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WP4.3: Energy Efficiency & Recovery
• The operation of Water Distribution Systems (WDSs) generally require high 

amounts of energy, which vary in relation to the characteristics of the served 
area, but also from design and management choices (Bolognesi et al, 2014).

• The assessment of energy efficiency in water distribution systems is strongly 
influenced by the nature of the water-energy nexus in pressurized networks 
(Gay et al., 2010; Lenzi et al., 2013).

• A systematic energy analysis is required to evaluate separately the influence 
of pumping stations, network and water loss and can allow to highlight 
problems in the design and management that are reflected the water-network 
nexus.

• Energy Audit will allow understand, a) how much energy is lost, and most 
important, where is lost. Well addressed local actions can optimize the 
energy consumption of WDSs. 
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WP4.3: Energy Efficiency & Recovery (Road 
Map Description)

• Initial requirements assessment: Assessment of water consumption. Exploring potential 
demand reduction in sustainable and optimal levels.

• Diagnosis of the system: System’s losses (pumps, leaks, friction etc), network topography 
and system layout.

• Analysis of the required and topographic energy: Water and Energy audits are required

• Proposed Actions: These actions can be operational (do not require investments) or 
structural involving investments in the system (pumping station refurbishments and pipe 
replacements). Also recovering topographic energy is possible with PATs.

• Cost benefit analysis of the proposed actions.

• Certification and validation of the systems efficiency. (Cabrera et al, 2017)
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Energy characterization of a water system 
(Cabrera et al., 2014)
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1st stage

•Basic diagnostic

•from basic data (energy and water injected into the system, water demands, pressure required and physical 
and topographical characteristics of the system), to do a diagnosis of the system

2nd stage

•Water audit

•If the diagnostic say that the PWS is efficient, it is not necessary to go further. But not, it is urgent to know why 
and where energy is lost and how to reverse the situation. To do this, a water audit of the system, is required. 
Water is the energy carrier. From this point of view leaks are both water and energy losses.

3rd stage

•Energy audit.

•The destination of the energy entering into the control volume that bounds the system must be identified. It is equal to the sum of 
the energy supplied to users and the energy losses (pump and motor drive inefficiencies, pipe’s friction, valve’s dissipation and, in 
some urban water networks, the energy lost in domestic tanks where water is depressurized).

4th stage

•Analysis of operational actions.

•energy consumption can be reduced by improving the system’s operation. In the urban case adjusting the pressure to requirements can be used. Either 
with variable speed pumps or with pressure reducing valves, that does not reduce energy costs but, as it reduce leaks, results in a final saving. Last 
pumps must work at their highest performance or when energy cost are lower.

5th stage
•Analysis of structural actions.

6th stage
•Label the energy efficiency of PWS



Basic energy indicators (1/3)
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• The first “context indicator” C1 shows which portion of the energy delivered to the

system is natural and ranges from 0 to 1, with the maximum being reached when all the

injected energy is gravitational, being provided by a high water source.

• The second context information c2, considers how demanding from an energy point of

view the network is. As the ratio between the minimum useful energy defined in each

node from the minimum required head and a theoretical minimum required energy (for a

flat, leak free and frictionless network). Since this ideal network corresponds to a flat

layout with all nodes located at the same maximum height zmax, the best possible value

of c2 is one.

(Cabrera et al, 2010)



Basic energy indicators (2/3)
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• The first indicator, I1, is the ratio between the real energy entering the system and the

minimum useful energy.

• I2, is a measure of the efficiency of the use of the energy injected to the system (which

fraction of the total energy input is useful).

• I3 represents the hydraulic capacity of the network. A higher value indicates lower

efficiency. Although this can be brought to values very close to zero, eliminating

friction losses implies a very costly design. Target values depend on a balance between

investment and running costs.

(Cabrera et al, 2010)



Basic energy indicators (3/3)
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• The fourth indicator, I4, measures the energy loss due to leakage, which results from

the sum of energy loss through leaked water and the additional energy required to

overcome friction with the increased flow rate needed to overcome leakage (difference

between the actual energy dissipated in friction losses and the value of friction losses

in a leak-free network,).

• I5, is the direct ratio between the energy delivered to users and the minimum required

useful energy. It is a network-level indicator that averages the overall condition of the

system but may leave sector performance unnoticed (the average condition may be

good while some sectors are performing poorly).

(Cabrera et al, 2010)



Performance Indicators (energy efficiency)
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Α/Α GROUP
PERFORMANCE 

INDICATORS
MEANING FORMULA MEASURED IN

Ph4

Pumping

Pumping utilisation

[Sum, for all installed pumps, of the number of operation hours of the maximum 

energy consumption day during the assessment period multiplied by the nominal 

power of the pump / (maximum nominal power that can be used simultaneously in 

the system x 24)] x 100

Ph4=[D2/(C7*24)]*100 %

Ph5
Standardised energy 

consumption

Energy consumption for pumping during the assessment period / Sum of the volume 

elevated during the assessment period multiplied by the pump head / 100
Ph5=D1/D3 kWh/m3/100m

Ph6

Treatment

Reactive energy 

consumption

Reactive energy consumption for pumping during the assessment period / total 

energy consumption for the pumping during the assessment period multiplied by 

the pump head x 100

Ph6=(D4/D1)*100 %

Ph7 Energy recovery
(Energy recovered by the use of turbines of reverse pumps during the assessment 

period / total energy consumption for pumping during the assessment period) x 100
Ph7=(D5/D1)*100 %

Op1

2 Electrical & 

signal 

transmissio

n 

equipment 

inspection

Emergency power 

system inspection

[(Sum of the nominal power of the emergency power systems inspected during the 

assessment period x 365) / assessment period)] / total nominal power of the 

emergency power systems

Op12=[(D16*365)/H1]/C1

8
/ year

Op1

3

Signal transmission 

equipment 

inspection

[(Number of the signal transmission units inspected during the assessment period x 

365) / assessment period)] / total number of signal transmission units

Op13=[(D17*365)/H1]/C1

9
/ year

Op1

4

Electrical switchgear 

equipment 

inspection

[(Number of electrical switchgear units inspected during the assessment period x 

365) / assessment period)] / total number of electrical switchgear units

Op14=[(D18*365)/H1]/C2

0
/ year

Op2

1 Pumps 

rehabilitati

on

Pump refurbishment
[(Total nominal power of pumps subject to overhaul during the assessment period x 

365) / assessment period)] / total nominal power of pumps] x 100

Op21=[(D25*365)/H1/C6]

*100
% / year

Op2

2
Pump replacement

[(Total nominal power of pumps replaced during the assessment period x 365) / 

assessment period)] / total nominal power of pumps] x 100

Op22=[(D26*365)/H1/C6]

*100
% / year

Op3

0

Failure

Pump failures
[(Sum, for all pumps, of the number of days during the assessment period when the 

pump is out of order x 365) / assessment period] / total number of pumps
Op30=[(D27*365)/H1]/C4

days / pump / 

year

Op3

4
Power failures

[(Sum, for all pumps, of the number of hours each pumping station is out of service 

due to power supply interruption during the assessment period x 365) / assessment 

period] / total number of pumping stations

Op34=[(D31*365)/H1]/C5

hours / 

pumping 

station / year

Fi10
Electrical energy 

costs
(Electrical energy costs / running costs) x 100, during the assessment period Fi10=(G11/G5)*100 %



Energy Audit Tools
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EPA’s Energy Use Assessment Tool is free of charge, downloadable tool based in Excel
that can be used by small and medium water and wastewater systems. It allows a utility to
conduct a utility bill analysis to assess baseline energy use and costs, drills down to
equipment level, it has a printable summary report. It also depicts the presentation of
energy consumption & costs (broad to detail), Graphs energy use over time and highlights
areas of energy efficiency.



Energy Audit Tools
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WaterGEMS is a hydraulic simulation software that provides a comprehensive yet
easy-to-use decision-support tool for water distribution networks. Regarding water
distribution system modelling, model pumps accurately using hydraulic modeling, including
complex pump combinations and variable speed pumps, to understand the impact that
different pump operational strategies have on energy usage. The software can minimize
energy related to pumping costs while maximizing system performance.



Operational Strategies to improve energy 
efficiency 

• Operate the pumping system at its BEP (Best Efficient Point): Flow must always be as 
close as possible to the pump’s BEP.

• Avoid surplus energy by improving regulation of the system. This action can be structural 
if major investments are required for this purpose.

• Minimize leaks: This is an operational action when water losses are minimized through 
active leakage control or, alternatively, with pressure control. It should be structural if 
pipes are renewed.

• Minimize friction losses: This is an operational strategy if reduction is achieved through 
operational actions (e.g. forcing a more uniform flow distribution).
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(Cabrera et al, 2017)



Structural Strategies to improve energy 
efficiency

• Use more efficient pumps (old pumps can be refurbished or replaced by new, more 
efficient ones)

• Recover or reduce the topographic energy installing Pumps as Turbines, -to recover 
energy- or dividing the system in separate sectors with different geometric levels 
(energy platforms).

• Improve old designs and layouts: Networks have been traditionally designed on the back 
of energy efficiency criteria, 

• Avoid losses not included in previous sections: (e.g. break pressure recovery).

Project co-funded by the European Union and National Funds of the participating countries

(Cabrera et al, 2017)
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