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Abstract:  Water distribution networks suffer from high Non-Revenue Water (NRW) values having both environmental and 
economic consequences. Although there are many tools to evaluate the performance of water distribution networks by 
estimating the Water Balance and Performance Indicators, there is no tool so far to assist water utility operators to 
decide which measures to apply to tackle NRW and its causes. The Decision Support System (DSS) presented in this 
paper is the first tool which provides prioritized lists of measures to tackle the NRW causes, following an integrated 
step-by-step methodology. This DSS tool has been applied in two water distribution networks, one in Greece and one 
in Cyprus. The operators of the water utilities applied some of the proposed measures resulting in reduced NRW 
values, reduced water entering the system, money saving, and reduced energy consumption. Additional benefits 
include the better understanding of the water distribution network operation.  
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1. INTRODUCTION 

One of the most important issues water utilities are facing today is the Non-Revenue Water 
(NRW), the amount of water not bringing revenues to the water utilities mainly due to water losses 
(both real and apparent) and water used but not billed. Taking into consideration how stressed are 
the water resources today, due to the increased water demand and the climate change conditions, the 
problem becomes more important. Countries in the Mediterranean basin are more vulnerable, due to 
water scarcity conditions. In these countries, NRW levels are high, in some cases exceeding 50% of 
the water entering the water distribution system. NRW has both environmental and economic 
consequences. Environmental consequences include water (as natural resource) being lost, energy 
being lost (as energy is used during the whole water cycle) and increased carbon footprint (due to 
the consumption of energy). On the other hand, NRW means lost revenues for the water utility and 
most of the times higher prices for the consumers. The way to address the NRW problem follows 
Deming’s cycle: (a) Plan – estimate the water distribution system’s performance level; (b) Do – 
assess the distribution network’s performance level (ex-ante evaluation) and determine the NRW 
reduction measures; (c) Check – evaluate the measures (on-going evaluation); and (d) Act – 
implement and evaluate the results (ex-post evaluation).  

Although NRW is a problem well identified from the water utilities, there is not, until now, an 
integrated approach to confront it. Many software tools exist for the evaluation of the drinking 
water distribution network (WDN), estimating the water balance and the performance indicators, 
some of them more advanced than others. However, there is not a tool to act as a decision support 
system for the water operators for the day-to-day management of the water distribution systems. 
The present paper presents a decision support system and the way it is applied in WDNs. 
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2. NON-REVENUE WATER: ESTIMATING AND CONFRONTING IT 

The well-acknowledged tools to evaluate the performance of a WDN are the Water Balance 
methodology (WB) (Lambert et al., 1999) and the Performance Indicators (PIs) (Alegre et al., 
2006). The Standard International WB was first introduced by IWA (Lambert et al., 1999), while 
two modifications have been proposed until now. The first one by McKenzie et al. (2007) 
introducing the “water billed but not paid for” component as part of the NRW. Kanakoudis and 
Tsitsifli (2010) proposed the second modification by introducing the minimum charge difference, 
representing water losses that water utilities recover through the fixed charge imposed in their water 
bills. Although the fixed charge could be part of the pricing policy, to be socially fair, it should be 
calculated based on the following principle: all charges not related to the water consumed, should 
be charged as fixed charge to the consumers. IWA Performance Indicators include 170 different 
indicators divided in six categories, namely: water resources; personnel; quality of service; 
operational indicators; natural indicators; and financial indicators. To calculate the 170 PIs, 232 
variables need to be measured in the field (Alegre et al., 2006).   

 

Figure 1. IWA Standard International Water Balance and its two modifications. 

NRW components include Unbilled Authorized Use, Real and Apparent Losses (Figure 1). Real 
losses include water lost due to leaks, breaks and tank overflows. To estimate the real losses, top-
down and bottom-up approaches are used. Minimum Night Flow analysis and Component Analysis 
are the basic tools for bottom-up estimation of real losses (Farley and Trow, 2003; Lambert, 2002). 
Apparent Losses comprise illegal use (water theft), and meter and metering errors. Meter errors are 
the main apparent loss components in many water distribution systems. Customer water meters tend 
to under-register the water volumes passing through them mainly due to the meter type 
(volumetric–flow meter), the meter size, its installation procedure and its age (Arregui et al., 2006).  

To confront with NRW, many measures can be found in the literature. The first thing to do is to 
identify the NRW causes. To confront with real losses, four pillars are suggested: pressure 
management; active leakage control; pipelines and asset management; and speed and quality of 
repairs (Farley and Trow, 2003). As leakage is connected to pressure, pressure reduction is one of 
the most important elements of a NRW reduction strategy. To implement pressure management, it 
is suggested that the water distribution network should be divided into smaller hydraulic isolated 
zones, called District Meter Areas (DMAs). Pressure management can be applied by installing 
Pressure Reduction Valves (PRVs) at strategic points (Kanakoudis and Muhammetoglu, 2013). 
Active Leakage Control includes methods and techniques detecting and locating leaks, such as 
noise loggers, leak noise correlators, ground microphones, sounding sticks etc. (Farley et al., 2008). 
It is common that leakage control methods involve also the hydraulic modelling of the network and 
GIS and SCADA systems (Tabesh and Delavar, 2003). Hydraulic modeling includes the 
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development of the hydraulic simulation model of the network. Pipeline and asset management 
involves all the techniques used to increase the reliability of the water system’s pipes and assets, 
such as pipes replacement models indicating the most cost-effective time for the replacement of the 
network pipes (Kanakoudis and Tolikas, 2001). 

Apparent loss confrontation measures include the activities to reduce water theft, meter and 
metering errors. Rizzo et al. (2007) developed an apparent loss toolbox and an apparent loss 
strategy. Tools such as the unmeasured flow reducer (UFR) can assist in more accurate meter 
registrations. Automated Meter Management (AMM) actions supported by GIS systems have been 
suggested (Rizzo et al., 2007).   

3. INTEGRATED DECISION SUPPORT SYSTEM TOWARD NRW REDUCTION 

Water operators need to follow a step-by-step methodology to confront with NRW. At first, they 
should perform the water distribution system’s diagnosis, estimating NRW levels. The second step 
is to investigate which components cause NRW, going from the major causes to their sub-causes 
etc. Then, a list of possible measures to confront with the specific causes needs to be developed. 
Finally, the water operators should select from the list which measures to apply, to eliminate the 
NRW cause. Although this methodology is logical, there is no tool until now to assist water 
operators during the decision-making process. Many software tools exist for the first step of the 
methodology, the performance evaluation of the WDNs. Such tools are: Benchleak (McKenzie et 
al., 2002; McKenzie and Lambert 2002); Aqualite (McKenzie, 2007); Aqualibre (Liemberger and 
McKenzie, 2003); LEAKS suite (leaksuite software available at: www.studiofantozzi.it); 
WB-EasyCalc (www.liemberger.cc); SigmaLite (http://www.sigmalite.com/caracteristicas-en.php; 
Alegre, 2002); etc. During the WATERLOSS project, a Decision Support System (DSS) has been 
developed, taking into consideration all steps of the above-mentioned integrated methodology 
(Kanakoudis et al., 2015a). Additionally, some specific features have also been developed. 

The WATERLOSS DSS initially evaluates the performance of a WDN, estimating the 2nd WB 
modification and calculating specific PIs, when the user inputs the variable values. Then, the DSS 
guides the user step-by-step to identify the NRW levels using specific PIs. Each NRW cause is 
connected to a list of proposed measures to tackle the specific NRW cause. The user has to select 
the criterion to prioritize the proposed measures. The DSS provides a choice of six different semi-
qualitative criteria: (a) importance (low/medium/high); (b) time needed for the measure application 
(short/medium/long); (c) duration of its effect (short/medium/long); (d) institutional complexity 
(low/medium/high); (e) additional construction works needed (low/medium/high); (f) cost 
effectiveness (low/medium/high). Finally, the user gets a list with prioritized strategic and 
operational measures to tackle high NRW values (Figure 2; Table 1). When the DSS estimates the 
various PIs, it compares them with specific threshold values. If the PI value calculated from the 
variables for a specific WDN is worse than its threshold value, then the DSS either proposes 
measures or moves to the next step identifying the cause of the specific problem. The threshold 
values are either user-specific (the user inserts the values) or are selected from a given menu 
containing values per country and European ones. The DSS includes also a self-learning property 
that allows the user to know the measure impacts in other WDNs. 

This DSS is considered very important for water operators as it provides an integrated user-
friendly tool for the water distribution system evaluation and proposes specific measures for NRW 
confrontation. The DSS tool has been validated using real data from nine water utilities during 
WATERLOSS project implementation. NRW levels in the WDNs in these nine pilot cases vary 
from 10.3 to 58.4% (Kanakoudis et al., 2015c) (Table 2). Eight out of nine pilot cases decided to 
take measures to tackle real losses, while one pilot case took measures to confront apparent losses. 
The measures tackling real losses include: DMA formation; active leakage control; night flow 
analysis; PRV installation; hydraulic simulation model development; SCADA installation; etc. 
(Table 2). To tackle apparent losses, one water utility (in Castellibisbal town) decided to remove 
roof tanks and develop a GIS system. Due to the limited project implementation time, most of the 
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pilot cases were not able to measure NRW after measure implementation. However, in Nicosia 
NRW levels were reduced from 26.2% to 21.5% of System Input Volume (SIV); in Velenje from 
37.7% to 33.6% of SIV; and in Melito di Napoli from 55.1% to 38.4% of SIV. 

 
Table 1. Strategic measures targeting NRW components and subcomponents (based on data  

from Kanakoudis et al., 2015b) 

NRW 
Component 

NRW 
Subcomponent Strategic measures 

Measures 
applied in 
WBN 

Measures 
applied in 
Kozani 

Unbilled 
authorized 
use 

Unbilled unmetered 
use Review the estimation practice (volumes, discharges) applied   

Unbilled unmetered 
and unbilled metered 

Improve knowledge on unbilled authorized use   
Review the pricing policy applied (consider altering the tariff’s 
structure/levels) 

  

Reconsider the need for such uses-volume reduction=water use 
restrictions 

  

Apparent 
losses 

Water theft/illegal 
use 

Improve internal processes for water theft/illegal use research   
Preliminary: knowledge on volume of water theft/illegal use   
Improve research methods towards water theft tracing and protection 
from illegal use 

  

Stricter legislation on water theft/illegal use   

Customer meter 
under registration 

Evaluate volumes under-registered and where they occur DMA15  
Improve internal processes towards solving customer meters under-
registration 

  

Methods to reduce under-registered volumes DMAs15;20   
Impose stricter legislation on faulty metering devices   

Data handling errors 
Evaluate volumes related to data handling errors   
Improve internal processes towards solving data handling errors    
Introduce methods to reduce volumes related to data handling errors   

Real losses 

Active Leakage 
Control (ALC) 

Improve internal processes regarding ALC DMA20  
Preliminary methods/techniques for ALC and detection  DMAs15;20   
Implement permanent methods/techniques for ALC and detection DMAs20;17  
Implement punctual methods/techniques for leakage detection    

Speed and quality of 
repairs 

Improve internal processes regarding repairs   
Improve quality of repairs   
Improve speed of repairs   

Pressure 
management 

Preliminary: pressure measurement and analysis  Kozani 

Preliminary: install equipment having an impact on pressure DMA15;20;
17 

Kozani 

Pressure modulation to reduce loss level (leaks or breaks)   

Pressure reduction to reduce loss level (leaks or breaks) 
DMAs15;14
A;14B;16A;
20;17 

Kozani 

Pipeline and assets 
management: 
selection, installation, 
maintenance, 
rehabilitation, 
replacement 

Improve internal processes for asset management   
Preliminary for asset management: knowledge of pipes   
Preliminary for asset management: knowledge of the surrounding 
environment 

  

Improve pipe protection/rehabilitation   
Improve service connections replacement   
Improve joints replacement   
Improve valves management and replacement   
Improve pipes replacement techniques   

General for 
ALL 
components 

Improve internal 
processes on NRW 

Implement standards and procedures   
Introduce software and new technologies to facilitate work   
Education of staff WBN Kozani 

Improve knowledge 
& accuracy on NRW 
volumes 

Improve bulk meter accuracy   

Improve customer meter accuracy   

Economic resource 
availability Review the pricing policy   

Comparison with 
other services or with 
reference indicators 

Auditing   

Networking   
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Figure 2. Schematic representation of the DSS core and hierarchical tree 

Table 2. NRW reduction measures taken in pilot cases after the DSS application (WATERLOSS deliverables, 2013) 

Pilot Case NRW initial value 
(% SIV) 

NRW component 
targeted 

Measures applied 

Kozani 58.4 Real Losses • replacement of the equipment in manholes 
• network control and registration (Autocad, Watergem)  
• PRV installation  
• creation of smaller pressure zones 

Baho 56.0 Real Losses • formation of DMA  
• study of night flow  
• acoustic detectors 

Melito di Napoli 55.1 Real Losses • network inspection  
• pressure control  
• network rehabilitation 

SIEL 54.0 Real Losses • installation of a SCADA system 
Thuir 53.0 Real Losses • formation of DMA  

• study of night flow  
• acoustic detectors 

Velenje 37.7 Real Losses • active leakage control  
• identification of leakage  
• repairs of identified leakage 

Nicosia 26.2 Real Losses • sub-DMA limits redefinition  
• PRV installation  
• Active Leakage Control 
• pressure management 

Argeles-sur-mer 20.0 Real Losses • formation of DMA  
• the study of night flow  
• acoustic detectors 

Castellbisbal 10.3 Apparent  Losses • removal of roof tanks  
• GIS  

4. THE CASES OF NICOSIA (CYPRUS) AND KOZANI (GREECE) 

4.1 Identification of the problems 

Two of the partners of WATERLOSS project, the Water Board of Nicosia and the Municipal 
Water Utility of Kozani included the DSS tool in their WDN day-to-day operation, after the end of 
the project.  
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Cyprus faces severe water shortage problems, and in particular, during 2008-2009, the water 
utilities decided to supply water to their customers for 12 hours every 48 hours (intermittent supply 
- water availability 21.4%). At that time NRW levels increased significantly from 19.44% of SIV in 
2007 to 27.06% in 2009.  Nicosia is the capital city of Cyprus, supplying with water not only 
Nicosia municipality but also other surrounding municipalities. Nicosia’s water distribution 
network consists of 1,406 km of pipes and 111,700 water meters (Table 3). The network is divided 
in 24 zones and 51 DMAs (Figure 3a). A SCADA system monitors the whole network through 49 
monitoring stations. The average operating pressure ranges from 17 to 42 m depending on the 
DMA.  

 
Table 3. Characteristics of DMA15, 17 & 20 (Nicosia WDN) and Kozani WDN 

 DMA 15 DMA 17 DMA 20 KOZANI WDN 
Area (km2) 7.84 10.47 0.84 7.988 
Population served (inh) 23,000 31,000 8,800 70,000 
Pipe length (km) 83.63 187.26 20.76 211.86 
No. of service connections 4,215 6,968 1,699 9,150 
Mean operating pressure (m) 53 32.6-37.8 25 40 
Non-Revenue Water (NRW) (% SIV) 2010 41.7 31.8 16.0 58.4 
Real Losses (RL) (% SIV) 2010 35.9 25.4 8.4 51.2 
Apparent Losses (AL) (% SIV) 2010 5.2 6.0 7.1 5.2 

 
The water utility identified three DMAs suffering from high NRW values, namely DMAs 15, 17 

and 20 (Figure 3a; Table 3). Each DMA faces different problems. DMAs 15 and 17 face high NRW 
and minimum night flow values, indicating high leakage levels. DMA 20 is a particular case as the 
zone is located in Nicosia’s historical centre, enclosed in the Venetian walls. Although NRW levels 
are not high, DMA 20 faces leakage events not obvious to the surface, causing ground subsidence 
and damages to old buildings. The main causes are the water main age and the type of soil. 

 

Figure 3. (a) The WDN of Nicosia divided in DMAs; (b) The WDN of Kozani 

Kozani is the capital city of the Kozani prefecture in north-western Greece (region of Western 
Greece). The municipal water utility (DEYAK) serves with water the city’s customers through 
28,500 water meters and 9,150 service connections. The total length of the water distribution 
network pipes is 211.86 km (Table 3). Three pressure zones are formed covering the entire area of 
the WDN, namely: the high zone (altitude range: 750-800 m); the medium zone (altitude range: 
710-750 m); and the low zone (altitude range: 610-710 m) (Figure 3b). The network operating 
pressure ranges between 3-5 atm with an average of 4 atm. The network zones represent the height 
difference between areas in the city of Kozani. They cannot be used as District Metered Areas 
because they are not hydraulically isolated (with one entrance and one exit for each area). 

N 
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The main problem in Kozani water distribution network is that NRW levels are very high, 
reaching 60% of the SIV (58.4% in 2010) (Table 3). The water utility did not implement any 
measures to tackle NRW. There is a SCADA system in place, monitoring water flow and pressure 
in 42 stations. 

4.2 DSS application in Nicosia 

The WBN applied the DSS in the three DMAs, assessing NRW and its components for 2010. 
The results showed that NRW values range from 16% of SIV in DMA 20 to 41.7% in DMA 15 
(Table 3). Real loss values range from 8.4% (DMA 20) to 35.9% (DMA 15) of SIV, while apparent 
loss values range from 5.2% (DMA 15) to 7.1% of SIV (DMA 20) (Table 3). The DSS application 
provided a list of proposed measures for each DMA and the water utility decided the ones to 
implement (Table 1; Figures 4, 5).  

 

Figure 4. DSS output showing the apparent losses causes for DMA 17 (print screen) 

 

Figure 5. DSS proposed measures to tackle water meter under-registration (print screen) 
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The analysis of the real loss causes showed that the major problem in DMA 15 is the high 
minimum night flow, in DMA 20 the high operating pressure and the inadequate Active Leakage 
Control (ALC) practices, and in DMA 17 the high operating pressure. In DMA 15, the water utility 
decided to redesign the DMA and the division on the zone in three smaller sub-DMAs with 
different limits. Thus, DMA 15B merged in DMA 15C which expanded to include also a part of the 
former DMA 15A. The supply nodes were also modified in DMA 17. Hydraulic simulation was 
used to assist in the redesign of the DMAs, performing different scenarios.  

Due to the redesign of DMA 15, the neighboring DMAs 14A, 14B and 16A were also affected 
and PRVs were installed to manage pressure. PRVs were also installed in the entry nodes of DMA 
15B, DMA 20 and DMA 17. In DMA 15B, the pressure was set to 44.5 m at the beginning and to 
36.2 m finally, when the initial average pressure was 53.4 m. Data loggers were installed as an 
additional measure to tackle real losses. Portable data loggers were installed in DMAs 15B and 15C 
at 5 points. Constant data loggers were installed in DMA 20 (200 noise loggers) and DMA 17. 
Other measures applied in DMA 20 include the increase of personnel for ALC and the 
establishment of an emergency unit for leaks and breaks, operating 24 hours/day. 

The analysis of the apparent loss causes showed that the major problem in all DMAs is that 
many customer water meters are more than 10 years old and there is no water meter replacement 
strategy. Also, the existence of obligatory roof tanks affects meter under-registration. One of the 
measures applied was the replacement of old water meters. In DMA 15, 411 water meters (5.3% of 
the water meters in this DMA) exceeding 10 years of operation were replaced. Also, strict penalties 
in cases of water theft were imposed. In DMA 20, 168 meters (6% of the total meters in this DMA) 
were replaced. Finally, the water utility decided to educate its staff on NRW management topics. 

4.3 DSS application in Kozani 

The DSS was applied to Kozani city WDN for 2010 (Figure 6). The results showed that high 
NRW values are due mainly to real losses (Figure 7), and especially to the nonexistence of smaller 
zones and the high operating pressure. Thus, the first step was to develop the hydraulic simulation 
model of the network. WATERGEMS software was used. The hydraulic model consists of 211.86 
km pipes and water mains, 1,817 nodes and 8 water tanks. The local water utility had already 
developed a GIS system and all 28,500 water meters were geo-coded. The consumption was 
spatially allocated using the software, as the spatial information and the consumption of each water 
meter were known (Kanakoudis and Gonelas, 2014). Using the developed hydraulic simulation 
model, 24 DMAs were developed (Figure 8) and none of them exceeded 2,000 customer water 
meters (Kanakoudis and Gonelas, 2016). Pressure management was another measure applied in the 
WDN of Kozani. Specifically, 18 PRVs were virtually applied in Kozani (Kanakoudis and Gonelas, 
2016) (Figure 9a). Only one PRV was actually installed in Kozani WDN and the pressure was set 
up from 57 m to 37 m (Figure 9b). This PRV was installed in the entry node of one larger DMA of 
the ones developed using the hydraulic simulation model. Finally, to tackle real losses the water 
utility decided to replace the equipment in 15 manholes, as it was found that there was excessive 
leakage. The water utility also educated its staff through targeted seminars. 

5. RESULTS AND DISCUSSION 

5.1 Nicosia case 

The applied measures in the three DMAs in Nicosia WDN resulted in NRW reduction, money 
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saving and additional benefits. Specifically, the redesign of the DMAs and the pressure 
management resulted in pressure reduction up to 32.1% in DMAs 15B and C; 37.9% in DMAs 14A, 
14B and 16A; and 37% in DMA 20. Water losses were reduced in all cases: the water volumes 
saved were up to 76,953 m3 in DMA 15; in DMAs 14 and 16 the supply was reduced by 21% 
resulting in NRW reduction of 1,097 m3/day; and Minimum Night Flow (MNF) was reduced by 2.5 
m3/h in DMA 17. The water volume savings resulted in money savings of: 59,254 €/year in DMA 
15; 844 €/day in DMAs 14A, 14B and 16A; and 16,850 €/year in DMA 17. In DMA 20, as both 
ALC and pressure management were applied, the results showed that during 2012, 27 leak incidents 
were detected through ALC and limited the amount of water losses to 19.5% or 213 m3/day; 3 more 
leaks were detected in February 2012 (MNF reduction by 23 m3/h and water savings of 390 
m3/day); and from January to April 2013, 24 leak incidents were detected resulting in water loss 
reduction by 120 m3/day. In total, the amount of water saved could provide water supply to 21,360 
people (assuming 115 L/person/day which is a typical value in Cyprus). The noise logger 
installation allowed for leak incident detection (54 in DMA 15) resulting in reduced water supply 
by 26,230 m3/month. In DMA 17, ALC measures resulted in the detection of 13 leaks in 3 months. 
Additionally, energy was saved in the pumping station up to 36% kWh per year. 

 

 

Figure 6. DSS performance evaluation for Kozani WDN (print screen) 
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Figure 7. NRW components assessment using the DSS for the WDN of Kozani (print screen) 

 

Figure 8. DMAs formation in Kozani WDN (Kanakoudis and Gonelas, 2016) 
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Figure 9. (a) Pressure management in Kozani WDN (PRVs virtual installation); (b) the actual installation of PRV in 
Kozani WDN 

In total, for the three DMAs the results are very encouraging. Almost one million m3/year was 
saved (4.8% of the SIV) and more than 700,000 €/year are saved only from real losses reduction. 
Additional benefits are expected from the replacement of water meters. 

5.2 Kozani case 

The formation of DMAs in Kozani resulted in water saving of water input volume by 144,595 
m3/year. The virtual application of pressure management resulted in the reduction of water entering 
the system up to 1,129,178 m3/year (Kanakoudis and Gonelas, 2016). The actual installation of the 
PRV resulted in savings of 2,500 m3/day of water entering the specific DMA. This result shows that 
water saved by only one PRV is much more than the water saving estimated using the hydraulic 
simulation model. The equipment replacement in the 15 manholes resulted in reducing water losses 
by 146,000 m3, saving 99,280 €/year. 

 
Table 4. Measures applied and water volume and money savings in both WDNs 

DMA / network Measures applied Water volume saved 
(m3/year) 

Money saved 
(€/year) Additional benefits 

15 Pressure management 77,000 59,254 Leakage incidents reduction 
15 ALC 266,450 205,166  
14A; 14B; 16A Pressure management 400,000 308,000  
20 Pressure management 93,000 71,610  
20 ALC 43,000 32,850  
17 Pressure management 21,883 16,850 Energy saving 

Kozani Hydraulic simulation & DMA 
formation 144,595 98,325  

Kozani Pressure management (virtual) 1,129,178 762,401  
Kozani Pressure management (real) 912,500 620,500  

Kozani Equipment replacement in 
manholes 146,000 99,280  

6. CONCLUSIONS 

The existence of an integrated tool to assist water utility operators in evaluating the performance 
of their WDNs and decide which NRW reduction measures they will apply, from a prioritized list of 
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measures, is extremely important. Such a DSS tool was missing, allowing the water operators either 
to do nothing to reduce NRW levels, or to apply measures to reduce them based on the experiences 
of other water utilities with different operational problems, or even worse, to apply measures 
proposed by the equipment suppliers. Such policies result in money lost without tackling the actual 
problem, as it is accepted that each WDN operates in a different way. The DSS described in this 
paper was the first DSS tool developed to evaluate the performance of a WDN, searching for the 
actual NRW causes and proposing a prioritized list of measures to tackle the specific cause. The 
DSS was applied in nine pilot cases during the WATERLOSS project implementation period in 
different Mediterranean countries (France, Italy, Greece, Cyprus, Slovenia, Spain) showing that 
NRW levels are reduced after the implementation of the specific proposed measures. Two cases 
where the DSS was applied during and after the end of the project are presented in this paper. The 
DSS tool was applied in Nicosia WDN and specifically in three DMAs suffering from high NRW 
levels due to high pressure, high MNF levels and high meter under-registration levels. The tool was 
also applied in Kozani WDN, suffering from high NRW levels, high pressure levels and the 
inexistence of any NRW reduction strategy so far. In both cases, the 2nd modification of the WB 
was estimated along with several PIs. The users set PI values thresholds for their specific cases. The 
DSS tool, through a step-by-step analysis, resulted in proposed measures. The users from both 
utilities applied the desired criteria for them and received a prioritized list of measures tackling the 
specific NRW cause. The results from the application of these measures in the field were very 
encouraging. Significant amounts of water were saved and money was also saved. Hidden leaks 
were discovered and repaired, and energy consumption was reduced. Additional benefits include the 
better understanding of the water distribution network. Both water utilities continue to use the DSS 
tool and apply the proposed measures. 

The next step toward the full integration of the DSS tool is the incorporation of quantitative 
criteria for the prioritization of the NRW measures. The quantitative criteria to be incorporated are: 
cost effectiveness of the measure in terms of the Benefit/Cost Ratio during a predetermined study 
period (T); cost of implementing the measure in terms of € need to be invested during a 
predetermined study period (T); water saving effectiveness of the measure in terms of m3 saved (or 
generating revenues that otherwise would be lost) in terms of %SIV; time restrictions regarding the 
implementation of the NRW reduction measure; and public annoyance. 
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