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Every drop
counts

Increasing the efficiency

of water distribution

FREDERIK BLANK, MARKUS GAUDER - Drinking water is a precious but scarce
commodity, and is not equally distributed on our planet. With rising world popu-
lation, water withdrawals are predicted to increase by 50 percent by 2025 in
developing countries and 18 percent in developed countries, according to the
UN’s GEO-4 report. Shortages are further exacerbated by climatic change. One
part of the solution lies in implementing new sources of water, treatment capabil-
ity and in transporting water over longer distances. Another contribution lies in
addressing the significant losses that occur in its transport and distribution. The
World Bank estimated that leakages account for 32 billion cubic meters in 2006.
Particularly in water distribution, losses of up to 50 percent were found to occur
in some regions and countries. Reducing losses is not just about saving water but
also about saving energy as every drop lost is also a waste of the energy invested
in its treatment and transportation (and thus has a price in terms of CO, emis-
sions). ABB has developed an integrated water-management solution to reduce
these losses in different ways. It supports maintenance by helping locate leaks,
but also reduces the volumes lost by optimizing pump pressures, and saves
energy and energy costs by scheduling pump operations.

eaks in water supply networks

can be attributed to a variety of

causes. Besides ageing pipe-

lines, high pressures are among
the main causes for water losses as
pressure peaks not only increase water
loss at existing damage points, but also
cause additional leaks.

Water supply networks are often operat-
ed at unnecessarily high pressures to
ensure supply at critical points, eg, parts
of the network at high altitudes. Inade-
quate working points for pumps lead to

an unnecessarily high energy consump-
tion (and thus CO, emissions). Improve-
ments in water supply efficiency can be
achieved by the following measures:

— Leakage management

— Pressure management

— Energy management

Title picture

Water is a precious commodity that is not equally
distributed across the planet. The environmental
sustainability of water supplies can be raised by
tackling wastage of both water and energy (the title
picture of this article shows the skyline of Dubai).
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Economic leakage level (ELL)

Existing real losses

A comprehensive leakage management
strategy must generally consider differ-
ent aspects. Active leakage manage-
ment aims at minimizing both the occur-
rence of new damages and existing
leakage flows by optimized pressure
management. Passive leakage manage-
ment detects and locates additional
leaks at an early stage and thus supports
maintenance planning. The latter thus
focuses on the relatively small leakage
flows occurring in the background rather
than larger pipe bursts that can be iden-
tified and located relatively quickly due to
their obvious impact. It is estimated that
only 10 percent of the water losses in
well-monitored and controlled networks
are caused by larger pipe burst whereas
the largest part of the losses are due to
the many smaller leaks that are difficult
to identify and locate.

Reducing the real water losses to an
economically acceptable level — the so-
called economic level of leakage (ELL) -

Example of a signal sequence in case of a leak in the water distribution network
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8-Jan 10-Jan 12-Jan 14-Jan
- Measured flow signal -
Minimum night flow (with leakage) -

Customer complains

Repair started

16-Jan 18-Jan 20-Jan 22-Jan

Minimum night flow (without leakage)
Leak detected using pattern recognition algorithms
Leak detected using conventional methods

Repair finished

The occurrence of a leak can be seen at the beginning of the sequence (the flow measurement
signal does not return to the lower dashed line during the night). Using the standard process, the
problem could not be identified before 18 January. The corresponding repair order was issued and
carried out on 20 January. The solution using signal models, which was installed in parallel, already
identified the problem on 11 January so that an earlier intervention would have been possible.

A complete elimination of water losses is
not feasible from a practical and above
all from an economic point of view. The
absolute minimum requirement, howev-
er, should be that losses are reduced to
an economically acceptable level.

In leakage management, distribution net-
works are subdivided into so-called leak-
age or pressure-management zones,
with an appropriate leakage detection
and evaluation as well as pressure regu-
lation being implemented in every zone.

An approach followed by ABB builds on
a continuous analysis of flow and pres-
sure data. Using pattern recognition

techniques, neuro-

Pressure peaks not only
increase water loss at existing
damage points, but also
cause additional leaks.

requires targeted and coordinated

measures in the following four functional

areas:

(1) leakage detection and location

(2) pressure management

(3) improved system maintenance, eg,
by using optimized materials, and

(4) prioritization and implementation of
repair measures
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fuzzy and statisti-
cal methods, mod-
els are generated
that predict the
signal values that
can be expected
as a result of activ-
ity on the network
(such as valve settings and pumping). If
measured values (or sequences of values
over a longer period) deviate from these
predictions, an alarm is generated. The
use of self-learning methods allows the
solution to regularly adapt to the opera-
tional changes in the supply network.

If additional data including maintenance
information, customer feedback (eg, tele-
phone calls) and weather data are made
available to the system, these can also
be taken into account in the analysis. The
consideration of such additional data can
increase the error detection rate and fur-
ther narrow down the geographic area to
be considered when searching for a dam-
aged section. The on-site search can
then use appropriate (eg, acoustic) leak-
age detection devices in a targeted and
hence more efficient manner.

This approach allows changes to be
recognized very quickly and permits a
proactive planning of maintenance mea-
sures. Overall, problems can be dealt
with before the customer supply is actu-
ally affected. The approach requires
neither extensive modeling of the water
supply network nor assumptions regard-
ing the configuration. The system runs
automatically and trains itself con-
tinuously

On the basis of hydraulic network mod-
els, a fault-tree analysis, and correlating
current and historic data, a risk indicator
can be calculated for each individual
pipe segment. This value indicates the
probability that the identified leak has
occurred in a particular pipe segment
and evaluates the leak’s potential impact
on the supply. This data helps narrow



3 Decision support system showing a likelihood/impact map
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Color coding and line thickness are used as indicators of likelihood and impact of a leak.

Source: Exeter University, UK

4 Cascading management zones with the corresponding pressure control elements

(actuators)

Pressureh

management
zone (PMZ2)

Pressure
reduction valve

(PRV)

1 node = 5-30 customers

Boundary
PRV

At

Internal PRV

Boundary
PRV

A characteristic feature of the management zones are multiple inlet and outlet points allowing
systematic control of the pressure within the respective zone.

down the location of the leak and can be
used to prioritize maintenance activi-
ties = 3.

Pressure management

The pressure management zones dis-
cussed above are usually controlled by
means of pumps or control valves - 4.
The ABB pressure-management solution
uses a hydraulic model of the zones to
be optimized and a prediction of the
consumption at the various nodes. Math-
ematical optimization methods are used
to calculate the optimum pressure at ref-
erence valves and pumps for a future
time horizon (eg, the next 24 hours).

Operational requirements such as ensur-
ing the minimum required pressure at
the highest point of the pressure man-
agement zone are taken into account
by the formulation of mathematical con-
straints. The reference values are then
implemented on each actuator (pump
or valve).

Previous pressure management systems
rely on a simple local control of the pres-
sure control elements based on pre-
determined approaches, possibly vary-
ing over 24 hours or being flow-controlled.
If the water consumption curves change
only very little from one day to the next,
the time- or flow-based control schemes
configured in the valve remain valid

Energy accounts for a large part of water

costs

Drivers

Energy’s share of
operating costs

Pump stations up to 60 %
Desalination plants  up to 40 %
Water treatment up to 45 %
plants

Wastewater up to 50 %

treatment plants

The largest part

of the energy used

IN water-supply
networks is con-

sumed by pumps.

Energy accounts
for 40 to 60 per-
cent of the operat-
INg costs.

Every drop counts
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Pump scheduler using optimization model

Electricity
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demand

Water source
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WTW: Water treatment work
DMA: District metering area
PRV: Pressure reduction valve

Hydraulic
model

— ®Pump @Valve
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Pump
schedules

throughout the defined 24 hour time
period. In this context it should be noted
that this type of pressure control is main-
ly suitable for pressure management
zones with only one inlet.

The situation is different when the water
consumption curves vary from day to
day, when multiple actuators are involved
in controlling the pressure within the
zone or when strong interactions with
other pressure management zones exist.
In such cases, the pressure reference
values must be adapted to the respec-
tive operating situation. In such a sys-
tem, the pressure management is imple-
mented on two levels: Besides the local
control, a higher-level reference value
generation for the individual actuators is
required in order to define the optimum
pressure reference values. In addition to
the reduction of water losses caused by
leaks, this strategy helps prevent water
hammering and oscillations in the water
network. The higher-level pressure con-
trol is based on appropriate simulation
models, consumption predictions and
real-time data provided via the control
system.

The higher-level pressure control is inte-
grated in the control system and has ac-
cess to its functions and data inventory.
This does not only allow the result of the
higher-level pressure control to be for-
warded directly to the connected actua-
tors but also its visualization as a trend
or in an integrated geographic informa-
tion system (GIS). In addition, the pres-
sure reference values can be generated
in real-time taking into account the cur-
rent condition of the system.
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The largest part of the energy used in
water-supply networks is consumed by
pumps. Energy accounts for 40 to 60
percent of the operating costs (consid-
ered over a period of 20 years)
ABB’s pump optimization solution thus
seeks to deliver savings in terms of both
energy and cost.

As input parameters it uses a hydraulic
model of the water supply network and
pump characteristics (efficiency curves)
as well as current and predicted (over a
period of 24 hours) water consumption
data and power tariffs. From this it cre-

The pump sched-
ules are generated
by cyclic calcula-
tions and are con-
tinuously updated
IN the information
management
system.

ates a pump schedule containing de-
tailed information for a future time hori-
zon defining which pump is to be
operated when and at which operating
points. It defines not only the start-up
and shut-down points of the pumps but
also their speeds (when variable speed
pumps are used). The optimization seeks
to operate the pumps as close to their
maximum energy efficiency points as
possible. At the same time, the filling of

reservoirs is no longer based on such
rigid rules as “if reservoir level too low,
switch on pump 1”. Instead, the optimi-
zation algorithm takes into account
the entire optimization horizon of, eg,
24 hours and seeks to fill the reservoirs
when the electricity costs are low.

The pump schedules are generated by
cyclic calculations and are continuously
updated in the information management
system. The integration of the schedul-
ing solution into the control-system envi-
ronment allows the generated schedules
to be applied directly and immediately.
Before they are applied, the results can
be visualized, for example in the form of
trends

A critical aspect of pump scheduling is
the computing time required to calculate
optimum pump schedules. To reduce
this time and make sure that the results
are delivered within a reasonable time-
frame, ABB has developed a model sim-
plifier that can automatically reduce the
hydraulic model to the essential ele-
ments without compromising the re-
quired model accuracy or falsifying the
hydraulic results. While other solutions
on the market require special models
that have to be adapted and adjusted to
changing network structures, the simpli-
fier developed by ABB automatically pro-
cesses hydraulic simulation models that
can be changed, adapted and calibrated
directly by the operator.

The applications mentioned above al-
ready exist and are being used by water
suppliers in different variants. However,
these software solutions and IT systems
have mostly evolved over time and con-
sist of partly incompatible and not-fully
integrated components, preventing opti-
mal data and information flow. The previ-
ous sections have shown that the topics
of leakage management, pressure man-
agement and energy management are
closely interlinked, influence each other
and are partially based on the same
data.

The integration of the aforementioned
modules and additional applications in a
control system-based user environment
enables further efficiency gains. Here,
ABB pursues the approach of an inte-
grated water management system which
enables a modular structure and the
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components such as pumps

combination of the solution approaches
described above.

A schematic representation of the inte-
grated water management approach in-
cluding its core components is shown
in The system is characterized by a

Depending on the objectives, an adapt-
ed representation of relevant data and
information may be necessary. Besides
visualizations such as process graphics,
which are provided by control systems
as standard, the integration of a GIS into

the control system

ABB has developed a model
simplifier that can automatically
reduce the hydraulic model to
the essential elements without
compromising the required
model accuracy or falsifying
the hydraulic results.

comprehensive, near real-time view on
the water supply network, a common
user guidance based on a GIS, and the
linking of individual applications on the
basis of a common data base. Any infor-
mation, be it of technical or commercial
nature, can be retrieved in a context-
related and processed form, allowing a
detailed view on the condition of the
supply network.

environment  pro-
vides  significant
added value. GISs
are very common
among water sup-
pliers, and are
used, among other
purposes, for plan-
ning and network
control. From the
GIS, the functions
of the control sys-
tem can be ac-
cessed in an ob-
ject- and context-dependent way, while
the control system is supplemented by
GIS-typical functions such as zooming,
panning and decluttering. Temporal and
spatial data can also be represented in
the same view

Value-added applications such as those
presented above support a sustainable
and efficient operation of water supply
networks. The application of real-time
simulation and optimization contribute to

making network operation manageable
in complex network topologies. Pressure
management and pump scheduling are
two important examples. The use of
technologies, for example from the area
of statistical signal analysis, allows early
identification of changes in the network
operation and facilitates intervention be-
fore customers become affected by a
lack of pressure or even the interruption
of their water supply. In the area of visu-
alization, the integration of a geographic
information system into the control sys-
tem environment allows a combined rep-
resentation of geographic and time-
based data (such as process data,
alarms or simulation results) in real-time
and hence a deeper insight into the cur-
rent state of the network. The approach
described in this article supports the
development towards a sustainable and
efficient operation of water supply net-
works.
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