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Abstract: Pressure control management of a water distribution network is considered as an 

effective approach for the reduction of leakage in the network and for optimized savings in 

pumping energy. A successful pressure management scheme usually requires single- or  

multi-feed regulation through Pressure Reduction Valves, the network division in District 

Metered Areas and dense monitoring of pressure and flow throughout the network. A structural 

component of this approach would be a hydraulic model which would relate pressure and flow 

in the network, in accordance to the monitored values. In the ISS-EWATUS project and 

specifically for the Skiathos, Greece case study, we solve the water distribution network 

hydraulically using EPANET software, so as to estimate the pressure-map of the island and 

later link pressure to leakage. The need to zoom-in spatially and temporarily makes the spatial 

and temporal disaggregation of aggregated water demand, as provided by the water utility, a 

necessity. We use the daily aggregated water supply time series and consumer quarterly billing 

data for each water meter, in order to produce approximate, daily water consumption datasets 

of each household and daily leakage per household. In this article, we present our 

disaggregation methodology for the production of these data sets. 
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1. Introduction 

The need to reduce leakages in water distribution networks on one hand and energy consumed for 

water pumping on the other hand have turned the pressure control management method into the  

state-of-the-art solution for water companies. The idea is keeping pressure in the network to minimum 

heights demanded [1]. This results to leakage reduction, since it is directly related to pressure, and to 

energy consumption reduction, since the higher pressure maintained the more energy is demanded. The 

demand varies temporarily and spatially depending on the water consumption profiles of the users 

through day, week, seasons, etc. and the water uses distribution varies throughout the area of interest. 

The specifications of the case study, in addition to the constraints in terms of budget, lead to a 

specialized pressure control scheme [2]. 

The pressure control is implemented with use of Pressure Reduction Valves (PRVs), which adjust 

their diameters to the water demand anytime. The scheme might be single-feed or multi-feed 

depending on the deviation of the network in District Metered Areas (DMAs). Large networks with 

intense spatial variation in latitude and water demand are generally expected to be divided into more 

DMAs. Each DMA is supposed to retain approximately common characteristics in terms of pressure 

demand profiles. Single-feed PRV schemes are preferable to more uniform and/or small networks, due 

to their ease of control and monitoring, even the risk of a failure event is higher to such less flexible 

schemes [3]. 

The diameter of the PRV is usually an output of a multi-objective optimization process, which 

minimizes the leakage and energy consumption variables. The problem could be simplified to a single 

objective optimization, which minimizes the pressure in the network. Leakage—as well as energy—is 

expressed as a function of the pressure through variable empirical models [4]. A basic constraint of the 

optimization process would be the minimum pressure demand of a critical point of the network. This 

would be the lowest pressure point, either because it is the farthest away from the source, or because it 

has the highest latitude. It could even be a combination of the two conditions. The critical point, also, 

might change from time to time, depending on the dynamic consumption profiles variability. 

Nonetheless, this implies the need to map the pressure demand spatially and temporarily through the 

network at the highest possible space and time resolution. This can be achieved by mapping the water 

demand and then using a hydraulic model to calculate the pressure map. 

The resulting resolution will determine the effectiveness of the applied network pressure 

management. Recent established technologies allow network operators to achieve real time 

management through a Decision Support System (DSS) based on algorithms, containing the leakage 

model, a forecast model of the consumption, an optimization sub-routine, and the real time monitoring 

of pressure by sensors installed at the critical point or multiple points [5]. 

The purpose of this article is to investigate the potential of using daily groundwater pumping data 

and quarterly consumer billing data in order to produce daily water demand time series for each 

individual consumer. Additionally, we “assign” a fraction of the network background leakage to each 

water meter. This way, we perform disaggregation of water demand data sets spatially and temporally 

in order to heighten the resolution of water consumption and produce a more detailed leakage model 

for the Skiathos, Greece case study. The final desired spatial resolution would be at the level of the 
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node of the hydraulic model, if not the individual consumer, and the desired temporal resolution would 

be a 6- to 12-h window. 

2. Experimental Section  

Skiathos Island, Greece is one of the two case study areas of the EU FP7 funded project  

ISS-EWATUS. The water distribution network of Skiathos is an aged network with significant 

leakage, reaching up to 50% levels of the whole water consumption. The network is currently under 

reconstruction, works that are quite time-consuming, due to the importance of the maintenance of the 

traditional street infrastructure, the high touristic activity and other policy related matters. Skiathos has 

a six-month high touristic activity—summer water demand peaks up to a point six times multiple the 

average winter demand [6]. The water uses through the town of Skiathos are almost uniformly 

distributed and except for households they consist of small hotels and rooms to let, offices, shops and 

restaurants. The town is hilly and the water distribution system is significantly net-shaped and quite 

thick in terms of consumers [7]. 

The small extent of the network and the uniformity of uses allowes for the choice of a single-feed 

PRV scheme. The whole town comprises approximately 3500 water meters and is considered as a 

single DMA; pressure control management will be implemented through a single PRV installed 

downstream the tank that supplies the town with water from a single groundwater drilling. In the 

future, a booster pump might be added to the pressure control management scheme, cutting off the 

hilly area of the town into a second DMA, for further localization of the pressure demand constraint. 

The available data of water consumption consists of a data set of daily pumped groundwater from a 

single drilling filling a single tank; this data set is equal to the total daily water consumption of the 

whole town plus network leakage. Another data set includes quarterly water consumption for each 

household.  The data sets are updated continuously and are currently approximately 5-years long.  

For each water meter k and for day t of the trimester tri, the theoretical water demand dk,t,tri is 

calculated, which also contains the leakage that theoretically corresponds to the household: ݀݇,݅ݎݐ,ݐ = ݅ݎݐ,݇ݓ ∗ (1) ݅ݎݐ,ݐܦ

where,	݅ݎݐ,ݐܦ: The water demand of the whole town for day d of the trimester, or the daily pumped water ݅ݎݐ,݇ݓ: The specific weight of each water meter for trimester tri. This weight is calculated as follows: ݅ݎݐ,݇ݓ = ∑݅ݎݐ,݇݀ ݐ݅ݎݐ,ݐܦ ݅ݎݐ,݇݀(2)  : The water demand of water meter k for the whole trimester tri including the leakage that 

corresponds to that water meter. That is the trimester billing for water meter k with the theoretical 

leakage percentage added to it. ݀݇,݅ݎݐ = ݅ݎݐ,݈݈ܾ݀݁݅݇݀ ∗ (1 + (3) (݅ݎݐܽ

where, ܾ݈݈݀݇݅݁݀,݅ݎݐ is the trimester tri water meter billing, and ܽ݅ݎݐ = ∑ ݐ݅ݎݐ,ݐܦ − ∑ ∑݇݅ݎݐ,݈݈ܾ݀݁݅݇݀ ݇݅ݎݐ,݈݈ܾ݀݁݅݇݀  (4)

Daily water losses are calculated with Equation (5): 
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ݏ݁ݏݏܮ	ݎ݁ݐܹܽ	ݕ݈݅ܽܦ = ݅ݎݐ,ݐܦ ∑ ݐ݅ݎݐ,ݐܦ − ∑ ∑݇݅ݎݐ,݈݈ܾ݀݁݅݇݀ ݐ݅ݎݐ,ݐܦ  (5)

The described methodology is also schematically depicted in Figures 1 and 2. 

(a) (b) 

Figure 1. (a) Water distribution network of Skiathos Island supplied daily by a single 

drilling; (b) The network is divided into node areas. 

(a) (b) 

Figure 2. (a) Each node will be a node of the hydraulic model that will be used to estimate 

the pressure map out of the water demand map; (b) Each node corresponds to a water 

demand value that comes out by adding the household water demands that are supplied by 

the specific node of the network. 

3. Results and Discussion 

Implementing the above-described algorithm, the whole water demand of the town can be 

distributed to theoretical household demands including (or not) the leakages that “correspond” to the 

specific households with use of trimester household consumption weights. Of course, we do not expect 
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this estimation to be accurate, since throughout a trimester the consumption profile of a household 

might change dramatically from one day to the next. However, once the individual consumer daily 

demands are added at a node level (the required granularity for the creation of time series to be input in 

EPANET software for the hydraulic solution of the network), the error becomes less significant, since 

a node will include multiple consumers, even as many as a hundred. The expected divergences of the 

estimated and the actual node water demands will be revealed by comparing estimated data to 

monitoring data obtained by sensors; these are located, at a minimum, at critical points in the network, or 

at several points throughout the network. These divergences will be eliminated through a successful 

calibration and through an optimization process that involves multiple runs until convergence is reached.  

Using the methodology described above the temporal resolution of the household water demand has 

zoomed in from a trimester level into a daily level. Once these demands are added at a node level, the 

water demands needed as inputs to the hydraulic model will be available allowing for the pressure 

mapping of the network. Moreover the daily water demand of the whole town is spatially 

disaggregated into node level. Respectfully, the leakage is also disaggregated the same way. An 

interesting side outcome of the process is the spatial distribution of the leakage. This gives the 

potential to investigate the construction of a leakage model further than the literature suggested 

empirical leakage models. 

4. Conclusions/Outlook  

Limited data availability is a major obstacle in the implementation of any pressure management 

scheme in water distribution networks, since it usually involves water demand forecasting at a level of 

relatively fine granularity. In “low-tech” situations where smart meters are not available at the 

consumer level and customer billing is done manually with bills being issued once every three months 

or longer, data scarcity becomes a serious limitation. In this article, we presented a methodology that 

can be useful in disaggregating bulk town water supply data to the level of individual consumer. The 

methodology, although not accurate, it provides a way to deal with the lack of data and produces time 

series that can be refined later, as sensors and smart meters becomes more widely available. 
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