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1 NRW CONCEPT IN CONTEXT OF CHINA 

1.1 Components of NRW 

For a long time, the vast majority of countries in the world have a very vague 
quantitative definition of water leakage in water supply system, given the cir-
cumstances of this situation, the International Water Association (IWA) set up a 
working group to define and to classify revenue water and non-revenue water 
(NRW) in 1996. They spent 3 years investigating the situation from country to 
country about water balance and how people consume water, finally they came 
to a conclusion about water balance which has a relatively uniform, complete 
and high applicably definition. (shown in Table 1.1) 

Table 1.1 Water Balance Terminology According to IWA. 

System 
Input 

Volume 

Authorized 
Consump-

tion 

Billed 
Authorized 
Consump-

tion 

Billed Metered Consumption 
Revenue 
Water Billed Unmetered Consumption 

Unbilled 
Authorized 
Consump-

tion 

Unbilled Metered Consumption 

Non-Reve
nue Water 

(NRW) 

Unbilled Unmetered Consumption 

Water Loss 

Commer-
cial Loss 
or Appar-
ent Loss 

Unauthorized Consumption 
(theft of water and fraud) 

Metering Inaccuracies 

Real Loss 
or Physical 

Loss 

Leakage on Trans-
mission and/or 

Distribution Mains Unavoidable 
Real Losses 

Leakage and Over-
flows at Utility’s 
Storage Tanks 

Potentially Re-
coverable Real 

Losses 

Leakage on Service 
Connections up to 
Point of Customer 

Metering 
Source: International Water Association 

 
Water balance terminology according to IWA decomposes the “Water Loss” in 
water supply system, it divided “Water Loss” into “Apparent Loss” and “Real 
Loss”. Apparent loss refers to water loss that not been quantitatively detected, 
and it is caused by customer meter under registration, data handling errors, and 
theft of water in various forms. “Real Loss” is divided into “Unavoidable Real 
Losses” (unavoidable at existing technology) and “Potentially Recoverable Real 
Losses”. The terminology system reflects the overall of water leakage in whole 
water supply system and made quantitative analysis of leakage control more 
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convenient. Table 1.2 lists the terminology put forward by the Chinese standard 
system. 

Table 1.2 “Standard for leakage control and assessment of urban water supply 
distribution system” (CJJ 92—2002) Terminology System. 

System 
Input 
Volume: 
the vol-
ume 
output 
from 
water 
treatment 
plant that 
have been 
metered 

Authorized 
Consump-
tion:  the 
volume output 
from water 
treatment 
plant, that 
have been 
really con-
sumed by 
Customers, 
including 
billed and 
unbilled 

Revenue Water:  
billed consumption, 
including water for 
production and opera-
tion, water for public 
service, water for 
household use and 
other use 

Billed Metered 
Consumption 

Effective 
Water 
Supply 

Revenue 
Water 

Unbilled Authorized 
Consumption: 
the actually supplied 
water that served the 
society but unbilled, 
e.g. water used for 
fire control and other 
activities that cannot 
be billed according to 
government regula-
tions, water flushing 
the pipeline in service 
for private use 

Unbilled Au-
thorized Con-
sumption 

Non-Rev
enue 
Water 
(NRW) 

Water Loss: 
the difference between system input 
volume and Effective Water Supply 
volume (including metering inaccura-
cies, water leakage and unauthorized 
consumption ) 

Unauthorized 
Consump-
tion(theft of 
water and fraud) 

Water 
Leakage 
Rate 
calcula-
tion 

Water Leakage 
Metering Inac-
curacies 

 
The difference between Chinese terminology system and IWA is that Chinese 
didn’t decompose the “Water Loss” in water supply system, and the “Unauthor-
ized Consumption” and “Metering Inaccuracies” is put into “Water Leakage” 
part in Chinese situation, and then compute "Water Leakage Rate". So calculated 
"Water Leakage Rate" is in fact failed to truly reflect the status of physical 
leakage and leakage control level. 

1.2 Water Loss Performance Indicators 

To rank the utility’s performance about leakage control, it is important to have 
standardized performance indicators, it should be calculated according to a 
clearly defined methodology and using standard definitions. 

Over years, the most widely used performance indicator for water loss is still the 
percentage of NRW. This is calculated by dividing the total volume of NRW by 
the total system input. Although this figure is important for a utility to measure, 
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many practitioners tend to overlook its shortcomings in properly assessing water 
losses, such as  

• It does not indicate the ratio between physical and commercial losses. 

• It is dependent on utility-specific distribution network characteristics (for 
example, network length and number of connections). 

• It is highly dependent on supply time (intermittent supply) and average op-
erating pressure. 

NRW rate is expressed as a percentage of system input volume is therefore not 
very reasonable when ranking the water loss performance levels between utili-
ties. 

IWA has put forward some new water loss performance indicators such as Infra-
structure Leakage Index (ILI), Linear Leakage Index (LLI) and Connection 
Leakage Index (CLI), these indicators have been used and using in some coun-
tries. 

1) Infrastructure Leakage Index (ILI) 

ILI is an indicator developed by IWA. 

ILI =
CARL

UARL
 

CARL: Current Annual volume of Real Losses; 

UARL: Unavoidable Annual volume of Real Losses (UARL). Network in good running condition, the 
minimum leakage level that is able to achieve technically. 

Being a ratio, the ILI has no units and thus facilitates comparisons between utili-
ties and countries that use different measurement units. When it equals to 1, it 
means that real loss equals to unavoidable loss, that is to say there is no water 
can be recycled, this situation basicly does not exist. The greater ILI is, the 
greater the proportion of potentially recyclable leakage water is in real loss. 

2) Link leakage index（（（（LLI ）））） 

The computational formula of LLI is as follows： 

LLI	L/	km ∙ day)) =
CARL

365L�

 

Where: Lm = mains length (km);  

3) Connection Leakage Index（（（（CLI ）））） 
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The computational formula of CLI is as follows： 

CLI	L/	conn.∙ day)) =
CARL

365N�

 

Where: Nc = number of service connections; 

IWA and the World Bank recommend (suggested by Australian Water Associa-
tion) the goals of ILI and CLI in both developed countries and developing coun-
tries, as shown in Table 1.3. 

Table 1.3 Physical Loss Target Matrix. 
Technical 

Performance 
Category 

ILI 
Physical Losses [L/(conn.·day)] 

(when the system is pressured) at an average pressure of: 
10m 20m 30m 40m 50m 

Developed 
Countries 

A 1~2  <50 <75 <100 <125 
B 2~4  50~100 75~150 100~200 125~250 
C 4~8  100~200 150~300 200~400 250~500 
D >8  >200 >300 >400 >500 

Developing 
Countries 

A 1~4 <50 <100 <150 <200 <250 
B 4~8 50~100 100~200 150~300 200~400 250~500 
C 8~16 100~200 200~400 300~600 400~800 500~1000 
D >16 >200 >400 >600 >800 >1000 

Source: International Water Association 
 

The physical loss target matrix shows the expected level of ILI and physical 
losses in l/c/day from utilities in countries at differing levels of network pressure. 
Utility managers can use the matrix to guide further network development and 
improvement: 

• Category A: Good. Further loss reduction may be uneconomic and careful 
analysis needed to identify cost-effective improvements. 

• Category B: Potential for marked improvements. Consider pressure man-
agement, better active leakage control, and better maintenance. 

• Category C: Poor. Tolerable only if water is plentiful and cheap, and even 
then intensify NRW reduction efforts. 

• Category D: Bad. The utility is using resources inefficiently and NRW re-
duction programs are imperative. 

Although IWA recommended these indicators to evaluate leakage as above, but 
in China, due to imperfect basic data, the water supply enterprise management is 
relatively rough, leakage control index is defined as: 

Water Leakage Rate =
Water Loss

System Input Volume
× 100% 
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And it is recommended that the rate should not be more than 12% as in CJJ 
92-2002 Standard for leakage control and assessment of urban water supply dis-
tribution system. 

In order to eliminate the different leakage control effects caused by different 
water supply load per unit length, average pressure situation and so on, some 
correction coefficients are put forward for different situation. This correction is 
helpful to the comparison on the basis of fairness to different city leakage con-
trol level were compared. Such amendment is conducive to compare different 
cities leakage control level on a more equitable basis. 

1.3 Conclusion 

NRW data is always a mysterious story for public and available data is very lim-
ited. For one same water company, the NRW data from different sources are 
quite different. e.g. The yearly book from Ministry of Housing and Urban-Rural 
Development (MHURD) indicated the NRW rate was 11.5% for one water util-
ity, while the local yearly book indicated the NRW rate was 10.2%, and in the 
same time the client told us in private that the number could reach as much as 
30%. One water company even said that he can “cook” any number of NRW 
upon requested. These conflicting data confused people and misleading. There 
are several reasons for this phenomenon: 

• The national guideline requires Water Company to keep the NRW below 
12% in China. When water companies report the NRW they try to keep the 
data below this level while the real loss is more;  

• Water companies seldom do water balance or water audit. Thus, the split 
between physical and commercial losses is rarely known; 

• The NRW is all reported by water companies themselves without being au-
dited, which leads to the data manipulating and misleading information.  
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2 NRW RESEARCH AND ANALYSIS IN CHINA 

2.1 General 

For the goal of picking up the potential shortlist cities, firstly, it’s vital to have a 
whole picture of NRW status in China, such as NRW distribution, market re-
quirement and market supply. After synthetically comparing many factors, 
15~20 cities will be chosen as long list cities, and then 4~5 cities are selected 
among them as shortlist cities. 

In China, the status of NRW is quite different affected by different factors such 
as regions, city scale, economic situation and climate condition, therefore, the 
NRW research in China should be conducted by various angles and methods. In 
this survey, the main methods contain document analysis and field visiting, and 
the survey questionnaire was used in filed research and make further analysis as 
firsthand materials.  

2.2 Status analysis of water leakage 

2.2.1 Desk Study 

Variation of water leakage rate 

 

 
Figure2.1.The water leakage rates in different years. 
 

According to “China Urban Construction Statistical Yearbook”, the statistical 
data of water leakage rates from the year 2000 to 2011 are shown in Figure2.1.      

In the year 2002, “Standard for leakage control and assessment of urban water 
supply distribution system” was issued by MOHURD, and then in 2003, the na-
tional water leakage rate sharply increased to 21.5% because of the adjustment 
of statistical caliber and computing method. The water leakage rate of national 
urban water supply network had increased from the year 2007 to 2011, up to 
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13.01% in 2011, for one thing, the problem of pipelines aging was not yet solved 
effectively, water market was lack of standardization, and the phenomenon of 
stealing water was quite common; for another, with our country’s urbanization, 
urban-rural integration, the coverage area of water supply service has improved 
continually, however there is still a lot of room for improvement of urban water 
supply network in the aspects of construction, operation, management, and so 
on. 

In terms of regional economic zone, the nation can be divided into four areas in-
clude East China, Central China, West China, and Northeast China. The statisti-
cal water leakage data of different areas from the year 2009 to 2011 are shown 
in the following Table2.1.  

Table2.1.The water losses in different areas. 

 
Items 

Areas 

The total water losses 
(10 thousand m³）））） 

Population with Ac-
cess to Water Supply
（（（（10 thousand per-

sons）））） 

Water losses per  
capita（（（（m³/person）））） 

2009 2010 2011 2009 2010 2011 2009 2010 2011 
National 

Total 
603381 627552 667962 36214.2 38157 39691 16.66 16.45 16.83 

East China 302612 305418 332478 17770 18712 19443 17.03 16.32 17.10 

Central 
China 

125022 125502 128229 7328 7751 8076 17.06 16.19 15.88 

West China 77410 89687 102803 6995 7476 7738 11.07 12 13.29 

Northeast 
China 

98336 106945 104451 4121 4218 4435 23.86 25.36 23.55 

（Note: East China contains 10 provinces and municipalities, which are Beijing, Tianjin, Hebei, Shanghai, Jiangsu, 
Zhejiang, Fujian, Shandong, Guangdong, and Hainan; Central China comprises 6 provinces which are Shanxi, Anhui, 
Jiangxi, Henan, Hubei, and Hunan; West China consists of 12 provinces, autonomous regions and municipalities which 
are Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Ningxia, Qinghai, and Xin-
jiang; Northeast China consists of 3 provinces which are Liaoning, Jilin, and Heilongjiang.） 
 

It can be seen from the above table, the biggest water losses in terms of quantity 
happened in East China, which was relevant to population with access to water 
supply, water consumption habits, and so on; the water losses in Northeast China 
were not very big, only 15.64% of the total loss (Year 2011), but its water loss 
quantity per capita was the largest, up to 23.55m³ per capita. 

The whole annual water losses were huge, the number was about 6.68 billion m³ 
in 2011, which was 1.29 times of the total water supply quantity of Northeast 
China, 4.22 times of the water supply quantity of Beijing, and 2.15 times of the 
water supply quantity of Shanghai (see Figure2.2), and meanwhile it could sat-
isfy 81% of the water supply of whole Guangdong Province. So large water 
losses led to an immense waste of water resource and a great number of eco-
nomic loss.   
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Figure 2.2.The total water losses compared with different water supply quanti-

ties.(per year) 
 

The water leakage status in different areas 

The statistical water leakage rates of different areas (East China, Central China, 
West China, and Northeast China) from 2009 to 2011 are shown in Figure2.3.  

 

 
Figure2.3.The water leakage rates of different areas from 2009 to 2011. 
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losses The water

supply quantity
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China

The water
supply quantity

of Beijing
The water
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158363,55
311281,73
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As shown in Figure 2.3, the blue column stands for the water leakage rate in 
2009, the green column stands for the rate in 2010, the red column stands for the 
rate in 2011. 

In general, the control of pipeline network leakage might do better in developed 
areas than in less developed areas, for example, the annual average water leak-
age rate of East China, which was controlled under the industrial standard 12%, 
was lower than the values of other areas; Northeast China had the highest  wa-
ter leakage rate, the rates of Liaoning and Jilin were both more than 20%, 
Northeast China is the old industrial base, pipelines’ aging is one of reasons of 
high leakage, besides, the winter of north areas is very cold, and it may be easy 
to appear pipes burst; the west provinces and autonomous regions such as Tibet, 
Gansu, Ningxia which are water scarcity, have lower water losses, the reason is 
that the water supply pervasion in these areas aren’t high, the urban water supply 
quantity is small, but the rise of water losses seemed to be fair obvious from the 
year 2009 to 2011, because of the increasing investment of pipeline construction, 
continuous improvement of water supply system, expanding of coverage area, 
and popularizing of one meter one house, reading meter in house. 

Water leakage rates of the cities with different populations with ac-
cess to water supply
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Liaoning Jilin

 
 

Heilongjiang Guangdong 

Figure2.4.The water leakage rates in different areas classification by population with access to water supply. 
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Choose the four provinces Liaoning, Jilin, Heilongjiang, and Guangdong whose 
water losses are relatively large as the research objects. There are 133 cities in 
the four provinces, in terms of the populations with access to water supply, the 
cities can be divided into five classes : Class I (≥2 million), Class II(1-2 million), 
Class III (0.5-1 million), Class IV(0.2-0.5 million), and Class V(＜0.2 million). 

It is seen in Figure2.4, the water leakage difference between Northeast China 
and Guangdong Province was obvious, in Northeast China, the average water 
leakage of the cities from Class I was far higher than the cities from the other 
classes, however in Guangdong province, it did not show a significant difference 
in water leakage rate among the five different classes. 

Generally, the average water leakage rate of the cities in Class I was higher than 
in the other Classes, it was particularly apparent in the provinces of Liaoning 
and Jilin, take the cities Shenyang and Dalian for example, the water leakage 
rates were respectively 32.81% and 35.41% in 2010. As the main two industrial 
cities in northeast area, the urban water supply scales of Shenyang and Dalian 
were large, so high leakages indicated that the water losses were huge, which 
caused lots of waste of water resource, however, in some small-medium cities, 
because the water supply networks were newly-built, the leakage rates might be 
quite low; Guangdong Province is located in the developed areas, belongs to 
East China and is rich in water resource, because of the factors population, cli-
mate, custom, temperature and so on, the water supply quantity and water leak-
age quantity are both the biggest. On the other hand, the leakage rate was not 
very high, which was 14.13% in 2011, while it was 20.15% in the northeast 
provinces. The leakage differences of the five classes were not significant; the 
average value of class V increased from 11.49% in 2009 to 16.49% in 2011, the 
reasons were the development of urbanization, expansion of water supply cov-
erage, change of statistical methods. 

The water leakage rates of different provinces, municipalities and 
autonomous regions in 2011 

The water leakage situations of the thirty-one provinces, municipalities and au-
tonomous regions in 2011 were shown in Figure 2.5, Figure 2.6; the areas which 
had an water leakage rates more than 20% were Jilin Province and Liaoning 
Province, there are fifteen provinces, municipalities and autonomous regions 
whose leakage rates were under the standard line 12%.
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Figure 2.5.The water leakage rates of different provinces, municipalities and autonomous regions (%). 
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Figure 2.6.The distribution of water leakage on the map. 
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Through the analysis, we have the following findings: 

• The water leakage rates of the three provinces in Northeast China were all 
very high, Jilin and Liaoning were the top two of all the provinces, mu-
nicipalities and autonomous regions, as was said in the former chapters, 
some big cities in Northeast China had large water losses, for example, 
the water leakage rates of Shenyang, Dalian, Harbin, and Changchun were 
respectively 25.1%, 32.79%, 20.44%, and 32.45%, besides, some medi-
um-small cities also had relative high water leakage rates, for example, 
Yanji City whose population with access to water supply was 500 thou-
sand, with a rate 45.68%, and Donggang City whose  population with 
access to water supply was less than 150 thousand, with a rate 45.65%; 

• The several provinces from Central China ranked in the forefront, Jiangxi 
Province was in the top three, such as the river-line city Jiujiang, its pop-
ulation with access to water supply was about 630 thousand, while the 
water leakage rate was 35.9%, Hunan Province was the second highest in 
Central China, for instance, the rate of Xiangtan was 14.52%, Huainan 
City of Anhui Province is an industrial city which is rich in coal resources, 
in 2011, its water leakage rate was 25.77%, Shanxi, an exception of the 
central provinces, had the lowest water leakage rate, such as Datong City, 
with a rate 5.53%; 

• Guangdong Province has the largest water supply quantity and water loss 
quantity in the country, the rate of mega city Guangzhou was 14.37% in 
the year 2011, medium city such as Qingyuan had a rate 14.7%, which 
was similar with the average level of the whole province, but there were 
also some cities whose rates were much higher than the average level, for 
example, the medium-small cities Lianzhou and Luoding, which both had 
rates more than 30%; 

• In the municipalities, the rates of Shanghai and Chongqing were in the top 
two, which were 12.96%, 12.69% respectively, only Beijing’s leakage 
rate was controlled under the standard line 12%; 

• Yunnan, a province in West China which is abundant in water resource 
but the distribution is uneven, had a leakage rate of 13.79% in 2011, the 
capital city Kunming had a rate of 14.86%; 

• The water leakage rates in Northwest were overall comparatively low, but 
there were also some cities with high leakage rates, for instance, the rate 
of Yan’an in Shannxi Province was 16.9%, and the rate of Lanzhou in 
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Gansu Province was 14.05%, these areas were in condition of water scar-
city.  

On the basis of the above analysis, take many factors such as area, economy, 
climate, water scarcity, water habits, population with access to water supply, 
and water supply cost into consideration, the long list of cities that will be 
surveyed and studied are shown in following Table2.2. 

Table 2.2.The long list of cities. 

City 

Provinces, mu-
nicipalities  

and autonomous 
regions 

Area Class 
Leakage 

Rate 

Dalian Liaoning Northeast China Ⅰ 32.79% 

Harbin Heilongjiang Northeast China Ⅰ 20.44% 

Changchun Jilin Northeast China Ⅰ 32.45% 

Yanji Jilin Northeast China Ⅳ 45.68% 

Donggang Liaoning Northeast China Ⅴ 45.65% 

Jiujiang Jiangxi Central China Ⅲ 35.9% 

Xiangtan Hunan Central China Ⅲ 14.52% 

Datong Shanxi Central China Ⅱ 5.53% 

Huainan Anhui Central China Ⅱ 25.77% 

Enshi Hubei Central China Ⅳ 25.96% 

Guangzhou Guangdong East China Ⅰ 14.37% 

Qingyuan Guangdong East China Ⅳ 14.7% 

Shanghai Shanghai East China Ⅰ 12.96% 

Hangzhou Zhejiang East China Ⅰ 12.32% 

Qingdao Shandong East China Ⅰ 13.12% 

Taishan Guangdong East China Ⅴ 19.37% 

Lianzhou Guangdong East China Ⅴ 40.77% 

Luoding Guangdong East China Ⅳ 35.36% 

Chongqing Chongqing West China Ⅰ 12.69% 

Kunming Yunnan West China Ⅰ 14.86% 

Yan’an Shannxi West China Ⅳ 16.9% 

Lanzhou Gansu West China Ⅱ 14.05% 

 

2.2.2 Field Visit and Further Investigation 

From section 2.2.1, it has analyzed water leakage rate distribution in China 
and picked up long list cities from each region. In order to further verify 
these data’s reliability, field visiting was carried out in this investigation. 
From March 22nd to 24th, 2013, we’ve attended Network Modelling Appli-
cation and DMA Management Workshop in Kunming of Yunnan Province, 
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and achieved some useful information, like current water loss situation, 
leakage control methods, and some instruments and solutions from other 
supply providers; In addition, we’ve visited some water utilities and token 
interviews, including South Shanghai, Zhangjiagang of Jiangsu, Haining of 
Zhejiang, Kunming of Yunnan, Xiangtan of Hunan, Foshan of Guangdong, 
and backup these cites as long list cites. 

 

Figure 2.7 Network Modelling Application and DMA Management Workshop.  

Survey Method 

The survey method mainly includes interviewing local water utilities and 
filling out survey questionnaires. The content of our customized question-
naire includes: 

• The status of water utility: company property, water source, water-supply 
pattern, daily output of water supply, yearly increased water demand, av-
erage operation pressure; 

• The status of NRW and improvement potential: current NRW rate, condi-
tion of basic infrastructure, reasons of NRW, measurement of NRW con-
trol; 

• The willingness of carrying out NRW control: political interest, special 
fund for NRW control. 

Survey analysis 

The status of water utility 
• Company property 

There are three types of company property in China, including local 
state-owned enterprise, state-holding enterprise and joint venture. Most of 
water companies belong to local state-owned enterprise, like South 
Shanghai, Zhangjiagang, etc. However, more and more water companies 
have been dominated by state investment companies, like Xiang-
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tan-General Water of China, and a few companies are joint venture, like 
Kunming CGE Water Supply CO., Ltd, Veolia Water acquire 49% shares 
while the municipal authorities retain the remaining 51% of the shares. 

• Water source 

In China, the uneven distribution of water resources lead to plentiful in 
eastern part while scarce in western part, like Yan’an in shannxi Province, 
apart from local water source, they have to transfer water from Yellow 
River. Water resource fee is considerably high in some areas where the 
water is diverted from somewhere else. The cost of water source is a fac-
tor to influence the importance of implementation of leakage control. 

• Yearly increased water demand 

With development of urbanization, water demand in cities will increase 
year by year, such as Xiangtan, they predict their yearly increased water 
demand will be 1%~5%.  

• Average operation pressure 

By analyzing questionnaires, we try to find if there’s potential space by 
pressure management, and reduce water leakage at the same time.  

The status of NRW and improvement potential 
• Current NRW rate 

According to the surveyed cities, Xiangtan and South Shanghai’s NRW 
rate are higher, respectively is 35% and 30%. It’s w that water leakage 
rate of Shanghai is 12.96% from “China Urban Construction Statistical 
Yearbook” (2011). After communicating with customers, this question has 
been clarified. Though water leakage rate is universally used in Chinese 
research report and has been ruled in Chinese standard, it’s very hard to 
calculate water leakage rate directly. Because NRW rate is easy to calcu-
late by system volume subtracting revenue volume, it’s obvious what cli-
ent say is NRW rate but not water leakage rate.   

• Condition of basic infrastructure 

The aging of pipes is the main reason of water leakage. Such as South 
Shanghai and Xiangtan, most pipes are before the year of 1980; 
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• Reason of NRW 

The primary reason is water leakage, the secondary reason is theft of wa-
ter and fraud, the third reason is metering inaccuracies; 

• Measurement of NRW control 

The main method is purchasing leakage instruments and routine inspect-
ing pipelines. Moreover, the city of South Shanghai, they are building pi-
lot area to carry out DMA; the city of Foshan, they reduce pressure by us-
ing hydraulic model and build water balance to diagnose NRW. 

The willingness of carrying out NRW control 
• Political interest 

South Shanghai are carry out DMA pilot project, and Xiangtan has ap-
plied for a research, regarding security assessment and optimization for 
water distribution system, in order to reduce NRW by hydraulic model, 
DMA management, pressure monitor, etc. 

• Special fund for NRW control 

The questionnaires express that water utility don’t have special fund for 
NRW control.   

2.3 NRW Market Requirement Analysis 
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There are three main factors which will leads to a final NRW Management 
Project.  

2.3.1 Driving Force  

Although the real loss is quite high in most water companies, the attitude of 
tackle on this problem is quite different. The driving force of reduce NRW 
depends on different aspects, such as political wills, national regulations, 
water resource restrictions, high water supply cost, KPIs evaluation. 

In the interviews with some water companies, it’s found that water supply 
safety in terms of water quality and quantity takes a very high priority in wa-
ter companies’ schedule. And sometimes it is over emphasized. In a site visit 
of one southern water company, after reviewing the whole operation of water 
distribution network, we found it’s very obvious that we can reduce the water 
supply pressure at least 4 meters in waterworks to get more energy savings 
and possible less leakage during night. When we propose this to the utility, 
he is very reluctant to take our advice. He said that he’d like to keep as what 
it was since this pressure arrangement has proven its safety in guarantee the 
end user’s tap pressure in the past. He won’t take any risks which will leads 
to water pressure complaints which will cause trouble for his boss. On the 
other hand, leakage management and control is a common recognized activi-
ty for nearly almost every water company. Some conservative measures have 
been widely adopted to do leakage management, such as leakage detection, 
install Permalog to monitor leakage, etc. It’s very important to understand 
the drivers to improve leakage management behind water companies. And 
the worry about the safety of water supply should be carefully treated and 
considered before any leakage solutions are proposed.  

2.3.2 Improvement Space 

Although the percentage of NRW is quite different from city to city, it 
doesn’t really reflect the improvement space. Infrastructure Leakage Index 
(ILI) is better in indicating the potential improvement space than percentage 
of NRW. When the improvement space is little or not cost-effective, the need 
for more NRW control is very weak. Based on the interview with water 
companies, most of them have a great potential to be improved for the NRW 
level.   

2.3.3 Available Budget 

There’s always budget for leakage detection for many water utilities. But for 
integrated approach of tackling leakage problem, the budget is not in place. 
This is a common phenomenon in China. The activity of integrated approach 
can be seen as a project and if it is planned and applied in advance, the budg-
et could also be allocated for the next year if it’s approved.  
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2.4 NRW Market Supply Analysis 

There are several players already in Chinese NRW market. They can be cat-
alogued as several groups: 

2.4.1 Integrated solution service provider 

There are a few such providers on the market. One typical provider is Anhen. 
The advantage of such company is that they have the knowledge of leakage 
management and they have the ability to integrate the hardware (meter, 
Permalog, etc) and software together. They will be the main potential com-
petitors in the market. On the other hand, their existence will also help to 
foster the leakage management in China.  

Anhen: http://www.watertest.com.cn/ 

2.4.2 Relevant equipment provider 

Meter and Permalog and other hardware are the main hardware used in leak-
age management. Halma is the one main vendor in this area. They provide 
high resolution meter for clean water supply and also Permalog for leakage 
monitoring. Although Permalog has been used in several water companies in 
China, it’s often regarded as not very useful or data can hardly be interpreted 
or trusted. If only Permalog is used to monitor leakage as the only measure, 
it’s not cost-benefit at all. These problems prevent the further application of 
these hardwares. 

Halma: http://www.halma.cn/ 

2.4.3 Leakage detecting agency 

Leakage detecting agency has a long history in leakage management for wa-
ter companies. They have been widely hired by many water companies to do 
leakage detecting campaign periodically. The itinerary of leakage detecting 
activity is usually “random” or based on the experience of some technicians. 
In some cases, the payment for the leakage detecting agency depends on how 
much water leakage they can detected. There are many different size of 
leakage detecting team/companies on the market. Some water company also 
have their own routine leakage detecting team.  

Zhengyuan: http://www.geniuses.com.cn 
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2.4.4 Research Institute and University  

Research Institute and Universities are the main research funding beneficiary 
for leakage management, such as the funding of “Major Science and 
Technology Program for Water Pollution Control and Treatment”. And these 
funding are usually as big as tens of million RMB. They have plenty of soil 
to test the new ideas, technology and solutions for water companies and the 
later ones will happy to take these “free gifts”.  

 Research Center for Eco-Environmental Science http://www.rcees.ac.cn/ 

2.5 Conclusion 

Through the above research and analysis, concluding remarks are shown be-
low: 

• According to the document analysis, the current status of China’s NRW 
has been presented, and the water leakage rates of different cities has been 
analyzed under the condition of area, economy, climate, water habits, wa-
ter scarcity and so on; the reasons that caused high water leakage are var-
ious, such as pipeline aging, unreasonable of pipeline construction, lack of 
management, adjustment of statistical calculation and computing method, 
and so on; for the moment, the water leakage rates of China urban water 
supply networks are generally large, and there is still a lot of space for 
improvement. 

• Through field visit and further investigation, the status of NRW and po-
tential feasibility has been surveyed. For the status of utility, the water 
demand is increasing year by year, and the average operation pressure is a 
little high. In this aspect, it has potential space to lower pressure by opti-
mal operation, and reduce NRW at the same time. For the status of NRW 
and improvement potential, NRW rate is universal high, mainly because 
of pipeline aging, theft and metering inaccuracies, like Xiangtan and 
South Shanghai’s NRW rate is 35% and 30% respectively; Some cities are 
carrying out DMA to reduce NRW, such as Shanghai and Haining; Also, 
the city of Foshan reduces pressure by using hydraulic model and build 
water balance to diagnose NRW. For the willingness of carrying out 
NRW control, majority of cities show that they would love to control 
NRW by advanced technology, but the problem is the fund so that they 
are lack of inspiration to do it.  

• In these above different players in NRW solution Market, Group 1 is the 
main competitors on the market for the integrated solution of leakage 
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management. Group 2 and 3 could be good partners as one link in provid-
ing overall solutions for water utilities. Group 4 is more research focused 
and innovation in theory and practice is always the shining point of these 
projects. 

3 IDENTIFICATION SHORTLIST CITIES AND VERIFY 
THEIR FEASIBILITY OF NRW CONTROL SOLUTION 

3.1 Identification Shortlist Cities 

In section 2, the status of NRW in China has been researched and analyzed, 
and 26 long list cities were picked up in all. In fact, when it comes into the 
phase of implementation, we are specifically confronted with water utility, 
because it has the situation of many water utilities in the same city in China; 
for example, Shanghai has three water utilities in the central area. Therefore, 
in this section, the task is identifying 5 cities (namely water utility) among 
long list by weighting method as shortlist, then, verifies their feasibility of 
NRW control solution. 

3.1.1 Identification Method 

The method of identifying shortlist is: 

• In the weighting method, weighting factors contain NRW issue, relevant 
Local Technical Condition, existing relations, political interest; according 
to their priority, these four factors assign to be 0.35, 0.2, 0.3, 0.15 respec-
tively; 

• For each weighting factor, it has classified into five levels to represent 
merit ranking, and digitalized as 5~1. The detailed description see table 
3.1; 

• Considering each water utility’s situation, they are assigned to appropriate 
value for each weighting factor, then, they are summarized by weighting 
factor’s value multiplying ranking value; 

• Sorting summarized result, and identifying front five cities as shortlist; 

• Finally, an in-depth research will be carried out for these shortlist cities 
and verify their feasibility of NRW control solution. 
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Table 3.1 Each weighting factor classify into three levels to represent merit 

ranking. 
Weighting 

factors 
Description 5 4 3 2 1 

NRW Issues 
Mainly point to 

water leakage rate 
Worse Bad Fair Good Excellent 

Local Tech-
nical Condi-

tion 

Current digital 
system and hard-

ware devices 
Excellent Good Fair Bad Worse 

Existing 
Relations 

Relationship of 
water utility 

Excellent Good Fair Bad Worse 

Political 
Interest 

Attention from 
water utility 

Excellent Good Fair Bad Worse 

 

3.1.2 Identification Solution 

Through weighting analyzing as table 3.2, it’s easy to find out the front five 
cities, they are: South Shanghai, Xiangtan in Hunan Province, Kunming in 
Yunnan Province, Zhangjiagang in Jiangsu Province and Changchun in Jilin 
Province. Figure 3.1 shows the location of five cities. 

Table 3.2 Each weighting factor classify into three levels to represent merit 

ranking. 

No. 
NRW 

Region 
Province City 

NRW 
Is-

sues 

Local 
Tech-
nical 

Condi-
tion 

Exist-
ing 

Rela-
tions 

Po-
litical 
In-

terest 

Sco

re    

1 East Shanghai 
South 

Shanghai 5 5 5 5 5.00 

2 Central Hunan Xiangtan 5 3 4 5 4.30 

3 West Yunnan Kunming 4 4 3 5 3.85 

4 East Jiangsu 
Zhang-
jiagang 3 4 4 3 3.50 

5 Northeast Jilin 
Chang-
chun 5 3 1 4 3.25 

6 East Guangdong Foshan 2 5 3 4 3.20 

7 Northeast Heilongjiang Harbin 4 4 1 4 3.10 

8 East Guangdong 
Guang-
zhou 3 4 3 2 3.05 

9 Northeast Liaoning Dalian 5 3 1 2 2.95 

10 Central Jiangxi Jiujiang 5 3 1 2 2.95 

11 East Guangdong  Qingyuan 3 2 3 3 2.80 

12 West Gansu Lanzhou 5 3 1 1 2.80 

13 Central Henan 
Zheng-
zhou 3 3 2 3 2.70 

14 East Zhejiang Hangzhou 2 4 2 4 2.70 

15 Central Anhui Huainan 4 2 2 2 2.70 

16 East Shandong Qingdao 2 4 3 2 2.70 

17 East Zhejiang Haining 1 4 4 2 2.65 

18 Northeast Jilin Yanji 5 2 1 1 2.60 
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19 East Guangdong Lianzhou 5 2 1 1 2.60 

20 East Guangdong Luoding 5 2 1 1 2.60 

21 West Shannxi Yan’an 3 2 2 3 2.50 

22 Northeast Liaoning 
Dong-
gang 5 1 1 1 2.40 

23 West Chongqing 
Chong-

qing 2 4 2 2 2.40 

24 Central Hubei Enshi 4 2 1 2 2.40 

25 Central Shanxi Datong 1 2 3 4 2.25 

26 East Guangdong Taishan 3 2 1 3 2.20 

 

Figure 3.1 Locations of the five shortlist cities. 

3.2 Respective Analysis of Shortlist Cities 

3.2.1 South Shanghai 

Shanghai Municipal Waterworks South Co., Ltd is old client of DHI, during 
the year of 2009~2011, DHI has successfully implemented the big project of 
“Model of Shanghai South Water and Development of Decision Support 
System”. This research is processed by former project and communicating 
with clients. 

General introduction 

The capacity of this large-scale water distribution system is 3.07 million cu-
bic meters per day, and the zone of it covers central city and partial villages 
of Shanghai within the limits of south of Suzhou River and west of Huangpu 
River. The total area and population of water supply are approximately 575 
square kilometers and 5 million respectively. The length of water pipeline 
with diameter above 75 millimeters is about 6,114 kilometers, and the num-
ber of water meters installed is 1.87 million.  

Local special feature 



 

25 

 

• Shanghai is located at the downstream of the Yangtze River Basin and 
Taihu Lake Basin and has sufficient water resources, but the water quality 
is not good because the quality of the water from the upstream is poor and 
the water pollution in Shanghai is relatively serious. 

• The NRW rate is about 30%, much higher than the public data; 

• The water supply adopts pumping pressure, and there are some reser-
voir-booster pump stations to regulate water demand and booster pressure. 
The average daily pressure is about 30m; 

• The water loss is serious because South Shanghai locates in the central 
and age of pipes is very long, most of them are constructed before the year 
of 1980. Moreover, it’s difficult to rehabilitate because of business center 
and large population; 

• In January of 2013, the pilot project of “Application Research of DMA in 
Water Distribution Network” has approved, the goal of this project is to 
locate leakage points and control NRW in the pilot areas. 

Feasibility analysis of NRW control solution 

The NRW control solution in South Shanghai is most feasible, the reasons 
are: 

• There is a large improvement space in South Shanghai because of its large 
NRW rate; 

• The Local Technical Condition is strong in South Shanghai, it has built up 
advanced digitalized system, like GIS, SCADA and hydraulic model, and 
it’s realizable to reduce NRW by pressure management with present hy-
draulic model; 

• DHI has built up a good relationship with South Shanghai because of 
successful cooperation in the former project; 

• By virtue of current pilot project, it’s possible to cooperation with them. If 
this project could achieve practical result, the technology and application 
will extend to the whole Shanghai city and even Chinese other cities. 
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3.2.2 Xiangtan of Hunan Province 

We had a good contact with them by telephone and Email communication, 
and achieved some helpful results: 

General introduction 

Xiangtan is a medium city in the central province Hunan, Xiangtan General 
Water of China is a state holding enterprise which has four water treatment 
plants, and the water supply capacity is 425 thousand m3/d, the water supply 
quantity is 250 thousand m3/d; in addition, there are 3 underground water 
wells, 700 kilometers main pipes, 520 thousand water users. General Water 
of China has many subsidiaries in other cities such as Bengbu, Huzhou, 
Xiangyang, Wenzhou. 

Local special feature 

• Because the water source is local, the water resource cost is low, only 0.02 
yuan/m3, and the water supply cost (raw water + water treatment + water 
supply) is 1.45 yuan/m3; 

• The NRW rate is about 35%, much higher than the public data, the facili-
ties is rather old, lots of the pipelines were laid before 1980; 

• The water supply adopts pumping pressure, and the network average 
pressure is about 30 m; 

• It implements performance evaluation mechanism in Xiangtan Water, for 
leakage control, the company bought some leak detectors and detected the 
water leakage regularly, but there is no special fund of leakage control; 

• The program “Security Evaluation and Optimization of Xiangtan Water 
Supply System” started from February, 2013, the topics include: Water 
leakage evaluation, and the technology research and management of 
leakage control, Establish of demonstration project. 

Feasibility analysis of NRW control solution 

Base on the communication, we have the opinion that: 

• There is a big improvement space for Xiangtan Water to control water 
leakage; 

• At the present stage, to control water leakage, Xiangtan Water has the 
project support (Security Evaluation and Optimization of Xiangtan Water 
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Supply System), and also, they have desire, a little funds, and the techno-
logical storage and support from China Energy Conservation and Energy 
Protection Group; 

• The primary reasons of water leakage are pipeline aging and high opera-
tion pressure, it can control the water leakage through DMA leakage de-
tection, network maintenance improvement, operation pressure manage-
ment, and so on, at the same time, it needs to establish demonstration pro-
jects; 

• The parent company has many subsidiaries in other areas, if the techno-
logical demonstration projects can be built, there will be great populariza-
tion value. 

3.2.3 Kunming of Yunnan Province 

We visited Kunming Water and had an interview with Ms. Network Depart-
ment regarding their NRW situation and management in March 22nd, 2013. 

 

Figure 3.2 Site visit of KM CGE. 

General introduction 

Kunming CGE Water Supply Co., Ltd (Kunming CGE) was established in 
May 2006 as a result of an international bid organized by Kunming Munici-
pality to designate an international private water operator that would acquire 
49% shares in the newly formed joint venture company (JVC) while the mu-
nicipal authorities would retain the remaining 51% of the shares. 

Currently, the company covers the integrated water operation of 10 water 
treatment plants for total production capacity of 1,555,000m3/day, the dis-
tribution of treated water through 1,500km of pipes, customer services and 
water billing. Kunming CGE provide water supply for 2.1 million inhabitants 
in Kunming. 

Local special feature 
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Due to the climate change and urbanization, Kunming has experienced dry 
for continuous three years. The biggest lake in Kunming is heavily polluted 
and can’t be as the water supply source. This water crisis situation is so serv-
er that Kunming CGE has to do the intermittent water supply to tackle the 
shortage problem, which is rather rare in provincial capital city in China. 
Kuming CGE has been spending a lot of efforts to reduce the leakage rate. 
According to the report of Kuming CGE, in 2012, around 2800M3/hour 
leakage was detected in the network, which can be used for supply the whole 
Kunming for around one month.   

Feasibility analysis of NRW control solution 

• NRW Issues 

The official data says the NRW rate is around 10%, but according to the 
report, if the leakage detected is able to supply water for one month for 
whole Kunming, i.e. 8.5% leakage can be detected; it’s estimated that the 
NRW could reach as around 17%.  

• Existing Local Technical Condition 

Kunming CGE has taken some measures to monitor the performance of 
NRW management; they have set up 2 levels of DMA to manage water 
balance. Kunming CGE also keeps a leakage detection team to do routine 
leakage detecting. KM CGE has set up GIS system to manage the network 
asset and also advance SCADA system to monitor and control the devices 
inside their network. Basically, the local condition is good and prepared to 
implement further leakage management and control measures.  

• Existing Relations 

The existing Relation with Kunming CGE is not very close. It’s the first 
time to communicate with them in this interview regarding NRW project.   

• Political Interest 

In the interview, we can see Kunming CGE is very interested in improve 
the performance of NRW management. And the relevant department in 
Kunming CGE has a KPI to reach about NRW level to be achieved.  

3.2.4 Zhangjiagang of Jiangsu Province 

We visited Zhangjiagang Water Company in late April 2013, and get infor-
mation of the NRW control status of Zhangjiagang through the face-to-face 
communication. Details are as follows. 
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General introduction 

Zhangjiagang is located in the southern bank of the Yangtze river, in south-
east of Jiangsu Province, on the north of Taihu Lake, 98 km away from 
Shanghai, is an emerging port industrial city which located in both Coastal 
Economic Development Zone and the Yangtze River Economic Develop-
ment Zone. Zhangjiagang has a population of about 905,000; GDP is 205 
billion yuan in 2012. Some national famous enterprises are in Zhangjiagang, 
such as Shagang Group, Jiangsu Guotai International Group and so on, 
which help Zhangjiagang to be the representative of Chinese developed small 
city. 

Zhangjiagang Water Company was founded in 1969, and belongs to the local 
state-owned enterprises. Zhangjiagang Water Company has achieved the sit-
uation of unified management of urban rural water supply and drainage, au-
tomation of production control and uniform management system of water 
price. When we communicated with the staff face-to-face, they told us that 
the NRW rate is 13% actually. 

Local special feature 

The local special feature of Zhangjiagang can be summarized as follows: 

• Zhangjiagang has 3 water plants, water source are all from Yangtze River; 

• Daily water supply design capacity is 650,000m3, the highest daily water 
supply amount reaches to 500,000m3 and the total length of the water 
supply network is over 2000 km, service area is more than 786km2; 

• Water supply mode is pressure supply and average operating pressure is 
30m; 

• Water charges recovery remains at around 99.6% and the satisfaction rate 
of water supply services keeps at 100% over the years. 

Feasibility analysis of NRW control solution 

• NRW Issues 

They told us that the NRW rate is 13%, but the credibility of the data is 
still up for debate, because this data is obtained orally, DHI didn’t inspect 
its sales volume of water. 

• Existing Local Technical Condition 
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Zhangjiagang Water Company has taken some measures to monitor the 
performance of NRW management; they have their own opinions on 
NRW control and they think that the main cause of the problem is the 
leakage on transmission and/or distribution mains, theft of water and 
fraud, and metering inaccuracies. The measures are such as using leakage 
detection equipment to inspect pipeline on a regular basis. Thus we con-
sider that the existing Local Technical Condition of Zhangjiagang is good. 

• Existing Relations 

Zhangjiagang Water Company is DHI’s customer, and now they are using 
MIKE URBAN for modeling of water supply, thus we are keeping a great 
relationship with Zhangjiagang. 

• Political Interest 

Although every year there will be no special funds for the control of 
NRW, Zhangjiagang Water Company still attaches great importance to the 
control of NRW. 

3.2.5 Changchun of Jilin Province 

We tried to have a telephone interview with Changchun Water Group, but it 
did not achieve an ideal result, the survey email also brought no response, so 
the following analysis was based on other ways such as research reports, 
news, and statistics. 

General introduction 

Changchun is the provincial capital of Jilin in Northeast China, the water 
supply capacity of Changchun Water amounts to 1million m³/day, the water 
supply area is 300 km2, and the population with access to water supply is 
about 3.5million. 

As a main city in the old northeastern industrial base, the water leakage rate 
of Changchun is very high, from 2009 to 2011, the rates were 31.16%, 
29.94%, 32.45% separately, much higher than the standard value 12%.  

Local special feature 

The water supply pattern of Changchun is multi-water sources, multi-water 
users. The water supply sources are surface water (storage water, diversion 
water, pumping water), underground water (shallow water, confined 
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groundwater), and reclaimed water, the proportion of underground water is 
about 43% in 2011. The compositions are shown in following Figure 3.3. 

 

Figure 3.3 The compositions of Changchun water supply sources. 

Currently, the secondary water supply mode of Changchun is mainly “Water 
pump + Water tank”, however, some areas cannot achieve continuous water 
supply all day.  

Feasibility analysis of NRW control solution 

• NRW issue 

Because of pipeline aging, pipe material, climate, and so on, the water 
leakage of Changchun has been still high, for one thing, it led to waster of 
precious water resources, for another, it caused huge economic loss and 
serious impact the operation of water supply system.  

• Local Technical Condition 

Changchun Water Group has bought some leak detectors to detect the 
water leakage; however the work is not sufficient enough.  

• Existing relation 

Now, we have not yet established a good contact with Changchun Water 
Group, some work cannot be well down. 

• Political interest 
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To solve the problem of water leakage, Changchun Water Group has put 
much money to renew water supply network, thus in June 2012, Chang-
chun government set up the headquarters of pipeline construction and re-
new, meanwhile, it encouraged people to participate in the activity of wa-
ter leakage control. 

3.3 Summary of Concluding Remarks and Recommenda-
tions 

3.3.1 Conclusion 

Through the five cities’ study, we are focussed on the following points re-
garding the feasibility of NRW control solution. 

• South Shanghai has large improvement space because of its large NRW 
rate, and it is benefit for strong Local Technical Condition to implement 
NRW control; Furthermore, DHI has built up a good relationship with 
South Shanghai because of successful cooperation; At last, it’s possible to 
participate in current pilot project about DMA management. So, it’s quite 
feasible to conduct NRW control in South Shanghai; 

• Xiangtan of Hunan Province has a big improvement space to control wa-
ter leakage also because of large NRW rate. And Xiangtan Water has the 
project support, they have desire, a little funds, and the technological 
storage, at the same time, they desire to establish demonstration projects; 
At last, the parent company has many subsidiaries in other areas, if the 
technological demonstration projects can be built, there will be great pop-
ularization value; 

• Water scarcity is one very special feature of KM CGE and this lead to the 
necessity of improvement. As a joint venture, KM CGE also has an open 
mind and attitude to absorb new idea and adopt new technology. We need 
to communicate with them further to build up the mutual trust and pro-
mote the demo NRW management project.   

 

• Zhangjiagang has a great driving force of NRW control, and we are keep-
ing a great relationship with them, which can be a great help of project 
cooperation possibly followed. Although the NRW rate in Zhangjiagang 
is not the highest, it is considered it’s still a good option to implement 
NRW control. 
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• For Changchun, without question, because of high NRW rate, there are 
lots of work can be done. The water company has desire and technical 
support to solve the problem, to participate in the NRW control project. 
However, we should build a good contact with them. 

3.3.2 Recommendations  

Based on the conclusions obtained through the study, some recommendations 
are outlined as follows: 

• The five shortlisted city/water companies have their own typical features 
and have potential to have further cooperation in NRW management 
project. Further communication and fact-finding activities are needed to 
find out/ignite their needs in NRW management in the next feasibility 
study phase. Local conditions will be assessed together with client in 
more details to find out the feasibility of reduce NRW. Financial support 
part need to be discussed with the clients based on different project ap-
proaches. Afterwards project proposal will be drafted and submitted to 
these water companies if they think they are interested in this potential 
cooperation.   

• During the site visit and communication with these water utilities, we 
found that most of them don’t have specific budget allocated to system-
atic NRW management at present stage. One of the reasons is that there’s 
nearly little successful case to be seen in China, which make them reluc-
tant to spend money on that and don’t have enough confidence in doing 
such kind of project. Hence, demo project will be helping them to build 
up the confidence and as a good start. 

• Among these five cities, Shanghai and Xiangtan are specially recom-
mended by us. Shanghai South water is the present client of DHI and has 
a big influence power inside water supply business in China. Presently, 
they have an initial intension to do a demo DMA to do the NRW man-
agement. Xiangtan Water is a joint venture and its investor General Wa-
ter has 5 similar water companies operating in China. Xiangtan Water has 
relevant support for NRW management project and if the DEMO project 
is successful inside General Water Group inside. This model can be also 
copied to other water companies under General Water Group. 


