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PREFACE

Preface
Drinking water: the miracle from the tap
)RUPDQ\SHRSOHGULQNLQJZDWHULVVRPHWKLQJZHXVXDOO\GRQRWWKLQNDERXWDQGGRQ¶WNQRZPXFKDERXW
HLWKHU:HRSHQWKHWDSDQGFOHDQDQGIUHVKGULQNLQJZDWHUSRXUVRXW:HWDNHLWIRUJUDQWHG:HNQRZ
WKHZDWHUTXDOLW\LVH[FHOOHQWDQGWKDWLWLVDFWXDOO\QRWQHFHVVDU\WREX\ERWWOHGZDWHU1HYHUWKHOHVVZH
VRPHWLPHV UHDG LQ WKH QHZVSDSHU DODUPLQJ DUWLFOHV DERXW WKH SROOXWLRQ RI RXU GULQNLQJ ZDWHU VRXUFHV
+RZGRHVWKDWKDSSHQ"+RZGRWKHGULQNLQJZDWHUFRPSDQLHVDFWXDOO\SXULI\RXUGULQNLQJZDWHUDQGZLOO
WKH\FRQWLQXHLQWKHIXWXUH"6LPLODUO\WKHUHDUHVHYHUDORWKHUTXHVWLRQVSHRSOHVRPHWLPHVDVNDERXWRXU
GULQNLQJZDWHU
 :K\GRZHÀXVKRXUWRLOHWZLWKFOHDUDQGFRVWO\GULQNLQJZDWHU"
 ,VRXUZDWHU³KDUG´DQGVKRXOGZHEHOLHYHWKHFRPPHUFLDOVDERXWZDWHUVRIWHQHUV"
 :KLFKHOHPHQWVGRHVZDWHUDFWXDOO\FRQWDLQ"
 ,VGULQNLQJZDWHUKHDOWK\"
 &DQ\RXSXULI\ZDWHUZLWK\RXURZQ¿OWHUV"
 ,VLWVDIHWRGULQNUDLQZDWHU"
 +RZLVWKHTXDOLW\RIRXUGULQNLQJZDWHUEHLQJVDIHJXDUGHG"
 ,VJURXQGZDWHUDEVWUDFWLRQUHVSRQVLEOHIRUWKHGHWHULRUDWLRQRIQDWLRQDOSDUNV"
 :KDWLVWKHIXQFWLRQRIDZDWHUWRZHU"
 :KDWGRWKHGULQNLQJZDWHUFRPSDQLHVGRLQUHVWULFWHGDUHDVDQGLQQDWLRQDOSDUNV"
6WXGHQWVZKRIROORZFRXUVHVLQGULQNLQJZDWHUDW'HOIW8QLYHUVLW\RI7HFKQRORJ\DOVRKDYHWKHVHTXHVtions.

For whom is this book meant?
7KLVERRNFRQWDLQVWKHFRXUVHPDWHULDODERXWGULQNLQJZDWHUIRUVWXGHQWVLQWKH%DFKHORURI6FLHQFHSURJUDP %6F RI&LYLO(QJLQHHULQJDW'HOIW8QLYHUVLW\RI7HFKQRORJ\
,QWKHVHFRXUVHVWKHVWXGHQWVDFTXLUHDEURDGYLHZRIWKHGULQNLQJZDWHUVHUYLFH1RWMXVWWKHWKHRUHWLFDO
SULQFLSOHVEXWDOVRWKHSUDFWLFDORSHUDWLRQRIGULQNLQJZDWHUFRPSDQLHV1RWMXVWWKHWHFKQLTXHVEXWDOVR
WKHKLVWRULFDOEDFNJURXQGWKHMXGLFLDODUUDQJHPHQWVWKH¿QDQFLDODVSHFWVWKHJOREDOVLWXDWLRQHWF
7KHFRXUVHPDWHULDOVKRXOGJLYHDOO&LYLO(QJLQHHULQJVWXGHQWVDYDVWDQGVRXQGEDVHZKLFKFDQEHXVHG
LQWKHLUIXWXUHSURIHVVLRQ)RUVWXGHQWVZKRZLOOVSHFLDOL]HLQWKH0DVWHURI6FLHQFHSURJUDP 06F WKH
FRXUVHPDWHULDOZLOOSURYLGHDEDVLVIRUVSHFLDOLVWFRXUVHVOLNH³'ULQNLQJZDWHUSURGXFWLRQ´DQG³'ULQNLQJ
ZDWHUGLVWULEXWLRQ´
7KHFRXUVHPDWHULDOIROORZVDPRGXODUVWUXFWXUHDQGHPSKDVL]HVLQGHSHQGHQWOHDUQLQJ7KDWPDNHVWKLV
FRXUVHPDWHULDODOVRYHU\VXLWDEOHIRUPDQ\RWKHUVIURPVWXGHQWVVHHNLQJDKLJKHUSURIHVVLRQDOHGXFDWLRQWRSHRSOHZKRDUHLQYROYHGLQRQHZD\RUDQRWKHULQWKHGULQNLQJZDWHUVHUYLFHWRWKHGULQNLQJZDWHU
FRQVXPHUVZKRZRXOGOLNHWRNQRZPRUHDERXW³WKHPLUDFOHIURPWKHWDS´

How is the book structured?
7KHPRGHUQVWXGHQWLVDQLQGHSHQGHQWOHDUQHUPHDQLQJWKDWWLPHDQGSODQQLQJDUHPXFKPRUHGHWHUPLQHG
E\WKHVWXGHQWKLPVHOIWKDQE\WKHFRXUVHVFKHGXOH0RGHUQFRXUVHPDWHULDOVDUHDGDSWHGWRWKLV
7KLVERRNFRQVLVWVRIWHQLQGHSHQGHQWPRGXOHV$OOPRGXOHVIROORZDXQLIRUPGHVLJQ)LUVWWKHUHLVDSDJH
RILQIRUPDWLRQDERXWWKHPRGXOHXQGHUWKHKHDGLQJVRI³)UDPHZRUN´´&RQWHQWV´DQG³6WXG\JRDOV´1H[W

PREFACE

WKHDFWXDOOHDUQLQJPDWHULDO FRQWHQWV LVSUHVHQWHG)ROORZLQJWKDWLVDOLVWRIUHFRPPHQGHGOLWHUDWXUHDQG
ZHEVLWHV%HFDXVHRIWKHEURDGFKDUDFWHURIWKHFRXUVHPDWHULDODOLVWRIUHIHUHQFHVLVQRWLQFOXGHG)LQDOO\
TXHVWLRQVDQGDQVZHUVDUHSUHVHQWHG7KHTXHVWLRQVFKDOOHQJHWKHVWXGHQWV¶UHFDOORIWKHPDWHULDOUHDG
WKHDSSOLFDWLRQVDVNVWXGHQWVWRSXWWKHLUXQGHUVWDQGLQJWRXVH

Courses from this book
%HFDXVHRIWKHPRGXOHVWUXFWXUHWKLVERRNFDQEHXVHGDVWHDFKLQJDQGOHDUQLQJPDWHULDOIRUGLIIHUHQW
FRXUVHVLQGULQNLQJZDWHUVXSSO\(DFKPRGXOHFDQEHXVHGLQGHSHQGHQWO\EXWDOVRLQFRXUVHVGHDOLQJ
ZLWKVSHFL¿FIRFXVSRLQWV([DPSOHVRIVXFKFRXUVHVFDQEHJLYHQDV
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ADDENDUM

DRINKING WATER AND THE NETHERLANDS

Drinking water and the Netherlands
Student questions
All our foreign students are putting the same question on the table:
³+RZGRZHEHQH¿WIURPVWXG\LQJWKH'XWFKZDWHUVXSSO\"´
We are used to giving them the following answer:
“The Netherlands has developed the most highly respected drinking
water infrastructure in the world, so you not only learn the most sophisticated and modern techniques, but also you learn from 150 years of
experiences, from the successes and, especially, from the failures on
the road to that high ranking.”

150 years of history
Focus on public health
100% coverage
Regional supply areas
Private companies
Publicly owned
Cooperation in research

Environmental watchdog
Protected sources
Safe groundwater
$UWL¿FLDOJURXQGZDWHU
Multiple barriers

No chlorine
No hard water
1RÀXRULGH
No pesticides
1RKRPH¿OWHUV
No bottled water
No leakage
No wasting water

Most often, they come up with the second question:
³&DQ\RXJLYHXVLQDIHZZRUGVZKDWPDNHVWKLVLQIUDVWUXFWXUH
VRVSHFLDODQGZRUWKZKLOHWRVWXG\"´
For this we typically come up with the following explanation:
“Between 1853 and 1970 everyone in the Netherlands was connected to a piped water supply system.
“Public health was the leading focus since the early 1900s. It was
the motivating factor for establishing public water systems in the
country, and for connecting even the most remote houses to the
public water system. The concern for public health still dominates
WKH'XWFKGULQNLQJZDWHUFXOWXUHZKLFKLVUHÀHFWHGLQWKHWHFKQLcal, institutional and legal policies and regulations.
“With the Water Supply Act of 1957, the many small water supply
companies were consolidated into regional public companies.
Now, we have 11 drinking water companies, which are fully publicly owned, and the focus is still on public health.
“Nearly the entire present situation can be understood from this
focus on public health and the ongoing concern for high quality
drinking water. What we can applaud is the extensive cooperation
in research, the use of safe groundwater when available, the use
RIDUWL¿FLDOJURXQGZDWHUWKHXVHRIVXUIDFHZDWHUZLWK³PXOWLSOH
barriers,” water treatment without chlorine, the supply of softened
water, the very low leakage in the distribution system, etc.
“The high quality standard of the Dutch public tap water has
resulted in a few remarkable developments. Examples of these
are the very low sales of bottled water, the effectiveness of watersavings programs (in a country which abounds in water), and the
EDQRQÀXRULGH$OOWKLVVKRZVWKH'XWFKFLWL]HQV¶DSSUHFLDWLRQ
for their tap water.”

This answer makes the students interested in knowing more. Modern students do not blindly accept what
their professors tells them, so their next query is:
³&DQ\RXVKRZPHWKDWDOOWKHVHVWDWHPHQWVKROGWUXHZLWKIDFWVDQG¿JXUHV"´
That is when we take our books and reports and show them the following:
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Full coverage took 100 years ...
Piped drinking water in the Netherlands started in 1853 when the
Amsterdam water supply system came into operation.
Between 1874 (now in Rotterdam and The Hague) and 1920, piped
drinking water became available in all Dutch cities and towns, via
municipalities or private water supply companies. By that time some
48% of the population lived in houses connected to a piped drinking
water system.
before 1899
before 1924
before 1949

Period

Focus

1853-1920

Cities and towns

1921-1950

Villages

1951-1970

5HPRWHDUHD¶V

,QWURGXFWLRQRISLSHGZDWHUV\VWHPV

Between 1920 (in North Holland) and 1950, regional water companies were established, which provided drinking water to the
villages. By that time some 82% of the total population had a
house connection.

before 1970

Between 1950 and 1970, these regional water companies were
¿QDQFLDOO\ VXSSRUWHG E\ WKH FHQWUDO JRYHUQPHQW WR KHOS FRYHU
the cost to connect the houses in remote areas, thus bringing
the house connection
100%
coverage to 99%.
80%

It should be noted that
the Dutch population
increased from 3.1
&RYHUDJHRISLSHGZDWHU 9(:,1
million in 1853 to 13.0
million in 1970. This
means that most house connections were made in newly built
residential areas.

60%

40%

20%

0
1850

At present all houses are connected, providing drinking water to
16.3 million inhabitants.

... and merging into regional companies took 50 years
The water supply for the cities and towns was locally developed
by separate private and municipal companies. In 1910 there were
90 different drinking water companies, about 55% were private
and about 45% municipal.

1900

1950

2000

+RXVHVVXSSOLHGE\SLSHGZDWHU 9(:,1

250

200

150

The number of drinking water companies was at its peak in 1938,
when 228 (mostly municipal) water companies were active.

100

50

In 1957 the Water Supply Act was accepted by the Dutch parliament. One of its major goals was to strengthen the water supply
sector by merging the companies into provincial public drinking
water companies.
Under this law, the number of water supply companies has
decreased to 11 in 2006.
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0
1850

1900
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2000

7KHQXPEHURIGULQNLQJZDWHUFRPSDQLHV
)LUVWORFDOO\DQGVPDOODIWHUZDUGVPHUJLQJ
LQWRDIHZODUJHFRPSDQLHV 9(:,1

ADDENDUM

Public health as driving force ...
In a “Report to the King” (1868), it was concluded that a piped
water supply was essential for improving public health. It further stated that the central government should enforce the
development of municipal and private water supply companies,
and should supervise the drinking water quality.
Defeating Cholera required a water supply in the urban areas.
To defeat Typhoid, the rural areas also had to be provided with
safe drinking water.
6LQFH/HJLRQHOORVLVKDVEHHQUHFRJQL]HGDVDQLPSRUtant public health issue related to water systems with elevated
temperatures.

DRINKING WATER AND THE NETHERLANDS

800
700
600
500
400
300
200
100
0
1800

During the last 50 years, the environment has become more
polluted, requiring additional water quality regulations, as well
as more advanced treatment techniques.

Cholera

1850

1900
Typhoid

1950

2000

Legionellosis

0RUWDOLW\SHUSHUVRQLQWKH1HWKHUODQGV
E\GULQNLQJZDWHUUHODWHGGLVHDVHV 5,90

<HDUO\WKH1DWLRQDO,QVWLWXWHIRU3XEOLF+HDOWKDQGWKH(QYLURQPHQW ³5LMNVLQVWLWXXWYRRU9RONVJH]RQGKHLGHQ
Milieuhygiëne – RIVM”) reports to the Dutch government on drinking water quality in the Netherlands.
... for publicly owned private companies ...
All but two drinking water companies in the Netherlands are publicly owned private companies. These
companies are managed quite autonomously according to business principles, but are controlled by their
public shareholders. Contrary to private companies, their shares can only be owned by municipalities
and/or provinces (“public companies”).
The companies are full-cost recovering without any municipal
or governmental subsidies.
7KH FRPSDQLHV RSHUDWH RQ D ³QRW IRU SUR¿W´ EDVLV ZLWKRXW
paying dividends to their shareholders.
7KHFLW\RI$PVWHUGDP¶VZDWHULVVXSSOLHGE\DPXQLFLSDOZDWHU
company, which functions in a more or less similar way.
The village of Doorn is supplied by a private company.
$VSDUWRIWKH(XURSHDQGRFWULQHRQSULYDWL]DWLRQWKHRZQHUship of drinking water companies was discussed in the late
nineties.
In 1999 the Dutch government decided that water services
would remain in public hands in view of the important role of
the drinking water companies in public health and the environment.

)URPLQGRZQWRZDWHUFRPSDQLHVLQDQGVWLOOPHUJLQJ 78'HOIW
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... with joined efforts in research and public education ...
The shared focus on public health and the absence of commercial competition was, and is, a sound basis
for intensive cooperation between the water companies. Moreover, such collaboration is in line with the
century-old Dutch tradition of the joined struggle against the water from the sea.
Additionally, the short travel distances in the Netherlands were and are a boon to information
exchanges.
In 1899 the Royal Association of Drinking Water Supply in the
Netherlands (KVWN) was founded as a multi-disciplinary body of peoSOH,WLVWKHROGHVWDVVRFLDWLRQLQWKH¿HOGRIGULQNLQJZDWHUVXSSO\LQ
the Netherlands, and is still noticeably active (1,400 members).
7KH.9:1ZDVWKHELUWKSODFHRIRUJDQL]DWLRQVVXFKDV9(:,1.LZD
Wateropleidingen, Aqua for All and others.

The Netherlands Ministry of Housing, Spatial Planning and the
Environment (VROM) is responsible for the Dutch drinking water
supply.
VROM uses the National Institute for Public Health and the
Environment (RIVM) for its research on health issues, as well as for
(independent) drinking water quality control.
VROM and RIVM are working in close cooperation with the drinking
water sector.
The Association of Dutch Water Companies (VEWIN) is the association for all drinking water companies in the Netherlands (except the private company of Doorn).
VEWIN is the voice of the water companies, both to the public as well as to the
Dutch and European governments. VEWIN employs almost 30 people and has a
\HDUO\EXGJHWRIRYHU¼PLOOLRQ
The water supply companies of the Netherlands founded
Kiwa, for quality control of all equipment related to drinking
water (pipes, meters, etc.).
In addition, Kiwa Water Research carries out the joint
UHVHDUFKSURJUDPDVGH¿QHGE\WKHZDWHUFRPSDQLHV ¼
million per year). In this research, Kiwa works with TU Delft,
as well as with international partners including Unesco-IHE,
AWWARF, UKWIR, TZW, CRC, Veolia and Ondeo.

... and open information to the public
The Dutch drinking water companies maintain open communication with the public.
$OOZDWHUFRPSDQLHVSXEOLVKDQQXDOUHSRUWVDQGLQFOXGHWHFKQLFDODQG¿QDQFLDOLQIRUmation. The Waterleidingstatistiek gives the yearly statistics of the water companies
(since 1902). RIVM reports yearly on the drinking water quality (since 1992).
7KHHI¿FLHQF\RIWKHGULQNLQJZDWHUFRPSDQLHVLVSXEOLFO\HYDOXDWHGZLWKWKH9(:,1
benchmark (every 3 years).
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Safe groundwater when available ...
Groundwater is the preferred source for the production of
drinking water in the Netherlands.
Groundwater in the Netherlands is free of pathogenic organisms, and therefore usable without disinfection. Moreover, it
has a consistent good quality and a constant pleasant temperature.

phreatic groundwater
confined groundwater
riverbank water
infiltrated water
surface water via storage

Groundwater in the Netherlands is abstracted within restricted
areas, where land use is regulated. Land in the immediate
neighborhood of the abstraction wells is owned by the water
companies.
Water from outside the restricted areas will take at least 25-50
years to arrive at the abstraction wells.
These large areas (in total some 1,500 km2, 4.4% of the land
area in the Netherlands) allow adequate protection and a very
long response time in case of a groundwater contamination.
Source
Groundwater (natural)
$UWL¿FLDOJURXQGZDWHU ULYHUEDQN¿OWUDWLRQ
$UWL¿FLDOJURXQGZDWHU GXQHLQ¿OWUDWLRQ
Surface water (reservoirs)
Total

Number of
locations
192
12
7
7
218

Abstraction
(million m3)
709
61
214
293
1,277

'LIIHUHQWVRXUFHVIRUGULQNLQJZDWHUSURGXFWLRQLQWKH1HWKHUODQGVLQ
 9(:,15,90

$WPRUHWKDQNPIURPWKHVHDIUHVK
JURXQGZDWHU LV DYDLODEOH IRU GULQNLQJ ZDWHU
SURGXFWLRQ 5,90
100%

80%

60%

RUDUWL¿FLDOJURXQGZDWHU
7KH DYDLODEOH TXDQWLW\ RI JURXQGZDWHU LV LQVXI¿FLHQW IRU WKH
total drinking water needed. Therefore, availability is increased
E\LQ¿OWUDWLQJVXUIDFHZDWHULQWRDTXLIHUVDORQJWKH1RUWK6HD
coast and major rivers. In this way, surface water is converted
LQWR³DUWL¿FLDOJURXQGZDWHU´\LHOGLQJWKHDERYHPHQWLRQHGEHQH¿WVRIJURXQGZDWHU VDIHFRQVWDQWDQGUHOLDEOH 

40%

20%

0%
locations

abstraction

Surface water with reservoirs
Surface water after infiltration

6RPH  RI WKH 'XWFK GULQNLQJ ZDWHU FRPHV IURP DUWL¿Riverbank filtration
cial groundwater
Groundwater
abstracted in the
1HDUO\RIWKH'XWFKGULQNLQJZDWHUFRPHV
dunes.
IURPJURXQGZDWHU DQGDUWL¿FLDOJURXQGZDWHU 
The infiltration of
9(:,15,90
pretreated surface
ZDWHULQXQFRQ¿QHGDTXLIHUVLVXQLTXHLQWKHZRUOG7KLVV\VWHP
enables more than a 10-fold capacity in the same abstraction
DUHDFRPSDUHGWRQDWXUDOJURXQGZDWHU,WSURYLGHVDQDWXUDO¿OWHU
for pathogenic bacteria and viruses, a constant water quality and
temperature, and a large storage reservoir to overcome pollution
,Q¿OWUDWLRQ SRQGV LQ WKH GXQHV DORQJ WKH
1RUWK6HDFRDVWDW7KH+DJXH
waves in the river.
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7RDVPDOOHUH[WHQWXVHLVPDGHRIDUWL¿FLDOJURXQGZDWHUDORQJWKHULYHUV ULYHUEDQN¿OWUDWLRQ 7KLVV\Vtem is more widely used in Germany where coarser
aquifers are found.
7KH PRGHUQ YDULDQW LV UHVHUYRLU EDQN ¿OWUDWLRQ7KLV
FRPELQHVWKHVLPSOLFLW\RIULYHUEDQN¿OWUDWLRQZLWKWKH
reservoir advantage of interrupting the intake during
contamination waves.
5HVHUYRLUEDQN¿OWUDWLRQDORQJDIRUPHUJUDYHOSLWQHDU
WKH0HXVH :0/

... and surface water with “multiple barriers” ...
Around 25% of the drinking water in the Netherlands
is produced directly from surface water.
Over the years these systems have had to be transformed from simple treatment systems into more
complex schemes in order to cope with the increased
pollution of the rivers.
Presently, the rivers Rhine and Meuse have extensive
“early warning” systems.
During contamination waves, the intake in the reservoirs is interrupted.

Source protection
Enforcing environmental protection laws in Europe
Early warning along Rhine and Meuse
Large reservoirs to overcome contamination waves

Reliable treatment
6HOISXUL¿FDWLRQLQUHVHUYRLUV
'RXEOH¿OWUDWLRQV\VWHPV
Absorption and oxidation processes
Safe water even during a failure

0XOWLSOH EDUULHUV LQ GULQNLQJ ZDWHU SURGXFWLRQ IURP
VXUIDFHZDWHU

The most important reservoir system in the Netherlands
is located in the Biesbosch National Park. The three
large reservoirs provide for a residence time of several
months, and storage for over a month to overcome
intake interruptions.
This system provides the source for safe drinking
water for over 1.5 million people in Rotterdam and
surrounding regions.
7KUHHZDWHUUHVHUYRLUVLQ%LHVERVFK1DWLRQDO3DUN

... with extended treatment schemes
The treatment of surface water in the Netherlands
DOZD\VLQFOXGHVGRXEOH¿OWUDWLRQV\VWHPV GXDOPHGLD
¿OWUDWLRQDQGJUDQXODUDFWLYDWHGFDUERQ¿OWUDWLRQ 
7KHZDWHULVGLVLQIHFWHGE\R]RQHK\GURJHQSHUR[LGH
and/or UV-radiation.
The Dutch drinking water is free from pesticides and
low in organic material.
The treatment is so extensive that the water is biologically stable. Therefore no chlorine is needed for the
distribution.
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Safe water without chlorine ...
Chlorine is not used anymore in the Netherlands for disinfection of
drinking water. Worldwide, it is still the most used disinfectant by far.
In 1974 Jan Rook, a chemist at Rotterdam water supply, discovered
that chlorination leads to the formation of trihalomethanes, which
have negative health effects.
Immediately after this discovery, the use of chlorine was reduced
WRWKHPLQLPXP([LVWLQJWUHDWPHQWSODQWVKDYHEHHQPRGL¿HGDQG
since 2005, chlorine is no longer used for disinfection by any treatment plant.
Alternatively, other disinfection methods have been developed and
LPSURYHGVXFKDVGLVVROYHGR]RQHDQG89+2O2-systems.

&KORULQHLVORQJHUXVHGIRUGLVLQIHFWLRQ
RIGULQNLQJZDWHULQWKH1HWKHUODQGV

In order to prevent bacteriological activity in the distribution system,
the Dutch water companies produce drinking water with very low content of assimilable organic carbon
(AOC), and they operate the distribution systems at minimum residence times.
There has not been any outbreak of illness in the Netherlands related to drinking water since 1950.

... with a very low hardness ...
The Netherlands is (still) the only country in the world
where the drinking water quality requirements ask for
the supply of soft water (upper limit 2.5 mmol/l or 250
ppm as CaCO3). This ensures water softening at many
production locations.
This requirement is based on the obvious advantages
of low hardness for public health and the environment, combined with comfort and economics for the
consumers.

< 1 mmol/l
1.0 - 2.5 mmol/l
> 2.5 mmol/l

Some 50% of the drinking water is softened, either
E\ FU\VWDOOL]DWLRQ LQ SHOOHW UHDFWRUV RU UHVHUYRLUV E\
PHPEUDQH ¿OWUDWLRQ RU E\ EOHQGLQJ KDUG ZDWHU ZLWK
soft water from another location.

6RIWHQLQJLVDOVRSODQQHGIRUWKHIHZUHPDLQLQJORFDWLRQV
ZLWKDWRWDOKDUGQHVVDERYHPPROO 5,90 
Public health
/HVVOHDGFRSSHUDQG]LQF
1RULVN\KRPH¿OWHUV

The environment
Less phosphate
Less household waste water
Less metals in waste sludge

Comfort
Better soap while showering
Better taste
Better appearance (tea)
Less scaling in hot water

Economics
Savings on washing powder
6DYLQJVRQKRPH¿OWHUV
Savings on scaling
Overall lower costs

7KHEHQH¿WVRIVRIWGULQNLQJZDWHUDUHUHFRJQL]HGLQWKH'XWFKGULQNLQJZDWHUUHJXODWLRQV
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DQGZLWKRXWÀXRULGH
Around 1960 the Dutch water supply companies investigated the possibility
RIGRVLQJÀXRULGHLQWKHGULQNLQJZDWHULQRUGHUWRLPSURYHGHQWDOKHDOWK
0DQ\1RUWK$PHULFDQDQG$XVWUDOLDQPXQLFLSDOLWLHVÀXRULGDWHWKHLUZDWHU
supplies. They cite the effectiveness of this practice in reducing tooth
GHFD\EHOLHYHLQWKHVDIHW\RIÀXRULGDWLRQDQGHQMR\LWVORZFRVWDVZHOO
$VRIDURXQGWZRWKLUGVRI86FLWL]HQVKDYHDFFHVVWRÀXRULGDWHG
GULQNLQJZDWHU7KLVÀXRULGDWLRQGRHVQRWKDYHWKHIXOODFFHSWDQFHRIWKH
general public.
7KH'XWFKSXEOLFGLVDSSURYHGWKHGRVLQJRIÀXRULGHLQGULQNLQJZDWHULQ
0RVW(XURSHDQFRXQWULHVDOVRUHMHFWHGÀXRULGDWLRQ
7KHPDLQUHDVRQIRURSSRVLWLRQDJDLQVWWKHÀXRULGDWLRQRIGULQNLQJZDWHU 'XWFKSHRSOHUHMHFWHGWKHXVH
was that it was seen as “medicine” being put in the drinking water by the
RIÀXRULGHLQGULQNLQJZDWHU
government.
&DULHVLVSUHYHQWHGLQWKH1HWKHUODQGVE\WKHXVHRIWRRWKSDVWHFRQWDLQLQJÀXRULGHDQGZHOOGHYHORSHG
dental care, which is fully sponsored for children.

SUHYHQWVWKHXVHRIKRPH¿OWHU
+RPH¿OWHUVDUHPRUHRUOHVVVWDQGDUGSUDFWLFHLQNLWFKHQVDQGKRXVHVLQ
North America and Australia.
%HFDXVHRIWKHYHU\JRRGTXDOLW\RIWKH'XWFKGULQNLQJZDWHUKRPH¿OWHUV
are nearly completely absent in the Netherlands.
7KHXVHRIKRPH¿OWHUVLVFRQVLGHUHGXQHFRQRPLFDOIRUFRQVXPHUVDQG
also has drawbacks on public health and the environment.

... and results in a very low use of bottled water
Bottled water is used to a large extent in other
European countries, in the United States and in
Australia.
7KH SXEOLF¶V DZDUHQHVV RI WKH JRRG TXDOLW\ RI
drinking water in the Netherlands can also been
seen in the very low consumption of bottled
water.
Bottled water is considered expensive and
unfriendly for the environment.
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Consumption bottled water (l/p/d)

)RUWKH'XWFKGULQNLQJZDWHULQGXVWU\KRPH¿OWHUVDUHWKRXJKWWREHDVROXWLRQ IRU LQVXI¿FLHQW WUHDWPHQW RU LQ FDVHV ZKHUH VXSSO\LQJ VDIH GULQNLQJ
water is technically and economically not feasible.

'XWFKSHRSOHGULQNZDWHU
VWUDLJKWIURPWKHWDS
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No leakage ...
The leakage in the distribution system of the Dutch water supply companies is very low.
In part, this is achieved by the use of high quality materials
.LZDFHUWL¿FDWHG DQGFDUHIXOVXSHUYLVLRQGXULQJFRQVWUXFWLRQ
and repair. Also, prompt response to any reported incident, and
WLPHO\UHSODFHPHQWRIROGPDLQVFRQWULEXWHVWRWKLV¿JXUH
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In the fully metered Dutch drinking water systems, the non-revenue water is measured as 4.6% of the input.
)URPWKLV¿JXUHWKHOHDNDJHRU³UHDOORVVHV´DVUHSRUWHGLQ
many other counties is estimated as some 2.5%, as part of the
QRQUHYHQXHZDWHULVXVHGIRUÀXVKLQJWKHGLVWULEXWLRQPDLQV
DQGIRU¿UH¿JKWLQJ
Illegal tapping is nearly absent.

/RZHVW OHDNDJH LQ WKH ZRUOG '*: 
9(:,1 

... reliable supply systems ...
The Dutch water supply companies aim at an uninterrupted supply for their customers, 24 hours a day, 7 days a week. In practice,
this goal can not completely be reached, partly because of planned
PDLQWHQDQFHLQWKHGLVWULEXWLRQV\VWHP ÀXVKLQJDR DQGSDUWO\GXH
to unplanned breakdowns.
The mean uptime of the Dutch water supply companies is
99.9932%. This means that in a year, each connection is without
adequate supply for 36 minutes per year (substandard supply minutes), on average.
Some 40% of these interruptions are planned, for which the customers have been informed in advance.

substandard supply
normal supply

'ULQNLQJ ZDWHU VXSSO\ ZLWK 
XSWLPH 78'HOIW

The increase in water consumption was stopped, and it actually
decreased, due to the introduction of water-saving equipment,
supported by extended public information programs. Important
new developments are water-saving toilets, washing machines,
dishwashers and showers.
At present, the actual water consumption (124 l/p/d) is nearly
the same as it was in 1970, and still decreasing, after reaching
its top (140 l/p/d) in 1990.

250

Household consumption (l/p/d)

... and impressive water savings
Households consume some 65% of the total production of the
Dutch water supply companies.
In 1970 this consumption amounted to 117 l/p/d (liters per person per day). Due to the increasing use of water-consuming
appliances in houses, it was predicted that this consumption
would increase to over 200 l/p/d, in the year 2000.

200

150

100

50

0

real 1970

prediction
real 2004
2000
Shower / bath
Toilet flushing
Dishwashing
Clothes washing
Washstand
Cooking, drinking
Others

:DWHUVDYLQJLQKRXVHKROGV 9DNDQWLHFXUVXV
9(:,1
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International activities of Dutch drinking water sector
The remarkable drinking water standard in the Netherlands has drawn the attention of many foreign countries.
This attention is enhanced by the extensive involvement of the Dutch drinking water sector in international
institutes like WHO (RIVM), UNESCO (IHE), UNICEF (IRC) and Worldbank (BNWP), as well as its very
DFWLYHFRQWULEXWLRQDWLQWHUQDWLRQDOUHVHDUFKDQGVFLHQWL¿FFRQJUHVVHV .LZD78'HOIW 
A large part of Dutch international activities on drinking water is included in their foreign aid program. During
its Presidency of the European Union, the Netherlands urged the other countries of Western Europe to
raise their spending on development aid to the 0.7 percent level of its gross national product, as is done
by the Dutch. Britain, France, Germany and Spain, who are now at about 0.4 percent, have adopted an
accelerated timetable for reaching 0.7 percent. This means that by 2010, there will be about 42 billion
euros more to spend on development aid, including drinking water facilities.
The Netherlands is the only country in the world to have drawn up output targets for water and sanitation.
In the past year, contracts have been signed which will provide safe drinking water for 5.5 million people
and sanitary services for 0.9 million.

Overview
of water
projects
worldwide

p. 26-27 NBI, Egypt
(Min. for Foreign Aﬀairs)
p. 38-39 Beheira, Egypt
(Waternet)

p. 16-17 Romania
(Vitens International)

Holland

A - 5 million people in
Beheira, 15 million in
cooperation with BWADC,
DWC and AWCO
B - 1 million people in Beheira
C - 1 million connections in
Beheira
D - Waternet: 130,000 euros,
VNG 130,000 euros

B - 250,000 people
C - unknown number of distribution points
D - 100,000 euros
E - institutional support from
EU among others

p. 40-41 Dakar, Senegal
(Aquanet)

A - 60 % connected to water
mains
B - 650,000 people
C - from 60 % to 80 %
D - 600,000 euros a year from
Water for Life, Vitens International and DGIS

p. 30-31 China (Kiwa)
p. 16-17 Yemen
(Vitens International)

A - 4.2 million people beneﬁt
from the project
B - 1 million people
C - 1996: 194,000 connections
to 2005: 310,000 connections
D - 244 million euros

p. 42-43 Pontianak,
Indonesia (Oasen)
p.48 Auroville, India
(Hydron Flevoland)

p. 30-31 The Netherlands
Antilles (Kiwa)

p.38-39 Surinam
(Waternet)
A - 450,000 people
B - 500,000 people within
4 years
C - 64,000 connections
D - Waternet makes 1% of its
staﬀ (ftu’s) available

p. 22-23 Gedaref, Sudan
(Brabant Water)
A - 300,000 of 400,000 inhabitants (75 %)
B - 100,000 people within 4
years
C - 5,000 new connections +
water meter, 9,000 water
meters for existing connections
D - 2 million euros in total, of
which 800,000 euros from
Brabant Water

p. 26-27 Ghana
(ORET-programme)
p. 28-29 Ghana
(Vitens International)
B - 8 million people
C - 350,000 connections
D - 11 million euros over a ﬁve
year period

(sponsored by DGIS and IDC)

B - 2.500,000 people before
2008
D - 86.4 million euros in total
of which 46.4 million from
DGIS

B - 630,000 people drinking
water; 590,000 people
sanitation
D - 47.4 million euros in total
of which 12.5 million from
DGIS

A=

B=
C=
D=

number of people with
access to clean drinking
water
number of people that will
have access (time frame)
number of connections
amount of money in project
total/share water company

DGIS = Directorate General for
International Cooperation

p.12-13 Arusha region,
Tanzania (Aqua for All)
A - 22,000 people
B - 26,500 people by mid
2006
C - 24 km transport pipes, 4
reservoirs and 14 distribution wells by mid 2006
D - 459,000 euros: A4A (PWN)
291,000, Simavi 110,000,
local NGO 58,000

p. 20-21 Pekan Baru,
Indonesia (Aquanet)

p. 14-15 Water for the
Masai people, Kenya

p. 26-27 Mozambique
(Vitens/FIPAG)
B - 140,000 people
C - connection for all houses
in four towns
D - 2.7 million euros in total
of which 1 million from
DGIS

44-45 Eastern-Indonesia
(WMD)
A - 0.6 million people
B - 2.4 million people
C - 325,000 connections
D - 2005-2010: 3.5 million
euros (WMD), 7.5 million
euros (DGIS);
after 2010: 90 million
euros from commercial
loans

26-27 Khartoum, Sudan

p. 26-27 Lake Victoria Initiative
(UN-Habitat)

LEGEND

A - 350,000 people in 2004
B - 550,000 people in 2008
C - 55,000 connections in
2004
D - Oasen total 2006-2008:
150,000 euros

p. 16-17 South Africa
(Vitens International)
B - 900,000 people
C - unknown number of distribution points
D - 45 million euros from
ORET and local

A - 100,000 people
B - 350,000 people in ﬁve
years
C - 70,000 connections in ﬁve
years (20,000 delivered
early 2006)
D - 9.5 million euros: DGIS 5.1
million WFI/MTI and KTDP
4.4 million

B - 60,000 nomads and
100,000 head of cattle
C - rehabilitation of water
wells in 40 villages
D - total 1.5 million euros of
which donations 700,000
euros; Masai 200,000
euros and WMD 600,000
euros

p.10-11 Sumatra
(H2O Partners)

16-17 Mozambique
(Vitens International)

p. 34-35 South Africa
( Ass. of Water Boards)
D - 400,000 euros from 2005
to 2008

A - 500,000 people
B - 500,000 people
C - no connections, but distribution points
D - 1 million euros a year from
Water for Life, Vitens International and DGIS

Perfector-R, Indonesia
(PWN)
B - 30,000 mensen per
module
D - project development:
156,000 euros

A - 50,000 people will have
water from emergency units
B - 109,000 people until mid
2007
C - 104,000 connections
D - 11 million euros in total;
drinking water sector: 4.5
million euros

p 36 Semarang, Indonesia (Ass of Water Boards)

p. 18-19 Bekasi,
Indonesia (DZH)
A - 1.000,000 people
B - 200,000 connections in
three years
C - 100,000 connections
delivered
D - 20 million euros total /
220,000 euros in ALEID

p 46-47 Bogor, Indonesia
(PWN)
A - 0,5 million people
D - 2 million euros

'ULQNLQJZDWHUSURMHFWVZLWKLQWKH'XWFKIRUHLJQDLGSURJUDP 9(:,1

The Dutch drinking water sector is also involved in commercial activities. For years, Dutch consulting
engineers have been involved in drinking water projects around the world. Also contractors, as well as
equipment and process suppliers, continue to be internationally active. Often, these private companies
cooperate with Dutch drinking water companies and research institutes.
The Netherlands Water Partnership is worldwide promoter of the Dutch expertise as it relates to water in
the Dutch private and public sectors.
Crown Prince Willem Alexander of the Netherlands is a great ambassador for the Dutch water sector. His
job is surely made easier by the strong water sector in his homeland.
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Drinking water and Delft
Delft
The city of Delft is the water knowledge city of the
Netherlands.
Delft University of Technology (TU Delft) and
UNESCO-IHE are technical universities with outstanding reputations and both attract national and
international students.
Other internationally well-known water institutes
in Delft are WL|Delft Hydraulics, GeoDelft and
UNICEF-IRC.

TU Delft
In 1937 the “Faculteit Weg- en Waterbouwkunde der Technische Hogeschool
te Delft” (or “Faculty Road and Water Engineering of the Technical University of
Delft”) started with education about the public drinking water service. The future
engineers were educated in the fundamentals of the infrastructure for a drinking
water service, under the guidance of Mr. Krul, who was the director of the Dutch
*RYHUQPHQWDO,QVWLWXWHIRU'ULQNLQJ:DWHU,QKHEHFDPHWKH¿UVWSURIHVVRU
of drinking water in the Netherlands. At that time the domain was considered more
like “art” than “science.”
The 1st lecture (1937)

Over the years our understanding and explanations have improved.
3URIHVVRU+XLVPDQGHYHORSHGWKHVFLHQWL¿FEDVHIRUGULQNLQJZDWHU
VXSSO\DQGKLVOHFWXUHQRWHVRQDUWL¿FLDOUHFKDUJHVHGLPHQWDWLRQ
UDSLGVDQG¿OWUDWLRQDQGVORZVDQG¿OWUDWLRQEHFDPHLQWHUQDWLRQDO
classics, and are still used today.

Prof. Krul
(1947-1964)

Prof. Huisman
(1964-1984)

Huisman’s successor in 1984 was Professor Kop, who introduced
the environmental aspects of drinking water supply into the curriculum.

Since 1990, the chair of drinking water education
has been Professor van Dijk, who modernized the
curriculum and has focused on the development of
advanced technology to achieve the goal of high
quality drinking water.
Moreover, he has developed a close collaboration
between TU Delft and the Dutch water industry,
including Kiwa, the research institute of the Dutch
water companies.

Inauguration of Prof. van Dijk
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Education
TU Delft offers several possibilities to study water-related
topics.
Within the BSc program on civil
engineering, students are introduced into hydrology and water
management.
In the MSc program, students
The faculty of Civil Engineering and Geosciences
can choose specialized programs in hydrology, water management and sanitary engineering. Within sanitary engineering several
courses on drinking water infrastructure are taught, including treatment processes, practical applications and design exercises.
Students include Dutch and
international BSc-graduates, but
also BEng-graduates and “midcareers,” who are already working at water companies and follow
a part-time, intensive course.

Field experiments in Luxembourg

The courses are given by academics working at the university
and at Kiwa and sometimes by
special guest lecturers, like the
Dutch Crown Prince WillemAlexander.

Crown Prince Willem-Alexander
during a guest lecture at TU
Delft

Students in front of a lecture hall
Laboratory course

([FXUVLRQWRWKHLQ¿OWUDWLRQLQWKHGXQHV
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Research
The primary focus of the research of TU Delft on drinking water lies on providing high quality drinking
water. Challenges for research are:
- optimizing existing infrastructure (through modeling and improved operation)
 GHYHORSLQJQHZWHFKQRORJLHV VXFKDVPHPEUDQH¿OWUDWLRQ89GLVLQIHFWLRQ WRLPSURYHZDWHUTXDOLW\
and to deal with emerging threats such as Legionella and endocrine disrupting compounds (EDCs)
- developing an integrated approach for the design and operation of the urban water cycle (drinking
water, sewerage, wastewater treatment) as a whole, rather than the individual elements.
In March 2006 there were 12 on-going PhD
projects on drinking water supply.
7KH3K'SURMHFWVDUHGH¿QHGLQFORVHFRRSHUDWLRQ
with partners from the water sector. All projects
are funded by these partners, which ensures that
the projects are well-prepared and supported.
Experimental research is carried out at drinking
water treatment plants and sometimes the results
are immediate adopted by the water companies.
This provides a highly stimulating environment for
the PhD students.
Laboratory research

Our researchers regularly organize workshops, congresses and colloquia. The results of the research are
SXEOLVKHGLQVFLHQWL¿FMRXUQDOVDQGSUHVHQWHGDWVFLHQWL¿F
congresses, and also in Dutch journals.
The research is primarily focused on the Dutch water sector and attuned to the research program of Kiwa, but is
carried out in an international framework and in cooperaPilot plant research
tion with foreign universities. The drinking water research
group is actively involved in several European research
projects. A special project that is being conducted in close collaboration with Kiwa Water Research and
UNESCO-IHE is called “Quality for the 21st century.”
In this project attention is given to:
- identifying new emerging substances (pesticides,
pharmaceuticals) in the source waters, and the
treatment processes to remove these substances
 GH¿QLQJWKHELRORJLFDOVWDELOLW\RIZDWHUWRSUHYHQW
quality deterioration (a.o. Legionella) in the distribution system and in home installations
- maintaining drinking water quality in the distribution
system
PhD graduation of Jasper Verberk (2005)
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Vakantiecursus
Every year TU Delft organizes a symposium for the
Dutch water world.
7KLVV\PSRVLXPLVFDOOHG³9DNDQWLHFXUVXV´ZKLFKLQ
English would mean something like “Holiday course.”
This name originates from the early days in 1948
when Professor Krul thought that it was a waste of
money not to use the lecture halls during the holiday
period, so he organized a course for the alumni of the
university, and engineers, scientists and managers of
water companies to keep them updated with the latest
GHYHORSPHQWVLQWKH¿HOGRIGULQNLQJZDWHU

Full lecture hall (annually, from 1948)

7KHFRQWHQWRIWKH9DNDQWLHFXUVXVKDVFKDQJHGVRPHwhat over the years: from exchanging technical experiences in drinking water, to science, the environment,
policy and management.
Over the years it has developed into the leading Dutch
congress on drinking water.
%HFDXVHWKH9DNDQWLHFXUVXVLVVFKHGXOHGIRUWKHVHFRQG
Friday of the new year,
In the corridors and New Year’s reception
it also serves as a New
Year’s party for the Dutch water world.
This provides an opportunity to review
the highs and lows of the year gone by,
noting that we will learn from our missteps and build on our progress in the
year to come.
Biannual Gijs Oskam Award for
best MSc-thesis

Every year over 400 water professionDOVWDNHSDUWLQWKH9DNDQWLHFXUVXVWR
listen to presentations by national and international experts, such as Don
Bursill (CRC WQ&T, Australia), Wolfgang Kuhn (TZW, Germany), Jim
Manwaring (AWWARF, USA) and Fred Hauchmann (EPA, USA).

Fast coffee served by students
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Prof. van Dijk during his annual
“state of the union”

Learning and laughing combined
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Background
The introduction of the Bachelor/Master structure in 2002 to synchronize the educational structures within
all European universities has forced the Faculty of Civil Engineering of TU Delft to modify its curriculum.
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