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Abstract: In contextualising the serious water loss, inefficient resource utilization, and ineffective
water utility management in Malaysia, the objective of this study is to understand the public’s
perception of non-revenue water (NRW) management in order to provide policy inputs, and to
determine ways to improve public participation in NRW reduction. Findings reveal that there is
currently only meagre public participation in NRW management in Malaysia, with a majority of
the respondents demonstrating a lack of knowledge and awareness on NRW; over-dependence
on water utility and government agencies in reducing NRW rates; and failure to submit a report
when a leaking pipe is noticed. Educating the public on the importance of reducing NRW and
promoting public interests and concerns around water tariffs, is essential to improve NRW reductions
in Malaysia. Community-led strategies to better engage the public in addressing NRW-related issues
have to be enhanced. To this end, concrete policy implications derived from the findings of the study
are outlined.
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1. Introduction

Non-Revenue Water (NRW) is the difference between the volume of water supplied in the water
distribution system and the volume of water billed to the water consumer [1]. NRW can be categorised
as the water losses caused by real loss and apparent loss, and the unbilled authorised consumption
(Table A1). A high rate of NRW indicates poor water management because it can cause excessive
water loss and financial loss, which leads to increased expenditure to supply more water to meet a
country’s water demand [2]. Real loss is defined as the physical water loss from the water supply
network, including all types of leaks, bursts, and overflows in service reservoirs, mains, and service
connection pipes up to the point of customer metering [3]. Apparent loss consists of unauthorized
consumption and meter inaccuracy, for example illegal water connection, meter under registration and
data handling errors, whereas unbilled authorised consumption includes the water used by the water
utilities for operation purpose (e.g., flushing and cleaning), water used for fire-fighting, and water
provided free to certain consumer groups [1].

In many developing countries, high rates of Non-Revenue Water (NRW) remain a serious problem,
although the importance of reducing NRW is well-known to the water sector [4]. The World Bank
estimated the average NRW rate in developing countries as 35 per cent, accounting for losses of
approximately 26 billion m3 of water [4]. A report by the Asian Development Bank (ADB) stated that
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the annual volume of NRW in Asian cities is about 29 billion m3 or on average 30 per cent of the total
water produced by Asian water service providers. This causes nearly nine billion US dollars (USD) of
revenue loss per year [5]. Typical problems that occur in developing countries and often exacerbate the
progress of NRW reduction include: a lack of funding, inadequate involvement of the public, lack of
motivation of water service providers, political interference, issues of corruption, and a lack of private
sector interest [6].

In the past decades, various technical solutions have been highlighted as being effective in
reducing NRW rates, such as pipe replacement [3], meter replacement [7], and pressure management [8].
However, water problems cannot be solved effectively without sufficient public participation [9].
Indeed, one of the reasons why NRW rates cannot be effectively reduced in some cities is due to
a lack of public participation in NRW reduction activities that are often induced by poor public
awareness of NRW issues [6]. For instance, leakage control is an effective loss reduction strategy that
depends on how quickly the water service providers become aware of the incidents of pipe leakage
and burst pipes [10]; and the success of the apparent loss reduction strategy also depends on how
quickly the water service providers can disconnect the illegal pipe connection or replace a faulty
meter [2]. A public which is aware of the importance of NRW reduction and water conservation can
play a role, as informed and active citizens who report burst pipes, pipe leakage, meter malfunctions
at home, suspected illegal water use, etc. to the responsible authorities. These actions can help to
effectively shorten the time needed by the water service providers to be aware of a NRW-related
incident and subsequently repair the leak, disconnect an illegally-connected pipe, or replace a faulty
meter. Importantly, raising public awareness on the importance of NRW reduction will ease the
resistance of the public to pay a reasonable water bill which is fair to the public and water service
providers [6].

There are examples in the literature that show that public participation can contribute to better
outcomes for NWR reduction programmes. In Phnom Penh, Cambodia, for instance, the public is
encouraged to report illegal pipe connections, with rewards offered by the authority to those that
do report and penalties given to those who have been found to install illegal pipe connections [11].
Through this policy, the water service providers successfully reduced their NRW rate from 72 per cent in
1993 to only 6.19 per cent in 2008 [12]. Likewise, in East Concession Zone of Metro Manila, Philippines,
the NRW rate had been reduced by 45 per cent to only 16.9 per cent in 2009. There, the water service
providers introduced a community water management programme by engaging several local people
as informal street leaders, who assist the water service providers to curb NRW issues, by providing
information on aspects such as burst pipes, leaking pipes and water shortages [13]. Moreover,
Singapore’s NRW rate is among the lowest in the world [14], at approximately 4.7 per cent in 2012 [15].
An NRW reduction guidebook published by Singapore’s water service provider highlighted that
good water consumer and water utility relationships is an essential element to managing NRW
effectively [16]. In brief, public participation in NRW management can make the NRW reduction
strategies more effective. However, improving public participation in NRW management is all too
commonly left unaddressed in many developing countries, including Malaysia.

With an average annual rainfall of more than 3000 mm and more than 556 m3 of annual renewable
surface water [17], Malaysia is a country rich in water resources. However, the country still faces
seasonal water supply problems, and high NRW rates are one of the major causes of such problems [18].
The government and water service providers have been dealing with the NRW issue for decades, but
have so far shown little success. Referring to the Eighth [19], Ninth [20] and Tenth Malaysia Plans [21],
the Malaysian government spent around 600 million USD from 1996 to 2010, on reducing the country’s
NRW rate. In 2013, the country’s NRW rate was still high at 36.6 per cent, with NRW rates ranging
from 18 per cent to 62 per cent among all the country’s states, with five out of 13 states recording NRW
rates higher than 50 per cent [22]. Such high rates of NRW jeopardize Malaysia’s water security in
the long-term, potentially leading to negative effects on the country’s social (unfair water service bill),
environmental (loss of water resources), and economic well-being (revenue losses of water sector) [23].
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A study pointed out that Malaysia’s NRW problem is not just a technical issue, but also an
issue which highlights poor management and governance [24]. Previous investments in the country’s
NRW reduction programmes listed in the previous Malaysian Plan [19–21], were mostly focused
on reducing NRW rates through engineering solutions, such as a pipeline replacement programme,
a meter replacement programme, the establishment of District Metered Areas, etc. In addition,
one of the key barriers facing Malaysia’s water sector in achieving better water management is
public participation [25], which is always given too little consideration when planning water policy.
There have been few success stories from Malaysia’s water utilities agencies regarding the engagement
of the public as a solution to the NRW issue. At present, little research has been done to study public
participation in NRW management in the Malaysian context; and public awareness of the NRW issue
and around NRW reduction remains particularly underexplored. In the context of chronic water losses,
inefficient resource utilization, and ineffective utility management, this study has been undertaken
to understand the public perception of NRW management with a view to generate policy inputs
for supporting urban water policy. To achieve this objective, this study primarily addresses three
questions: (i) Is the public aware of the NRW issue? (ii) How does the public perceive NRW reduction?
(iii) Do members of the public take action to solve NRW-related water issues? Straightforward policy
information and ways to improve public participation in NRW reduction are delineated.

2. Materials and Methods

2.1. Study Location

Penang State and Perlis State were chosen as the study locations. Both are among the smallest
states in Malaysia and located at the northern part of Peninsula Malaysia. Both states were chosen
because of the significant differences in their NRW rates. Using water statistic published by the
Malaysian Water Association (MWA) [22,26–31], Penang’s NRW rates were the lowest in the
country in the past five years (2008–2013), averaging 18 per cent. Possessing one of the highest
population densities in the country, Penang had the most domestic water connection densities
in 2013 [22]. As shown in Table 1, Penang’s water consumption was among the country’s highest,
averaging 809 million/litre/day (MLD), and its domestic water consumption was the country’s
highest, at 296 litre/capita/day (l/c/d) [22]. The region’s water services, including NRW reduction,
is a provided by Penang Water Supply Corporation (PWSC), which is a privatised water service
provider owned by the Penang State Government. In Penang, the total volume of NRW in 2013 was
179 MLD, whereby 81.7 per cent (147 MLD) of Penang’s NRW was caused by real loss. The rest of
the 18.3 per cent was caused by apparent loss (17.8 per cent) and unbilled authorised consumption
(less than 1 per cent) (see Table A1 for defining water losses).

Table 1. Water Statistic and NRW-related Performance Indicators of Penang State and Perlis State.

Water Statistic in 2013 Penang Perlis

Supply Coverage 99.9% 99.5%
Total water treatment plant 10 5

Total Water Produced 988 MLD 211 MLD
Billed Authorized Consumption 809 MLD 80 MLD

NRW Rate (Volume of NRW) 18.2% (179 MLD) 62.4% (132 MLD)
Real Loss 14.9% 47.4%

Apparent Loss 3.2% 15%
Unbilled Authorized Consumption 0.1% 0%

NRW Department/Unit in the Water Utility Yes No
Number of 24-h customer call centre 1 0

Total Pipe Length 4236 km 1858 km
Total Connection 546,749 66,938
Network Density 4.04 km of pipe/km2 2.26 km of pipe/km2

Domestic Consumption 296 l/c/d 242 l/c/d

Notes: Source: MWA [22], Penang Water Supply Corporation, and Perlis State Public Work Department.
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In contrast, Perlis’s NRW reduction is the responsibility of a state government agency, which
was under the Water Supply Section of the Perlis State Public Work Department (PWD). According to
MWA (2008–2014), Perlis’s NRW rates were the country’s highest, averaging 52.8 per cent in the past
five years (2008–2013), and the state recorded the highest NRW rates in the country from 2011 to 2013.
In 2013, the volume of NRW in Perlis State was 132 MLD, and real loss was estimated to account
for 75.8 per cent of the volume of NRW; whereas the rest of the 24.2 per cent was estimated to be
caused by apparent loss. Due to incomplete data, the volume of unbilled authorized consumption
was not calculated by the PWD, but the volume of unbilled authorized consumption was estimated
at below 1 per cent of the total NRW by the PWD. Perlis’s domestic connection density was slightly
lower than the national average [22], and its water consumption was the second lowest in Malaysia,
which was only 80 MLD in 2013. However, surprisingly, Perlis’s domestic water consumption per
capita per day was among the highest in the country at 242 l/c/d in 2013 [22]. Hence, Penang and
Perlis were chosen so that the study could compare the differences in the public’s perception of
NRW reduction.

2.2. Data Collection

A structured questionnaire was used to collect data for exploring public perception of the NRW
issue and its reduction. The capital cities of Penang State (George Town) and Perlis State (Kangar)
were chosen as the study locations for data collection. A pilot study was conducted before the actual
sample collection to ensure the questions were clear and understandable to the general public. In the
pilot study, 60 members of the general public were consulted by asking them to fill in a questionnaire.
In addition, the questionnaire was also verified by water experts from university and water-related
non-governmental organisations. Improvements were then made after comments were obtained from
these experts. Data collection was done by door-to-door visit, and the respondents were selected
through random sampling. At first, the selected cities were divided into different sub-districts by
referring information from the states’ government website (http://ptg.penang.gov.my/ and http:
//www.perlis.gov.my/). The exact sampling locations were then selected from these sub-districts.
Several residential areas were then classified based on housing types: bungalows and semi-detached
houses, condominiums and terrace houses, and flats and other low cost housing units finally selected
as the sampling location. Both cities contain different ethnic groups, i.e., Malay, Chinese, Indians,
and others. This survey applied stratified random sampling for ethnicity at the selected study locations.
Households were randomly selected from the sampling location and a representative (respondent)
from selected household was asked to fill in the questionnaire. The actual survey was conducted from
September 2013 to February 2014. 423 valid questionnaires were obtained from George Town and
402 from Kangar. Descriptive statistical analysis and chi-square test were used to analyse the study.

3. Results

The demographic information of the respondents is documented first, then, in consecutive order,
the public’s knowledge, awareness, perception and concerns, and action towards NRW management
are presented.

3.1. Demographic Analysis

A total of 825 respondents were interviewed: 423 from Penang State and 402 from Perlis (Table 2).
Based on the reports by the Malaysian Department of Statistic, 63.2% of the populations in George
Town were Chinese, followed by Malay (21.0%) and Indian and others (15.8%). In Kangar, the city
was populated by Malay (62.2%), Chinese (30.5%), and the rest of population was 7.3% (Indian and
non-Malaysian). A chi-square goodness-of-fit test was then performed; there were no significant
differences in the proportion of the respondents’ race in George Town as compare with the actual
population’s race (chi-square test for goodness-of-fit: df = 2, p = 0.071, x2 = 5.284). As well as the
distribution of the questionnaire of the respondents in Kangar, the chi-square goodness-of-fit test shows

http://ptg.penang.gov.my/
http://www.perlis.gov.my/
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no significant differences with the actual population’s in the city (chi-square test for goodness-of-fit:
df = 2, p = 0.225, x2 = 2.734). As shown in Table 2, in George Town, 51.3 per cent of the respondents
were male, and the majority of the respondents were in the age group of 21–40 year olds. Most of
their monthly incomes were in the category of 350–1164 USD. In addition, most of the respondents
in George Town and Kangar had at least tertiary educational, with 57.7% and 52.7%, respectively.
In Kangar, most of the respondent’s monthly incomes were in the categories of USD below 699 (51.3%),
and genders were represented approximately equally, and the majority of the respondents’ aged
between 21 and 40 years old.

Table 2. Demographic profiles of the respondents.

Item
Penang Perlis

Frequency Percentage Frequency Percentage

Gender

Male 217 51.3 202 50.2
Female 206 48.7 200 49.8

Age (years)

18–20 32 7.6 58 14.2
21–30 141 33.3 141 35.1
31–40 128 30.3 89 22.4
41–50 53 12.5 49 12.2
>50 69 16.3 65 16.2

Ethnicity

Malay 96 22.7 238 59.2
Chinese 246 58.2 127 31.6
Indian 49 11.6 37 9.2
Others 32 7.6 0 0

Monthly Income (US Dollar) a

No income 91 21.5 114 28.4
<350 54 12.8 80 19.9

350–699 143 33.8 127 31.6
700–1164 95 22.5 66 16.4
≥1165 40 9.5 15 3.7

Education level

Primary 43 10.1 38 9.5
Secondary 136 32.2 152 37.8

Tertiary 244 57.7 212 52.7

Notes: N = 825; a 1 USD = 4.29 Malaysian Ringgit (according to the exchange rate of Central Bank of Malaysia
published on 31 December 2015. Website: http://www.bnm.gov.my/).

3.2. Public Knowledge of NRW

First, respondents were asked whether they knew what “Non-Revenue Water” is? To this question,
only 9% and 14.2% of the respondents from George Town and Kangar, respectively, gave a positive
answer (Figure 1. The chi-square analysis (df = 2, p = 0.000, x2 = 18.267) indicates that significantly
more respondents from George Town claimed that they do not know what NRW is than respondents
from Kangar.

http://www.bnm.gov.my/
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Figure 1. Public knowledge on NRW (Do you know what Non-Revenue Water is?).

3.3. Public Awareness of NRW Issue

Respondents were asked to identify major water issues in the country (Table 3). The survey
instrument provided multiple choices, which were determined through the pilot study. Respondents
were asked to choose current major water issues in the country. More than 50% of the respondents in
both cities identified river pollution as one of the major water issues in Malaysia. In George Town,
there were more respondents (53.2%) who selected human wastewater as compared with only 44.3% in
Kangar. Whereas 51.2% of the respondents in Perlis reported that bad water quality is one of the major
water issues. Less than half of the respondents from Perlis chose pipe leakage or burst pipes as one
of the major water issues, even though high NRW rates are a serious water issue in Perlis. However,
significantly more respondents in Perlis as compared to Penang claimed that burst pipes and pipe
leakage issues are one of the major water issues in the country (chi-square test for association: df = 1,
p = 0.000, x2 = 14.505). Other than flooding, the results from the chi-square test show that respondents
from both cities held different perception on all the other water issues in the country.

Table 3. Perception of the major water issues in Malaysia (Respond “yes, it is one of the major water
issues in the country” to the mentioned water issues).

Water Issues George Town (n = 423) Kangar (n = 402) x2 df p Value

River pollution 219 (51.8%) 238 (59.2%) 4.310 1 0.038 *
Human waste water 225 (53.2%) 178 (44.3%) 6.201 1 0.010 *

Bad water quality 160 (37.8%) 206 (51.2%) 14.498 1 0.000 *
Pipe leaking/burst 210 (28.4%) 166 (41.3%) 14.637 1 0.000 *

Flood 144 (34.0%) 140 (34.8%) 0.027 1 0.870
Water disruption 75 (17.7%) 147 (36.6%) 36.233 1 0.000 *

No idea 33 (7.8%) 7 (1.7%) 15.121 1 0.000 *

Note: * Chi-square test for association is significant at the p value <0.05.

In some questions in the questionnaire, “water loss” was used instead of “non-revenue water”,
as results from the pilot study indicated that more people understood the word “water loss”. However,
the basic definition was written in each question that had these two words to improve respondents’
understanding of the meaning. Figure 2 shows respondents’ perception regarding the seriousness of
water loss issues in Malaysia. The two cities’ respondents’ perceptions regarding the seriousness of
water loss issues in Malaysia was found to be significantly different (chi-square test for association:
df = 4, p = 0.000, x2 = 27.074). Significantly more respondents in George Town believed that water loss
issues were either very serious or serious in Malaysia, whereas nearly 50% of Kangar’s respondents
believed that water loss issues in the country were only moderately serious or not so serious.
Furthermore, 25.1% (George Town) and 17.2% (Kangar) of the respondents from both cities said
they had no idea about the seriousness of water loss issues in the country.
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Figure 2. Public perception of the seriousness of water loss issue in Malaysia.

3.4. Public Perception of the NRW Reduction

Respondents were asked to choose only one strategy as the preferred solution for future water
supply issues (Figure 3). The chi-square test for association shows that the respondents from these
two cities exhibited very different preferences regarding the most appropriate solution for solving
water supply issues (chi-square test for association: df = 4, p = 0.000, x2 = 22.892). Many of the
respondents (47.5%) in George Town preferred to solve their water supply issues by managing water
demand (e.g., save water, reduce water loss and install water saving devices). In contrast, many of the
respondents in Kangar (42.3%) preferred to develop more water resources to solve their water supply
issue. Recycling and reuse was only chosen by 13.9 per cent (George Town) and 11.9% (Kangar) of the
public from both cities. Finally, the least number of respondents (5.7% for George Town and 5.5% for
Kangar) chose seawater desalination as the most appropriate solution (Figure 3).
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Figure 3. Public preference of the solution in solving Malaysia’s water supply issue.

3.5. Public Perception of the Self-Responsibility in NRW Reduction

A question was posed to understand the public sense of responsibility regarding water loss
issues. Figure 4 indicates significantly more respondents from George Town (78%) agreed that they
should be responsible for solving the water loss issue, compared to 67.4% of respondents from Kangar
(chi-square test for association: df = 1, p = 0.001, x2 = 11.182). Another question asked respondents to
rank stakeholders’ responsibility in reducing water loss. The majority of the respondents chose that the
state’s water service provider, federal government, state government, local government, and politician
have high responsibility for reducing water loss in the country (Table 4). In contrast, the majority of
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the respondents perceived that non-governmental organisations (NGOs), private sector companies,
and the public either have a moderate or low responsibility for NRW reduction. Not many of the
respondents thought that the public should have high responsibility in reducing water loss.
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Figure 4. Self-responsibility towards water loss issue.

Table 4. Public perception of the stakeholder’s responsibility in reducing water loss.

Stakeholder City
Percentage of Respondent

x2 df p ValueLow
Responsibility

Moderate
Responsibility

High
Responsibility

State’s Water Utility George Town 0.9 9.9 89.1
0.536 2 0.765Kangar 1 8.5 90.5

Federal Government
George Town 3.8 18.2 78

7.064 2 0.029 *Kangar 5.2 24.9 69.9

State Government
George Town 1.7 14.7 83.7

2.076 2 0.354Kangar 2.2 17.9 79.9

Local Government
George Town 2.6 15.6 81.8

0.401 2 0.818Kangar 3.0 16.9 80.1

NGOs
George Town 24.8 44.9 30.3

8.413 2 0.015 *Kangar 16.7 48.8 34.6

Private Sector
George Town 21.5 44.2 34.3

3.098 2 0.212Kangar 17.4 49.5 33.1

Politician
George Town 9.7 29.3 61

1.928 2 0.381Kangar 12.7 29.1 58.2

Public
George Town 15.1 47 37.8

3.018 2 0.221Kangar 19.4 42.8 37.8

Note: * Chi-square test for association is significant at the p value <0.05.

3.6. Public Concern and Action towards NRW Reduction

Respondents were asked to communicate their perceptions when they actually encounter water
problems related to NRW. Results revealed that when the public does see NRW-related issues, they feel
that these issues matter. Indeed, most respondents from both cities either felt that a pipe leaking or
burst at the roadside, was either a very serious problem or a somewhat serious problem (Table 5),
while less than five per cent of them felt that this was not a problem at all. For the incidents of illegal
pipe connection, more than half of the respondents in both cities felt that it was a very serious problem.
For the incidence of meter inaccuracy in respondent’s home, more than half of the respondents in both
cities felt that this incident was either a somewhat serious problem or a very serious problem. However,
notably part of the respondents in George Town (31.7%) and Kangar (28.9%) did not think this issue
was a serious problem. There are no significant differences in the perception of these three problems
between the respondents from both cities.
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Table 5. Public concern of the water loss issue.

Is below Incidents
a Serious Problem

for You?
City Not a

Problem
Not Too

Serious Problem
A Somewhat

Serious Problem
A Very

Serious Problem x2 df p Value

Pipe leaking or burst
at the road

George Town 1.7% 17% 40.6% 40.7%
7.274 3 0.064

Kangar 3.5% 13.9% 47% 35.6%

Meter inaccuracy at
your home

George Town 9% 22.7% 33.1% 35.2%
3.388 3 0.336

Kangar 9% 19.9% 39% 32.1%

Illegal pipe
connection

George Town 4.5% 13% 24.1% 58.4%
5.301 3 0.151

Kangar 1.7% 12.4% 25.6% 60.2%

Of all the respondents from both cities, more than 90% admitted that they had experience of
spotting pipe leakage or pipe burst by the roadside (Figure 5). More than 60% of them responded
that they saw these incidents “often” or “sometimes”. Looking at the likeliness that responds would
report pipe burst or pipe leakage issues to the water service providers (Figure 6), significantly more
respondents in Kangar stated that they were either very likely or likely to report these incidents
compared to respondents in George Town (chi-square test for association: df = 3, p = 0.000, x2 = 55.467).
In George Town, more than half of the respondents were unlikely or very unlikely to report burst or
leaking pipes to the authorities.
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Figure 5. Experience of seeing pipe leaking or pipe burst by the road.
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Figure 6. Behaviour towards pipe leaking or pipe burst issue.

Nevertheless, respondents from both states were unlikely to save the water service provider’s
phone number into their cell phone, with only 13% and 25.4% of respondents from George Town and
Kanga, respectively, responding that they did save the water service provider’s contact number on
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their cell phone (Figure 7). Figure 8 shows that only 26.6% of respondents from Kangar who had
seen pipe burst or leakage on the roadside reported that they had called the water service provider,
while, in George Town, this figure was much lower at only 17.5%.
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Figure 7. Percentage of respondents that saved phone number of water utilities in their mobile phone.Water 2017, 9, 26  10 of 15 
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Figure 8. Action towards pipe leaking or pipe burst issue.

4. Discussion

In Malaysia, raising water tariffs is a politically sensitive issue. In Penang, domestic water tariff
costs only 0.35 Malaysian Ringgit which is equal to 0.08 US cents for the first 40,000 L; in Perlis,
the domestic water tariff costs 0.59 Malaysian which is equal to 0.14 US cent for the first 40,000 L of
water [32]. With such low water tariffs, the public has no incentive to conserve water and the water
service providers have no money to carry out more water-related and NRW reduction projects [25].
Importantly, at present the structure of water tariffs in Malaysia’s water sector is not based on full
cost recovery, i.e., the revenue collected by the water service industry can barely cover total operating
expenditures [24]. In order to achieve long-term water sustainability, the current water tariff structure
of Malaysia’s water sector needs to be revised. Moreover, water conservation has not been practiced by
Malaysians, as domestic water consumption in most states is higher than 220 L per capita per day [22].
This figure is still relatively high in comparison with the other cities in Southeast Asia: for example,
Singaporeans only consume 160 L per capita per day. Under these circumstances, understanding public
perception and awareness towards water conservation, including NRW reduction is very important,
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as this can help to better engage the public in water governance and management [33]—including
engaging more people to conserve water and pay a higher water tariff.

Studies report that Malaysian people are well aware of river pollution [34,35] and drinking water
contamination [36], and this is because the negative impacts of such issues to human’s health are
well-recognised. For the NRW issue, the negative impacts of NRW issues on the public are mostly
delayed or indirect, leading to poor public awareness of this issue. For example, the leakage of
underground pipe can cause revenue loss for a water service provider, but it is less likely to cause
immediate water supply interruption to a city that has generally sufficient water resources.

The comparison between the public perception of NRW issues in a city with high NRW rates
(Kangar) and a city with low NRW rates (George Town), demonstrates that the respondents in both
cities do not have good awareness of the NRW situation in the country. The majority of the respondents
in both cities did not think that leaking pipes are one of Malaysia’s major water issues, and the majority
of the respondents did not rate water loss issue as either serious or very serious in Malaysia. It is
possible that most respondents have never experienced a serious water supply issue caused by high
NRW, or they did not know high NRW rates could cause water supply interruptions. The number of
cases of water supply interruptions reported to Penang and Perlis’s water service providers in 2012
and 2013 were among the lowest in the country [22]. Besides, a lack of awareness of the public
concerning NRW issues could be partially attributed to the fact that they do not understand the term
NRW. NRW is a technical word widely used in the water-related sectors, but its technical nature
alienates the public. The public knowledge and awareness of NRW and water conservation issues
needs to be improved to ensure better NRW management.

In regards to the public perception of NRW reduction, a higher percentage of respondents
in Kangar still strongly believe in developing more water resources (e.g., building dams or water
treatment plants) to solve their water supply issues. However, building dams or water treatment plants
is expensive, and may have negative impacts on the environment, wildlife and local communities [25].
In contrast, more respondents in George Town preferred to solve the water supply issue by managing
water demand, which emphasises reducing water wastage and water loss. The public need to
be educated about the appropriate solutions for solving their water supply problems to view
“water demand management” as the most appropriate strategy—rather than choosing the out-dated
approach of “developing more water resources”—as water demand management strategies have been
found to be workable in Malaysia [37].

Furthermore, respondents in both cities have high expectations of the state’s water utility and
government’s agencies to play a bigger role in solving water loss issues. Even though the majority of
the respondents in both cities thought that they should be responsible in solving water loss, they did
not believe that the public holds a high responsibility in water loss management. This could be because
the respondents believed that the public has limited capacity to solve water loss issues and that the
government or water service providers should be the ones responsible. For example, the public may
think that they can only make a call to the water service provider if a leaking pipe is spotted on the
roadside, and that the public does not have the capacity to repair the leaking pipe, as only the water
service provider is able to do the repair work.

The degree to which a person is concerned about NRW-related issues could also determine the
action that will be taken by a person, if the issue is noticed by the person. Overall, the results from
this study show that respondents in both cities were concerned about pipe leakage, meter inaccuracy,
and illegal water use. However, the majority of the respondents in both cities never reported to
the water service provider when they encountered a leaking pipe. It was found that respondents in
George Town were generally less likely to report observed leakages to the water service provider.
This could be attributed to the process for making such a report. Some respondents gave feedback in
the questionnaire on the reasons why they did not report, these included: “I do not know the phone
number of water service provider”, “I do not know who I should call”, “I was busy”, and the “process
of making such report is troublesome”.
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The result of this study also shows that most respondents in both cities did not save the water
service provider phone numbers into their mobile phones. It is suggested that Penang’s water service
provider should develop an information and communication technology (ICT) to better engage the
public in NRW reduction activities. At this moment, Perlis’s water supply service is still in the
process of privatization, advanced NRW reduction activities that use high-end technology cannot be
implemented due to a lack of funds. As such, the state’s water service provider can create a NRW
reduction strategy involving the public as the major actor in leak management. Community-led
NRW reduction strategies that encourage local people’s participation can actually be carried out with
lower budget.

5. Policy Implication

The outcomes of this study have practical implications for policymakers and urban water utility
managers to improve NRW management in Malaysia and beyond. A number of policy implications
were identified with rationale and practical reference for supporting urban water policy formulation
and improving public participation in NRW management.

• Improve public perception of water tariff and ensure full cost recovery for better water demand
and NRW management

The public is more likely to pay for water services if they are aware of the health and economic
benefits derived from improved water supplies [38]. Additionally, a transparent and fair tariff-setting
framework will increase the willingness of water consumers to accept future tariff hikes [24].
Water consumers have to be informed what they are paying for, i.e., understanding that there are
a lot of costs incurred to provide better water services, including reducing NRW rate, maintaining
the water infrastructure, and other operational costs. More initiatives need to promote the public’s
interest in relation to water tariffs, as well as to improve public awareness on water demand and
NRW management.

• Integrate NRW-related knowledge and information into the content of water and environmental
education activities

In Malaysia, educating the public on water conservation is normally done by water service
providers, government agencies, or NGOs via awareness raising campaigns, community-outreach or
educational programmes. However, the importance of reducing NRW rates is rarely mentioned in
the content of such activities. The negative impacts of high NRW rates, the role of the public and the
benefit of reducing NRW rates should be mentioned in the awareness raising activities.

• Develop information and communication technology (ICT) strategy to engage public in NRW
reduction activities

ICT is useful for improving stakeholder participation in water management by providing a
platform to link both water service providers and water consumers [39,40]. For example, Singapore’s
water service provider has introduced a mobile app through which the public can make water service
complaints. Malaysia’s water utilities should develop ICT-based tools to make the process of reporting
NRW-related issues more community-friendly, efficient, effective, and easy for the public to better
engage in reporting NRW-related water service complaints. More choices should be provided to the
public to make water service complaints; for example, making reports via short message services,
emails, web-chat, and mobile apps.

• Establish social networks for water management to engage public in NRW reduction activities

Establishing social networks for water management that consist of local communities could be
an alternative strategy for the water service providers to engage local people in NRW management.
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For example, if Perlis’s water service provider does not have funding to develop an ICT strategy
to support an NRW reduction activity, a community-based leak detection team that consists of
local people, the village committee, and NGOs could be formed and coordinated by the water
service provider to communicate problems on the ground and broadcast news related to water
supply—including identifying illegal pipe connections and reporting pipe leakages.

6. Conclusions

The objective of this study has been to understand the public’s perception of NRW management
in order to provide policy inputs and to determine ways to improve public participation in NRW
reduction. Findings highlight that there is meagre public participation in NRW management in
Malaysia. The main findings of this study are: (i) the majority of the respondents do not have good
understanding of what NRW is and they are still lacking in awareness of the seriousness of NRW
issue in the country; (ii) respondents expect water service provider and government’s agencies to play
a bigger role in reducing NRW rates; (iii) there are significant numbers of respondents from Perlis
State who prefer to solve their water supply problems by developing more water resources instead
of managing water demand; and (iv) the majority of the respondents do not report to water service
providers when they find leaking or bursting pipes on the road, and most of them do not save the
water service provider’s phone number into their mobile phones. Based on these findings, public
involvement in NRW management in Malaysia still has plenty of room for improvement. In this
regard, the aforementioned policy implications have useful opportunities for supporting urban water
strategy and policy formulation and implementation.

Reducing NRW requires contributions from all relevant water stakeholders. Ranging from
organising an awareness raising campaign to planning a NRW reduction policy, all the issues
and challenges need to be well managed to ensure that a water service provider will be able to
reduce its NRW rates effectively. The findings in this study indicate that effectively engaging the
public in NRW reduction in Malaysia remains at an early stage, as most of the respondents still
do not have a good awareness and knowledge of NRW; and the water service provider’s NRW
reduction strategies have not successfully engaged the public in NRW reduction activities. In Malaysia,
there have not been success stories to draw on of effective engagement of the public in water
management, and water governance in Malaysia is still largely based on a top-down approach.
Water management, including NRW management in the country, needs a paradigm shift away from this
traditional top-down approach towards a bottom-up approach, which emphasizes the involvements
of multiple-stakeholders. This will go a long way towards enhancing Malaysia’s water security and
moving the country forward towards achieving sustainable water resource management. Finally,
considering different approaches are applied to engage people in urban and rural areas in NRW
management, more research on the awareness and perceptions of rural populations on NRW issues
are needed. Finally, as Malaysia is a multicultural society, more studies are needed to understand how
different ethnic groups perceive NRW reduction, and what underpins their perceptions.
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Appendix A. Defining Water Losses: The IWA Standard Terminology

Table A1. International Water Association (IWA) Standard International Water Balance and Terminology.
Adapted from [1].

System Input Volume

Authorized
Consumption m3/year

Billed Authorized
Consumption m3/year

Billed Metered Consumption
(including water exported) Revenue Water

m3/year
Billed Unmetered Consumption

Unbilled Authorized
Consumption m3/year

Unbilled Metered Consumption

Non-Revenue
Water (NRW)
m3/year

Unbilled Unmetered Consumption

Water Losses m3/year

Apparent Losses m3/year
Unauthorized Consumption
(illegal water use)

Metered Inaccuracies

Real Losses m3/year

Leakage on Transmission and/or
Distribution Mains

Leakage and Overflow at Utility’s
Storage Tanks

Leakage on Service Connections up
to the point of Customer Metering
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