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NRW LEVELS AROUND THE WORLD

Water lost
is money lost

Leaking valve in valve
chamber. Leaking 500 m³/
year. Regular valve surveys
would minimize the run
time of such leaks.

Buried leak that does not
surface. Leaking 2,500 m³/
year. Active leakage control
would lead to shorter run
time.

22%
Chicago, USA

5%

Copenhagen, Denmark

50%
Hyderabad, India

34%

38%

Sao Paulo, Brazil

51%
Jakarta, Indonesia

Nairobi, Kenya

3%

Melbourne, Australia

Temporary above-ground
installation that has become
permanent. It leaks around
3,500 m³/year.
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Unfortunately, NRW levels are high in many cities
around the globe. Huge volumes of clean water are
lost through leaks and overflows or not accounted
for due to metering inaccuracies at consumers
and illegal connections (theft). In many parts of the
world this results in far more water extraction than
needed, and limited water resources are being
over-exploited.
This is unsustainable, and the result is people suffering from water scarcity and unnecessarily high
water prices. In the long run, high NRW levels pose
a real threat to development, urbanisation and
agriculture for many people.

Oslo, Norway

24%

Non-Revenue Water (NRW) is the difference between the amount of water a utility supplies to the
distribution system and the amount of water billed.
NRW is a waste of money, and water losses from
leakage is a waste of the planet’s scarce drinking
water resources.

Leaks on pipe in rural area.
Serious leakage of 400,000 m³/
year. It did not surface but
was found when sectioning the
network and by manual leak
detection.

Achieving sustainable water management should
be the ambition of every utility company worldwide. For a modern utility, sustainability goes hand
in hand with cost efficiency, and a strong focus on
reducing NRW is needed.

A world of difference in
NRW levels
Non-Revenue Water levels differ around the world
from close to 5 percent to as much as 80 percent,
with around 40 percent as the average.
Reducing NRW levels is a pivotal management challenge, and the aspiration should be to reduce NRW
down to the Economical Level of Leakage (ELL), an
optimal level defined by the International Water Association (IWA), with a view to maximising benefits
in relation to economy and resources.
Sustainable water management is, besides being
good for the environment, simply good business.
In the long run, a sustainable approach to clean
water supply does not cost money – it saves money, for utilities as well as for consumers.
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Many losses – one solution
Denmark has the know-how
In Denmark, Non-Revenue Water levels range from 5
to 10 percent with an average between 6 to 8 percent.
Denmark is a small country located in Northern Europe. Here the conditions for establishing an effective
and sustainable water supply have been advantageous
because of the culture, a well-established political system and virtually no theft of water. But this is not the
only explanation for the low NRW levels.
Since the 1970s, Danish water utilities have focused on
preserving water as well as creating and maintaining
sustainable, high-quality water supplies. The ambition
of creating a world-class water supply has also been
supported by political incentives, e.g. by enforcing
extra taxes on NRW.

Thus, Danish water utilities have ensured an ongoing
focus on improvements and optimization. Today’s low
NRW levels are the result of a long-term commitment
to asset management, strategic rehabilitation processes, good craftsmanship, accurate measurements of
production and demand consumption combined with
preventive maintenance and leakage control.
The low NRW levels in Denmark are solid proof that it
is possible to achieve and maintain remarkable results
with the right approach, even in cities with a large
amount of very old pipes.

“Denmark has the know-how and
some of the best high-tech solutions
for limiting Non-Revenue Water”

Full-scale Implementation
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Pipes, valves, pumps, smart meters, sensors, simulation models, management information systems (MIS) etc. The idea behind the LEAKman initiative is to make all components of the utility and the distribution network operate as an integrated system. This allows the utility
to manage assets, production, operation, leakage, energy consumption, pressure, revenue and finance, making it profitable and helping
you achieve a single, integrated and sustainable system.

The LEAKman solution was developed by an association of nine Danish partners representing technology
providers, consultants, water utilities and the Technical
University of Denmark. Each of the partners are leaders
within their field of expertise, delivering world-class
products and knowledge for leakage management.
In the northern capital region of Copenhagen, Denmark, four utility networks are currently being transformed into state-of-the-art demonstration facilities for
Danish leakage management solutions.
Here, we combine our joint knowledge and technologies, implemented in full scale to test, verify and
optimise leakage management solutions. The goal is
to reduce NRW levels to 4-6 percent and maintain that
level.
The LEAKman solution will be implemented on a total
of 95 kilometres of main pipes and will cover 4,800
consumers supplied with 1.2M m³ of water each year.
Constructing the demonstration facilities
The first step of the full-scale implementation is to plan
and prepare the hardware installations and their integration with advanced IT systems. This will be followed
by the on-site installation of instruments: Deployment
of noise loggers, smart meters, intelligent valves and
pumps (facilitating pressure management via pressure
reduction and demand-driven distribution).
The hardware monitors the four utility networks and
generates data for advanced Management Information

Systems (MIS) such as HOMIS or tools for hydraulic
modeling. Thus, the integrated leakage management
solution consists of multiple initiatives: Hardware, software, methods, analysis and training.
The combined Danish leakage management solutions
will create state-of-the-art demonstration facilities, and
we would like to invite you to come visit.
About the solution
The solution is being fully developed and implemented
from 2016-2019 with an overall budget of DKK 43M
(EUR 5.7M). The development project is supported by
The Danish Ministry of Environment and Food’s Danish
Eco-Innovation Program.
The purpose of the LEAKman initiative is to demonstrate Danish solutions for limiting losses from drinking
water systems and pave the way for new technology.
The goal is to develop the best state-of-the-art leakage
management solution.
Value proposition
For decades, each of the LEAKman partners has delivered solutions and ideas within their specific field of
expertise. The unique thing about LEAKman is that we
work as one to deliver a single holistic solution. This is
a 360-degree approach combining technology, know
ledge and experience from the nine market leading
partners.
READ MORE AT WWW.LEAKAGEMANAGEMENT.NET
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LEAKMAN PROCESS OVERVIEW

NRW Level

> 30%

15 – 25%
10 - 15%
< 10%
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Phase 1

Phase 2

Phase 3

Phase 4

NRW master plan
Network & asset registration
Leakage detection
Speed & quality of repairs

Hydraulic modeling
Instrumentation
Data collection
Online monitoring & reporting

Pressure management
Active leakage control
Water balance reporting
Training & education

Pipeline management & rehabilitation
KPI monitoring & reporting
Performance management
Evaluation & new targets
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PRESSURE MANAGEMENT

Unavoidable
Annual
Real Losses

SPEED & QUALITY
OF REPAIRS

Economic Level
of Leakage

ACTIVE LEAKAGE
CONTROL

Current Annual
Real Losses

PIPELINE MANAGEMENT & REHABILITATION
Effective Leakage Management is based on four well-known and very important main pillars:
Pressure management, active leakage control, speed and quality of repairs and pipeline
management and rehabilitation.

How to manage?
Effective leakage management is not accomplished
with a quick fix, and since all utility networks in the
world are unique, the objectives to be selected depend
on the current situation in each individual company.
No matter what your challenges are, we can help you.

Assess and register all identified leakage locations,
prioritise and repair accordingly, and store the results
in your GIS. You have now considerably reduced your
NRW while also obtaining good data on your geographical work area.

Develop an NRW master plan
The first step is to analyse your water distribution system and develop a master plan
for NRW reduction. Performing a water audit
with a breakdown of the IWA (International
Water Association) water balance will help you quantify
the different NRW elements to prioritise activities and
investments to reduce leakage.

The next steps depend on the current situation in each
individual company. First establish an overview, then
expand with more advanced systems.
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Always consider the full cycle of water from the source
up to the point of consumption. Do not focus solely
on the components the utility can manage. Customer
awareness is also a vital part of this aspect, and every
drop counts.
Establish an overview
You need to know your water network in detail. Locate
all pipelines, production plants, pumps and valves and
have the complete network registered in a Geographic
Information System (GIS) so you know exactly where all
your assets are located.
You need to locate the major leakages first. Luckily,
these are also the easiest to find. Use standard portable acoustic equipment and a systematic approach.
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Instrumentation and monitoring
Your master plan may have pinpointed a
need for investments in basic instrumentation such as intelligent meters (flow, pressure, consumption) or information systems
such as GIS, CIS (Customer Information System) and
SCADA (Supervisory Control and Data Acquisition).
Quality repairs
Skilled and well-trained staff working in a professional environment with access to the right tools and
equipment is key to reducing leaks. Optimising the
speed of repair will reduce the volume of water lost
through running leaks, but often, a focus on increasing
the quality of repair to prevent the same leaks from
re-appearing is just as important. An ongoing capacity
building programme combined with a number of Key
Performance Indicators is vital.
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Optimising pressure and leakage control
Intelligent valves and pumps can be utilised
to manage the pressure. In combination
with hydraulic modelling, pressure management solutions can be designed to operate
at the optimal point. The pressure is continuously
minimised in the water network on DMA-level (District
Metering Area) whilst ensuring the minimum required
pressure at all customers.
Operating the distribution network at the lowest required pressure reduces not only leakage from existing
leaks, but also burst frequency and energy consumption while prolonging the lifetime of the pipes. In other
words, it saves a lot of money.
Using permanently deployed noise loggers reduces the
runtime of invisible leaks significantly. Combined with
smart meters and water balance reporting on DMAs, it
enables leakage teams to react quickly and efficiently
and target the weakest areas and pipeline segments.
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Pipeline management & rehabilitation
Continuous management of the pipeline
network is the only way to reduce leakage
to an absolute and lasting minimum. This
requires preventive maintenance as well
as strategic rehabilitation. In order to know when and
where to repair or renew, efficient and databased asset
management is a necessary precondition to ensure
intelligent rehabilitation plans.

Data made available and operational
Objectives should be formulated in terms of Key
Performance Indicators (KPIs). Access to updated and
validated data is essential in order to select and monitor relevant KPIs. Many utilities are large businesses
that generate large amounts of data; the challenge is
to make this data available and operational.
Continuously improving performance
It is vital for any efficient utility company to master
performance management. Performance management
reduces NRW and ensures that the utility executes its
primary objectives in the most efficient manner.
Utilities in general have a substantial number of objectives they want to achieve. However, we recommend
selecting a maximum of 4-5 objectives as focal points
for a given period, typically 1-2 years. As work progresses and objectives are met, you can then evaluate
the results and set new objectives.
We can help
It takes considerable work to get that far. But it is
worth the effort. Any utility that becomes compliant
with these standards will achieve significantly reduced
overall costs and a pipe network that is in constantly
good condition.
WE CAN ASSIST YOU ALL THE WAY TOWARDS T
 HAT
GOAL. READ MORE AT
WWW.LEAKAGEMANAGEMENT.NET
9

NRW has been reduced to 5% in Copenhagen
By means of innovation, new technologies
and thorough search methods, the Greater
Copenhagen Utility has brought water loss in
the capital of Denmark down to a m
 inimum.

Town of Urbanna
reduces water loss

Leaks are identified by listening to carefully selected
valves in strategic places with advanced sound detecting equipment.

HOFOR – Greater Copenhagen Utility – uses a
cross-cutting approach to monitor the old pipe network in Copenhagen for leaks. In so doing, the utility
has succeeded in reducing the NRW level from 9 percent to 5 percent.

Furthermore, usage of data from routine maintenance
is also a part of the renovation strategy. In that way,
Greater Copenhagen Utility can repair damages in time
and thereby avoid massive water losses. This is crucial
in some areas of the old city, where the 100-year old
streets risk collapsing if a leak beneath the pavement is
not identified and fixed in time.

This result is especially remarkable because 65 percent
of the water pipes in Copenhagen are from before
1945, 30 percent are older than 100 years and 70
percent of the pipes are made of cast iron.

That is why noise loggers have been installed in such
high-risk areas of the city. The loggers work as permanent microphones which deliver data every day and
indicate possible leaks on a map.

HOFOR is one of the world leaders in reducing leakage
thanks to how the utility combines multiple technologies and methods. These include noise loggers and
advanced microphones, meters installed at every
customer, staff skill development programmes as well
as DMA (sectioning).

Innovation as a cornerstone
To achieve an intelligent water pipe system, utilities
need hardware and software technology, investment
programmes as well as operational experiences. All of
these elements are parts of an overall system to manage the utility in an intelligent way.

Routine area sweeps
But first and foremost, in-depth knowledge on system
conditions is vital. For instance, HOFOR reviews the
entire pipe network of the capital every third year.

One of the main reasons HOFOR has one of the
world’s lowest NRW levels is that the utility has always
participated in innovation projects with the purpose of
connecting knowledge and operation.

With the right meter solution from Kamstrup, the town
of Urbanna has succeeded in reducing water loss and
ensuring a faster detection of leaks and bursts. Urbanna is located on the Virginia coast in the Chesapeake
Bay watershed, USA. The town had a Non-Revenue
Water challenge to solve while simultaneously managing new state r egulations including new groundwater
withdrawal limits for improved water conservation.

Massive improvements
in Abu Dhabi
The city of Al Ain has managed to reduce its Non-Revenue Water levels remarkably. Al Ain is situated in the
Abu Dhabi Emirate (United Arab Emirates), where NRW
levels are as high as 45 percent in some DMAs (District
Metering Areas). Within one year, Al Ain Distribution
Company (AADC) succeeded in reducing NRW to 10
percent for 19 DMAs.
The results were achieved through an integrated
approach which included implementation of real-time
hydraulic modelling, automated water balance calculations, installation of flow and pressure monitoring
instruments as well as deploying noise loggers for
automatic leakage detection.
On top of all this, the Holistic Management Information System (HOMIS) integrated all operational data
systems such as GIS, CIS, SCADA, noise loggers, water
quality sampling, customer care, billing and finances.
HOMIS is tailor-made for the utility sector, developed
in close cooperation with utilities in Europe and the
Middle East.

As an answer to these challenges, the town of Urbanna
first conducted a water accountability study to better
understand their water system and focus areas for
water loss reduction.
Results from the water accountability study showed
that the town had several million gallons of NRW per
year. This was due to several meter-specific issues:
The main meter was not calibrated, r esidential meters
were under-registering due to old age – most were
more than 50 years old – and several properties were
unmetered.
The town chose a new solution for smart water meters
and a drive-by meter reading system. These initiatives
helped in both areas.
The new meter solution from Kamstrup was a major
part of the solution, which ensured that Urbanna complied with the new state regulations and significantly
reduced NRW levels. Today, the town is able to take
a proactive approach to water conservation. Furthermore, all data is compatible with the SCADA system,
which provides a clear overview and ensures that no
water is lost in the system.

Through online monitoring and reporting of KPIs, the
HOMIS helped managers react and initiate corrective
measures when specific KPIs were outside the allowed
target range.
In addition, a dedicated training and educational
programme elevated competencies within the utility
at both operational and management levels. This has
allowed Al Ain to move towards a 24/7 supply while
ensuring safe and economic operation of the city’s
drinking water system.
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AVK is a world-leading Danish supplier of valves for all purposes and for all types of utility
companies. AVK has 3,500 employees worldwide, and their product portfolio of intelligent
valves is especially relevant for their participation in the present consortium.
www.avkvalves.com
DTU Environment at the Technical University of Denmark is one of the leading environmental engineering departments in Europe. Our research and teaching create solutions
to societal challenges within urban water management. DTU Environment strives to be
Impacting, Relevant, Innovative and Sustainable. www.env.dtu.dk
Grundfos develops intelligent pumps and solutions for the world. While touching millions
and millions of people every day, we set the standard in terms of innovation, efficiency,
reliability and sustainability. Our products and solutions help our partners and customers
move water to where it is supposed to go. Today we employ around 17,500 people and
through 83 companies we are directly accessible in 56 countries. www.grundfos.com
HOFOR stands for Greater Copenhagen Utility. HOFOR handles wastewater and delivers
water to more than a million customers in the capital region of Denmark. HOFOR protects
the groundwater against pollution and overuse – and implements climate adaptation projects to protect urban areas from flooding. HOFOR also supplies Copenhagen with district
heating, city gas, and district cooling. We focus on sustainable supply and state-of-the-art
utility solutions. www.hofor.dk
Kamstrup is a leading supplier of intelligent energy and water metering solutions. Our
water metering solutions represent the next generation of intelligent consumption metering. By combining the latest ultrasonic technology, remote reading and state-of-the-art
leakage surveillance and detection, a solution from Kamstrup offers the highest level of
control, efficiency and flexibility on the market. www.kamstrup.com

®
Grundlagt 1974

Leif Koch is a leading Danish provider of leak detection services with international experience. Leif Koch conducts surveying and control of pipeline networks, pressure and valve
testing as well as leakage detection. We sell instruments for leakage detection and offer
a range of training seminars and workshops in leak detection using our test fields in Denmark and abroad. Leif Koch remains up to date on the latest instruments and technologies, and the staff is continuously trained and equipped. www.leifkoch.dk
NIRAS is an international, multidisciplinary consultancy company with over 2,100 employees located in offices across Europe, Asia and Africa. Our business is to provide impartial
consultancy services in a variety of fields such as construction and infrastructure, utilities,
environmental and natural resources, climate change and energy, planning and development consulting. www.niras.com
Novafos is a utility company covering a total of 425,000 inhabitants in the capital region of
Copenhagen, Denmark. We operate 18 waterworks which supply 18M m3 of drinking water per year and 18 sewer-pumping stations which clean 20M m3 of waste water per year.
Novafos operates and maintains 1,700 kilometres of water lines and 3,400 kilometres of
sewer pipes. Novafos employs 280 staff. www.novafos.dk
AVEVA is a global leader in engineering and industrial software driving digital transformation across the entire asset and operational lifecycle of capital-intensive industries. The
company’s engineering, planning and operations, asset performance, and monitoring
and control solutions deliver proven results to over 16,000 customers across the globe.
Its customers are supported by the largest industrial software ecosystem, including 4,200
partners and 5,700 certified developers. www.aveva.com
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FIND CONTACTS AT WWW.LEAKAGEMANAGEMENT.NET/CONTACTS

