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In terms of predictive models, water utilities need an estimate of daily
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water consumption one or more days in advance, to size the amount of
water to treat, or purchase, to satisfy the demand. In addition, more
refined predictions, usually at an hourly or quarter of an hour level, are
required to manage the pumping stations and storage to benefit from
the electricity tariff structure. To perform this action a methodology that
includes techniques of exploratory data analysis (EDA) and data
visualization for detection and clean outliers, pattern recognition and to
proceed with filling the missing data, was used. To develop the

Disclaimer
The sole responsibility for the content of this document lies with the authors. It does not necessarily
reflect the opinion of the European Union.

LIFE SWSS Newsletter #04

#03_March 2017

Predictive and modelling modules

Example of a daily water consumption pattern

forecasting models, the work developed is based on
quantitative forecasting technique – time series – because
some historical data that is useful for predicting the future on
observed patterns and relationship in the data is available .
Also, the WSS should be able to satisfy the requirements of
several delivery points’ consumptions, responding to the
demand at each time. Autoregressive Integrated Moving
Average (ARIMA) models was applied (for water forecast
horizon of 24 h) consistent with the daily planning of water
utilities and the Non-seasonal and seasonal ARIMA models,
based in an off-line mode (historical data gathered) was
tested.
The different models for winter and summer approximately
predicts the water consumption with some deviations. How
much these slight deviations can influence the optimization will
be studied in another module (optimization module), which
may lead to the correction of the models or forecast based on
other models techniques. The best selection of models based
on 7, 14 ,21 or 28 days will depend on case by case.
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In terms of future work, it is very important that models will be tested and refitted
with other data in the SWSS platform. It will be also always necessary the
integration of data from the previous day to predict the next day. Another issue
is to research and apply other techniques to detect and eliminate outliers
automatically using R software and other forecasting techniques to compare
with the ARIMA models.
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In terms of hydraulic simulation models EPANET software was used to develop the
hydraulic models of West and Centre and to improve the Algarve hydraulic
model already existing. For LIFE SWSS project, the hydraulic simulation models are
the basis for running the other modules of LIFE SWSS platform, such as predictive
and optimization modules. The hydraulic simulation modules allows to analyze
and predict the hydraulic behavior of the operating rules suggested in the
optimization module, for example.

In general, the hydraulic models show a satisfactory fit to the values of SCADA
system and are ready to be implemented in the LIFE SWSS Platform and
validated with the demand patterns from the predictive models. In order to
maintain a model up to date it is important to update the system operation
controls

and

system

configuration.

An

improvement

would

be

an

implementation of routine operation of pumping station in the hydraulic model
and the slow start of pumps.

Examples of predictive models and comparison between the real data.
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Pump scheduling optimization
Water supply systems (WSS) are large-scale systems that treat
and transport water over vast geographical areas to
consumers, being crucial a safe and efficient operation of
these systems. These systems usually lead to significant
environmental impacts due to huge amount of energy

consumed in water pumping, associated GHG emissions, and
water leakages. Current control systems are designed to
deliver water accordingly to specific demands, but frequently
not efficiently.
Project LIFE SWSS aims to propose several approaches to
enable efficient operational management and support
decision to WSS. One of the approaches is the water pumping
scheduling optimization

Example of a water network scheme and a zoom of a
demand point with one tank and a three pump set.
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Pump scheduling optimization

Example of the water demand, electricity tariff, tank level, and pump switches
for a one tank three pumps case study.

APPROACH:

The

water

system

physical

restrictions,

pumping

energy

consumption, and water demands, are calculated by the well-known hydraulic
software EPANET 2.0 used to simulate the whole water network
Then, a genetic algorithm is coupled to EPANET to engage the optimization
procedure. For a specific network section, the outputs are the definition of each
pump status per hour (of the 24h day), i.e. if should be switched ON or OFF.
CONCLUSIONS: In general, it is found that optimized the pump scheduling can
lead to significant cost (and energy) savings, up to 17%. Since the optimal
solutions depend on the water system and the daily demand, the daily savings
can vary.

Optimal solution evolution for the one tank three pumps case study.
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2017 Water Events and Conferences
World Water Week
http://www.worldwaterweek.org/

CCWI 2017
https://www.sheffield.ac.uk/ccwi/2017

RWM 2017
https://www.rwmexhibition.com/

INCREaSE 2017
http://www.increase2017.com/

4th International Water Week 2017
http://www.iwcconferences.com/4thinternational-water-week/

IWA WDCE2017
http://www.waterdevelopmentcongress.org/

Stockholm,
Sweden

August 27 – Sept. 1

Sheffield

September 5-7

Birmingham,
UK

September 12 - 14

Faro
Portugal

October 11-13

Amsterdam,
Netherlands

October 30 – November 3

Buenos Aires,
November 13-16
Argentina

Beneficiaries
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