareness 

1998 Turn it off campaign. Behavioural change campaign. 

2003 Water Efficient Homes Program. Demonstration on how to operate devices and 

follow program`s suggestion. Emphasize on volunteering and community 

involvement. 

2005 Programmes focusing on the younger generations. Launch of `Our Water 

Programme` in schools. 

2006 ‘10 liter challenge’ campaign. Initiation of water volunteer group (WVG). ABC 

water programme to promote demand management principles. Voluntary WELS 

launched. 

2009 Mandatory WELS to publicly make firms accountable for the water efficiency of 

their products and for consumers to make informed choices. 

2011 More targeted activities through TV ads, water audit projects by students, water 

conservation training by agencies and roving exhibitions. 
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Supporting Information 3.9. Ratings of the mechanisms for Melbourne 

Year 

WDM mechanisms 

Price        

(PC – bill) 

Tech (PR) 
C/E 

(IR) 

Restriction 

(IR) 
RWHS Showerhead Toilet 

2000/01 0.00 0.00 0.00 0.00 0.00 0.00 

2001/02 0.00 0.00 0.00 0.07 0.00 0.00 

2002/03 0.00 0.00 0.00 0.07 0.00 0.38 

2003/04 0.00 0.00 0.00 0.07 0.00 0.48 

2004/05 0.05 0.02 0.10 0.14 0.20 0.48 

2005/06 0.05 0.02 0.10 0.14 0.20 0.18 

2006/07 0.05 0.02 0.10 0.14 0.20 0.48 

2007/08 0.05 0.03 0.20 0.21 0.20 0.71 

2008/09 0.05 0.03 0.20 0.21 0.40 0.71 

2009/10 0.21 0.03 0.20 0.21 0.40 0.71 

2010/11 0.36 0.16 0.36 0.24 0.40 0.66 

2011/12 0.47 0.16 0.36 0.24 0.40 0.18 

2012/13 0.55 0.16 0.36 0.24 0.20 0.18 
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Supporting Information 3.10. Scores of the mechanisms for Melbourne 

Year 
WDM mechanism scores 

Domestic water 

demand 

Price Tech C/E Restrict. lcd Diff % Diff 

2000/01 0 0 0 0 247 0 0 

2001/02 0 0.01 0 0 226 21 8.5 

2002/03 0 0.01 0 0.15 234 13 5.3 

2003/04 0 0.01 0 0.19 208 39 15.8 

2004/05 0.04 0.06 0.03 0.19 205 42 17.0 

2005/06 0.04 0.06 0.03 0.07 208 39 15.8 

2006/07 0.04 0.06 0.03 0.19 188 59 23.9 

2007/08 0.04 0.09 0.03 0.28 166 81 32.8 

2008/09 0.04 0.09 0.06 0.28 159 88 35.6 

2009/10 0.18 0.09 0.06 0.28 152 95 38.5 

2010/11 0.31 0.23 0.06 0.26 147 100 40.5 

2011/12 0.40 0.23 0.06 0.07 149 98 39.7 

2012/13 0.47 0.23 0.03 0.07 161 86 34.8 
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Supporting Information 3.11. Ratings of the mechanisms for Singapore 

Year 

WDM mechanisms 

Price 

(PC – 100 m3) 

Tech. (IR) 
C/E 

(IR) 
Thimbles Toilets 

1994 0.00 0.00 0.00 0.00 

1995 0.00 0.05 0.00 0.20 

1996 0.00 0.05 0.00 0.20 

1997 0.20 0.05 0.01 0.30 

1998 0.40 0.05 0.02 0.40 

1999 0.60 0.06 0.03 0.40 

2000 0.80 0.07 0.04 0.40 

2001 0.80 0.08 0.05 0.40 

2002 0.80 0.09 0.06 0.40 

2003 0.80 0.14 0.11 0.50 

2004 0.80 0.15 0.12 0.50 

2005 0.80 0.16 0.13 0.60 

2006 0.80 0.17 0.14 0.70 

2007 0.80 0.18 0.15 0.70 

2008 0.80 0.19 0.16 0.70 

2009 0.80 0.20 0.17 0.80 

2010 0.80 0.21 0.18 0.80 

2011 0.80 0.22 0.19 0.90 

2012 0.80 0.23 0.20 0.90 
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Supporting Information 3.12. Scores of the mechanisms for Singapore  

Year 

WDM mechanism 

scores 

Domestic water 

demand 

Price Tech C/E lcd Diff % Diff 

1994 0.00 0.00 0.00 176 0 0 

1995 0.00 0.00 0.03 172 4 2.3 

1996 0.00 0.00 0.03 170 6 3.4 

1997 0.17 0.00 0.05 170 6 3.4 

1998 0.34 0.01 0.06 166 10 5.7 

1999 0.51 0.01 0.06 165 11 6.3 

2000 0.68 0.01 0.06 165 11 6.5 

2001 0.68 0.02 0.06 165 11 6.5 

2002 0.68 0.02 0.06 165 11 6.5 

2003 0.68 0.03 0.08 165 11 6.3 

2004 0.68 0.03 0.08 162 14 8.0 

2005 0.68 0.04 0.09 160 16 9.1 

2006 0.68 0.04 0.11 158 18 10.2 

2007 0.68 0.04 0.11 157 19 10.8 

2008 0.68 0.04 0.11 153 23 12.9 

2009 0.68 0.05 0.12 153 23 13.3 

2010 0.68 0.05 0.12 152 24 13.8 

2011 0.68 0.05 0.14 149 27 15.6 

2012 0.68 0.06 0.14 147 29 16.7 
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CHAPTER 4 

DESIGNING AN EFFECTIVE WATER DEMAND 

MANAGEMENT (WDM) PROGRAM: A CASE STUDY OF 

KUALA LUMPUR (Paper being submitted to journal) 

 

4.1 Abstract 

Traditional supply-driven water management to meet increasing water demand is not 

sustainable, which calls for a paradigm shift towards water demand management (WDM). 

Water shortages in 1998 and 2014 showed that Kuala Lumpur could benefit from WDM. 

Thus, this paper designed an 8-year WDM program for Kuala Lumpur. Using a weighted 

scoring system and the external factors of household income and water end use, we analyzed 

the water demand resulting from the WDM program. Based on the results, we found that the 

program can reduce domestic water usage of Kuala Lumpur by 18%. It is expected that the 

outcome from this study can assist water managers in analyzing the water demand reduction 

from WDM programs, which may lead to the design of more effective WDM programs. 

 

4.2 Introduction 

Due to the continuous population growth, economic progress and the advancement of 

technologies, the demand for water is expected to continue to increase (Nelson et al., 2011; 

Hinrichsen et al., 1998). There are already a number of regions undergoing regular water 

stress including South Africa, Australia, the Central U.S. and India and, by 2025, it is 

estimated that one third of the population of the developing world will likely suffer from 

water shortages (Falkenmark et al., 1998; Hanasaki et al., 2008; Vairavamoorthy et al., 2008; 

Rosegrant et al., 2002). Since water is a fundamental human need, ensuring adequate water 

supply is a major challenge for a sustainable future.  

To meet water demand in the past, water managers have focused primarily on measures 

designed to increase the supply of water by focusing on large-scale, capital intensive supply-
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side solutions (e.g. dams, desalination, bulk recycled) (Barreto, 2008; Vieira et al., 2014). 

This approach is termed the ‘hard path’ or supply side management (Gleick, 1998; 2003). 

However, huge infrastructures have resulted in very expensive and irreversible social, 

ecological and environmental costs (Vedwan et al., 2008; Wang et al., 2011). Thus, the 

suitability of solely focusing on supply side measures to meet future water demand is 

questionable (Inman and Jeffrey, 2006; Gleick, 2000). Due to such concerns, a paradigm shift 

to include managing water demand, an approach termed as the soft path or water demand 

management (WDM), is gaining increasing traction (Gleick, 1998; 2000; 2003).  

Two types of mechanisms used to manage water demand are price (e.g. Dalhuisen et al., 

2003; Olmstead et al., 2007) and non-price (e.g. Mayer et al., 2000; 2003; 2004; Renwick and 

Archibald, 1998; Ghisi and de Oliveira, 2007; Ghisi et al., 2007; Wang et al., 1999; Renwick 

and Green, 2000; Kenney et al., 2008). In joint implementation of the mechanisms, studies 

have found that interrelationship exists between the mechanisms, and that these 

interrelationships can influence the effectiveness of the mechanisms. For example, using a 

weighted scoring system, Alias and Boyle (2015) found that the interrelationship that exists 

between the mechanisms can either increase its effectiveness (positive interrelationship) such 

as communication/education+technology in Singapore, or reduce its effectiveness (negative 

interrelationship) such as price+restriction in Melbourne. These interrelationships partly 

explain why the effectiveness of the mechanisms in reducing domestic water demand varies 

between areas. 

External factors including water end use share (e.g. Carragher et al., 2012; Baroudy et al., 

2005; Beal et al., 2011; Willis et al, 2011; Jacobs, 2007; Blokker et al., 2010) and household 

income (e.g. Inman and Jeffrey, 2006; Renwick and Green, 2000; Garcia et al., 2013; Dandy 

et al., 1997; Fielding et al., 2012; Berk et al., 1993; De Oliver, 1999) can also influence the 

effectiveness of the mechanisms. In water end use analysis (also known as micro-component 

water analysis), water demand is disaggregated into the water ‘services’ people actually use, 

and hence is based on the perspective of providing a service (e.g. shower) rather than a 

commodity (water) (Carragher et al., 2012). Knowledge of the typical water consumption 

volumes and the associated end uses (e.g. toilet, faucet, shower, washing machine) allow for 

a more proactive approach to WDM that can be used for targeted water conservation 

strategies and schemes (Baroudy et al., 2005; Beal et al., 2011; Willis et al., 2011). 
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Furthermore, water end use studies, especially across regions, can also be used to lay the 

foundation for water demand predictions and forecast (Jacobs, 2007; Blokker et al., 2010).  

Household income is another external factor that can influence the effectiveness of the 

mechanisms. Household income can either be expressed as the amount of money received by 

an individual or household per unit of time or by using the property values as a proxy of the 

economic status of its residents (Garcia et al., 2013; Dandy et al., 1997).  Studies found that, 

due to strong financial strength of the high income households and the basic usage of water of 

the low income households, high and low income households were not as reactive to price 

increases compared to middle income households (Inman and Jeffrey, 2006; Renwick and 

Green, 2000). However, since high income households possess stronger financial strength, 

they can be more receptive to the introduction of water saving technologies. Moreover, 

higher income households have also shown to be more open to conservation messages, and 

are more likely to participate in water conservation programs (Inman and Jeffrey, 2006; Berk 

et al., 1993).    

Kuala Lumpur is a city that could benefit from WDM. In 1998 and early 2014, Kuala 

Lumpur suffered a severe water shortage due to an extended period of drought. These water 

crises indirectly highlighted that depending solely on supply side management to provide for 

the future population of Kuala Lumpur may not be sufficient. Furthermore, the domestic 

water usage in the service area of Selangor, Kuala Lumpur and Putrajaya was ranked the 

highest in Southeast Asia (Cherian, 2009). This is further exacerbated by the low reserve 

margin of the supplying dams to the service area of only 0.9% in 2013 (National Water 

Services Commission Malaysia, 2014a), making the supply of water to Kuala Lumpur 

vulnerable to shortages. Thus, due to the vulnerability of Kuala Lumpur’s water supply and 

the high water demand in the service area, there is an apparent need for effective water 

demand management (WDM) in Kuala Lumpur.  

In this study, we designed a WDM program to reduce the domestic water demand of 

Kuala Lumpur. We then analyzed the water demand reduction resulting from the 

implementation of the program by using the weighted scoring system proposed by Alias and 

Boyle (2015) and the external factors of household income and water end use. It is expected 

that the outcome of this study can be used to assist water managers in analyzing the effect of 

a WDM program, which may then lead to the design of more effective WDM programs.  
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4.3 Kuala Lumpur case study 

4.3.1 Background 

Kuala Lumpur is an urbanized city, located within the Federal Territory of Malaysia 

(Department of Statistics Malaysia, 2011a). Its growth management strategies were enforced 

in the city’s structure plan; the Kuala Lumpur City Plan 2020 and the Kuala Lumpur 

Structure Plan 2020 (Teriman et al., 2009; Omar and Leh, 2009). Kuala Lumpur has an area 

of 243 square kilometres with a high population density of 7078 persons per km2 in 2013, 

which is approximately 80 times that of the national average for the same year (Department 

of Statistics Malaysia, 2014a; 2014b). The total population in Kuala Lumpur increased from 

1.46 million people in 2001 to 1.72 million people in 2014 and is projected to increase to 2.2 

million by 2020 (Department of Statistics Malaysia, 2014b; 2011b; Kuala Lumpur City Hall, 

2000). The total GDP of Kuala Lumpur stands at Ringgit Malaysia (RM) 122.059 million in 

2013, which contributed to 15.5% of the total national GDP (Department of Statistics 

Malaysia, 2014c). Approximately 99% of the population aged 10 to 64 years in Kuala 

Lumpur were literate and more than 76% of the population aged 5 to 69 years old were found 

to be computer literate (Department of Statistics Malaysia, 2011c). Moreover, nearly 75% of 

the households in Kuala Lumpur had access to internet and more than 99% owned mobile 

phones and televisions (Department of Statistics Malaysia, 2014d). 

In 2010, a total number of 419,187 households were enumerated in 468,325 houses in 

Kuala Lumpur (Department of Statistics Malaysia, 2013a). Only an approximate 50% of the 

households in Kuala Lumpur were owners of their own houses, while the rest were either 

renters or live in government quarters (Department of Statistics Malaysia, 2013b). The 

average household size in Kuala Lumpur had been constantly decreasing from 4.87 

persons/household in 1980 to 3.72 persons/household in 2010 (Department of Statistics 

Malaysia, 2013c). The average income of households in Kuala Lumpur stood at RM 8,586 

per month, where 40% of the households have monthly income of less than RM 5,000, while 

20% have monthly income of more than RM 10,000 (Figure 4.1) (Department of Statistics 

Malaysia, 2013b). Based on the Poverty Line Income (PLI) of RM 840 for urban areas in 

Peninsular Malaysia, 0.8% of the households in Kuala Lumpur were considered to be in 

poverty (i.e. income level less than RM 840/households/month) (Department of Statistics 

Malaysia, 2013b).  
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Figure 4.1. Individual and cumulative distribution of household income in Kuala Lumpur for 

year 2010 (Department of Statistics Malaysia, 2013b) 

 

There are generally three types of houses in Kuala Lumpur; landed houses with large 

outdoor space (i.e. detached, semi-detached), landed houses with limited outdoor space (i.e. 

terrace, cluster, townhouse) and multi-housing units (i.e. condominium, apartment, 

shophouse, flat) (Department of Statistics Malaysia, 2013a). The combination of landed 

houses with shared or no lawn and multi-housing units contribute to more than 90% to the 

housing mix in Kuala Lumpur (Department of Statistics Malaysia, 2013a). Kuala Lumpur 

planned to have a total number of 626,313 houses to accommodate their targeted population 

of 2.2 million people in 2020, of which 46% of the houses will be high cost houses (e.g. 

landed houses, condominiums, apartments), 29% medium cost (e.g. landed houses, 

apartments) and 25% low cost (e.g. landed houses, flats) (Kuala Lumpur City Hall, 2000). 

Based on this plan, the housing density of Kuala Lumpur will increase from 1925 houses/km2 

in 2010 to 2586 houses/km2 in 2020. Due to the high density, it is expected that more than 

70% of the planned houses to be developed in Kuala Lumpur will consist of multi-housing 

units (e.g. condominium, apartments and flats). Figure 4.2 shows the estimated total number 

of each housing type in Kuala Lumpur and its percentage in year 2020. All the houses in 

Kuala Lumpur have flush toilets, and are served by piped water inside the house (Department 

of Statistics Malaysia, 2013b), either by individual meter connections (i.e. detached houses) 
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or by bulk meter connections (i.e. multi-storey houses) (Singaravelloo and Hooi, 2012). For 

bulk connections, the building management is responsible for charging the occupants fees 

based on the bulk meter readings (Singaravelloo and Hooi, 2012).  

 

   

Figure 4.2. Total number of houses and its percentage (in bracket) in 2010 and 2020 based 

on housing type (authors` estimation based on Department of Statistics Malaysia (2013b) and 

Kuala Lumpur City Hall (2000)) 
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4.3.2 Kuala Lumpur`s water demand 

The water supply of Kuala Lumpur is part of the service area of Selangor and Putrajaya, 

which is served by a single water provider company. Between 2001 to 2013, the domestic per 

capita water demand in the service area of Selangor, Kuala Lumpur, and Putrajaya fluctuated 

from the lowest recorded value of 210 litres per capita per day (lcd) in 2002 to the highest of 

247 lcd in 2006, and currently stands at 235 lcd (Malaysian Water Association, 2002; 2003; 

2004; 2005; 2006; 2007; 2008; 2009; 2011; 2012; National Water Services Commission 

Malaysia, n.d.). On the other hand, the individual domestic water demand for Kuala Lumpur 

increased from 144 lcd to 148 lcd from years 2005 to 2008, with an average growth rate of 

approximately 0.9% per year (Singaravello and Hooi, 2012).  

The Selangor Government was among the pioneers in Malaysia to use privatization in 

improving water services when it corporatized Department of Water Selangor (JBAS) into 

Selangor Water Management Corporation (PUAS) in 2002, before privatizing it to SYABAS 

in 2004 (Singaravelloo and Hooi, 2012). Presently, Selangor has six impounded reservoirs 

(i.e. Langat Dam, Sungai Selangor Dam, Tasik Subang Dam, Sungai Tinggi Dam, Batu Dam 

and Klang Gate Dam) that supply water to the service area of Selangor, Kuala Lumpur and 

Putrajaya through SYABAS (Department of Irrigation and Drainage, n.d.).   

 

4.3.3 Existing water demand management policy 

To date, there remains no specific policy on water conservation in Malaysia. Due to this, 

household awareness on the subject of water conservation may still be very low. To some 

extent, the increasing block rate (IBR) price structure represents an indirect approach for 

water conservation. The price of water was revised in 2001 due to the corporatization of 

JBAS, and in 2006 due to the privatization to SYABAS, where SYABAS was allowed to 

revise the tariff every three years (Singaravelloo and Hooi, 2012). However, the revision that 

was supposed to take effect in 2009 did not take place due to opposition from the Selangor 

Government. In 2008, the Selangor Government announced free 20m3 of water to households 

in Selangor. On average, households in Peninsular Malaysia spend about RM 

25.49/household/month for their water bill (Department of Statistics Malaysia, 2014e), which 

is only about 3% of the PLI value of RM840.  
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Starting from 2012, the National Water Services Commission Malaysia (SPAN) had 

mandated the usage of dual flush toilets in new housing development (Singaravelloo and 

Hooi, 2012). Furthermore, SPAN had also developed a voluntary 3-tier Water Efficiency 

Product Labelling Scheme (WEPLS) in 2013 to promote good water demand management 

behaviour in Malaysia, which covers the specification of faucets, showerheads, toilets and 

urinals (National Water Services Commission Malaysia, 2013). However, the effectiveness of 

this effort is low since the water demand per capita for the service area of Kuala Lumpur, 

Selangor and Putrajaya is still high (National Water Services Commission Malaysia, 2014b). 

Thus, a more holistic and effective strategy of WDM is needed.  

 

4.4 WDM program for Kuala Lumpur 

According to Alias and Boyle (2015), the combination of price, technology, 

communication/education and restriction produces the greatest water demand reduction. 

However, since the housing type of Kuala Lumpur in 2020 is expected to predominantly 

consist of multi-housing apartments and landed houses with shared or no lawn, the outdoor 

water usage may not be significant. Hence, restrictions may not be effective. Consequently, 

this study used the mechanisms of price, technology and communication/education to reduce 

the domestic water demand of Kuala Lumpur. The program is divided into three stages, 

starting with the base work, which will then be followed by stage 1 and stage 2, where the 

level of implementation of the mechanisms will be higher during the later stages of the 

program. Table 4.1 shows the proposed WDM program for Kuala Lumpur, which will then 

be followed by the explanation of the activities to be conducted during each stage of the 

program.    
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Table 4.1: The proposed WDM program for Kuala Lumpur 

 Price Technology 
Communication 

and Education 

 

Base work (2015 – 2020) 

 

Stage 1 

(2021 – 2024) 

+20% 

(100 m3) 

 

Rebate scheme for low-flow 

showerhead and faucet, dual-

flush toilet and washing 

machine. Distribution of free 

flow-restrictors through 

communication and education.  

 

 

Mass media, water saving 

campaigns, website and 

formation of water 

volunteer groups (WVG) 

 

Stage 2 

(2025 – 2028) 

+20% 

(100 m3) 

Increased rebate scheme. 

Continued distribution of the 

flow restrictors. Mandatory 

requirement for low-cost flats 

to install the restrictors. 

 

T140 campaign, website for 

T140, increased WVG 

activities, report from TV, 

radio and social-media on 

the achievement of target 

 

 

 

Base work 

The proposed WDM program will start with the background base work on Kuala Lumpur. 

The objective of the base work is to enhance the awareness of households in Kuala Lumpur 

on the issues and benefits of conserving water, which will ensure effective implementation of 

the designed WDM program. During this stage, a significant water demand reduction is not 

expected and the water demand is expected to continue to increase following from past 

trends.  
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Three main activities will be conducted during this stage. First is the installation of 

individual sub-metering in multi-housing apartments. This is because, even though metering 

had been widely implemented, multi-housing apartments in Kuala Lumpur continue to use 

bulk metering for the whole block. Metering can affect the mechanisms in three ways. First, 

metering allows charging of water based on usage, which will make the effect of price 

mechanisms visible to consumers. Second, metering enables households to assess the effects 

of installing water saving technologies on their water consumption. Third, in setting a low 

target usage of water through communication/education (e.g. T155 campaign in Melbourne), 

metering allows households to compare their water usage with the reduction target, which 

will motivate them to take necessary action to reduce their water consumption. Since most of 

the houses in Kuala Lumpur are multi-housing apartments, sub-metering will increase the 

effectiveness of the designed WDM program.   

The second activity is the execution of low level communication/education. Since 

households in Kuala Lumpur are generally computer literate and have access to the internet, 

websites can be used to inform the public of ways to conserve water. For example, 

households in Kuala Lumpur can be familiarized with the Water Efficiency Product Labelling 

Scheme (WEPLS) rating program, how similar system had been implemented in other areas, 

and how using the technologies can save water and money. Media such as TV, radio and bill 

inserts can be used to expose the websites to the public. Bill inserts, apart from publicising 

the websites, can also be used to show the average water usage of a community, which will 

allow household to assess and compare their water usage with others in the same 

neighbourhood. Education, emphasizing voluntary and community involvement, can also be 

implemented in schools, universities, and communities to create support for the formation of 

water volunteer groups (WVG) during stage one of the program.  

The third activity is a more rigorous application of the WEPLS system. This is because, 

although the WEPLS system had already been introduced in Malaysia, the implementation is 

still voluntary at this juncture. Since one of the ways to promote the uptake of technologies in 

this program involved the offering of a rebate scheme based on WEPLS star rating, it is vital 

that water using products sold in the market have their WEPLS rating label displayed. This 

could be done either through a more concertive effort in encouraging suppliers to apply for 

WEPLS labels (e.g. through incentives, communication/education), or through mandating the 

usage of WEPLS labels for some of the products. For example, the Singapore Government 



75 
 

had already mandated washing machines, faucets and toilets sold in Singapore to carry 

WELS label (Public Utility Board Singapore, 2014). Furthermore, the ratings for washing 

machines also need to be included in the WELPS rating scheme.     

 

WDM Program 

The official program will be conducted from years 2021 to 2028 (8 years). For price, the 

price of water will be increased by 20% (for 100m3) in each stage. Although Alias and Boyle 

(2015) had shown that the effect of price in joint implementation of the mechanisms is low, 

we expect price to interact with technology, specifically through the offering of fiscal 

incentives. Furthermore, income from the price increment can also be used as a revenue to 

cover the possible losses that the the water supply provider company may suffer as a result of 

the WDM program (i.e. due to the reduced water sold to the residents).  

For technologies, we used the 3-tier WEPLS rating system developed by the National 

Water Services Commission Malaysia (SPAN). The uptake of the technology will be assisted 

by offering rebate schemes and distributing free water saving kits. Since studies have shown 

that the usage of water for showers, taps, toilets and clothes washing are more significant 

compared to the other indoor usage (Heinrich, 2008; Gato-Trinidad et al., 2011; Roberts, 

2005; Mayer et al., 2000; 2003; 2004; Willis et al., 2011), we propose offering rebates for 

low-flow showerheads and faucets, dual flush toilets and water efficient washing machines, 

where the rebates will be greater for products with higher WEPLS rating. The rebates will 

also be increased during stage two to further promote the uptake of the technologies. For 

lower income households, free water saving kits containing flow-restrictors with simple do-it-

yourself instructions on how to install the restrictors will be distributed through water saving 

campaigns and WVG. In order to ensure the usage of the distributed flow-restrictors, 

mandatory policy requiring households in low-cost flats to use these flow restrictors for their 

faucets and showerheads will be imposed during stage two of the program.  

For communication/education, apart from encouraging households to reduce their water 

consumption, the usage of mass media, website, campaigns and water volunteer groups 

(WVG) in stage one will also be used to convey information on the current water issues, the 

benefits of water conservation and the available rebates for different technologies. For stage 

two, a more targeted campaign called T135 will be conducted, where households will be 

encouraged to reduce their water demand to below 140 lcd. During the campaign, in order to 
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achieve the 140 lcd target, mass media, website and social media will be used to inform the 

public on the achievement of the target (e.g. through weekly reporting of current water 

demand in TV, radio, social media and website) and more frequent WVG activities will be 

conducted.  

 

4.5 Methodology 

In analysing the effects of the mechanisms on different income levels and end use types, 

we first profiled the initial water demand of Kuala Lumpur (i.e. before the commencement of 

the program) based on the water end uses for the high, middle and low income households. 

We then used the weighted scoring system to represent the intensity of the mechanisms in 

each stage of the program. Based on the demand profile and the scores, we analyzed the 

water demand reduction resulting from the proposed WDM program. 

 

4.5.1 Kuala Lumpur water profile 

In this step, the initial water end use of showers, toilets, faucets, and washing machines for 

each income level of Kuala Lumpur households were estimated. Since the program will start 

in year 2021, we estimated the water demand profile of Kuala Lumpur for the year 2020. In 

this study, we used the property value of houses (i.e. high, medium and low cost houses) to 

differentiate between high, middle and low income households. This is based on the 

assumption that high income households will most likely reside in high cost housing, middle 

income in medium cost housing and low income in low cost housing. However, since there 

are no indications on the targeted number of households to be achieved, we assumed that the 

number of households in 2020 is equal to the targeted number of 626,315 houses (i.e. all the 

housing units in 2020 will be occupied). Thus, the number of high, medium, and low cost 

houses in Kuala Lumpur can be used to represent the number of high, middle, and low 

income households in Kuala Lumpur. Based on this, the population of each income class can 

then be estimated using Equation 4.1. 
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POPclass    =  HSDclass x HSIZE class               (4.1) 

where HSDclass is the number of households in each income class and HSIZEclass is the 

average household size for each income class. We then estimate the water end use for high, 

middle, and low income households in Kuala Lumpur.  

The end water use for each activity is dependent upon their socio-technological factors, 

namely technological factor (TF) and user factor (UF) (Zadeh et al., 2014). TF is the 

technological performance factor of the water appliance. For example, the type of 

showerhead used by household will determine the shower flow rate, and the type of toilet 

used will determine the volume per flush of toilet. On the other hand, UF is the user 

behaviour factor which will indicate how households are using the appliances. For example, 

the UF for showers will indicate the frequency and duration of showers while the UF for 

washing machines will indicate the frequency of its use. Through the values of TF and UF, 

the end water use for each activity can be estimated using Equation 4.2.  

ENDUSE   =   TF x UF                 (4.2) 

where ENDUSE is the amount of water usage based on the end use activities (i.e. for 

shower, toilet, faucet and washing machine) and TF and UF are the values of the 

technological and user factors. Since showers, toilets, faucets and washing machines were 

found to be the major contributors of indoor water usage, we only considered the end use of 

showers, faucets, toilets and washing machines in this study. 

Currently there are no studies on water end use in Kuala Lumpur. Thus, we used the 

recorded values of TF and UF from previous studies to estimate the values of TF and UF of 

showers, toilets, faucets, and washing machines for each income class in Kuala Lumpur. For 

TF, the estimation will be based on the financial strength of households in each income class. 

For example, due to strong financial strength, higher income households should already own 

more water efficient appliances (e.g. washing machine and toilet). Thus, the value of TF for 

high income households should be lower than that for low incomes. For UF, we used the 

same value of UF for the high, middle and low income households. This is because, in 

comparison to TF, the pattern of UF (i.e. how households are using water for each end use 

activity) was more related to factors other than income (e.g. household size, norm and 

culture). Thus, the differences in the value of UF across income level may not be substantial.  
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Through the estimation of the values of TF and UF, the initial water profile of Kuala 

Lumpur can then be estimated using Equations 4.3 – 4.6. 

ENDUSEclass     =  TF x UF                (4.3) 

 AVGenduse    =  ( ∑ (POPclass x ENDUSEclass) ) / POPtotal            (4.4) 

AVGclass    =  ∑ (ENDUSEclass)               (4.5) 

 TOTAL    =  ∑ (AVGclass)               (4.6) 

where ENDUSEclass is the amount of water used based on the end use activities for each 

income class, POPtotal is the total population of Kuala Lumpur, AVGenduse is the average water 

demand for each end use activity, AVGclass is the total water demand for each income class 

and TOTAL is the total domestic water demand for Kuala Lumpur. In order to avoid 

overestimating the TF and UF values, the initial TOTAL value will be compared with Kuala 

Lumpur`s historical pattern of domestic water demand.  

 

4.5.2 Weighted scoring system 

Similar to Alias and Boyle (2015), we used rating and weighting factors to represent the 

intensity of each mechanism with respect to time. The base year was set at 2021, and lasts 

until 2028 (eight years). We used percentage price change (PC) to rate the changes in price, 

penetration rate (PR) to rate the changes in water saving technologies, and indicative rating 

(IR) to rate the changes in communication/education. The scores of each mechanism were 

then calculated by multiplying the ratings obtained with their respective normalized 

weighting factors (please refer to Supporting Information 4.1 for the mathematical 

relationship between ratings and weighting factors).  
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4.5.3 Water demand reduction estimation 

To estimate the water demand reduction for each income class, we used the percentage of 

households affected as the variable corresponding to the ratings of the mechanisms. This is 

because it can be expected that the number of households that are affected by the mechanisms 

(i.e. households that start to take action to reduce water demand) will increase along with the 

increment of the intensity of the mechanisms. For example, as the rating of 

communication/education increases, the higher the number of households that should be 

aware of the importance of water conservation and consequently take action to reduce their 

water consumption. Since the ratings of the mechanisms were higher in the second stage, the 

percentage of households affected will also be higher during the second stage of the program. 

For technology, the percentage of households affected for each income class was 

estimated based on the PR for each technology, the affordability of the technology to 

households in each class and the ownership status of the house (i.e. owner or renter). For 

example, technologies that require higher upfront cost (i.e. dual-flush toilet and washing 

machine) should receive a better reaction from higher income households, while less costly 

technologies (i.e. low-flow showerheads and faucets) should also respond well with lower 

income households. In another example, technologies that require additional plumbing work 

(i.e. toilet) should respond well with purchased households compared to rented households. 

The percentage of household affected due to technologies will then reduce the average TF for 

their respective income class, as shown in Equations 4.7 to 4.9.  

DIFFTF   =  TF – TFtarget                 (4.7) 

TFpost-1   =  [( HSDclass x TF ) – ( % HSDaffected-1 x HSDclass x DIFFTF )] / HSDclass  

     =  TF – ( % HSDaffected-1 x DIFFTF )               (4.8) 

TFpost-2   =  TF – ( %HSDaffected-2  x DIFFTF )               (4.9) 

where TF and TFtarget are the initial and targeted values of TF for each end use activity 

(i.e. shower, faucet, toilet and washing machine), DIFFTF is the difference between the values 

of initial and targeted TF, TFpost-1 and TFpost-2 are the reduced values of TF for each income 

class after stage 1 and stage 2 of the program, HSDclass is the total number of households in 

each class and %HSDaffected-1 and %HSDaffected-2 are the percentage of household affected due 

to technologies for each income class after stage 1 and stage 2. In this study, the Water 
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Efficiency Product Labelling Scheme (WEPLS) was used to obtain relevant water usage 

volumes for showerheads, toilets, faucets, and washing machines to assist in determining the 

values of TFtarget (Please refer to Supporting Information 4.2 for TF values for different 

WEPLS star rating fixtures). 

For price and communication/education, the percentage of households affected from each 

income class was estimated by using PC and IR as indicators. For example, middle income 

households should be more affected by the increment of PC, and higher income households 

should be more affected by the increment of IR. The percentage of households affected due to 

price and communication/education will then reduce the average UF for their respective 

income class, as shown in Equations 4.10 to 4.12.  

DIFFUF   =  UF – UFtarget               (4.10) 

UFpost-1   =  [( HSDclass x UF ) – ( % HSDaffected-1 x HSDclass x DIFFUF )] / HSDclass   

   =  UF – (% HSDaffected-1 x DIFFUF )             (4.11) 

UFpost-2  =  UF – (% HSDaffected-2 x DIFFUF )             (4.12) 

where UF and UFtarget are the initial and targeted values of UF for each end use activity, 

DIFFUF is the difference between the values of initial and targeted UF, UFpost-1 and UFpost-2 

are the reduced values of UF for each income class after stage 1 and stage 2 of the program, 

HSDclass is the total number of households in each class and %HSDaffected-1 and %HSDaffected-2 

are the percentage of household affected due to price and communication/education for each 

income class after stage 1 and stage 2. In this study, the values of UFtarget will be based on the 

lowest UF value of each end use recorded in previous studies.The resulting water profile of 

Kuala Lumpur after each stage of the program were then calculated using Equations 4.3 to 

4.6, by substituting the values of TF and UF with the obtained values of TFpost-1, TFpost-2, 

UFpost-1 and UFpost-2.  
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4.6 Results and discussion 

4.6.1 Previous end use studies 

Estimates exist for average indoor water usage in many areas, although there are variations 

in the number of categories defined. In this study, we used water end use data for showers, 

toilets, faucets, and washing machines recorded in Auckland (Heinrich, 2008) and the areas 

of Yarra Valley, City West and South East in metropolitan Melbourne (Gan and Redhead, 

2013; Athuraliya et al., 2012) (Figure 4.3) (Please refer to Supporting Information 4.3 for 

detail). For washing machines, due to the different measurement unit of UF used for 

Melbourne, City West and South East (i.e. loads per household per day), we only considered 

the end use of washing machines for Yarra Valley and Auckland. The values of TF of 

washing machines for these areas however, are usable since the measurement unit was the 

same as other areas (i.e. litres per load).  

 

 

Figure 4.3. The end use of shower, toilet, faucet and washing machine for Yarra Valley, City 

West, South East (Gan and Redhead, 2013; Athuraliya et al., 2012) and Auckland (Heinrich, 

2008) during summer (S) and winter (W) 
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The highest water usage for each end use activity was recorded in Auckland. One of the 

main reasons is that Melbourne had already conducted WDM programs to reduce water 

demand due to the drought in 2004, while a WDM program in Auckland is still to be 

implemented. Thus, as compared to Melbourne, households in Auckland may take actions to 

reduce their water consumption. For example, only around 6% of toilets used by households 

in Auckland can be classed as two stars WELS rating or better, while 94% of washing 

machines used were top loading washing machines (Watercare Services Limited, 2011), 

which can consume up to 120% more water than front loading washing machine (Athuraliya 

et al., 2012). 

In terms of TF and UF, the highest TF for showers, toilets, and washing machines were 

recorded in Auckland with the values of 8.1 litres per minute (lpm), 6.8 litres per flush (lpf) 

and 123 litres per load, respectively, while Yarra Valley recorded the highest TF for faucets 

with 3.2 lpm. For UF, the highest duration of shower was recorded in Yarra Valley with 7.1 

minutes per capita while the highest frequency of shower was recorded in South East with 

one shower per capita per day. Auckland recorded the highest UF for toilets (frequency) and 

washing machines (frequency) with the values of 4.9 flushes per capita per day and 0.36 

loads per capita per day, while City West recorded the highest UF for faucets (duration) with 

the value of 10.32 minutes per capita per day. 

 

4.6.2 Kuala Lumpur water profile 

Kuala Lumpur plans to have a total number of 626,313 houses to accommodate the 

projected total population of 2.2 million people in 2020 (Kuala Lumpur City Hall, 2000). 

However, information on the average household size for each income class was not available 

for Kuala Lumpur. Thus, we assumed constant household size between the income classes. 

The average household size in Kuala Lumpur had been decreasing in size, from the value of 

4.87 in 1980 to 3.72 in 2010 (Department of Statistics Malaysia, 2013c). This value is 

expected to continue decreasing due to the increasing level of education of households and 

the increasing cost of living in Kuala Lumpur. Thus, based on the projected total population 

of 2.2 million and the targeted number of 626,313 households (i.e. assuming that all the 

houses will be occupied), the average household size for Kuala Lumpur in 2020 was 
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calculated to be 3.51 persons/household, which is comparable to the household size of 3.47 

recorded for Singapore in 2013 (Department of Statistics Singapore, 2014). Using the 

targeted number of high, medium, and low cost houses in 2020 and the average household 

size of 3.51, the population of high, middle, and low income households in 2020 was 

estimated to be 1,011,245 (46%); 637,524 (29%) and 549,590 (25%) people, respectively. 

Based on the collected TF and UF values, the TF and UF of showers, toilets, faucets, and 

washing machines for each income class in Kuala Lumpur were estimated. Higher income 

households should have lower TF values since they usually use more modern appliances 

which are commonly more water efficient. On the other hand, since the idea of water 

conservation is still not the norm among households in Kuala Lumpur, it is likely that low-

flow showerheads and faucets have not been widely used in Kuala Lumpur. Due to this, the 

difference in the TF value of showers and faucets between high, middle, and low income 

households may not be significant. Thus, we used the same TF value for showers and faucets 

across income level. The high, middle and low income households should also have the same 

value of UF for indoor use. Based on the estimated TF and UF values, the value of 

ENDUSEclass of showers, toilets, faucets, and washing machines for high, middle, and low 

income households in Kuala Lumpur were estimated. 

Table 4.2 shows the initial end use of showers, toilets, faucets, and washing machines for 

the high, middle, and low income households of Kuala Lumpur. Similar to Auckland, since 

households in Kuala Lumpur have yet to undergo a WDM program, the values of TF and UF 

for all the end uses were high. The highest end use came from showers with the value of 51 

lcd. This is because, apart from the high TF value, the UF for showers (i.e. frequency and 

duration) were also expected to be high due to the warm climate of Kuala Lumpur. The usage 

of faucets was also high, with the value of 48 lcd. This is because, while the recorded TF in 

Auckland was a result of over 80% of households in Auckland using high water efficiency 

star rating faucets (Watercare Services Limited, 2011), the usage of water efficient faucets in 

Kuala Lumpur is estimated to still be low. Thus, the TF value for Kuala Lumpur is expected 

to be high. On the other hand, the lowest end use came from toilets, with the value of 25 lcd, 

which was similar to the end use recorded in South East.  

The initial domestic water demand in Kuala Lumpur before the start of the program was 

estimated to be 160 lcd. Considering the historic average growth rate of 0.9% per year from 

the final recorded value of 148 lcd in 2008, the water demand in Kuala Lumpur in 2020 was 
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estimated to be 165 lcd, which is slightly higher than the obtained demand of 160 lcd. This 5 

lcd difference between the estimated and actual domestic demand of Kuala Lumpur may 

come from other end uses not considered in this study, such as for outdoor use and baths.  

Table 4.2. Initial water end use of Kuala Lumpur before the start of the WDM program  

 
  

KL (initial) (2020) 

   
High Inc. Mid. Inc. Low Inc. 

S
H

O
W

E
R

 

ENDUSEclass 51 51 51 

TF Avg. flow rate (litres/min) 8 8 8 

UF 

Duration (mins/cap) 7.1 7.1 7.1 

Freq. (showers/cap/day) 0.9 0.9 0.9 

AVGenduse (Shower) 51 

T
O

IL
E

T
 

ENDUSEclass 23 25 28 

TF Avg. vol. (litres/flush) 5.6 6 6.8 

UF 

Avg. freq. 

(flushes/cap/day) 
4.1 4.1 4.1 

AVGenduse (Toilet) 25 

F
A

U
C

E
T

 

ENDUSEclass 48 48 48 

TF Avg. flow rate (litres/min) 6 6 6 

UF Duration (mins/cap/day) 8 8 8 

AVGenduse (Faucet) 48 

W
A

S
H

IN
G

 

M
A

C
H

IN
E

 ENDUSEclass 34 37 42 

TF Vol/load (litres/load) 100 110 123 

UF Ave freq (Loads/cap/day) 0.34 0.34 0.34 

AVGenduse (Washing Machine) 37 

 
AVGclass 156 161 168 

  TOTAL 160 
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4.6.3 Ratings and scores of the mechanisms 

Tables 4.3 and 4.4 show the ratings and scores of the mechanisms. Since price had a high 

weighting factor, the score of price was found to be the highest compared to the other 

mechanisms, with the highest value of 0.34. On the other hand, since 

communication/education had a low weighting factor, the score of communication/education 

was found to be the lowest, with the highest value of only 0.06. For technology, the PR for 

showerheads and faucets is expected to be higher compared to toilets and washing machines. 

This is because the cost of these two technologies is lower and the installation is easier. Thus, 

more people are expected to be able to purchase these technologies, especially with the 

offering of fiscal incentives. Furthermore, the distribution of free flow-restrictors and the 

mandatory requirement for low-cost flats to install these restrictors will also contribute to the 

greater rating of showerheads and faucets.  

 

Table 4.3. Ratings of the mechanisms 

Stage 
Price 

(PC) 

Technology (PR) 
Comm. & Edu. 

(IR) Showerhead Toilet Faucet 
Washing 

Machine 

1 0.2 0.30 0.02 0.30 0.04 0.2 

2 0.4 0.60 0.06 0.60 0.09 0.4 

 

Table 4.4. Scores of the mechanisms 

Stage Price Technology Comm & Edu 

1 0.17 0.05 0.03 

2 0.34 0.10 0.06 
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4.6.4 The water demand reduction 

The values of TFtarget and UFtarget 

We used the TF values of 2 WEPLS stars appliances as our TFtarget. For automated 

appliances that use a fixed volume of water (i.e. toilets and washing machines), we used the 

fixed volume of 2 WELS stars fixtures as the target TF. For toilets, 2 WEPLS stars requires 

the toilet to be a dual-flush system, with the range of 4 to 5 litres per flush (lpf) for full flush 

and 2.5 to 3 lpf for half flush. In order to estimate the volume per flush for a 2 WEPLS stars 

toilet, we first needed to determine the ratio of half to full flush (i.e. how many numbers of 

half flush for every full flush). Assuming that this ratio is approximately the same for 

different areas, we used the average ratio for cities in the US published by the California 

Energy Commission as our half to full flush ratio (Funk et al., 2012). Based on the data, the 

average ratio was calculated to be 1.326 (roughly converts to 13 half flush to every 10 full 

flush). Using this ratio and the range of half and full flush for a 2 WEPLS star toilet, the 

average volume per flush was calculated to be 3.51 lpf (please refer to Supporting 

Information 4.4 for the calculation).  

Washing machines are not covered under WEPLS star rating specifications. Thus, we 

adopted WELS Singapore (Public Utility Board Singapore, 2011) to estimate the value of 

TFtarget for washing machines. While previous studies that we have referred to used the unit of 

volume per load (litres/load), WELS Singapore used the unit of volume per kilogram 

(litres/kg). Thus, using the typical washing machine loading of 6 to 9 kg, the average volume 

per load for a 2 WELS star washing machine was calculated to be 79 litres/load (please refer 

to Supporting Information 4.5 for the calculation).  

The usage of low-flow showerheads, low-flow faucets, and flow-restrictors will limit the 

flow rate to a certain value. For example, a 2 WEPLS stars showerhead limits the flow rate of 

a shower to between 6 to 8 litres per minute (lpm), while a 2 WEPLS stars faucet limits the 

flow rate of a tap to between 4 to 6 lpm. However, in using the fixtures, the users do not 

necessarily run their showers and faucets at the maximum flow rate. Thus, the average flow 

rate should be less than the maximum restricted flow rate. Hence, by considering the recorded 

TF for Auckland and Melbourne, we set the TFtarget value of 6.8 lpm for showers and 3 lpm 

for faucets.  
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For UF, we used the minimum values found in Melbourne and Auckland as our UFtarget. 

For showers, price and communication/education can be used to reduce the duration of 

showers. For example, during the drought in Melbourne, the Victorian Government had put 

up advertisements encouraging Melbournians to take shorter shower (Liubinas and Harrison, 

2012). However, we are not expecting any effect from price and communication/education on 

the frequency of showers since the frequency depends on other external factors not included 

in this study, such as norms and climate. Similar to showers, we are also not expecting price 

and communication/education to reduce the frequency of toilet usage. For faucets, price and 

communication/education can be used to reduce the duration of faucet usage through 

encouraging households to turn off taps when not in used (e.g. when brushing teeth), while 

for washing machines, price and communication/education can be used to reduce the 

frequency of usage through households washing only when the load is full (Syme et al., 2000; 

Nelson et al., 2011; Fielding et al., 2012; Stern, 2000). Hence, we set the UFtarget values of 

showers (duration), faucets (duration) and washing machines (frequency) to 6 minutes/capita, 

5.36 minutes/capita and 0.24 loads/capita, respectively. The values of DIFFTF and DIFFUF for 

each end use were then calculated using Equations 4.7 and 4.10 (please refer to Supporting 

Information 4.6 and 4.7 for the values of DIFFTF and DIFFUF for each end use).   

 

Percentage of households affected 

Table 4.5 shows the estimated percentage of households affected from each income class. 

Since price and communication/education both affect the values of UF, we combined the 

percentage of households affected for both the mechanisms. Since the water price was low 

(only approximately 3% of the PLI value of RM840), we expect that the price increment will 

not significantly affect households, and most of the households affected to come from the 

effect of communication/education. For communication and education, we expect that the 

highest percentage of households affected to come from the high income households. 

However, since the program also used the medium WVG, a high percentage of households 

from the middle and low incomes were also expected to be affected.  
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Table 4.5. Estimated percentage of households affected 

 Income 

class 

Price + 

Comm/Edu 

Technology 

 

Showerhead Faucet Toilet 
Washing 

Machine 

S
ta

g
e 

1
 

High 20 25 25 5 5 

Middle 15 30 30 0 5 

Low 15 40 40 0 0 

S
ta

g
e 

2
 

High 40 50 50 10 10 

Middle 30 60 60 5 10 

Low 30 80 80 0 5 

 

 

For technologies, due to cost, we expect that the high and middle income households to be 

more affected by the rebate scheme on washing machines. The low income households may 

also benefit from this through devolvement of the replaced washing machines from the higher 

income households. However, this effect requires further analysis and is not included in this 

study. For toilets, since about 50% of the houses in Kuala Lumpur were rented, it can be 

estimated that most of the middle and low income households are renters. Thus, low and 

middle income households may not be interested in replacing their old toilets. Hence, we 

expect that most of the uptake of toilets to come from the high income households. As for 

low-flow showerheads and faucets, due to the distribution of the flow-restrictors and the 

mandatory requirements for low cost flats to install these restrictors for their faucets and 

showerheads, we expect that the highest percentage of population affected to come from the 

low income households.  

Based on the percentage of population affected, the water demand reduction for each stage 

of the program was estimated, as presented in Figure 4.4 (please refer to Supporting 

Information 4.8 for detail). Through the implementation of the WDM program, the domestic 

water demand for showers, toilets, faucets, and washing machines in Kuala Lumpur can be 
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reduced from 160 lcd in 2020 to 145 lcd by 2024 and 130 lcd by 2028. The highest reduction 

came from the end use of faucets and showers with the reduction of 38% and 14% 

respectively, while the lowest came from the end use of toilet with the reduction of only 3%. 

Overall, assuming that other end uses remain contant at 5 lcd throughout the program, the 

proposed program can produce an ultimate reduction of 30 lcd, which is a reduction of 18% 

from the demand of 165 lcd in 2020. 

 

 

Figure 4.4. Graph of domestic water demand of Kuala Lumpur and the total score of the 

mechanisms before and after the program 

 

4.7 Conclusion 

In conclusion, we have proposed and designed an 8-year WDM program for Kuala 

Lumpur. We estimated the water demand reduction resulting from the program by using a 

weighted scoring system and the external factors of household income and water end use. 

However, since water demand also depends on other external factors (e.g. household size, 

climate, culture, norms), more research is needed in order to determine the effect of these 
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external factors on water demand reduction. Based on the estimation, we found that the 

proposed program can reduce Kuala Lumpur’s domestic water demand by 18%. Further 

reduction may be achieved through the usage of rainwater harvesting system (RWHS) and 

greywater recycling system (GWRS). However, the effect of RWHS and GWRS on water 

demand was not included in this study and requires further study. Apart from that, this WDM 

program also needs to be conducted in Selangor and Putrajaya in order to obtain significant 

reduction of water demand for the whole service area. It is expected that the outcome of this 

study may assist water managers in designing and analyzing WDM programs, which may 

consequently lead to more effective WDM programs.  
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Supporting Information 4.1. Mathematical relationship between ratings and weighting 

factors (Alias and Boyle, 2015) 

Mechanisms 
% 

Reduction  

Weighting 

Factor 

Normalized 

Weighting Factor 

(100% PR 

RWHS) 

Normalized 

Score 

Price   67% 0.67 0.848 PC x 0.848 

Restriction 29% 0.29 0.367 IR x 0.367 

Tech 

(Demand)  

Showerhead 4.50% 0.045 0.057 
PR @ IR x 

0.057 

Toilet 13.10% 0.131 0.166 
PR @ IR x 

0.166 

Faucet 4.20% 0.042 0.053 
PR @ IR x 

0.053 

Dishwasher 0.30% 0.003 0.004 
PR @ IR x 

0.004 

Washing 

machine 
9% 0.09 0.113 

PR @ IR x 

0.113 

Tech 

(Supply)  
RWHS 79% 0.79 1 PR @ IR x 1 

Comm/Edu 12% 0.12 0.152 IR x 0.152 

PR = Penetration rate 

PC = Price change  

IR = Indicative rating 
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Supporting Information 4.2. TF values of WEPLS rating products (National Water Services 

Commission Malaysia, 2013) 

 

 

  

 

 

 

  
WEPLS 

rating 

Water Efficiency 

Grade 
TF 

Shower 

3 star Most Efficient 4.5 - 6 lpm 

2 star Highly Efficient 6 - 8 lpm 

1 star Efficient 8 - 10 lpm 

Toilet 

3 star Most Efficient <4 / <2.5 lpf 

2 star Highly Efficient 4 - 5 / 2.5 - 3 lpf 

1 star Efficient 5 - 6 / 3 – 3.5 lpf 

Faucet 

3 star Most Efficient 1.5 – 4 lpm 

2 star Highly Efficient 4 - 6 lpm 

1 star Efficient 6 - 8 lpm 
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Supporting Information 4.3. Comparison of water end use from previous studies (Heinrich, 2008; Gan and Redhead, 2013; Athuraliya et al., 

2012) 

 

 

Yarra 

Valley 

(S) 

Yarra 

Valley 

(W) 

City 

West 

(S) 

City 

West 

(W) 

South 

East 

(S) 

South 

East 

(W) 

Auckland 

(S) 

Auckland 

(W) 

S
H

O
W

E
R

 

LCD (TF x UF) 33 36 43 34 49 31 47 50 

TF 
Avg. flow rate 

(litres/min) 
7.3 7.2 7.1 7.3 7.2 6.8 8.1 8 

UF 

Duration 

(mins/cap) 
6.5 7.1 6 6.7 6.8 6.6 6.6 7 

Freq. 

(showers/cap/day) 
0.7 0.7 1.0 0.7 1.0 0.7 0.87 0.9 

T
O

IL
E

T
 LCD (TF x UF) 21 22 20 22 25 24 32 31 

TF 
Avg. vol. 

(litres/flush) 
5.6 5.7 5.7 6.4 5.9 5.8 6.6 6.8 

UF 
Avg. freq. 

(flush/cap/day) 
3.8 3.9 3.5 3.4 4.3 4.1 4.9 4.6 

F
A

U
C

E
T

S
 LCD (TF x UF) 17 19 32 16 27 18 26 29 

TF 
Avg. flow rate 

(l/min) 
2.2 3.2 3.1 2.9 2.8 2.9 2.6 2.9 

UF 
Duration 

(min/cap) 
7.6 5.8 10.3 5.4 9.5 6.1 10.0 10.0 

W
A

S
H

IN
G

 

M
A

C
H

IN
E

 LCD (TF x UF) 30.2 22.8 NA NA NA NA 42.7 44.3 

TF 
Vol./load 

(litres/load) 
108 93 94 78 88 85 122 123 

UF 
Avg. freq. 

(Loads/cap/day) 
0.28 0.24 NA NA NA NA 0.35 0.36 
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Supporting Information 4.4. Calculation of the average litres per flush of a 2 WEPLS star 

toilet 

 

Half Flush Full Flush 
Average (litres 

per flush) 
Litres per flush 

No. of 
flushes 

Litres per flush 
No. of 
flushes 

2.5 

13 

4 

10 

3.15 

3 5 3.87 

2.5 5 3.59 

3 4 3.43 

Total Average 3.51 
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Supporting Information 4.5. Conversion of TF for washing machine from volume/weight to 

volume/load based on WELS star rating Singapore (Public Utility Board Singapore, 2011) 

 

WELS volume / weight 
volume / load (litres / load) 

6 kg 7 kg 8 kg 9 kg Avg. 

3 star 

< 9 litres/kg 

(Taking the 

value of 9 

litres/kg) 

54 63 72 81 68 

2 star 

9 - 12 litres/kg 

(Taking the 

value of 10.5 

litres/kg) 

63 74 84 95 79 

1 star 

12 - 15 litres/kg 

(Taking the 

value of 13.5 

litres/kg) 

81 95 108 122 101 
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Supporting Information 4.6. The values of TF, TFtarget and DIFFTF 

 
   

  
High 

Income 
Middle 
Income 

Low 
Income 

Shower 

TF 
(litres/minute) 

8.0 8.0 8.0 

TFtarget 
(litres/minute) 

6.8 

DIFFTF 
(litres/minute) 

1.2 1.2 1.2 

Toilet 

TF 
(litres/flush) 

5.6 6.0 6.8 

TFtarget 
(litres/flush) 

3.51 

DIFFTF 
(litres/flush) 

2.09 2.49 3.29 

Faucet 

TF 
(litres/minute) 

6 6 6 

TFtarget 
(litres/minute) 

3 

DIFFTF 
(litres/minute) 

3 3 3 

Washing 
Machine 

TF 

(litres/load) 
100 110 120 

TFtarget 
(litres/load) 

79 

DIFFTF 
(litres/load) 

21 31 41 
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Supporting Information 4.7. The values of UF, UFtarget and DIFFUF 

  
High 

Income 
Middle 
Income 

Low 
Income 

Shower 

UF 

  (minutes/cap) 
7.1 7.1 7.1 

UFtarget 
(minutes/cap) 

6.0 

DIFFUF        
(minutes/cap) 

1.1 1.1 1.1 

UF 
(showers/cap/day) 

0.9 0.9 0.9 

UFtarget 
(showers/cap/day) 

0.9 

DIFFUF 
(showers/cap/day) 

0 0 0 

Toilet 

UF 
(flushes/cap/day) 

4.1 4.1 4.1 

UFtarget 
(flushes/cap/day) 

4.1 

DIFFUF     
(flushes/cap/day) 

0 0 0 

Faucet 

UF 

    (minutes/cap) 
8 8 8 

UFtarget 
(minutes/cap) 

5.4 

DIFFUF        
(minutes/cap) 

2.6 2.6 2.6 

Washing 
Machine 

UF 

 (loads/cap/day) 
0.34 0.34 0.34 

UFtarget 
(loads/cap/day) 

0.24 

DIFFUF     
(loads/cap/day) 

0.1 0.1 0.1 
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Supporting Information 4.8. Resulting water end use in Kuala Lumpur after stage 1 and 2 

  
  

KL 1st stage (2024) KL 2nd stage (2028) 

   

High 

Income 

Middle 

Income 

Low 

income 

High 

Income 

Middle 

Income 

Low 

income 

S
H

O
W

E
R

 

ENDUSEclass 45 45 44 42 42 41 

TFpost 
Avg. flow rate 

(litres/min) 
7.7 7.6 7.5 7.4 7.3 7.0 

UFpost 

Duration 

(mins/cap) 
6.9 6.9 6.9 6.7 6.8 6.8 

Freq. 

(showers/cap/day) 
0.9 0.9 0.9 0.9 0.9 0.9 

AVGenduse (Shower) 47 44 

T
O

IL
E

T
 

ENDUSEclass 23 25 28 22 24 28 

TFpost 
Avg. vol. 

(litres/flush) 
5.5 6.0 6.8 5.4 5.9 6.8 

UFpost 
Avg. freq. 

(flushes/cap/day) 
4.1 4.1 4.1 4.1 4.1 4.1 

AVGenduse (Toilet) 24 24 

F
A

U
C

E
T

 

ENDUSEclass 39 39 36 31 30 26 

TFpost 
Avg. flow rate 

(litres/min) 
5.3 5.1 4.8 4.5 4.2 3.6 

UFpost 
Duration 

(min/cap) 
7.5 7.6 7.6 6.9 7.2 7.2 

AVGenduse (Faucet) 38 30 

W
A

S
H

IN
G

 

M
A

C
H

IN
E

 ENDUSEclass 32 35 39 29 33 37 

TFpost litres /load 99.0 108.5 120.0 97.9 106.9 118.0 

UFpost 
Avg. freq. 

(Loads/cap/day) 
0.32 0.33 0.33 0.30 0.31 0.31 

AVGenduse (W.M.) 35 32 

 AVGclass 141 146 150 127 132 133 
  TOTAL 145 130 
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CHAPTER 5 

WATER DEMAND MANAGEMENT (WDM) MECHANISMS: A 

CONCEPTUAL MODEL (Paper being submitted to journal) 

 

5.1 Abstract 

Securing water supplies in urban areas is a major challenge for policy makers, both now 

and into the future. In mitigating threats of a water shortage, a number of initiatives and 

programs have been implemented, which includes water demand management (WDM). A 

number of studies have analyzed the usage of various mechanisms to manage water demand. 

In this paper, we analyze the implementation of the mechanisms of price, technology, 

communication/education and restriction to reduce domestic water demand and develop a 

conceptual model of integrated WDM. Based on the model, we develop a systematic process 

for conducting an effective WDM program. It is expected that this study can assist water 

authorities in designing and conducting an effective WDM program in order to produce 

greater water demand reduction.  

 

5.2 Introduction 

During the last 100 years, the global GDP had grown more than 20 times while global 

population quadrupled (Maddison, 2001). Over this period, global water consumption 

increased by more than six fold (Nelson et al., 2011; Hinrichsen et al., 1998). However, water 

sources are limited in nature and precipitation is becoming more variable owing to climate 

change leading to water shortages becoming one of the key challenges of the current world 

(Nelson et al., 2011; Inman and Jeffrey, 2006; Barlow, 2008). Currently, there are a number 

of regions that experience regular water stress including South Africa, Australia, the Central 

U.S. and India and, by 2025, it is estimated that one third of the population of the developing 

world will likely to have severe water shortages (Falkenmark et al., 1998; Hanasaki et al., 

2008; Vairavamoorthy et al., 2008; Rosegrant et al., 2002). A water shortage can affect the 
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sustainability of a city and, along with food and energy, is regarded as one of the global risks 

to be monitored and mitigated (World Economic Forum, 2011). 

A number of initiatives have been implemented around the world to mitigate threats of a 

water shortage. These initiatives can generally be categorized into a) increasing supply and b) 

managing demand (Inman and Jeffrey, 2006). From the ‘increasing supply’ approach, water 

is considered as a `requirement` of a society that has to be met, instead of a `demand` that is 

more flexible. Thus, this approach emphasizes expanding facilities to meet expected 

increasing water demands. However, focusing solely on water supply facilities without due 

thought to demand determinants and management is not sustainable, due to the impact on the 

environment as well as potential limitations to local water supplies (Gleick, 2000). Water 

management is moving away from increasing supply sources and is focusing on water 

demand management (WDM). In general, WDM can be defined as the development and 

implementation of strategies to influence and reduce water demand to manage water 

allocations within sustainable supply options (Savenije and van der Zaag, 2002; Bakker, 

2002; Saurí and del Moral, 2001; Kallis and Coccossis, 2003; Brooks, 2006). Through WDM, 

solutions such as development of a new water supply facility are only recommended once 

strategies for reducing the water demand have been fully analyzed and implemented.  

There is a wide range of benefits from WDM including: 1) cost saving through delaying 

the construction of new supply facilities, 2) cost saving for water treatment and reticulation 

through lower water demand, 3) cost saving for wastewater treatment through lower 

production of wastewater, and 4) reduce competing demands for water in areas where water 

resources are already constrained. This paper will develop a conceptual model for integrating 

WDM mechanisms, focusing on the implementation of the mechanisms. It is expected that 

this model will assist water authorities to effectively utilise the WDM mechanisms to produce 

greater water savings. Outcomes from this research can also be incorporated into regional 

water management strategies to improve long-term WDM practices.  
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5.3 Domestic WDM mechanisms 

Price and non-price are the two main mechanisms typically being used in WDM, the latter 

including technological tools, communication/education and restriction. The effectiveness of 

the various mechanisms in reducing water demand and their equity consequences for 

household has been well debated (Inman and Jeffrey, 2006; Reynaud, 2013; Barberán and 

Arbués, 2009). This section reviews the WDM mechanisms and how they have been 

implemented.   

 

5.3.1 Water pricing 

Studies have shown that water pricing was one of the earliest factors used in managing 

domestic water demand (Arbués et al., 2004; Garcia and Reynaud, 2004). In this framework, 

the price of water will be increased by the water authority through the water service 

providers. Currently, there are three water price rate structures typically used by water 

utilities; uniform, increasing (IBR) and decreasing block rate (DBR). Among the three, 

uniform rate is the most straightforward, where water is priced constantly for all quantities. 

With increasing block rate structure, the price of water increases as the quantity used 

increases and, conversely, decreasing block rate structure involves decreasing the price of 

water with increasing quantity used. A meta-analyses study by Dalhuisen et al. (2003) and 

Espey et al. (1997) found that the price elasticity of increasing block rate structures ranges 

from -0.34 to -0.62 (3.4% to 6.2% demand decrease for every 10% price increase), while 

decreasing block rates have values ranging from -0.14 to -0.38 (1.4% to 3.8% demand 

decrease for every 10% price increase). In another example, Olmstead et al. (2007) found that 

the price elasticity for increasing block rates to be -0.55 (5.5% demand decrease for every 

10% price increase) as compared to -0.33 (3.3% demand decrease for every 10% price 

increase) of a uniform rate structure. 

Based on the pricing structure, it can be perceived that IBR offers the highest water saving 

when compared to DBR and UR. In IBR, poorer households get access to low-rate water 

since they may possess fewer water consuming appliances and allow for rich-to-poor 

subsidies and industrial-to-household subsidies (Whittington, 1997; Boland and Whittington, 

1998; Rogers et al., 2002). However, moving from a uniform to a block rate, including IBR, 

may result in unstable revenues thus affecting the financial stability of the water utility 
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companies (Inman and Jeffrey, 2006; Renwick and Archibald, 1998). Hence, care is required 

in setting the rate; based on a rationale of equity, IBR should balance an equitable allocation 

of the costs of water production and distribution with assisting lower-income households and 

ensure future financial stability of the water service providers.  

 

5.3.2 Water saving technologies 

One of the important strategies in WDM is the installation of water saving technologies. 

This can be effective in several ways (Millock and Nauges, 2010). Firstly, a significant share 

of domestic water is consumed through appliances (i.e. toilets, showers, washing machine). 

Secondly, the water saving potential of these technologies is well acknowledged (e.g. water 

efficient washing machine could use just a third of an inefficient model). Finally, the 

promotion of installation of these technologies is politically more acceptable compared to 

policies on water price and restrictions, since increasing price and imposing restrictions are 

usually considered unpopular by the public.  

In using the mechanism of technology, the uptake of water saving technologies will be 

promoted among households. There are three ways on how the uptake can be promoted. First 

is through the offering of rebates on selected water saving appliances. For example, due to 

the rebates given by the Victorian Government, the percentage of households in Victoria 

owning the technologies of rainwater harvesting system, dual-flush toilet and low-flow 

showerhead in 2010 increased by 15.7%, 35.7% and 17% from the recorded percentage in 

2001 (Australian Bureau of Statistics, 2010). For a more effective implementation of the 

mechanism of technologies, the rebates need to be based on the water efficiency of the 

appliances (e.g. Water Efficiency Labelling Scheme (WELS) rating of the appliances), where 

higher rebates should be offered for appliances which are more water efficient.  

Second, the uptake of technologies among households can be promoted through the 

distribution of water saving kits containing products that can be easily installed by 

households. For example, in order to reduce domestic water demand, the Singaporean 

Government distributed free water saving kits containing thimbles (to be fitted to faucets and 

showerheads) and cistern bags (to be fitted to toilets) to households through campaigns and 

water volunteer group (WVG) activities (Tortajada et al., 2013; Howe and Mitchell. 2012; 

Chen et al., 2010; Tortajada, 2006; Tortajada and Joshi, 2012).  
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Third, the uptake of water saving technologies can also be promoted through mandatory 

requirement for installation of selected water saving technologies. For example, the 

Singaporean Government imposed mandatory requirements for new housing developments to 

install dual-flush toilet and thimbles (Tortajada et al., 2013), and the Malaysian Government 

is currently formulating regulations requiring new housing developments to include plumbing 

for rainwater harvesting systems (Singaravelloo and Hooi, 2012). 

 

5.3.3 Communication/education 

The main objective of communication/education is to encourage households to reduce 

their water demand through behavioural change. However, individual perceptions of changes 

in water-use behaviour are often constrained by habit and a lack of knowledge about how and 

what types of adaptations that can be made (Clark and Finley, 2008; Doron et al., 2011). 

Thus, communication/education is likely to be necessary but not sufficient components of 

any program (Abrahamse et al., 2005). 

There are two approaches to communication/education. First is through the usage of mass 

media. Mass media are usually used to expose large proportions of the populations to 

messages through frequent uses of media (Wakefield et al., 2010). This includes the usage of 

broadcast media such as TV and radio, printed media such as newspaper, pamphlets and bill 

inserts, electronic media such as website and blog and social media such as Facebook and 

YouTube. Most mass media programmes are intended to affect decision-making processes at 

the individual level by helping people to recognize unhealthy social norms and associating 

valued emotions with achieving change, which in turn increase the likelihood of achieving 

new behaviours (Wakefield et al., 2010; Fishbein and Ajzen, 2011).  

The second approach is through the usage of interpersonal communication such as 

volunteer groups and school education. Research has demonstrated that higher levels of 

interpersonal discussion were associated with increased knowledge in a variety of scientific 

contexts (Condit et al., 2002; Lee, 2009; Ho, 2012). The possible important function of 

interpersonal communication is supported by authors who argued that while mass media 

campaigns can improve awareness and knowledge, interpersonal communication potentially 

affect behaviour (Schuster et al., 2006; van den Putte, 2011).  
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Suppliers can also contribute to the communication/education effort through collaborative 

works with the water authority. For example, the Regional Water Providers Consortium, 

which serves as a collaborative and coordinating organization to improve the planning and 

management of municipal water supplies in the greater Portland region, had contracts with 

water saving technologies vendors to develop and present water conservation programs at 

elementary schools in the region (Hillsboro Water, n.d.). 

 

5.3.4 Water restriction 

Water restrictions are often implemented by the water authority to avoid or delay the need 

to augment the water supply during water-related crises. There are two types of water 

restrictions commonly used; 1) outdoor use restriction (OUR) and 2) total use constraint 

(TUC) (Howe and Goemans, 2002). In OUR, the focus is on conditionally restricting water 

activities (i.e. days, time, activities and the manner of how water is applied). However, this 

type of restriction does not require households to reduce the amount of water used per se. For 

instance, as long as the usage occurs on the allotted watering days and on permitted water 

using activities, households are still allowed to use as much water as they like. With TUC, the 

quantity on overall water use is restricted, regardless of the water activities. For example, in 

southeast Queensland, should level 6 water restrictions be implemented, households will then 

not be allowed to use more than 800 l/day/house (Australian Government Bureau of 

Metereology, n.d.). 

 

5.4 External dependencies 

The effectiveness of the WDM mechanisms largely depends on a number of external 

factors. This section discusses the influence exerted by some of these factors on the 

effectiveness of WDM mechanisms.  

5.4.1 End use 

Estimates exist for average water end uses in many countries. Data for average indoor 

water use in Seattle (Mayer et al., 2000), East Bay Municipal Utility District (EBMUD) 
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(Mayer et al., 2003), Tampa Bay (Mayer et al., 2004), Melbourne (Gato-Trinidad et al., 

2011), Perth (Water Corporation, 2010) and Auckland (Heinrich, 2008), as shown in Figure 

5.1, indicate important differences in indoor water use per capita, ranging from 325 litres per 

capita per day (lcd) in EBMUD to 154 lcd in Auckland. On the high end, showers contribute 

the highest in Melbourne, Perth and Auckland, with the percentage ranging from 45% in 

Melbourne to 74% in Perth, while water is mostly loss due to leakage in Seattle, East Bay and 

Tampa Bay, with the percentage ranging from 10% in Seattle to 30% in East Bay. On the 

lower end, dishwashers contribute the lowest with less than 2% of the total indoor water use. 

Studies also found that a significant proportion of household water consumption came from 

outdoor activities. For example, Loh and Coghlan (2003) showed that outdoor activities 

accounted for 54% of total domestic water use in Perth.  

 

   

 

Figure 5.1. Examples of indoor water end use in Seattle, EBMUD, Tampa Bay, Melbourne, 

Perth and Auckland (various sources) 

 

The end use of water for each activity is dependent upon the technological factor (TF) of 

the water using appliance and the water using behaviour of the user (UF) (Zadeh et al., 2014). 

For example, the type of showerhead used by households will determine the flow rate of 

shower (TF), while the frequency and duration of showers are included in the water using 

behaviour of households (UF). Due to the differing values of TF and UF, the water demand 
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profile (i.e. the water end use for each activity) may vary between areas. The assessment of 

the water demand profile of an area is critical in providing insights on the type of 

mechanisms to be implemented. This is because the implemented mechanisms will reduce the 

total amount of water consumption by either reducing the value of TF or UF of the end use 

activities (Alias and Boyle, 2015a). For example, effective implementation of price and 

communication/education will reduce the value of UF (e.g. through acts like taking shorter 

showers and turning off taps when not in used), while effective implementation of 

technologies will reduce the value of TF (e.g. low-flow showerheads and faucets reducing the 

flow rate of shower and faucet). Restriction, on the other hand, will reduce outdoor water 

usage through reducing UF value for outdoor water use (e.g. limiting the use of water for 

outdoor activities to a pre-set time and day). Due to this, the effectiveness of the mechanisms 

in reducing water demand will vary between areas with different water demand profiles. 

 

5.4.2 Property type 

The water demand profile may also differ between housing types. Outdoor water 

consumption was found to be significantly related to the type of housing, where high water 

consumption was generally found to occur in detached properties with garden areas (Fox et 

al., 2009; Zhang and Brown, 2005). Wentz and Gober (2007) found that building density and 

landscape practices were important determinants of household water consumption in 

Phoenix, while Allen (1999) found that per capita water consumption was higher in low-

density development neighbourhoods compared to high-density neighbourhoods in 

Sacramento. Similarly, Chang et al., (2010) reported that high water use households were 

clustered in sprawling residential areas with larger lot sizes in Portland, and Shandas and 

Parandvash (2010) further showed that compact urban form was linked to lower household 

water consumption. Thus, suburbanisation that occurs at the edge of cities may be a critical 

driver of water consumption as resident behaviours are associated with the social norm of 

maintaining private green landscapes, which requires a lot of water, whereas in high density 

areas such as the city centre, the availability of such landscapes are limited (Ferguson, 1987; 

Hurd, 2006; Hurd et al., 2006; Spinti et al., 2004; Syme et al., 2004).  Since water restriction 

is effective for reducing outdoor water usage, the implementation of the mechanism of 

restriction in low density development areas (i.e. predominantly consisted of detached 
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houses) may be more effective as compared to the implementation in high density 

development areas.  

5.4.3 Household income 

Apart from areas and housing types, the water demand profile may also differ between 

income classes (Alias and Boyle, 2015a). This is because, due to the strong financial strength, 

high income households can often afford later models of water using appliances which are 

usually more water efficient than conventional appliances. For example, high-income 

households should already own a dual-flush toilet and a newer model of washing machine, 

which should be more water efficient than the conventional toilet and washing machine. 

Thus, the value of TF for high-income households will generally be lower than that for lower-

income households. However, higher-income households may be using more water for 

outdoor activities as compared to the lower-income households, since higher-income 

households in cities can usually afford to live in landed houses with lawn.   

The income level may also influence the response of households towards the mechanisms. 

For example, water that was priced too low as compared to household income may make 

households less motivated to reduce their water demand. Thus, in order for households to use 

water more efficiently, the price of water needs to be set proportionate to the household 

income. In another example, researchers found that low and high-income households are not 

as reactive to price rise as compared to middle-income households, due to the basic usage of 

low-income households and the insufficient price increases to curb the demand of the high-

income households (Inman and Jeffrey, 2006; Renwick and Green, 2000). However, higher-

income households are more likely to participate in water conservation programs as 

compared to lower-income households (Inman and Jeffrey, 2006; Fielding et al., 2012; 

Pollyea, 1993; Hines et al., 1987; Berk et al., 1993). Furthermore, retrofitting water saving 

technologies can be expensive to install and maintain, and is more affordable for higher-

income households. Thus, the usage of rebate schemes to promote the uptake of technologies 

can be effective for high-income households, while distribution of free water saving kits can 

be effective for low-income households.  
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5.5 The interrelationship of the WDM mechanisms 

According to Reynaud (2013) and Syme et al. (2000), since WDM mechanisms are 

usually implemented in combination by water utilities, there exist interactions between the 

mechanisms. This section discussed these interrelationships and how they can be used to 

produce greater water demand reduction.  

 

 Price Technology Comm/Edu 

Technology Positive 

(Rebate) 

  

Comm/Edu Negative Positive  

(Free kit) 

 

Restriction Negative Positive Positive 

Legend 

Positive interrelationship 

Negative interrelationship 

 

Figure 5.2. The interrelationship of the mechanisms (Alias and Boyle, 2015b) 

 

According to Alias and Boyle (2015b), there are two types of interrelationship that exist 

between the mechanisms; positive interrelationship and negative interrelationship (Figure 

5.2). With a positive interrelationship, the implementation of a mechanism will have an 

additive effect on another mechanism, while with a negative interrelationship, the 

implementation of a mechanism will have no additive effect on another mechanism. For 

greater water demand reduction, the water authority should focus on the positive 

interrelationship, since the implementation of these mechanisms will have greater effect on 

water demand reduction as compared to the individual implementation of the mechanism. For 

example, the offering of rebate schemes to promote the uptake of water saving technologies 

can be more effective in reducing water demand if it is combined with the increment of price, 

while the distribution of water saving kits can be more effective if it is combined with 

communication/education.  
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In order to further assist the effectiveness of the mechanisms, it is also vital that the water 

consumption for each household is metered. This is because measuring water consumption on 

a per unit basis through metering enables households to assess the effect of the 

implementation of WDM mechanisms. For example, metering and charging water based on 

usage produces water bills that reflect the consumption of water, making the effect of price 

mechanisms visible to the consumers. Enabling households to track their own consumption 

can also be critical in the implementation of quantity restrictions and promoting water-saving 

technologies. Furthermore, metering can also assist the communication and education efforts 

of the water authorities (i.e. setting household water demand reduction target such as T155 

campaign in Melbourne). 

 

5.6 Model development 

The first part of this paper discussed the implementation and the effectiveness of the 

mechanisms of price, technology, communication/education and restriction in reducing 

domestic water demand. Based on the discussion above, it is apparent that an effective WDM 

program (i.e. a program that can produce greatest water demand reduction) can only be 

achieved through synergistic integration of the mechanisms. However, most of the previous 

studies on WDM mechanisms were analysed from the perspective of a single mechanism, 

which may not be applicable when it comes to designing an effective WDM program.  
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Figure 5.3. The conceptual model of synergistic implementation of the mechanisms of 

price, technologies (Tech), communication and education (C/E) and restrictions (Rest) 

 

 

Based on this, we are proposing a new, but not exhaustive model for synergistic 

implementation of WDM mechanisms (Figure 5.3). Although each water authority tends to 

approach a WDM program differently, it is argued here that a generalised conceptual model 

depicting the implementation of the WDM mechanisms can be formulated. The model that 
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we are proposing employs price, technologies, communication, education, and restriction as 

mechanisms to reduce domestic water demand. We are not attempting to include an extensive 

list of mechanisms in this model, but rather highlight some of the mechanisms that can 

influence water demand found from other studies.  

The proposed model consists of three main components. The first is the regulator 

component. The main constituent in this component is the water authority, which will be 

responsible for conducting the WDM program. Based on the water demand profile of the area 

(i.e. TF and UF values for each end use activity, based on income level and property type), 

the regulator will influence the driver component of the model by deciding the type of 

mechanisms to be used and the way the mechanisms will be implemented. While the 

mechanisms of technologies, communication/education and restriction can be implemented 

by the water authority, the mechanism of price can be implemented through the water service 

providers. Suppliers can also contribute to the program through ensuring continuous supply 

of the water saving technologies to households, as well as collaborating with the water 

authority in the communication/education effort.  

The mechanisms in the driver component will then reduce the water demand of the area by 

reducing the TF and UF values in the user component of the model. The implementation of 

price and communication/education will reduce the UF values for both indoor and outdoor 

end use, the implementation of technologies will reduce the TF values for both indoor and 

end use, while the implementation of restriction will reduce the UF value for outdoor end use. 

Apart from reducing TF and UF, the implemented mechanisms may also increase the 

effectiveness of other mechanisms through positive interrelationships. For example, the 

implementation of price will increase the effectiveness of technologies (rebate), while the 

implementation of communication/education will increase the effectiveness of restriction.  

During the initial stage (i.e. before the implementation of the mechanisms), the values of 

TF and UF in the user component will be greatly influenced by the household income factor, 

either directly (i.e. TF for indoor end use) or indirectly (i.e. TF and UF for outdoor end use 

through property type). However, since the mechanisms will reduce the values of TF and UF, 

the pattern of TF and UF values across income level and property type will be different after 

each implementation stage of the mechanisms.  
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5.7 Application of the model 

Based on the model, we have developed a systematic process involving a series of steps 

needed to be taken for conducting an effective WDM program, as shown in Figure 5.4 below. 

There are three main steps in the process, which are data collection and evaluation, program 

design and program implementation. Although each step must be taken in order, the order is 

cyclic, where the program implementation step will mark the start of each stage in the 

program.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4. The process of conducting an effective WDM program  

 

Step 1: Data Collection and Evaluation 

The first step of the process is to assess the current water demand profile of the city by 

collecting data from the user component of the model. For water end use, the data of TF and 

UF can be collected through the usage of smart water meter. In comparison to other methods 

to measure end use (i.e. metering individual end use and diary), the usage of smart water 

meters is the least intrusive method, and can provide the most accurate data on end use 

(Heinrich, 2006). However, due to the current high cost for installing and operating smart 

water meters, the installation of smart water meters for the whole city may not be 

economically efficient (Heinrich, 2006; Aravinthan et al., 2012). Thus, similar to previous 

studies, strategic sampling can be used to represent the total houses in the city. As for income 
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level and property type, the information can be obtained through the usage of surveys. Based 

on the data from the surveys, the water end use can then be classified according to the income 

level (i.e. high, middle and low) and property type. 

The current data of TF and UF values will then need to be evaluated against the estimated 

TF and UF target values. One of the ways to estimate the target TF and UF values is by using 

the TF and UF values recorded in areas that have undergone a WDM program (e.g. setting 

the target TF and UF values of showers similar to that of Melbourne). These values can serve 

as the minimum benchmark than can be achieved through the use of the WDM mechanisms. 

However, care needs to be taken in using these values, since the lowest TF and UF values 

that can be achieved may differ between areas due to factors such as the availability of 

technologies (for TF), as well as the different culture and norms (for UF). For TF, the 

specification of a WELS rating system can also be used to assist in estimating the target TF 

value (e.g. setting the target TF value of shower to within the range of a two stars WELS 

showerhead). Through the evaluation of the difference between the current and target TF and 

UF values, the critical end uses (i.e. end uses that have high TF and UF values as compared 

to the target) across income levels and property types can be obtained. Based on the 

information obtained through data collection and evaluation, a water demand profile map of 

the city can be constructed, focusing on the critical end uses, income levels and property 

types for different sub-areas.   

 

Step 2: Program Design 

The program can then be designed based on the critical end use, income level and property 

type. On the one hand, the information on the critical end use can be used in selecting the 

type of mechanisms to be implemented. For example, if the end uses of showers and faucets 

were found to be critical (i.e. have high TF and UF values), the mechanism of technologies 

can be used to reduce the TF value (i.e. through rebate or distribution of free flow restrictors), 

while price and communication/education can be used to reduce the UF value (i.e. through 

reducing the duration of shower and faucet usage).  

On the other hand, the income level and property type can be used in deciding how the 

mechanisms will be implemented. For example, if the TF value of toilets was found to be 

critical for high-income households, the mechanism of technologies through the usage of 
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rebate can be used to reduce the TF value. In another example, if the outdoor end use was 

found to be critical, the usage of rebate scheme for outdoor technologies can be used to 

reduce the outdoor TF value, while price and communication/education, and to some extent 

restrictions, can be used to reduce the outdoor UF value. The positive interrelationship of the 

mechanisms can also be utilised to produce greater TF or UF reduction. For example, if the 

TF for shower and faucet was found to be critical for low-income households, distribution of 

flow restrictors, combined with communication/education can be used to produce greater TF 

reduction.  

For technologies and communication/education, since different sub-areas may have 

different critical end use, income level and property type, the type of mechanisms and the 

way of implementating technologies and communication/education may differ from one sub-

area to another. For example, in a sub-area with critical outdoor water usage, specific 

communication/education efforts that encourage households to reduce outdoor water 

consumption (e.g. through the usage of flyers and bill inserts for the households in the area) 

can be used to reduce outdoor UF in the sub-area, while outdoor water saving technologies 

can be specifically promoted in the sub-area to reduce outdoor TF (e.g. through the usage of 

rebate or distribution of free outdoor water saving kits). In another example, for critical end 

use of showers in a sub-area consisting mainly of low-income households, specific 

communication/education efforts that encourage households to reduce the duration of shower 

can be conducted in the sub-area to reduce the UF for shower, and free flow restrictors can be 

distributed in the sub-area to reduce the TF of shower. However, while technologies and 

communication/education can be designed to specifically target a sub-area within a city, 

water price increase and water restriction are usually implemented for the whole city. Further 

research is needed in order to determine the feasibility of imposing different water price and 

restriction for different sub-areas in a city.  

 

 Step 3: Program Implementation 

The WDM mechanisms can then be implemented by the water authority based on the 

designed program. This step will mark the start of each stage in the WDM program. The 

water authority will be responsible to implement the mechanisms of technology, 

communication/education and restriction, while the mechanism of price can be implemented 
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through the water service providers. The implemented mechanisms will then reduce the water 

demand of the area by reducing the TF or the UF values of the end uses. Due to the reduced 

TF and UF values, the water demand profile of the city will be different after the 

implementation step of the process. Thus, the water demand profile needs to be recollected 

and re-evaluated (Step 1), and the program needs to be redesigned (Step 2) before the start of 

the next stage.  

 

5.8 Conclusion 

In conclusion, we have developed in this study an integrated WDM mechanisms model 

that focuses on the synergistic implementation of the mechanisms of price, technologies, 

communication/education and restriction. We have also included in the model the effects of 

water end use, property types and household income on the implementation and effectiveness 

of the mechanisms. However, since the implementation and effectiveness of the mechanisms 

may also depends on other factors such as culture and norm, more work is needed to further 

develop this model for it to serve as a decision support tool that can effectively manage water 

demand. Based on the model, we have also developed a systematic process for conducting an 

effective WDM program. It is expected that the work from this study will assist water 

authorities in effectively implementing the mechanisms for more sustainable water 

management.  
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CHAPTER 6 

DISCUSSION 

 

6.1 Introduction 

In light of the freshwater crisis highlighted in Chapter 1, it is critical for water authorities 

to conduct an effective WDM program. This study has shown that an effective WDM 

program requires an integrated implementation of the WDM mechanisms. Based on Chapter 

3 of the study, it was found that, in integrated implementation of the mechanisms, two types 

of interrelationship exist between the mechanisms which may affect the effectiveness of the 

mechanisms; positive interrelationships and negative interrelationships. In positive 

interrelationships, the implementation of a mechanism may increase the effectiveness of 

another mechanism in reducing water demand and vice versa, while in negative 

interrelationships, the implementation of a mechanism may have a non-additive effect on the 

effectiveness of other mechanism. Apart from the interrelationship, the effectiveness of the 

mechanisms in reducing water demand also depends on the external factors of the area. 

Chapter 4 of the study has shown how the external factors of household income, water end 

use and property type can influence the effectiveness of the WDM mechanisms in reducing 

water demand. The findings from Chapters 3 and 4 were then used in Chapter 5 of the study 

to develop a conceptual model of the synergistic implementation of the WDM mechanisms. 

The conceptual model was then used as the base for the 3-step cycle process of conducting an 

effective WDM program. Through the process, the effectiveness of the implemented WDM 

mechanisms can be ensured, which will then maximise the resulting water demand reduction. 

This section discusses how the usage of this WDM approach can assist in resolving the 

freshwater crisis, which will be based on the situation in the developed countries, the 

developing countries and the LDCs.  
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6.2 The developed countries 

The population of the developed countries was projected to increase from 1.25 billion 

people recorded in 2013 to 1.28 billion people in 2100 (UNDESA, 2013). Although the 

growth rate was expected to be slower than the developing countries and the LDCs, the 

population was still expected to grow, especially due to the in-migration to the countries. 

Partly due to this population growth, and combined with the economic development of its 

inhabitants, the domestic water demand from these countries was also expected to increase in 

the future. Moreover, the demand for water for other sectors, especially for electricity 

generation and manufacturing was also projected to increase (OECD, 2012; WWAP, 2014).  

In developed countries, the water infrastructure is well established (Grey and Sagoff, 

2006), and has already been serving a very high percentage of the population with clean and 

high quality water. However, in due time, this increasing water demand will approach the 

capacity limit of the current water infrastructure. Even though the TRWR for most of these 

countries is well above the scarcity limit, new infrastructures are still needed to be built in 

order to extract this water in order to serve the growing water demand. Thus, WDM is needed 

in order to reduce the domestic water demand. This reduction in domestic water demand will 

then reduce the competition for water with the manufacturing and electricity generation 

sectors; which is important to boost the economies of these countries. Although new water 

infrastructures will still be needed to serve the growing water demand, the usage of WDM 

can ensure the efficiency of water usage, and hence extend the life-span of the water 

infrastructures.  

In order to cater for the growing population, more new houses will need to be built. This 

new housing development presents a great opportunity for the water authority to ensure the 

efficiency of water usage, which can be done through mandating the usage of more water 

efficient appliances in these new houses. For example, the Singaporean Government had 

made it mandatory for new development areas to install dual flush toilet system and thimbles 

for faucet and showerheads (Tortajada et al., 2013). In another example, the city of Gold 

Coast had made in mandatory for new houses to install rainwater harvesting system (RWHS) 

during the 2005 drought, before deciding to only make it optional in 2013 (City of Gold 

Coast, 2013). Since the retrofitting of these appliances, especially toilet and rainwater 

harvesting systems is harder due to the amount of plumbing work and cost required, the 

mandatory requirement for these new development areas to pre-install the dual-flush toilet 
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system and rainwater harvesting system can assist greatly in ensuring the usage of more water 

efficient appliances in the houses. However, while more efficient water appliances can be 

pre-installed in new development areas, the user behaviour of the inhabitants still requires the 

intervention of WDM, particularly through price, communication/education or restriction. 

Thus, the work from this study is still needed to ensure the reduction of the UF of the 

inhabitants.  

  

6.3 The developing countries 

The population of developing countries was expected to increase significantly in the 

future; from 5.9 billion people recorded in 2013 to 9.6 billion in 2100 (UNDESA, 2014). 

Apart from that, the economic development of these countries was also projected to increase 

significantly, where a high proportion of the future global middle class was expected to come 

from these countries (Kharas and Gertz, 2010). Furthermore, since the economics of these 

countries are getting stronger, the governments can now put in more investment to improve 

their water infrastructure and ensure that a high percentage of their population are being 

served with clean and high quality water. Due to all these factors, the domestic demand for 

water in the developing countries was projected to increase significantly in the future. Apart 

from the domestic sector, significant increase in the demand of water for manufacturing and 

electricity generation sectors was also projected in these countries (OECD, 2012; WWAP, 

2014).   

In the developing countries, although investment had been made to the water 

infrastructure, the human capacity is usually still inadequate to effectively manage water 

resources and new infrastructure (Grey and Sagoff, 2006). In terms of the Total Renewable 

Water Resources (TRWR), most of the developing countries have already faced a certain 

degree of water scarcity. For example, of the BRIICS countries, only Brazil, Russia and 

Indonesia still have TRWR value of more than 2500 m3 per capita per year, while the rest 

(i.e. India, China and South Africa) have TRWR value of less than 2500 m3 per capita per 

year (WWAP, 2014). In another example, the TRWR in some of the developing countries in 

the Arab region have already fallen to less than 500 m3 per capita per year, which is 

considered to be in the state of absolute scarcity (WWAP, 2014). Thus, although the 

development of new water infrastructure is needed to serve the growing water demand, the 
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usage of WDM is also needed in order to expand the life-span of the water infrastructure, as 

well as to reduce the competition with the electricity generation and manufacturing sectors.  

Similar to the developed countries, the necessity to develop new housing areas to cater for 

the growing population can be utilized by the water authority to ensure that the new houses 

are pre-installed with water efficient appliances. This effort is critical, especially since the 

increase in population in these countries was projected to be more dramatic than in the 

developed countries and the LDCs (UNDESA, 2014). However, also similar to the developed 

countries, while the usage of more water saving appliances can be made mandatory for new 

houses, the intervention of WDM is still required to reduce the user behaviour of the 

inhabitants.  

 

6.4 The least developed countries (LDCs) 

In the LDCs, there is still little or no infrastructure to extract water (Grey and Sagoff, 

2006). Thus, these countries need to invest in better water infrastructure system in order to 

ensure that a high percentage of their population are served by clean and quality water. To 

some extent, WDM can also assist with this through reducing the demand of water from the 

population that were currently being served with clean water and using the saved water to 

serve the population which is yet to have access to clean water. However, the usage of WDM 

alone may not be able to resolve the issues in the LDCs, since investment in good water 

infrastructure is still critically needed.  

 

6.5 Summary 

From the discussion, it is apparent that even though WDM is needed to assist in resolving 

the water crisis, it is not a full substitute to the increasing supply approach. There are two 

main reasons for this. First, the implementation of WDM in this study will only reduce the 

per capita domestic water demand. However, the global population was projected to continue 

to grow in the future. This means that, even though the population already had low per capita 

water demand, this growing population will still demand for higher quantity of water in total. 

Furthermore, the global economic progress will also increase the water demand, either 

directly through increasing domestic water demand, or indirectly through increasing water 
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demand for other sectors such as agriculture, manufacturing and electricity generation. Due to 

all these, a higher capacity of water infrastructure will still be needed in order to satisfy the 

growing demand for water.  

Second, the maximum limit of water that can be saved through WDM is still unknown, 

which is due to a few reasons. First, while the technological factor (TF) values for indoor 

water saving appliances had already been well established through systems such as WELS, 

the TF values for outdoor water usage is still not widely available. Second, the minimum user 

factor (UF) values for outdoor water usage is also unknown, which may differ from one area 

to another due to the difference in climate, culture and the predominant type of plants planted 

in the lawn. Third, the effect of decentralized water supply systems such as RWHS and 

GWRS on the outdoor and indoor TF value is also unknown. Furthermore, the technologies 

of these decentralized water supply system are continuously growing, which may allow more 

quality water to be supplied for a wider range of household water using activities. Due to all 

these factors, the maximum limit of domestic water demand reduction resulting from the 

implementation of WDM is still unknown.  

Thus, with the projected continuous growth of population and the unknown maximum 

limit of water demand reduction that can be achieved through WDM, depending solely on 

WDM may not be an adequate solution to the water crisis. Increasing supply approach is still 

needed in order to augment the water supply capacity. Furthermore, some of the later water 

supply infrastructure system such as desalination and wastewater recycling system had also 

been shown to be more environmental friendly than the conventional water supply 

infrastructure (e.g. dams, groundwater). Thus, the usage of these water infrastructures, apart 

from ensuring continuous supply of water to the population, will also be more environmental 

friendly. Although the cost of these infrastructure is currently still high, the increasing 

demand for these infrastructures paired with the emerging of new technologies is expected to 

further reduce the cost in the future. However, WDM is still needed to ensure efficient usage 

of valuable water, and hence prolonging the life span of these water supply facilities. 

Together with the increasing supply approach, WDM can then assist in resolving the current 

and future global freshwater crisis.  
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CHAPTER 7 

CONCLUSION AND FUTURE RECOMMENDATIONS 

 

7.1 Introduction 

Global water demand was projected to continue to increase in the future, partly due to the 

growing global population and the economic progress of the countries and their inhabitants. 

Ensuring sustainable supply of water had been one of the important tasks of this century 

(Falkenmark, 1998; Gleick, 1998; 2000), which requires the usage of both the increasing 

supply approach and the WDM approach. Thus, for a more sustainable water management, it 

is critical for water authorities to conduct an effective WDM program which will maximise 

water demand reduction. With regard to this, the main objective of this study was to assess 

the application of various WDM mechanisms to determine how they can be implemented 

synergistically to maximise water demand reductions, considering the interrelationships and 

intrarelationships of the mechanisms. There were three principal objectives in this study that 

aroused from the main objective. First was to study the effect of WDM mechanisms on water 

demand, and analyse the interrelationships that exists between the mechanisms. Second was 

to study the influence of household income, water end use and property type on the 

effectiveness of the WDM mechanisms by designing a WDM program for Kuala Lumpur. 

Third was to develop a conceptual model of WDM mechanisms, focusing on the processes 

involved in establishing and implementing effective water demand management strategies 

and procedures. This chapter concludes this study in relation to the three principal objectives 

of the study, and makes some future recommendations based on the findings obtained.  
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7.2 Conclusion 

Chapters 3 to 5 of this thesis were dedicated to achieving the first, second and third 

principal objectives of this study, respectively. The conclusion of the study in this chapter 

will be categorized based on the three principal objectives of the study. 

 

Objective 1: To study the effect of WDM mechanisms on water demand, and analyse the 

interrelationship that exists between the mechanisms 

 

Based on the case studies in Melbourne and Singapore, this study has shown that the 

reduction in water demand in both case studies was due to the effect of the combination of 

the mechanisms and not the individual effect of a mechanism. However, the contribution of 

each mechanism in the combination differs from one mechanism to another. Generally, price 

contributed the lowest to the mix in both case studies, while restriction contributed the 

highest in Melbourne and communication/education contributed the highest in Singapore. 

Apart from that, this study has also shown that there exists interrelationships between the 

mechanisms, which can either be positive or negative. In positive interrelationship, the 

implementation of a mechanism will increase the effectiveness of other mechanism in 

reducing water demand. For example, the implementation of restriction combined with 

communication/education will produce greater water demand reduction as compared to the 

individual implementation of the mechanisms.  On the other hand, in negative 

interrelationship, the implementation of a mechanism may not have an additive effect on 

another mechanism. For example, the implementation of price and communication/education 

may not have an additive effect. The finding from this study corroborates with the finding of 

previous studies on the interrelationship of the mechanisms (i.e. price+restriction by Howe 

and Goemans (2002) and Goemans et al. (2012); and technology(rebate)+price and 

technology+restriction by Renwick and Archibald (1998)), while at the same time, extending 

the current knowledge through the finding of new interrelationship between the mechanisms 

(i.e. technology(free kit)+communication/education; price+technology; 

communication/education+restriction; price+communication/education). 

Objective 2: To study the influence of household income, water end use and property type on 

the effectiveness of the WDM mechanisms by designing a WDM program for Kuala Lumpur. 
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To achieve the second objective, this study has designed an 8-year WDM program for 

Kuala Lumpur. Based on the designed program, this study has developed a method to 

estimate the potential water demand reduction that can be achieved through the program. This 

study had found that the implementation of the mechanisms will reduce water demand by 

affecting the TF and UF values of each water end use. The effect of the mechanisms on 

whether the TF or the UF values will depend on the attribute of the mechanisms, where price 

and communication/education will affect the UF for both indoor and outdoor, technologies 

will affect the TF for both indoor and outdoor, and restriction will affect the UF for outdoor. 

Thus, the effectiveness of the mechanisms in reducing water demand will be determined by 

the attribute of the mechanisms as well as the initial TF and UF values of the area. Apart 

from that, the property type will also affect the effectiveness of the mechanisms. This is 

because the property type will determine the significance of outdoor water usage, where 

households living in landed houses with large outdoor space will have higher outdoor usage 

than households in multi-housing unit. Thus, the implementation of the mechanisms of 

restriction and outdoor water saving technologies may be more effective in areas 

predominantly consisting of landed houses with large outdoor space as compared to areas 

predominantly consisting of multi-housing units. Income will also affect the effectiveness of 

the mechanisms. Higher income households may be more affected through the usage of 

rebate for technologies, restriction (i.e. since most of the high income households in cities can 

afford to live in landed houses with large outdoor space) and communication/education. On 

the other hand, lower income households may be more affected through the usage of price, 

distribution of free kit, and communication/education through interpersonal communication.  
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Objective 3: To develop a conceptual model of WDM mechanisms, focusing on the processes 

involved in establishing and implementing effective water demand management strategies 

and procedures.  

 

Based on the interrelationship and the intrarelationship of the mechanisms, this study had 

developed an integrated WDM mechanisms model, focusing on the synergistic 

implementation of the mechanisms of price, technologies, communication/education and 

restriction. In order to conduct an effective WDM program, the developed model needs to be 

applied in a 3-steps cycle process. The steps involved in the process are data collection and 

evaluation, program design and program implementation. In the data collection and 

evaluation step, the water demand profile of the area will be collected and compared with the 

target TF and UF. Based on the evaluation, the program can be designed by selecting the 

mechanisms to be implemented, focusing on the attribute and the interrelationship of the 

mechanisms, as well as the water demand profile of the area. Based on the design, the 

program can then be implemented in the area. Due to the attributes of the implemented 

mechanisms, the water demand profile of the area will be different after each implementation 

step of the process. Thus, the water demand profile of the area needs to be recollected and re-

evaluated, and the program needs to be redesigned before the start of the next stage. Although 

each step must be taken in order, the order is cyclic, where the program implementation step 

will mark the start of each stage in the WDM program. This cycle process will assist in 

ensuring the effectiveness of the mechanisms in reducing water demand, which may lead to 

implementation of effective WDM program.  
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7.3 Future recommendations 

In this section, four different suggestions for future work were presented in order to 

improve the findings of this study.  

 

7.3.1 To improve the usage of weighted scoring system  

This study used a weighted scoring system to represent the intensity of the implementation 

of the mechanisms. Since the weighted scoring system can capture both the level of 

implementation as well as the varying effectiveness of the mechanisms, the obtained scores 

may be more accurate in representing the mechanisms as compared to marginal or average 

price, and dummy variables used in the previous studies (e.g. Renwick and Archibald, 1998; 

Renwick and Green, 2000; Kenney et al, 2008). Furthermore, the findings from Chapter 3 

also showed that the statistical analysis of the scores obtained through weighted scoring 

system gave results comparable to previous studies. Thus, this showed that the weighted 

scoring system developed in this study can be used to analyse the effect of the 

implementation the mechanisms on water demand reduction. However, while the results 

showed that the weighted scoring system can be used to represent the intensity of the 

mechanisms, the usage is still limited to retrospective analysis approach. Further studies need 

to be conducted to refine the developed weighted scoring system in this study, through the 

inclusion of the effect of the interrelationship and the intrarelationship of the mechanisms on 

the final scores of the mechanisms. It is expected that, through the inclusion of the 

interrelationship and the intrarelationship of the mechanisms, the developed weighted scoring 

system can then be used to estimate the potential water demand reduction resulting from a 

WDM program.  

 

7.3.2 To improve the findings on the interrelationship of the mechanisms 

This study used multiple variable regression and F test analysis to determine the existence 

and type of interrelationship between the mechanisms. However, due to the omission of the 

intrarelationship factors, the interrelationships obtained in this study may be limited only to 

the areas considered (i.e. Melbourne and Singapore). Furthermore, the actual effect of these 

interrelationships on water demand is still unknown. Thus, more research analysing the 
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implementation of the mechanisms in other areas is needed in order to explain and conclude 

these interrelationships. Apart from that, further studies using other regression techniques 

such as fixed effects (FE) and instrumental variable (IV) as used by Kenney et al. (2008) can 

also be conducted. It is expected that through these further studies, a more conclusive 

interrelationships can be determined, with a known effect on water demand reduction.  

 

7.3.3 To improve the estimation of the potential water demand reduction 

This study had developed a method to estimate the potential water demand reduction 

resulting from a WDM program by considering the percentage of population affected due to 

the implementation of the mechanisms from each income class, the values of TF and UF for 

each end use and the property types. In comparison, some of the later studies estimating the 

potential water demand reduction resulting from a WDM program have already used the 

information of TF in estimating the potential water demand reduction. For example, NRDC 

and Pacific Institute (2014) estimated the potential water demand reduction in California by 

comparing the current TF with the TF of a more water efficient appliances. However, the 

study did not consider the UF values in their estimation. Furthermore, the estimation of the 

potential reduction was obtained by assuming for the whole population (i.e. the potential 

when the whole population used more water efficient appliances). Thus, the developed 

method in this study refined the method used in NRDC and Pacific Institute (2014) by 

including the effect of the percentage of households affected from each income class and the 

UF values of water end use. However, there are still a number of other external factors which 

can affect the effectiveness of the mechanisms, including weather, social, norm and sources 

of water supply. Thus, further studies are needed to determine the effect of other external 

factors on the effectiveness of the mechanisms. It is expected that, through the inclusion of a 

range of other external factors, the developed method can then be used to estimate more 

accurately the potential water demand reduction resulting from a WDM program.  
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7.3.4 To improve the developed WDM mechanisms model  

This study has developed a conceptual model of the WDM mechanisms, which was used 

as the basis for the 3-steps cycle process of conducting an effective WDM program. The 

model considers the interrelationship that exists between the mechanisms and the effect of 

household income, water end use and property type. This conceptual model of the 

implementation of the mechanisms and the 3-steps cycle process to ensure the effectiveness 

of a WDM program developed was the main novelty of this study. However, since the 

effectiveness of the mechanisms may also depends on other external factors such as weather, 

climate and norm, more work is needed in order to further develop this model. Furthermore, 

computer modelling techniques, such as Agent Based Modelling (ABM) as used by Linkola 

et al. (2013) can also be used to improve the model. Moreover, the usage of GIS in the model 

can also be conducted, which should be able to assist in targeted WDM program in an area. It 

is expected that, through these further studies, the model can then be used by the water 

authorities as a decision support tool that can manage water demand effectively.  
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