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Abstract: Water Distribution Networks (WDNs) play a crucial role 
in modern society by supplying fresh, high-quality water to 
residential, industrial, and agricultural sectors. Beyond this 
primary function, WDNs also offer an untapped opportunity for 
green hydroelectric energy generation. The potential for energy 
recovery varies significantly based on geographic factors, 
network size, and location within the system. By harnessing this 
hidden hydro potential, WDNs can enhance energy recovery, 
contribute to sustainability efforts, and improve the operational 
resilience of water supply systems. Accurate knowledge of flow 
and pressure conditions in the piping system is essential for 
determining the energy potential within these networks. 

 
 

1 Introduction 

Water-Distribution-Networks (WDNs) are integral to modern society. Their primary 
function is to supply high-quality, potable water to residential areas, industrial facilities, 
and agricultural sectors. Currently, additional potential for untapped Hidden Hydro 
applications is being investigated. Hidden hydro encompasses applications at non-
power dams, uprating and refurbishing of operational hydropower plants, installations 
at water treatment plants, agricultural water systems, and water distribution networks 
(WDN) [1]. These systems can also serve as sources of renewable hydroelectric 
energy. This paper focuses exclusively on WDNs in rural areas, excluding all other 
applications. Given the alpine topography of Austria and neighbouring countries, the 
potential of such rural installations is highly dependent on geography, network size, 
and location within the network. Considering these parameters, a determination of 
different sections and their potential is warranted. Dividing the WDN into areas with 
similar energy recovery potential facilitates subsequent exploitation through various 
technologies and outputs. 
 
Exploring the hidden hydro potential in WDNs could not only contribute to electricity 
generation but also enhance the sustainability, operation, and resilience of these 
systems. It is essential to develop a comprehensive understanding of flow and 
pressure conditions within the piping network to determine any energy recovery 
potential. 
 

2 Modelling 

The water supply network of the rural Austrian municipality (see Fig. 1) consists of 
170 km of pipes, six pressure zones, 16 wells and around 2500 demand connections. 
When a network spans a vast area with significant height differences, pressure can 
quickly become too high. Pressure zones are defined and utilized to regulate pressure 
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and reduce water losses. That requires the use of pressure reduction valves (PRVs) 
to reduce the pressure between each of these zones and dissipate energy. PRVs are 
automatic control valves that reduce the higher inlet pressure to a lower outlet 
pressure, regardless of changes in flow rate or inlet pressure. In the municipality, more 
than 30 valves are installed throughout the entire network. By using PRVs to regulate 
the pressure, the water supply network can operate more efficiently, reducing water 
losses and preventing damage to pipes and other equipment. The PRVs are critical in 
maintaining a consistent water supply, especially in areas with varying terrain and 
elevation. 
 

 
(a) Orthophoto     (b) DEM 

 
(c) Calculation program 

 

Fig. 1. Water supply network 
 
GIS data is the basis for most digitization processes. Without the geographical 
information, no modelling would be possible. State of the art in that part is to implement 
GIS data to a calculation program. By adding boundary conditions, numerical 
calculation can be carried out. For better evaluation, it is highly recommended to use 
measurement data for calibration. 
 
The basis for digital models of WDN are plane 2D maps. By using GIS software (QGIS) 
the so called base maps can be implemented as layer. Every change within a map is 
saved and displayed in layers. In a new layer, every node (junctions, hydrants, tanks, 
etc.) of the network was placed at its corresponding place. These junctions were later 
linked with lines, which represent pipes and valves. Both base map and digital 2D map 
contain no height information. For that reason, a DEM (Digital elevation model) from 
an official database of Austrian metadata was used. With this DEM, all elevation 
information (height, slope, etc.) of the set nodes and pipes could be gathered.  
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Open valves were neglected to reduce the number of nodes and pipes. In total, more 
than 4000 nodes and 4100 pipes were drawn. All relevant information can be exported 
and transformed in the input format of a calculation program e.g. EPANET. 
 
EPANET is an open-source software that performs extended-period simulations of 
hydraulic and water quality behaviour within pressurized pipe networks. The program 
models a WDN as a collection of links connected to nodes. The links represent pipes, 
pumps, and valves. The nodes represent junctions, tanks, and reservoirs. After 
implementing all the required network data, the network got set up for calculations. The 
set-up process includes providing consumer demand curves, spring discharge, head 
loss curves of valves and pump curves to EPANET [2]. 
 

3 Measurements 

Sensor data (pressure, flow, water quality, temperature) is a key part of better 
monitoring a WDN. The big challenges to install various new sensors are bad 
accessibility, power supply, data transfer and storage. Because the water infrastructure 
follows paths, streets, etc., underground in depths of several meters, pipes are almost 
only accessible whilst digging. Just short sections are attainable in underground ducts 
or chambers, usually where valves are located. Typical sensor applications installed 
are water level and flow rate at the reservoirs. 
 

 

Fig. 2. Calibration measurement scheme 
 
As already mentioned, computer models and simulations need to be validated with real 
world data which must be gathered in calibration measurements. 
 
To determine the amount and optimal locations of the sensors a simplified model was 
developed. As depicted in Fig. 2, eight measurement locations (white dots) are situated 
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at pressure reduction valves (PRV). These eight locations divide the network into 
different pressure zones, enabling a better understanding of the flow situation and 
demand within the municipal water distribution network. Each location was planned to 
include two pressure transducers, one installed before and one after the valve, and at 
least one ultrasonic flow meter to measure the flow rate. Monitoring pressure is 
particularly important for calibration purposes, which will be explained later, and when 
replacing the PRV with an energy-generating device, such as a pump as a turbine 
(PAT), where precise data can be utilized to develop the optimal turbine. Additionally, 
the long-term behavior of such PRVs is valuable to observe. In total, 16 pressure 
transducers and 8 ultrasonic flow meters were involved. The primary challenges 
associated with these measurements include the limited space and accessibility to the 
network at the widely distributed locations. Additionally, power supply for all equipment, 
data synchronization, and other measures must be considered. Industrial batteries 
provide the power supply. The measurement period for all eight PRV locations is one 
week. Following the installation of the equipment, additional simultaneous pressure 
measurements were taken at 40 hydrants (rose dots). Such measurements provide a 
comprehensive view of the entire network and significantly improve the calibration 
process. The transducers used were evenly distributed on Hydrants across the entire 
network. The devices' sampling rate was the highest possible at 1 Hz, while the PRVs' 
sampling rate was 100 Hz for pressure and 1 Hz for flow rate. Fig. 2 illustrates the 
measurements locations distributed all over the network. The white and green dots in 
Fig. 2 represent the PRV locations, the pink points are hydrants, the orange points 
indicate SCADA data, and the black dots correspond to tanks or reservoirs. This results 
in 75 different signals. One week of measurements equals to 40 GB of data. 
 
Calibration is necessary to improve the precision of numeric calculations. A tool was 
created to preprocess and format the necessary data, followed by comparing the 
measured data with the simulated one. Pipe parameters, loss coefficients, and valve 
settings are then adjusted to align the simulation as close as possible to the real 
system. The calibration process results in a mean pressure deviation of 0.5 meters, 
and flow rate deviation of 0.25 l/s for more than 80% of the yearly operation conditions. 
The initial target for the mean deviation was set to 1 m for pressure and 0.5 l/s for flow 
rate. The system was not calibrated for extreme events e.g. fire flow. 
 

4 Hydraulic Calculations 

The modelling mentioned above is the basis for the hydraulic calculations. Numeric 
calculations were performed with the open-source software EPANET. More 
specifically, EPANET was used as solver. All the setup, pre and post processing was 
done with a self-developed tool. 
 
The most important boundary conditions for WDN calculations are the water demand 
per node and their timely distribution and water levels of the reservoirs. Since the 
municipality does not have digital water meters at every demand node, there are some 
uncertainties regarding the exact demand distribution. To better assign a demand, 
measurement locations were chosen accordingly to split up the network. The flow rate 
between the different parts was observed. The total demand was obtained by summing 
up the outflow flow rate of every reservoir (SCADA data). With this approach, the 
demand of every area is defined. Water level monitoring is part of the SCADA system.  
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To simulate extended periods e.g. one year, the demand pattern for that timespan is 
needed. Such patterns can be created out of flow rate data from the SCADA system. 
For extended period simulations, an hourly time step was chosen. The used yearly 
pattern was calculated using the mean value of the hourly demand of the last five 
years. 
 
In Fig. 5 one can see an exemplary flow distribution of the whole network. Flow rates 
are rather low (blue: low, red: high) across the network. Only on main lines flows are 
higher. Particular for this network is the vast amount of pressure reducing valves 
(PRV). Although, PRVs are a criterial part of WDN’s they are dissipating lots of energy. 
There is the possibility to exploit that energy with either conventional solutions like 
Pump as Turbines (PAT) or Axial Turbines or so-called energy harvesters. These 
valves are also rather sensitive and impact the flow distribution. By slightly changing 
the set pressure, the flow situation in a WDN can completely change. A sensitivity 
study was carried out as part of the project, but it is not discussed in detail here.
 

5 Energy Potential 

As anticipated above, the energy potential in WDN’s can be grouped in three different 
sections (Fig. 3). Section I defines the potential from the spring to high-level reservoirs, 
Section II between high-level to end-user reservoirs and Section III from end-user 
reservoirs to the water distribution network itself.  
 

 

Fig. 3. Potential definition 
 
The amount of electricity that can be harvested varies within each section. From the 
spring to the reservoir there is mostly the biggest possibility of energy production. The 
power output is in the range of several hundreds of kW’s. In section two, there is less 
potential, because there is typically less head. In the water distribution network itself, 
hence section three, the focus is to find possibilities to explore the kinetic energy to be 
harvested. 
 
The potential in section one can be obtained with conventional turbines (Pelton, 
Francis, etc.). In section two also already existing technology on the market like pump-
as-turbines (PAT) or in-line turbines can be used. The difficulty with section three is 
the lack of available commercial technology. Therefore, the potential in this part of the 
network must be investigated and future technologies developed. In both section one 
and two self-consumption or the sale of energy can be sought. 
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Fig. 4. Location for energy generation in Section II 
 
Like mentioned in the chapter before, PRVs can be replaced with different turbine 
solutions to exploit the energy potential. In the WDN of the rural municipality we found 
one location where a PRV could be replaced with a turbine solution.  
 
In Fig 4 one can see that the water from spring QETS flows to two reservoirs (HBFE 
and HBUB). The PRV is located after junction on the branch to HBFE. Hence the water 
towards HBUB is not flowing through the valve. 
 
The PRV is reducing the pressure set by the spring QETS in the bottom of figure 4. 
After the valve the water is flowing in the reservoir HBFE (right side of figure 4). The 
flow rate through the valve is constant (15 l/s) and the pressure loss between 45 and 
50 m, hence a hydraulic potential of 6.6 to 7.3 kW. On behalf of this measured data 
four turbine solutions (Axial one stage, Axial two stage, Counter rotating, PAT) were 
developed and analysed. The derived characteristic curves of those turbine solutions 
were implemented in the yearly simulation scenario. Multiple load cases were 
calculated to obtain the yearly energy output.  
 
In table 1 and 2 below one can see the calculated normal flow scenario (HBFE normal 
operation) and the one with the highest energy output (HBUB minimum inflow). The 
load case HBFE normal operation (table 1) represents the normal operation conditions 
throughout a year. That means that the average flow rate from spring QETS is around 
28 l/s. 15 l/s are flowing after the junction through the valve to HBFE and around 12 l/s 
are flowing to HBUB. Around 1 l/s is consumed between the QETS and HBUB. Since 
the supply area of HBUB is not that large, the demand is rather low compared to the 
inflow and water is spilled. By knowing the demand of that area, the overflow of that 
reservoir can be minimized. The load case HBUB minimum inflow shows the conditions 
were the overflow in HBUB is minimized but the inflow is still always higher than the 
demand required. This results in a lower required flow rate from QETS, hence higher 
pressure and higher power output for the turbine. Since water supply has always 
priority over energy production, every load case is like mentioned, not influencing the 
security of supply. 
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Turbine 
type 

hydr. 
Power 
(kW) 

elec. 
Power 
(kW) 

elec. 
Energy 
(MWh) 

Efficiency 
(-) 

Flow rate 
QETS (l/s) 

Axial one 
stage 

6.87 4.86 42.588 0.709 28.00 

Axial two 
stage 

6.91 5.52 48.339 0.798 28.27 

Counter 
rotating 

6.99 4.86 42.578 0.695 28.72 

PAT 6.98 3.64 31.928 0.522 28.63 

Table 1: HBFE normal operation 
 
 

Turbine 
type 

hydr. 
Power 
(kW) 

elec. 
Power 
(kW) 

elec. 
Energy 
(MWh) 

Efficiency 
(-) 

Flow rate 
QETS (l/s) 

Axial one 
stage 

7.83 5.55 48.581 0.709 17.78 

Axial two 
stage 

7.89 6.27 54.972 0,796 18.08 

Counter 
rotating 

7.98 5.52 48.336 0,691 18.61 

PAT 8.00 4.15 36.620 0,518 18.76 

Table 2: HBUB minimum inflow 

 
Comparing both tables, there is a relatively large increase in power. The energy output 
increases by 14% for all turbine types. Considering that water needs to be treated with 
UV (ultraviolet) method at QETS, less flow rate reduces the energy demand of the 
treatment plant. Summing up that, a higher power output of the turbine, reduced costs 
of the treatment plant as well as guaranteeing the security of supply, is financially 
beneficial for the operator. 
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Fig. 5. Exemplary flow distribution 

 
While the potential of the case above belongs to Section II, finding potential and 
suitable technical solutions in Section III is more difficult. If present, PRVs should 
always be checked and investigated more in detail. Like mentioned above in section 
three there is a lack of commercial technology available. 
 
In general, it is difficult to find locations with constant flow in WDN. The flow distribution 
is following the demand pattern. The smaller and the more rural the municipality, the 
higher are the variations between minimum and maximum flow. The daily peak 
demand takes typically place in the morning when everybody wakes up. Additional 
peaks occur during midday and in the evening. 
As you can see in Fig. 5, flow velocities are also rather low. Especially in residential 
areas, flow velocities are below 0.1 m/s (marked with blue). Only in main lines, flow is 
exceeding 0.4 m/s.  
 

6 Conclusion 

To ensure the reliable delivery of fresh water to people, industries, agriculture, and 
other sectors, water supply networks are essential. The operation, planning, and 
maintenance of these systems require a solid foundation in both physical and 
engineering principles, as well as considerable practical experience. In addition to their 
primary function, these networks can also be utilized to generate green hydroelectric 
energy. 
 
This work explores the basic concepts of water supply networks, with a particular focus 
on maximizing hydroelectric energy recovery and establishing a strong basis for the 
water-energy nexus. Numerical analysis of these piping systems is crucial for 
achieving these goals. The main emphasis of this study is to describe and illustrate the 
hydraulic principles governing the key components of such systems, with particular 
attention to  pressure-reducing valves (PRVs). . 
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The energy potential varies greatly between the sections mentioned. There are not yet 
commercial solutions for all areas of applications available. In order to be able to 
determine these potentials, suitable models are needed which must be calibrated. 
Synchronous measurements at many different locations across the WDN present a 
major challenge.  
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