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Case Study related to real losses (22.88%). The leakage rate was about 10.46% in distribution systems

and 11.20% in subscribers’ networks that by themselves account for the highest percent-
age rate of real losses. The rate of apparent losses was about 14.4% and unbilled author-
ized consumption was about 1.3%.

Conclusions: The Non-Revenue water showed a significant rate while compared with
similar studies. The high rate of real losses in Kazerun was mainly due to old-fashioned
pipeline network in distribution systems, invisible leakage, ground breakage and the
water pressure on the system. The high percentage of apparent losses can be modified
by improving polices as well as financial investment.
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1. Background

Water plays as a vital and fundamental role in the health,
hygiene and welfare of communities. The destinies of many
societies and communities are affected by water and it will
become much more important in the future (1, 2). Most
countries located in dry and semi-dry regions around the
world are facing serious threat to producible water short-
age (3). Many parts of Iran suffer from this type of crisis as
a result of limited and reduced precipitation, up-surging
population growth resulting in increased water demands,
huge volume of contaminated materials being dumped
into water bodies, and the lack of producible water (4). An-
other reason of the shortage in producible water is the wa-
ter losses from conveyor lines which are about three times
the world standard or 15% of water produced (5). In view of
the limited water sources in our country, conservation and
careful management of this precious resource is of vital
importance. The critical nature of these factors is both a lo-
cal and global problem, but particularly so in developing
countries. For that reason, all around the world, much con-
sideration is given to the best exploitation of existing water
sources, the issue of logical consumption and how best to
control and reduce water losses in conveyor lines (6, 7). In
answer to the water loss issues, the International Water As-
sociation (IWA) has standardized an index of unaccounted
for water called “water format” and has presented new in-
dicators in order to investigate and enable more efficient
conveyor lines (8, 9).

Water losses are mainly occurred due to mismanagement
of water sources (10). Factors that impact water losses are
the pressure of water volume in the pipelines, the length
of pipelines, distribution system complexity, expansion of
distribution system, type of leakage control, observation of
water standards in quality and quantity (11, 12). The IWA is
following two main goals in unaccounted for water issues.
Firstly providing international and standard items for real
and apparent losses from balanced water, and secondly
representing functional indicators to make international
comparisons in conveyor lines losses (13). On the other
hand, Water Balance is an analytical procedure that is able
to provide water managers with factors influencing Non-
Revenue water using new technology. These procedures
represent as key steps to be taken in strategic management
in order to decrease the amount of Non-Revenue water. In
summary, the main purpose of water balance is to recog-
nize the indices impacting Non-Revenue water and investi-
gate the effects of each factor, each of which should receive
priority and be addressed in an effort to reduce Non-Reve-
nue water (14-16). Generally, the water fed into a system is
categorized into two sections as revenue and non-revenue
water (15, 17). Revenue water refers to all authorized esti-
mated or non-estimated consumption that is billable (15,
18). It would be the difference in the volume of water fed
into the conveyor system and authorized consumption (17,
19, 20). Generally, defining the unaccounted water refers to
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a difference in the volume of produced water and autho-
rized consumption. In a current standard recommended
by IWA, unaccounted water is replaced with non-revenue
water. The non-revenue water, by itself, is divided into
three categories: unbilled authorized consumption, appar-
ent losses and real losses (18). Recognizing and assessing
the rate and importance of each factor mentioned above,
along with taking advantage of an efficient management
system, will reduce non-revenue water loss resulting in
an efficient water production system. So far, many studies
have been carried out on assessment of water losses and
non-revenue water in different parts of the world. Yeboah
hasbeen studied in the management of non-revenue water
in the water supply of Accra, Ghana (22). Mutikanga et al.
have assessed the apparent losses in urban water systems
for Kampala city’s distribution system using the standard
IWA methodology (23).

2. Objectives

The intention of this work was to investigate the rate of
non-revenue water and the factors influencing it in Kaze-
run city. Kazerun is located in the west of Fars province. It
has mild winters and usually hot summers and is located
in geographical coordinates of northern 29¢, 37 longitude
and 51¢, 39’ eastern latitude. It is 120 km from Shiraz, the
center of Fars province in the south of Iran.

3. Materials and Methods
3.1. Study Area

This cross-sectional study was carried outin spring of 2010 in
Kazerun in a bid to identify the rate of non-revenue water and
the factors influencing it. At the 2006 census, the population
of this city was 84,594. The water of Kazerun is supplied by 13
wells and one spring. City has a daily total per capita water use
of approximately 175 L (175 Ipcd). In the water supply system
the length of the conveyor line transmitting water to the city
is about 37 km and in the distribution network, the length of
pipelines aged less than 10 years, 10-20, 20-25 and more than
25 years is 81,112.5, 54 and 157.5 km respectively.

3.2. Research Approach

The methodology has been abstracted from IWA as shown
in Figure 1 (8). Initially, the volume of water in Kazerun was
measured using a flow meter. The required modifications and
corrections in entering data were done at this stage. Then, the
billed measured consumption, the billed unmeasured con-
sumption, and the total volume of water sold to water and
sewage distribution organizations were estimated. The rev-
enue water is the sum of all the amounts mentioned above.
When the revenue water is subtracted from to total volume
of water produced, the non-revenue water is obtained. Addi-
tional non-revenue water such as water consumed in compa-
nies and factories was measured but not billed. The rate of au-
thorized consumption was obtained from the total amount
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of billed authorized consumption and unbilled authorized
consumption. The amount of water loss could be measured
by subtracting the authorized water from the total amount of
water entering in the system. To obtain the water loss indices,
all water losses are divided into two parts: a) apparent losses
and b)real losses (8, 22).

3.3. Estimation of Apparent Losses

To estimate the apparent losses, it is necessary to deter-
mine the unauthorized consumption, data management
errors, and deficiency of measuring systems (8, 23). The
apparent losses are the sum of all the indices mentioned
above. In order to find out the unauthorized consumption,
a door-to-door investigation was performed to determine
the number of unauthorized subscribers and their rate of
consumption. Data management errors included exploit-
ing errors, management errors and staff errors (22). Losses
due to these errors were estimated based on IWA approach
demonstrated in references 22 and 23.

3.4. Determination of Real Losses

The real loss indices include leakages in the distribution
mains, leakages in the on connections, leakages and over-
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System Input Volume
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€errors)

Water
losses

flow at the utility’s storage tanks. To determine the amount
of leakage at utility’s storage tanks in Kazerun, the inlet to
and outlet from the tanks were stopped at night while the
consumption rate was at its lowest point. In this way the
fall in water level was determined and consequently the
rate of leakage for the whole year was estimated. To deter-
mine any losses from water meters, meters classified based
on their ages into meters with the age of less than 8 years,
between 8 and 15 years and more than 15 years and 10% of
each class was inspected. All water meters studied in this
work was multi-jet mechanical flow meters. To measure the
water loss due to over-flows at the utility’s storage tank, the
number of times of each over-flow and the intervals was de-
termined. The outcome of each over-flow and its relation
to Bernoulli’s law was obtained. Then the total outcome
of each loss of over-flow was estimated by multiplying the
number of times into intervals. Furthermore, the connec-
tion, distribution systems and conveyor lines’ leakages
were estimated by subtracting the leakage rate and over-
flows at the utility’s storage tanks from the total volume of
water loss. An investigation was conducted over the occur-
rences and the outcome of breakage, connection happen-
ings, distribution systems and conveyor lines and all the
water and wastewater organization events (8, 22).
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Figure 1. Step by Step Method Driven from IWA in Order to Assess NRW in Water Supply Systems
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4.Results

Based on data from the wells and spring suppliers, it
was revealed that 85.16% of the city’s water consump-
tion is supplied by wells while 14.84% is accounted for
by fountains. The percentage of non-revenue water and
revenue water with their components had been shown
in Tables (Table 1 and Table 2) respectively. Based on the
results of this research, it was observed that the total
amount of water loss, including real and apparent loss-
es in both distribution systems and conveyor lines, is
about 37.3% in Kazerun, as shown in the last row of Table
1. If the unbilled authorized consumption rate of 1.3% is
added to 37.3%, the total amount of non-revenue water
becomes 38.6%, which means that the total volume of
non-revenue water is about 5,011,084 m?. (Figure 1) shows
the percentage of revenue and non-revenue water. The
highest percentage of non-revenue water was related to
real losses of 22.88% in Kazerun. (Figure 2) shows the per-
centage of revenue and non-revenue water in Kazerun
water supply system.

None- Revenue
Water 38.60%

Real mLosses
22.90% Revenue Water

61.40%

Unbilled Authorized
Consumption 1.30%

Figure 2. Comparison between Revenue and None Revenue Percentages

Table 2. Components of Revenue Water and Their Percentages

Billed Authorized Consumption,

No. (%)

Water Delivery to 61.40 (3.86)
Other System
Billed Metered Con- 61.40 (43.68)
sumption
Billed unmetered 61.40 (13.98)
Consumption

5. Discussion

Based on the present results, the percentage of non-
revenue water revealed in this study was very high. These
findings are very significant particularly since water
shortages in Kazerun due to lack of water sources is also
as a result of low annual precipitation (the annual aver-
age precipitation in Kazerun is 400 mm). In comparison,
in a city like Toronto where the average annual precipita-
tion is a high of 788 mm and the rate of water loss is about
10%, there is no water shortage in the city. Meanwhile,
the average amount of unaccounted for water in differ-
ent geographical regions in the United States is between
3.3 to 12.7%, showing a considerably low rate compared
to that of Iran (24). The non-revenue water in Trinidad
and Tobago is up to 45% (22). In Vietnam it is estimated at
about 50%; close to the measurement found in Iran (25).
Based on total volume of non-revenue water 5,011,084 m?,
and with the average price of 1 m? of water in Kazerun at
US$0.136 (estimated at the year of study), the company is
losing US$69,038 annually. The amount of leakage in dis-
tribution systems accounts for 10.46% and that in convey-
or lines is 1.12% due to wear in the distribution systems, in-
visible leakages, ground breakages and high pressure asa
result of the high volume of water (22). Studies show that
in Serbia, real losses are estimated about 36% (26). The
reconstruction, and repair and renewal of distribution
systems and conveyor lines will play an important role

Table 1. Components of Non-Revenue Water and Their Percentages

Percent Authorized Real Losses Apparent Losses Totallosses Non-revenue
Consumption water
Unbilled Metered Consumption  0.28 130 - -
Unbilled Unmetered Consump- 1.03 130 = =
tion
Leakage on Distribution Mains 10.46 - 22.90 -
Leakage on Transmission Mains 112 = 22.90 =
Overflow at utility’s Storage Tank 0.02 - 22.90 -
Leakage on Utility’s Storage Tank 0.099 - 22.90 -
Leakage from Household Plumb- 11.20 - 22.90 -
ing
Unauthorized Consumption 3.21 - - 14.40
Management and Staff Error 2.04 - - 14.40
Metering Inaccuracies 9.15 - - 14.40
3730 38.60
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in reducing real water losses. Control in the pressure of
the pipeline network is among other suitable solutions
to control losses as a result of leakage in the distribution
systems and conveyor lines (22, 27). Even the intervals of
customer connection and breakage in the pipelines can
be regarded as a function of network pressure. Therefore,
network pressure management is considered as a basic
and the most essential factor in non-revenue water con-
trolling strategy (8,28, 29). The experiences and results
of other countries such as South Africa show that by
programming and controlling the unaccounted water,
it decreased that amount from 66% to 22% in 18 months
(30). Dilapidated and damaged meters coupled with the
low accuracy in recording small flows and starting out-
puts are the most important factors accounting for the
apparent losses which were estimated at 9.15%. It is rec-
ommended that a novel generation of mechanical me-
ters be installed that can be read from a remote distance.
These new meters are designed in such a way that other
parts can be installed on them so that they can function
as meters (8, 31). Based on the results, the unauthorized
consumption is accounted for 3.21% of total amount of en-
tering water into the system. It is recommended to take
necessary measures to recognize these consumers, pro-
viding their files in the organization and issuing a bill for
them. 1.32% of total amount of water is accounted for un-
billed authorized consumption including other compa-
nies and organizations consumption that are measured
but no bills are issued. Consequently, no money could be
obtained. Even firefighting faucets and local faucets that
demand that steps are taken in order to economize the
water consumed in these sections.

As a conclusion, it was found that in real losses, the
main factor affecting non-revenue water was leakage
from distribution network, so the non-revenue water
could be considerably reduced by repairing the network,
identifying and repairing the leakages and breakages
and taking advantage of a suitable management system
in controlling the water pressure. In apparent losses, the
most important crucial factor is accounted for deficiency
in measuring apparatus (9.15%) such as dilapidated me-
ters, damaged or out of order meters, and low accuracy
in recording the least and starting outputs. Therefore, in-
stallation of new meters can reduce non-revenue water in
the system. It is recommended to install new generation
mechanical meters that can be read from a remote dis-
tance. Although the installation of these meters is expen-
sive, the long term economic benefit having made more
water available is much higher than the cost of control-
ling the losses or producing the same amount of water.
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