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Ensuring a basic sanitary supply for the world’s growing population and for the future is a global
 challenge. Research into flexible concepts and efficient and financially feasible technologies enables
the constantly growing requirements for environmentally friendly water supplies and wastewater
 disposal to be met. Decentralised and transdisciplinary approaches play a crucial role in this area. 



Global sustainability through customised local solutions –
recycling and resource efficiency
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Around a billion people still have no access to clean
drinking water, and around 2.5 billion are without
regulated wastewater disposal. The 2002 UN sum-
mit in Johannesburg highlighted the huge impor-
tance of drinking water supplies and wastewater
disposal: the proportion of people having to live
without clean drinking water and basic sanitation is
to be halved by the year 2015. A simple direct transi-
tion of our methods to affected areas will not work
as demographic change is storming ahead; adapted
and efficient technologies and concepts are there-
fore required.

Designed decades ago for a much greater consumption of
water, conventional, central supply and disposal systems
depend on a high flow of water. However, household
water consumption in Germany has been decreasing for
years now, and the country’s demographic change sug-
gests that this trend is set to continue further over the next
few decades. To generate the pressure required to prevent
solids from being deposited in the sewer systems, many
areas are already having to pump in additional water.
Smaller, decentralised concepts that can adapt to chang-
ing needs are therefore essential for the future.

Areas with a lack of water and ecologically sensitive
regions can also implement customised, decentralised
procedures so the available resources are used efficiently.
However, this approach requires the entire local water sys-
tem to be considered as a single entity, from water collec-
tion, treatment and distribution through to wastewater
cleaning and recycling. Through integral examination
and management, household wastewater can be treated
and used as process water, and solids can be processed
and used as fertiliser or converted into biogas for energy.
Numerous projects funded by the Federal Ministry of Edu-
cation and Research (BMBF) have investigated how tried-
and-tested methods can be combined on site to form sys-
tem solutions.

Example of China. “Semi-centralised”: this was the name
given to a structure extending beyond individual building
units, thus different from conventional centralised solu-
tions. The “Semizentrale Ver- und Entsorgungssysteme für
urbane Räume Chinas” project (semi-centralised supply
and disposal systems for urban areas in China) primarily
investigated the potential of this approach in China’s
large, fast-growing cities (project 2.1.01). 

Example of Germany. The “Sanitary recycling Eschborn”
(SANIRESCH) project focussed on how to reduce water
consumption for toilets and how the resultant urine water
can be used in an environmentally compatible manner
(project 2.1.02). The KOMPLETT project (2005 to 2009) was
able to demonstrate that reusing all domestic wastewater
and solids of a high yield density (e.g. in hotel complexes)
could be made economically viable (project 2.1.03, Devel-
opment, combination and implementation of innovative
system components of process engineering, information
technology and sanitary equipment to create a sustain-
able key technology for closed-loop water systems). “Pro-
duction integrated measures for environment protection
in hotel and catering industry in special consideration of
existing built volumes” investigated how the concept
described in its title could be implemented (project 2.1.04).
“Recycling of Phosphorus – Ecological and Economic Eval-
uation of Different Processes and Development of a Strate-
gical Recycling Concept for Germany” (PhoBe) is a project
funded by the BMBF to see how scarce phosphorus can be
efficiently recovered from effluent sludge; the researchers
are also determining the production costs of the proce-
dures involved (project 2.1.05). When it comes to connect-
ing new building developments, local areas need to con-
sider whether to expand existing sewer systems. At a new
building development in Knittlingen near Pforzheim, a
“Decentralised Urban infrastructure System 21” (DEUS 21)
was drafted and implemented (project 2.1.08). 

Example of Vietnam. The issue of resolving contamina-
tion through mineral fertilisers and human excrement is
being investigated under a German-Vietnamese project
called “Closing Nutrient Cycles in Decentralised Water
Treatment Systems in the Mekong-Delta – SANSED” (pro-
ject 2.1.06).

Example of Turkey. Environmentally friendly waste and
wastewater disposal or energy supplies are a rarity among
tourist facilities. One solution could be “Integrated mod-
ules for high-efficient wastewater treatment, solid waste
disposal and regenerative energy production in touristic
resorts” (MODULAARE) (project 2.1.07).



China’s cities are growing at a rapid rate: hoards of
people are drawn to these overcrowded areas in
search of work. The supply and disposal infrastruc-
ture is not designed to cope with this, and high pol-
lution levels are the result. “Semi-centralised” con-
cepts for water supplies and the treatment of waste
and wastewater in rapidly growing urban areas are
one solution to this: they are flexible and can be
adapted to the population growth within cities.

With growth rates of up to 1,000 people a day, convention-
al centralised and above all sectoral-based supply and dis-
posal strategies in urban areas are quickly hitting their
limits. This problem is also evident in the People’s Repub-
lic of China: the rapidly expanding cities have outgrown
the water supply, waste and wastewater treatment and
spatial planning; the environmental problems are equally
acute.

This is the area tackled by the project cluster “Semi-

zentrale Ver- und Entsorgungssysteme für urbane

Räume Chinas” (semi-centralised supply and disposal sys-
tems for urban areas in China), which was led by the IWAR
institute at the Technische Universität Darmstadt (Techni-
cal University Darmstadt) and ran from 2004 to 2010.
“Semi-centralised” is still new in terms of spatial reference
planes; it is a structure that extends beyond individual
building units and is thus different from conventional
centralised solutions. The aim of this: to enable flexible
adaptation of supply and disposal units to the dynamic
development of major cities, which in China are charac-
terised by rapid growth and quickly changing structures.

An initial subproject in 2004/2005 tackled the structural
and legal frameworks; subsequent projects investigated
technical aspects in pilot facilities in both Germany and
China, conducted public relations (EXPO 2010 in Shang-
hai) and produced a cost comparison between examples
of a conventional and an integrated semi-centralised sup-
ply and disposal unit. 

The aim of the second phase of the project (which ran
from 2005 to 2008) was to develop supply and disposal sys-
tems that could actually achieve sustainable use of
resources through an extensive water and energy cycle.
This required integrated planning for the technical facili-
ties. The project team developed a modular system for
supply and disposal (water, wastewater, waste) that is flex-
ible enough to adapt to local conditions and applies both

Semi-centralised supply and disposal systems –
dynamic solutions for China’s growing major cities

technical and organisational synergies. The wastewater-
related research involved investigations into greywater
treatment◄ and inner-city water recycling. Various proce-
dures were examined in terms of the achievable drainage
qualities, space and energy requirements and more.

Integrated approach 

Semi-centralised supply and disposal systems provide a
consistently high level of quality for water infeed and
drainage, a secure way to treat sewage sludge and waste
and autonomously produce enough energy to run the sys-
tems independently. The concept combines the various
technical infrastructure elements for water, wastewater
and waste both with each other and within spatial plan-
ning. This needs specific legal, socio-cultural, ecological
and economic considerations to be taken into account, as
well as the administrative and technical structures and
resources available locally. In order to promote synergies,
it is important to make efficient use of interfaces between
spatial and infrastructural planning and also between the
individual technical modules. For example, this could be
energy recovery through integrated treatment of waste
and sewage sludge or reusing inner-city water to flush toi-
lets (integrated infrastructure planning).
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“Semizentral” exhibition stand at EXPO 2010 in Shanghai
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Proven technologies

The main aims of combining various modules to form one
overall technical system are to achieve a material flow
cycle and to reuse nutrients and energy found in waste-
water and waste. Proven technology is used in these mod-
ules: aerobic and anaerobic wastewater treatment◄,

fermentation◄ and mechanical-biological waste treat-
ment◄, energy and material recycling◄ and water col-

lection and treatment. Industrial-scale test facilities
were also used to examine new technical challenges such
as membrane cleaning via ultrasound and industrial grey-
water treatment using a variety of treatment procedures.

The semi-centralised approach has attracted immense
global interest in the meantime; this was reflected at its
appearance at EXPO 2010 in Shanghai, where it was pre-
sented within the “Urban Planet” pavilion as a forward-
looking infrastructure solution for cities of the future.

Project website ►www.semizentral.de Technische Universität Darmstadt
IWAR Institute
Prof. Dr.-Ing. Peter Cornel
Prof. Dr.-Ing. Martin Wagner
Dr.-Ing. Susanne Bieker
Petersenstraße 13
64287 Darmstadt, Germany
Tel.: +49 (0) 61 51/16 27 48
Fax: +49 (0) 61 51/16 37 58
E-mail: v.wawra@iwar.tu-darmstadt.de
Internet: www.iwar.bauing.tu-darmstadt.de
Funding reference: 02WD0398, 02WD0607,

02WD0998



Knowledge of new sanitary systems is growing in
Germany. However, further research and develop-
ment is required for all system components before
production can begin. The “Sanitary recycling
Eschborn” is helping to achieve this: the focus of its
work is on how to implement the alternative solu-
tion approach and use wastewater in an environ-
mentally compatible manner. A federally owned
company is being used for the demonstration, and
the initial results of the project are coming in.

The current level of knowledge within Germany about
innovative sanitary systems is not yet sufficient to allow
large-scale implementation: many of the technologies
involved must be developed further (e.g. diversion-flush
toilets), and approval is not yet in place for recovered
products such as urine and struvite◄ to be used in farm-
ing. A research and demonstration project is looking into
how this situation could be amended: “Sanitary

 recycling Eschborn” (SANIRESCH) is being run by the
Deutschen Gesellschaft für Internationale Zusammenar-
beit (GIZ, German association for international co-opera-
tion) with scientific support from RWTH Aachen Universi-
ty, the University of Bonn, Gießen university, Huber SE and
Roediger Vacuum (period of study: 2009 to 2012).

The GIZ installed a sanitary system for the separate collec-
tion of urine, brown water and greywater◄when it mod-
ernised its main building in Eschborn near Frankfurt in
2006. This system includes diversion-flush toilets, water-
less urinals, separate piping systems for urine, brown
water and greywater and urine storage tanks. SANIRESCH
is looking at how to treat and recycle wastewater, examin-
ing both staff acceptance of the new sanitary system and
also how urine could be used in farming. Economic effi-
ciency and ability to transfer the approach to other coun-
tries are additional considerations.

Numerous project modules

The project consists of various components, with the proj-
ect partners working on these alone or in collaboration.

Sanitary and in-house installations: The GIZ headquar-
ters features 25 waterless urinals (Keramag) and 48 diver-
sion toilets (Roediger Vacuum) to separate the wastewater
– the latter are being tested in continuous operation.

Wastewater as a resource – 
the promising SANIRESCH demonstration project

Plant technology: A precipitation reactor is treating the
collected urine using a chemical-physical process; magne-
sium oxide is added to produce solid magnesium ammo-
nium phosphate (MAP), which is a valuable fertiliser for
use in agriculture. Brown water treatment◄ takes place in
a membrane bioreactor (MBR), once the solids have been
removed. The MBR uses ultrafiltration◄ to remove solids
and bacteria, as well as almost all viruses. The resultant fil-
trate is then hygienic enough to use for irrigation. An MBR
is also used to treat greywater (water from the kitchen
sink/hand-washing), with the resultant process water
being used to flush the toilets.

Operation and monitoring: The facilities in question are
maintained and optimised on site. Remote technology◄ is
used to control and monitor the systems and to analyse
the basic parameters of the wastewater.

Quality of the products / Storage of urine: When urine is
stored, the pharmaceutical substances can degrade; this
degradation is to be quantified. Lab tests are also being
used to adapt the storage conditions (e.g. by varying the
pH value◄) so that urine storage can be improved in terms
of removing harmful substances.

Agricultural production SANIRESCH is conducting fer-
tiliser tests using stored urine and MAP in the open field.
The primary focus is the effects on renewable raw materi-
als (miscanthus) and crops. The legal framework condi-
tions for recycling urine in Germany are being clarified
and recommendations are being developed for authorities.
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Production tests using urine on test fields by the University of Bonn:
fertilising (March 2010)
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Acceptance: Studies intend to determine the level of
acceptance of urine as a fertiliser among users and clean-
ing staff at GIZ and also farmers and consumers.

Economic feasibility: One project module is dedicated to
determining the costs of investment, operation and re-
investment, and also the amortisation point. The project
also seeks to make an economic comparison of this con-
cept with other technical solutions.

International adaptability: The objective is to determine
regions particularly suited to the sanitary concept and the
technologies used and to identify the ways in which they
can be used. The necessary adaptation to be able to imple-
ment the technologies successfully in specific cases in
emerging and developing countries is also being deter-
mined.

Initial project results

The research project was launched in July 2009; the fol-
lowing results relate to the first year of the project.

When it comes to employees, the urinals and toilets are
the only visible components of the system. The state of the
sanitary facilities is thus crucial to their acceptance. It
became evident that the Roediger diversion toilets need to
be modified: the valve responsible for diverting the urine
has already been improved in order to facilitate installa-
tion and improve throughflow.

The urine storage tests showed that the urine contains
pharmaceutical residues that even at the end of the six-
month storage period were not completely eliminated.
Initial measurements showed concentrations of heavy
metals to be beneath the limits of the German Drinking
Water Ordinance (TrinkwV, 2001); it is therefore assumed
that this could be used within agriculture without any
issues. Tests on the urine precipitated as MAP indicated

that no active pharmaceutical
agents were included within
the precipitated product.
Analysis is still required to
determine whether agents are
adhering to the surface of the
MAP crystals and forming part
of an organic matrix.

Regarding the effect of the
fertiliser, an ongoing field test
is fertilising parcels of land
containing wheat and broad
beans with urine. These crops
have displayed good growth,
equivalent from a visual per-
spective to those on parcels of
land receiving mineral fertilis-
er. Although more detailed

results are still pending, it is expected that there will only
be slight differences in comparison with mineral fertiliser.

The economic feasibility study analysed the investment
and operating costs of the sanitary installations imple-
mented within the building (toilets, urinals, piping sys-
tems, urine tanks) compared with the conventional sys-
tem, which was installed in the wings of the building at
the same time. The sanitary installation costs for the
SANIRESCH version were EUR 0.088 per use, compared
with EUR 0.071 for the conventional version. This differ-
ence is due to the considerably higher investment costs.

Project website ►www.saniresch.de

Deutsche Gesellschaft für Internationale
 Zusammenarbeit (GIZ) GmbH
Sustainable sanitation – ecosan
Dr.-Ing. Martina Winker (project management)
Postfach 5180
65726 Eschborn, Germany
Tel.: +49 (0) 61 96/79 32 98
Fax: +49 (0) 61 96/79 80 32 98
E-mail: martina.winker@giz.de
Internet: www.giz.de/ecosan
Funding reference: : 02WD0947 to -52

Project partners inspecting the MAP reactor MAP reactor with view of the
inside



The objective of the “Komplett” project was to sep-
arate out domestic wastewater for treatment and
to reuse virtually all of this resource. The project
also intended to develop new sanitary ceramics for
WCs that are lighter (and thus save resources during
production), reduce water consumption and possess
antibacterial properties.

There are still around 1.1 billion people without access to
clean drinking water and around 2.5 billion with no sani-
tation facilities – meaning that a considerable proportion
of the global population has either no or insufficient
access to basic human needs. According to forecasts pro-
duced by UNESCO, between two and seven billion people
worldwide – depending on the scenario – will suffer from
a lack of water by the middle of the century. Regions par-
ticularly affected are those that supply tourists in addition
to their native population (at approx. 400 litres per person
per day, tourist water consumption is extremely high). The
provision of hygienic, problem-free water is also one of the
major future tasks faced by states in central and southern
Europe. Reusing treated domestic wastewater has the
potential to make a vital contribution to this.

A research project funded by the Federal Ministry of
 Education and Research (BMBF) saw practical tests con-
ducted for a concept involving almost entirely closed
water cycles. The project was run by sanitation firm
Villeroy & Boch from 2005 to 2009 and was called 
“Development, combination and implementation of

innovative system components of process engineer-

ing, information technology and sanitary equipment

to create a sustainable key technology for closed-loop

water systems – Komplett project”. The objective was a
system that enables the reuse of all the wastewater pro-
duced domestically and also all solids.

The project comprised a preliminary testing, pilot-plant
and full pilot phase. Phase one involved tests to charac-
terise the two different wastewaters (greywater and black-
water◄). Lab tests were then performed in order to evalu-
ate and improve individual system components (the bio-
logical treatment of wastewater in particular). Initial tests
to compost the solids were also conducted, and new sani-
tation products were developed. The project enabled the
development of new sanitary ceramics and lighter sani-
tary items.

Domestic wastewater in a cycle – 
the “KOMPLETT” system

Test facility in Kaiserslautern

The pilot-plant phase used a testing facility on a semi-
technical scale to treat the two partial flows of greywater
(from showers, hand basins, washing machines) and
blackwater (from toilets) from a block of flats in Kaiser-
slautern for ten months. As well as biological treatment
stages, the trial tested process stages for additional chemi-
cal-physical water treatment and the disinfection and
elimination of trace elements◄. Functional tests of the
sanitation products, the system’s measuring technology
and the software for displaying the readings took place at
the same time. The project team also tested vermicom-
posting◄ (which is processed using special worms) of the
remaining substances.

Pilot facility in Oberhausen

The final test phase was the operation of pilot-scale treat-
ment facilities on the premises of the Fraunhofer Institute
for Environmental, Safety, and Energy Technology
(UMSICHT) in Oberhausen – with the wastewater from one
of the institute’s buildings and the nearby “CentrO” shop-
ping and leisure complex. The systems for sanitation and
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Presenting the KOMPLETT project at the 2008 IFAT environmental
trade fair in Munich under the patronage of the German Water Part-
nership.



treatment technology were coupled with those for recy-
cling and visualisation, while the blackwater cycle was ful-
ly closed (treated water used to flush toilets and urinals)
and the greywater cycle was largely closed (treated grey-
water used for showers and washing machines). This
made it possible to inspect the accumulation of non-
degraded substances in both water cycles. The project
partners investigated acceptance of the sanitation prod-
ucts and water recycling in order to assess the recycling
potential. The concluding tasks were a cost analysis of the
Komplett system and a comparison with the costs of con-
ventional technology for water supply and disposal. The
results showed that the system can be used economically
in areas lacking the infrastructure for supply and disposal
and with a high use density, e.g. in hotel complexes. The
aims of the project were therefore achieved.

Flushing with just 3.5 litres

The flush-optimised toilets and urinals with photo-catalyt-
ic surfaces◄were pilot tested in Oberhausen. A new, 20%
lighter sanitary ceramic was developed during the proj-
ect; this saves considerable resources during production
and also provides an antibacterial surface. The new 3.5-
litre WC can flush away faeces and paper without any
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problems using two litres less water. Compared with a 6-
litre WC, it saves 17,000 litres of drinking water a year in a
four-person household. However, there is a higher propor-
tion of solids in the blackwater portion of the Komplett
system; while this reduces the cost of blackwater treat-
ment, it does require adapted pipes to be installed in the
home.

Project website ►www.komplett-projekt.de

Villeroy & Boch AG
Environment/Safety/Research –
Corporate Coordination
Danuta Krystkiewicz
Postfach 11 20
66688 Mettlach, Germany
Tel.: +49 (0)6 86/4 81 13 32
Fax: +49 (0)6 86/4 81 14 16
E-mail: krystkiewicz.danuta@villeroy-boch.com
Internet: www.villeroy-boch.com

EnviroChemie GmbH
Dr.-Ing. Markus Engelhart
In den Leppsteinswiesen 9
64380 Rossdorf, Germany
Tel.: +49 (0) 61 54/69 98 57
Fax: +49 (0) 61 54/69 98 11
E-mail: markus.engelhart@envirochemie.com
Internet: www.envirochemie.de
Funding reference: 02 WD 0685

Representation of the potential uses of the KOMPLETT research project
results, factoring in the remote diagnostics and special ceramics that
have been developed.



Water consumption per person is much higher in
hotels and guest houses than it is in private house-
holds: a guest in a German hotel uses around
300 litres of water a day on average – more than
twice the amount they would use at home. If the
venues also have golf courses and swimming pools,
consumption can be as much as 1,000 litres per
overnight guest per day. The amount of fresh water
used could be reduced significantly if the greywater
produced on site were to be treated. One project
shows that it is possible to make the necessary con-
versions without suspending business operations.

“Production integrated measures for environment

protection in hotel and catering industry in special

consideration of existing built volumes” was a research
project run by the Institute for Environmental Engineer-
ing (ISA) at RWTH Aachen University from June 2006 to
May 2009 that investigated how the concept described in
its title could be implemented. The focus was on demon-
strating that even standard systems for treating process
water can considerably reduce the consumption of drink-
ing water in hotels, and that the conversion work can take
place with hotel business running as usual.

The ISA was able to secure the four-star “Hotel Am Kur-
park” in Bad Windsheim (Middle Franconia) as a project
partner. Founded in 1981, the hotel has 50 guest rooms
with 90 beds, a restaurant seating around 100, plus confer-
ence rooms and a sauna. The bulk of the accommodation
is located in the main building, with 20 guest rooms and
the seminar rooms in a separate building (built 1992,
extended 1998). The hotel’s water consumption increased
considerably between 2001 and 2007 (see diagram).

Greywater treatment system

The greywater◄ treatment system was installed by Hans
Huber AG (Berching) in November 2008. The structure of
the building made installation of the new water pipes
unexpectedly difficult as they had to be integrated into
the existing pipeline shafts. As hotel business was not to be
interrupted, chasing and tiling was restricted to a bare
minimum. While the seminar building was connected
within the ten-day construction phase, work in the main
building’s cellar and the connecting shaft between the
two buildings was conducted outside of this period. Over-
all, 460 metres of piping were laid for greywater and
process water.

Water recycling in hotels – 
business as usual during conversion work

Other sources integrated

The low amount of greywater specifically from the guest
rooms (shower, bath, hand basin) made it necessary to
connect other sources of greywater to the treatment sys-
tem in order to make it financially viable. The ISA there-
fore split operation of the system into three phases for
evaluation purposes.

During the first phase of operation, a greywater yield of
35 to 130 litres per guest per day was recorded, with the
average being 52 litres. When the washing machines were
added as an extra source in the second phase, the average
guest-specific greywater yield rose to 72 litres per guest
per day. The bar and the glass/dishwashers were connect-
ed in the third phase of operation, bringing the specific
yield to a final average of 82 litres. Including other sources
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Year

Average value: 272 I/(guest/d)
Median: 279 I/(guest/d)
85% percentile: 293 I/(guest/d)

Annual water consumption Guest-specific water consumption

Drinking water feed

Pressure increase 
system

Clean water tank

UV reactor

MBR
UF membrane

Initial storage tank 
incl. preliminary 

mechanical cleaning

Progression of water consumption in the “Am Kurpark” hotel from
2001 to 2007

Diagram of the greywater treatment system at the “Am Kurpark” hotel



of greywater in the treatment concept (connecting the bar
and glass/dishwashers) meant that automated extraction
of excess sludge was required.

Connecting extra greywater streams resulted in increased
outflow concentrations: operating phase I recorded only
three breaches of microbiological limits in the white
water, but the microbiological quality of the white water
deteriorated when other sources of greywater were con-
nected. For some microbiological parameters, for which
the ultrafiltration membrane (ultrafiltration◄) serves as a
secure barrier (particularly for E. coli◄), the increased con-
centrations could only be traced back to recontamination
effects within the permeate pipe. Adapting the recircula-
tion rate enabled the required hygienic quality of the
white water to be maintained even after tests in operating
phase III (the diagram opposite provides a properties sum-
mary for the greywater and process water at all three
phases).

Operating phase II

Bath/shower, basin and 
washing machine

Operating phase I

Bath/shower, basin

Operating phase III

Bath/shower, basin, 
washing machine 

and bar

OutputOutputOutputInput Input Input

Colony count 20°C

Colony count 36°C

Coliform germs

E.coli

Enterococci

GW produced (guest/d)(guest/d)(guest/d)(guest/d)

1) Permeate before UV disinfection
2) Permeate after UV disinfection
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Greywater becomes process water

The wastewater from the showers and baths is treated to
turn it into high-quality process water, which is hygieni-
cally harmless and meets the requirements of the German
Drinking Water Ordinance. This process water is used to
flush toilets, in the prewash cycle of dishwashers and for
irrigation and cleaning.

The project has demonstrated that concepts for water
recycling can be implemented without affecting the run-
ning of the hotel. However, the extra construction effort
involved may sometimes be considerable, thus increasing
costs. Implementation is more economic in new builds or
as part of general sanitation measures.

RWTH Aachen University
Institute for Environmental Engineering
Prof. Johannes Pinnekamp
Mies-van-der-Rohe Straße 1
52074 Aachen, Germany
Tel.: +49 (0)2 41/8 02 52 07
Fax: +49 (0)2 41/8 02 22 85 
E-mail: sekretariat@isa.rwth-aachen.de
Internet: www.isa.rwth-aachen.de

Comparison of the chemical-physical and microbiological properties
of greywater and process water for the three phases of operation (aver-
ages)



Phosphorous is essential to all life. It requires a
great deal of energy to take mined phosphate ore
and produce mineral phosphorus fertiliser. What’s
more, these ores are finite: current knowledge indi-
cates that the known reserves economically viable
for mining will be exhausted in around 100 years.
Scientists have therefore been working for some
years now on procedures enabling the efficient
recovery of phosphorus from wastewater and
sewage sludge.

One of these research projects was funded by the Federal
Ministry of Education and Research (BMBF). Entitled
“Recycling of Phosphorus – Ecological and Economic

Evaluation of Different Processes and Development of

a Strategical Recycling Concept for Germany” (PhoBe),
it involved five institutes from various faculties and was
led by the Institute for Environmental Engineering (ISA) at
RWTH Aachen University. PhoBe (completion date: end of
2011) was an all-encompassing project summarising the
results of the projects funded under the BMBF “Recycling
management of plant nutrients, especially phosphorus”
initiative and providing global analyses. This funding ini-
tiative was launched in 2004 in conjunction with the Fed-
eral Ministry for the Environment, Nature Conservation
and Nuclear Safety (BMU). 

As the price of mineral raw phosphate is a deciding factor
in evaluating the economic feasibility of recycling proce-
dures, a medium to long-term assessment (2030) of the
global price development was conducted within one of
the eight work packages. The relevant phosphate-rich
material flows in Germany were also identified and quali-
tatively measured. The phosphate products obtained from
the recovery processes developed as part of the funding
initiative were analysed for impurities and evaluated for
their effectiveness as a fertiliser compared with conven-
tional phosphate fertilisers (such  as triple superphos-
phate).

In an additional step, the specific production costs of the
developed processes were determined using a cost assess-
ment and the processes were balanced in terms of ecologi-
cal aspects. The step to follow this was to use the results
gained to develop a recovery concept for Germany that
demonstrates which material flow is appropriate for recy-
cling. Another key focus was to look ahead from a technol-
ogy perspective, by means of a survey of experts and the
identification of future prospects for phosphorus recy-
cling in Germany.

Phosphorous recycling – wastewater and sewage sludge
sources of a valuable resource

Forecast for price development

A methodical approach was used for the medium and
long-term price development of phosphate, beginning by
analysing the fundamental data separately – the develop-
ment of supply and demand – and then merging them for
a subsequent price development. Two scenarios were
examined, assuming a rise in phosphate consumption
(one or two percent a year). The slow increase mirrors the
development of recent years (Business as Usual, BAU); the
faster increase would be due to increasing cultivation of
plants for biofuels. 

As phosphoric acid is the base substance in producing
phosphate-based fertiliser, the price development of both
raw phosphate and phosphoric acid was assessed: the first
scenario saw an increase in the price of phosphoric acid to
USD 660 a tonne by the year 2030 and the second saw an
increase to USD 760 (see graph on the price development
of phosphoric acid).

The analysis of the secondary phosphate obtained in the
funding initiative showed that all the magnesium ammo-
nium phosphate (MAP) produced was beneath the limits
(and almost all products beneath the level for labelling
obligation) of the 2008 German Fertiliser Ordinance. The
effectiveness of the fertiliser was tested on the first and
second crop of maize planted in sandy and clay soil in
comparison with triple superphosphate, raw phosphate
and a zero control◄. Results so far indicate that the
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 recovered secondary phosphate is in no way significantly
different from triple superphosphate and is therefore
comparable with conventional fertilisers in this regard.

Secondary phosphate is not yet competitive

The cost assessment of the processes developed during the
funding initiative showed that the specific production
costs for a kilogram of secondary phosphate are – depend-
ing on the technical effort required and the recovery
potential of the process – between EUR 2 and 13 per kilo-
gram and are therefore not yet in a position to compete
with conventional phosphate fertiliser (approx.
EUR 1.50/kg). And yet phosphate recycling is worth it even
today: in cases where there is an additional benefit – such
as avoiding pipe blockages due to deposited MAP or
improving the drainage of sewage sludge.

The material flow balance produced for Germany states
that the amount of phosphorous in wastewater and
sewage sludge theoretically available for phosphorous
recycling is around 70,000 tonnes a year. The contribution
from sewage sludge is particularly significant, around a
quarter of which is currently disposed of in mono sewage
sludge incinerators. The combustion process destroys
most of the germs, odorous substances and organic mat-
ter, but the phosphorous content is still fully present as a
residue in the ashes. Tests have shown that the proportion
of phosphorous in sewage sludge ashes is around 6% and
thus the highest concentration of phosphorus compared
with other sources (sewage plant outflow, sludge liquor,
sewage sludge).

Potential of up to 45,000 tonnes

The mono-incineration capacities in Germany are around
520,000 tonnes of sewage sludge a year, with current
operation at more than 90%. If all sewage sludge ashes
produced from mono incineration were fed into phospho-
rous recovery, around 13,000 tonnes of phosphorous
could be recovered every year. If sewage sludge that does
not undergo mono incineration or agricultural recycling
were to be included, the major sewage plants (for
>100,000 residents) could recover a further 5,000 tonnes.
Assuming that agricultural recycling of sewage sludge
will be further restricted in future and thus that heat recy-
cling will increase, a scenario has been calculated in
which all sewage sludge is burned in mono-incineration
facilities and then used for recovery: this would recover
around 45,000 tonnes of phosphorous a year, equating to
around a 60% substitution of phosphorus fertiliser.

Experts believe that phosphate recycling could be imple-
mented in industrial countries between now and 2030
and be economically viable – this is the result of a survey
called “Dringlichkeit der Phosphorrückgewinnung, Erfol-
gspotenzial der Phosphorrückgewinnung aus Abwasser-
behandlung und Klärschlamm, Potenziale der Rück-
gewinnung aus Klärschlammasche und Phosphatrück-
gewinnung im Kontext eines Systemwandels in der
Wasser- und Abfallwirtschaft” (phosphate recovery as a
priority, success potential of phosphorus recovery from
wastewater treatment and sewage sludge, potential of
recovery from sewage sludge ash and phosphate recovery
within the context of change of system to a water and
waste economy).

Project website ►www.phosphorrecycling.eu

RWTH Aachen University
Institute for Environmental Engineering (ISA)
Univ.-Prof. Dr.-Ing. Johannes Pinnekamp
Mies-van-der-Rohe Straße 1
52074 Aachen, Germany
Tel.: +49 (0)2 41/80-2 52 07
Fax: +49 (0)2 41/80-2 22 85
E-mail: isa@isa.rwth-aachen.de
Internet: www.isa.rwth-aachen.de
Funding reference: 02WA0805 – 02WA0808

Magnesium ammonium phosphate (MAP) and sewage sludge ash
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Although Vietnam gets plenty of rain, many regions
lack both clean drinking water and water for farm-
ing. The Mekong Delta is one such region: a German-
Vietnamese project is developing water supply and
disposal solutions to suit the conditions found
there. This not only involves securing drinking water
for the population, but also recovering recyclable
products from wastewater treatment for use in agri-
culture, e.g. compost and biogas.

The Mekong Delta in southern Vietnam is home to around
17 million people, about a fifth of the country’s popula-
tion. Most of them work in agriculture or fish farming.
Around half those living in the cities have access to a regu-
lated water supply and disposal facility, as opposed to just
10% in rural areas. As there are only a few sewage plants,
most of the wastewater ends up getting into the rivers
without being treated, and often fish ponds too in the
rural regions.

Increasing water consumption in the Mekong Delta is
causing the groundwater level to drop. Seawater is fre-
quently getting into the groundwater in coastal areas,
resulting in rising salt concentrations. Farming is the
region’s greatest consumer of water: farmers use around
90% of the water for growing rice because although the
precipitation is plentiful, rice fields still need intensive irri-
gation.

Obtaining organic fertiliser from
sewage water

Farmers use large amounts of expensive mineral fertiliser
in order to increase the crops from their rice fields. But
there could be cheaper and more environmentally friend-
ly ways to add nutrients to the soil: human excrement,
which currently contaminates the water. The German-
Vietnamese SANSED project investigated how this could
be achieved (full name “Closing Nutrient Cycles in

Decentralised Water Treatment Systems in the

Mekong-Delta”). The universities of Bonn and Bochum,
Can Tho university in Vietnam and numerous German
companies were involved in the project.

Decentralised systems aim to process drinking water as
cost-effectively as possible while simultaneously treating
wastewater so that local farmers can make use of the
sludge and compost. In an ideal scenario, the 120,000 or so
tonnes of nitrate and 19,000 tonnes of phosphorous pro-

Vietnam – 
clean water for the Mekong Delta

duced in the Mekong Delta every year could be returned
to the nutrient cycles through an environmentally friend-
ly process.

Seven aspects

Decentralised wastewater disposal and water supply sys-
tems that are adapted to local structures and also factor in
the low income of the population are especially useful.
The second phase set up demonstration systems and oper-
ated them together with Vietnamese partners: SANSED
wants to demonstrate that the cost of constructing and
operating the systems can be refunded through the sale of
the products produced (biogas, fertiliser, compost). There
were seven sub-projects within SANSED.

Biogas: The country’s typical biogas plants, which use bac-
teria to break down waste, either do not produce enough
gas or allow excess amounts to escape unused. The
approach followed by SANSED uses fungi to break down
degradation-resistant polymers in sugar; this triggers
increased activity in the bacteria and thus increases the
gas yield. Excess gas can be converted into power or stored
in bottles.

Partial wastewater flow treatment: The project team
installed toilets that separate the wastewater from the fae-
ces in two university halls of residence to serve as models
for wastewater cleaning. The urine and solids were used to
obtain fertiliser for farming and biogas. Pathogens and
organic contaminants from the urine water◄were either
removed or at least considerably reduced through sun-
drying. The earthworms added to the solids converted the
substrate into compost (cold rotting). 
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Wastewater sieving/soil filtration: At one of the halls of
residence, fine sieves filter out solids from the wastewater.
The water is then cleaned further through soil filters, and
the solids are composted.

Drinking water from surface water: One system treated
surface water polluted with organic substances and
micro-organisms – using slow sand filters and sunlight
(UV disinfection) among other things – to supply water to
one of the halls of residence. 

Drinking water from groundwater: The scientists opti-
mised the drinking water supply for around 100 house-
holds: quick sand filters treated the heavily ferrous
groundwater. 

Further training: Many districts in Can Tho have a central
supply of drinking water that could be described as
process water at best. There is also a system that involves
filling containers with drinking water. The project team
devised a special information and training programme for
the staff at the Can Tho Water Supply and Sewerage Com-
pany.

Handling recommendations: The team collaborated with
the local supply company to create a sample feasibility
study using a district of Can Tho that previously had no
regulated water supply or disposal: the study shows where
it would be useful to implement (de)centralised systems.

Verifying transferability

The SANSED project is to be used as a basis to verify
whether decentralised wastewater treatment and water
supply systems could be used in other regions with poor
infrastructure. 

The SANSED final report appeared in volume 31 of the
“Bonner Agrikulturchemische Reihe” (Bonn agriculture-
chemical series, ordered and purchased via www.ipe.uni-
bonn.de/publikationen). 

Further information can be found on the project website.
Project website ►www.sansed.uni-bonn.de
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Dr. Ute Arnold
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53115 Bonn, Germany
Tel +49 (0)2 28/73 36 39
Fax +49 (0)2 28/73 24 89
Internet: www.ipe.uni-bonn.de
Funding reference: 02WD0620

Natural fertilisation used in farming

Drinking water supply system



Many tourist resorts in southern countries do not
have any environmentally friendly means of waste
and wastewater disposal or energy supply. The
MODULAARE research and demonstration project
used a Turkish hotel complex to test a sustainable
solution to these problems: the procedure devel-
oped combines the fermentation of organic waste
with membrane technology for wastewater clean-
ing. The resulting products: process water, fertiliser
and biogas.

Tourist resorts cannot enjoy stable economic develop-
ment if their environment is not intact. Heavily visited
regions, rapidly growing new resorts and ecologically sen-
sitive areas in particular need to orient their tourism
toward the guiding principle of sustainability – and
ensure that their energy and water supplies and waste and
wastewater disposal facilities are environmentally com-
patible. 

Spot checks have determined a daily water consumption
of up to 1,200 litres per guest in international holiday
hotels (including apportioned consumption for green
facilities and swimming pools). By way of comparison:
households in Germany currently consume about a tenth
of this, an average of 123 litres per resident per day. Waste-
water often flows – poorly cleaned – into rivers or directly
into the sea because sewage facilities in the hotel com-
plexes are either poorly maintained or lacking altogether;
it is often not possible to be connected to the central
wastewater disposal system as tourism resorts are often
outside built-up areas. Waste disposal causes just as many
problems: large hotels produce up to 2.5 kilograms per
guest every day, which is often disposed of at unautho-
rised dumps.

Integrated concept for tourism regions

One answer to these problems, particularly in ecologically
sensitive regions, are “Integrated modules for high-effi-

cient wastewater treatment, solid waste disposal and

regenerative energy production in touristic resorts”

(MODULAARE). This is the title of the project combining
membrane technology◄ in wastewater treatment and
anaerobic◄ fermentation in the treatment of bio-waste to
enable targeted nutrient flow management for waste-
water and organic waste. This results in a virtually closed
nutrient cycle in an almost wastewater-free hotel – and
also produces valuable by-products such as process water,
fertiliser and energy.

Clean and effective –
decentralised disposal systems for hotel complexes

To put this procedure to the test in a practical setting, the
international project team set up a test facility at the
“Hotel Sarigerme Park” on the Turkish Aegean coast in
2005. Concluded in 2008, the project was managed by the
Verband zur Förderung angepasster, sozial- und
umweltverträglicher Technologien e.V. (AT-Verband,
association for the promotion of adapted, social and envi-
ronmentally compatible technologies, Stuttgart); the
Institute for Sanitary Engineering, Water Quality and Sol-
id Waste Management at the University of Stuttgart was in
charge of scientific management, MEMOS Membranes
Modules Systems (Pfullingen) produced the membrane
technology and Bio-System Selecta GmbH (Konstanz) pro-
duced the anaerobic system. The administrative authori-
ties for the island of Mainau on Lake Constance supplied
basic data and supported the project’s public relations.

Membranes cleaning the wastewater

The procedure used recovers biomasses from the waste-
water via membranes – not through final clarification◄
(sedimentation) as usual. Membranes not only remove all
solids, but also large amounts of germs and viruses. The
membrane bioreactor upstream is a mechanical cleaning
process that removes the solids. The membrane filtration
enables increased concentrations of biomasses (experts
refer to a higher space-time yield): bio-membrane
reactors◄ operate with biomass contents of 10 to 15 grams
per litre. This value is about three times higher than con-
ventional activated sludge reactors◄ (approx. 4 g/l)
because the biomass concentration in the activation no
longer depends on the sedimentation behaviour in the
secondary settler. The MODULAARE process provides fur-
ther treatment of excess sludge◄ together with kitchen
and garden waste in the fermentation module.
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The membrane system offers a number of technical ways
to eliminate nutrients. Carbon, nitrogen and/or phospho-
rus can also be reused to some extent – depending on the
intended use of the cleaned wastewater. Phosphorus can
be used within garden irrigation as a fertiliser; the process
can also provide soil protection, especially in areas with a
negative humus balance like the Mediterranean area. The
modular nature of the system allows it to adapt to season-
al fluctuations in guest numbers, be it through a different
solids content or activated/deactivated membrane
 modules. 

Biogas covers energy requirements

Hotel waste can consist of more than 70% organic materi-
al. Due to the nature of the waste, only around a third of it
can be treated aerobically◄ (compost) without major
technical efforts. The high water content and the struc-
ture of the material means there can be sufficient anaero-
bic◄ areas to result in considerable odour; compost can
also easily dry out in Mediterranean and arid zones due to
the high air temperatures. Fermentation◄ on the other
hand can treat up to 90% of the organic waste, and the fer-
mentation residue can be used in agriculture.

The MODULAARE project has developed a practicable con-
cept that permits optimum use of biogas: used either to
provide heat or – converted into electricity – to cover the
high amounts of energy required by the membrane biore-
actor. Any wastewater (e.g. from drainage) is fed directly
back into the membrane bioreactor.

Project website ►www.modulaare.de
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E-mail: atverband@aol.com
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70569 Stuttgart, Germany
Tel.: +49 (0)7 11/68 56 55 00
Fax: +49 (0)7 11/68 56 54 60
E-mail: martin.kranert@iswa.uni-stuttgart.de
Internet: www.iswa.uni-stuttgart.de
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When it comes to connecting new building develop-
ments to the water supply and disposal system,
local authorities are faced with a choice: should the
existing sewer system be expanded, or should a
decentralised solution be implemented? The Fraun-
hofer Institute for Interfacial Engineering and
Biotechnology used a model project in Knittlingen
near Pforzheim to demonstrate the benefits of a
semi-decentralised concept: as this method uses
rainwater, it reduces the level of fresh water con-
sumption. It also produces fertiliser for farmers and
its operation is energy-neutral.

Industrial nations generally apply a combined-system
principle to wastewater disposal: rainwater is used to
dilute the wastewater before it enters the central sewage
plant. This process is counter-productive as the sewage
plant has the laborious task of extracting the contents
from the water. A practical alternative from both an eco-
nomic and ecological perspective could be to use cycle-
oriented, semi-decentralised systems for water supply and
wastewater disposal – in emerging and developing coun-
tries too.

The Fraunhofer Institute for Interfacial Engineering and
Biotechnology (IGB) implemented such a concept as part
of the “DEcentralised Urban infrastructure System 21”

(DEUS 21) project in 2005, selecting a new business devel-
opment with 100 buildings in Knittlingen near Pforzheim.
The Fraunhofer Institute for Systems and Innovation
Research (ISI) is working alongside the project to compare
the ecological and economic aspects of the system with
those of conventional processes.

Treated rainwater

At the heart of the system is the “water house”, located at
the edge of the DEUS 21 residential area. It serves as both
the technical operations building and an information cen-
tre for residents and visitors. The rainwater flowing off the
roofs and streets is stored in underground cisterns and
treated in the water house. The aim is to treat the rainwa-
ter to render it potable and then use a separate network to
channel it into homes so it can be used for flushing toilets,
watering gardens, operating washing machines and dish-
washers and also for washing and showering. The first
step is to examine the treated rainwater over an extended
period; the residents receive a second source of drinking
water from the Knittlingen authorities during this test
phase.

Semi-decentralised concept for a new building
development – the Knittlingen “water house”

A vacuum sewage system sucks the domestic wastewater
from transfer chutes in front of the houses; it is then treat-
ed in the water house in an anaerobic◄ cleaning reactor
with built-in membrane technology◄. The central vacu-
um station, commissioned in 2005, produces the vacuum
required for this process. The builders can also lay a vacu-
um pipe in the home, enabling installation of a water-sav-
ing vacuum toilet and a shredder for kitchen waste.

Solids separated

Preliminary tests have shown that wastewater cleaning is
more effective if the solids are separated beforehand. The
output solids are therefore treated separately at 37°C
using the high-load digestion◄process developed by the
Fraunhofer IGB with integrated microfiltration◄. Fermen-
tation of the solids produces up to 5,000 litres of biogas
every day. The hydraulic retention time in the reactor is
approx. ten days; the solids retention time is freely
adjustable to a certain extent but is considerably higher.
An unheated, fully mixed bioreactor◄with a volume of
ten cubic metres is used to treat the overflow from the sed-
imentation tank (approx. 99% of the inflow); the outflow is
handled by four parallel rotating disc filters (pore diame-
ter of 0.2 μm).

The anaerobic sewage plant offers reliable functionality
even at low temperatures: at reactor temperatures as low
as 13°C the outflow values register less than 150 mil-
ligrams of the chemical oxygen demand (COD◄) per litre
(limit value for sewage plants serving less than 1,000 resi-
dents). The inflow concentrations are between 400 and
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1,100 milligrams COD per litre, with the average level of
degradation at 85%. The maximum biogas production in
the reactor for cleaning the primary treatment overflow is
around 3,000 litres a day. The increase in biomass pro-
duces around 10% of the expected amount of excess
sludge◄ from the activated sludge procedure◄. Since its
commissioning in March 2009, the membrane filtration
has been cleaned through automatic filtrate backwash-
ing, with the first chemical clean taking place in April
2010.

Agricultural benefits

The water flowing out of the plant was suitable for irrigat-
ing and fertilising farmland. The bioreactor breaks down
virtually no ammonium or phosphate, both of which
occur in relatively high concentrations in the wastewater.
The membrane filtration removes the bulk of germs from
the water, so it is therefore safe to use as fertiliser. Spot
checks in the outflow from the rotating disc filters used in
the membrane filtration revealed no traces of Escherichia
coli◄ bacteria, although it was present in the reactor
sludge at a level of one million per millilitre.

If this cannot be used as fertiliser, one alternative is to
recover the ammonium and phosphate: an electrochemi-
cal process precipitates the nutrients as struvite◄ (MAP,
magnesium ammonium phosphate). Excess ammonium is
bound to zeolite by means of an ion exchange process and
recovered as ammonium sulphate through air stripping.

Energy-neutral operation

The fully anaerobic process technology is able to convert
most of the organic materials from the wastewater into
biogas: a daily yield of 40 to 60 litres per resident – as
opposed to just 25 litres from conventional wastewater
cleaning through sludge digestion. The energy in the bio-
gas produced through anaerobic wastewater cleaning is
over 100 kilowatt hours per resident each year. Large
sewage plants consume around 30 kilowatt hours of elec-
trical energy per resident per year (and around 30 kWh
thermal energy): in comparison, anaerobic conditions
enable energy-neutral wastewater cleaning at the very
least.

Fraunhofer Institute for Interfacial Engineering and
Biotechnology (IGB)
Prof. Dr. Walter Trösch
Dipl.-Ing. Marius Mohr
Nobelstraße 12
70569 Stuttgart, Germany
Tel.: +49 (0)7 11/9 70-42 20
Fax: +49 (0)7 11/9 70-42 00
E-mail: walter.troesch@igb.fraunhofer.de
marius.mohr@igb.fraunhofer.de
Internet: www.igb.fraunhofer.de
Funding reference: 02WD0457
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Proven methods and high-tech analysis – 
management concepts to enhance health and hygiene 

WATER AS A RESOURCE | 2.2.0100



TECHNOLOGY | HYGIENE AND HEALTH 101

Around two million people worldwide die from a
lack of drinking water or contaminated drinking
water. Water, especially clean water, is a precious
commodity – one that is however scarce in many
regions of the world. There is an urgent need for
new and efficient processes and management con-
cepts to find ways to provide as many people as pos-
sible with a day-to-day supply of clean water. The
aim is to achieve a high level of efficiency through-
out the entire use cycle – from obtaining water
through to cleaning wastewater.

The health of the global population is directly linked to
the quality and quantity of fresh water available for use.
According to data from the World Health Organization
(WHO), the most important factor in world health is pre-
venting the transferable pathogens (bacteria, viruses and
parasites) present in contaminated drinking water. Unhy-
gienic conditions, a lack of sanitation and poor-quality
drinking water are the main reasons why a child under 5
dies every 3 seconds in developing and emerging coun-
tries.

In addition to mass contamination, the situation is also
deteriorating in many developing countries due to a dras-
tically worsening water shortage. Compared with devel-
oping and emerging countries, Germany and the other
industrialised nations are mainly at risk through a multi-
tude of new chemical substances and also pathogens that
primarily spread via the waterways.

Germany’s largest ultrafiltration facility 

One of the world’s largest ultrafiltration membrane facili-
ties was commissioned in the Eifel region in 2005. Every
hour, 7,000 cubic metres of water flow through the facility
from the dam, and can then be used as drinking water.
Dissolved substances, particles and micro-organisms are
filtered out by the ultra-fine membrane pores within the
facility. The BMBF funded extensive pilot tests as part of
the research project on high-performance membrane
technology before the facility was put into operation. The
high-performance membranes tested in the Eifel regions
met expectations in full: even when the water was
extremely contaminated (e.g. after heavy rain), they elimi-
nated almost 100% of the parasites and viruses present. The
costs for materials and debt service including new build-
ings came to less than ten cents per cubic metre of drink-
ing water (project 2.2.01).

AQUASens – a fast and mobile method for
detecting water impurities 

Even today, methods for detecting microbial contamina-
tion in water samples are incredibly laborious – and often
take longer than a week. Within an interdisciplinary
BMBF – research project involving scientific institutions
and companies, a semi-automatic analysis device was
developed that can detect both small molecules (such as
hormones, antibiotics and pesticides) and much larger
bacteria: by means of an immunological test that uses a
tiny water sample and is complete within hours. This
enables those responsible to obtain fast, reliable informa-
tion on the degree of water contamination and the poten-
tial threats (project 2.2.02). 

Pathogens in taps 

Even top-quality drinking water can still be contaminated
in the last few metres before it emerges from the tap:
poor-quality seals and hoses are a bacterial paradise.
Those working on the BMBF project researching biofilms
in the home took 20,000 measurements over the course of
four years to test the level of hygiene in hot water systems.
The results showed that legionella was present in over 13%
of these hot water systems (project 2.2.03). 

Current aspects of swimming pool hygiene 

When treating swimming pool water, chlorine must be
used as a disinfectant (also see DIN 19643). However, the
reactions of chlorine with substances that get into the
pool either via the water or the pool users produce
unwanted disinfection by-products. It is suspected that
these by-products pose a risk to health. The aim of the
project entitled “Gesundheitsbezogene Optimierung der
Aufbereitung von Schwimm- und Badebeckenwasser”
(optimizing the treatment of pool water with regard to
health) is to investigate the effects of these by-products –
particularly on those with respiratory or other chronic ill-
nesses (project 2.2.04). 



Pressure-driven membrane procedures◄ are gaining
importance in the field of treating water. After sev-
eral years of pilot testing, one of the world’s largest
ultrafiltration membrane facilities was commis-
sioned in 2005 in the North Eifel region to turn the
water from dams into drinking water. The expecta-
tions of this facility have been met in full. The pre-
liminary tests were financed by the Federal Ministry
of Education and Research.

The hygienic requirements of treating surface water for
use as drinking water have increased considerably over
the last few years. Membrane procedures are a solution
with a great deal of development potential in order to
meet these requirements: they can filter out dissolved sub-
stances and also serve as a barrier for particles and micro-
organisms. The universal application potential in remov-
ing salt from seawater, treating wastewater and produc-
ing process and drinking water provides the backing for
the growth potential of pressure-driven micro◄, ultra◄
and nanofiltration◄membrane procedures and also
reverse osmosis◄.

The potential fields of application for the membrane fil-
tration procedure depend on the impurities to be
removed from the untreated water◄. Reverse osmosis for
desalination has long been the technology of choice for
treating brackish water and seawater for use as drinking
water. The main methods used for processing untreated
water inland are the ultra and microfiltration low-pres-
sure membrane procedures◄ as well as nanofiltration.
Wide-scale elimination of parasites and viruses has
recently become a core interest. Both micro and ultrafil-
tration are used to remove most of these particles dis-
solved in the water (with microfiltration removing virtual-
ly all parasites, but ultrafiltration possibly not removing
all the viruses). Processes using denser membranes are
required to remove inorganic dissolved matter, e.g.
nanofiltration or reverse osmosis.

Good combination potential

The success of the membrane procedure is in the way it
can be combined with conventional water treatment pro-
cedures and techniques (e.g. flocculation◄). Other bene-
fits are the greatly reduced price of membranes and the
considerable reduction in energy requirements through
low-pressure membranes and intelligent energy recovery.

Dams as a source of drinking water –
the benefits of the membrane procedure

Wassergewinnungs- und -aufbereitungsgesellschaft
Nordeifel (WAG) has been operating a membrane facility
in Roetgen since the end of 2005, treating water obtained
from dams for use as drinking water. The facility supplies
around 500,000 people in the Aachen region with drink-
ing water. With a capacity of up to 7,000 cubic metres an
hour, the facility is one of the world’s top-performing
ultrafiltration membrane facilities producing drinking
water from dam water. Even when the dam water is heavi-
ly contaminated (e.g. after heavy rain), it eliminates
almost 100% of the parasites and viruses present.

Several years of preliminary testing

Before the facility was commissioned, WAG and the IWW
Water Centre (Rheinisch-Westfälisches Institut für
Wasserforschung) spent four years working together with
the chair for water technology at the University of Duis-
burg-Essen carrying out tests: they used multiple test facil-
ities with capacities of around ten cubic metres an hour
and a pilot facility with a much higher treatment output
(approx. 150 m3/h). At the same time, pilot tests were per-
formed using an immersed suction membrane to produce
drinking water and to treat the flushing water for the
membrane facility. The BMBF funded these tests as part of
the research project entitled “Hochleistungs-Membran-
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technologie” (high-performance membrane technolo-
gy). Wetzel + Partner Ingenieurgesellschaft mbH (Moers)
was able to use the results of these tests to plan the indus-
trial-scale facility in Roetgen, with scientific support from
the IWW.

The facility in Roetgen combines flocculation and direct
ultrafiltration. This reduces the amount of sedimentation
on the filter membrane and thus the associated, irre-
versible drop in efficiency. The flakes collect on the sur-
face of the membrane and stabilise filtration operation.
Optimised membrane backwashing then enables the
impurities to be removed from the surface of the mem-
brane together with the flakes. Another feature of the
facility is that the sludgy backwash from the membrane
facility is treated during a second membrane stage. The
resultant permeate – water cleaned through particulate
filtration – is then mixed with the untreated water in the
first stage. This increases the yield of the overall process to
over 99%. The second stage has a treatment capacity of
630 cubic metres an hour, meaning it is also one of the
world’s largest facilities of its type.

Expectations met in full

The stable operation and outstanding quality of the water
produced meet all expectations. The costs for material use
and debt service (including the new buildings) amount to
less than EUR 0.10 per cubic metre of drinking water.
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IWW Rheinisch-Westfälisches Institut für
 Wasserforschung gGmbH
Prof. Dr.-Ing. Rolf Gimbel
Moritzstraße 26
45476 Mülheim an der Ruhr, Germany
Tel.: +49 (0)2 08/4 03 03-3 00
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E-mail: r.gimbel@iww-online.de
Internet: www.iww-online.de
Funding reference: 02WT0658
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Filterwerk
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Funding reference: 02WT0660

Ultrafiltration units for treating drinking water (stage 1) Ultrafiltration unit for treating the flush water (stage 2)



Microbiological tests of water samples have always
taken a lot of time and effort. A new analysis system,
the development of which was funded by the Feder-
al Ministry of Education and Research, could provide
a solution: it is fast, mobile and accurate – and good
value to boot. There are many different ways this
system could be used by industries and local
 authorities.

Before now, tracking water impurities through micro-
organisms has required a specialised lab, where germs
have had to be multiplied on a culture medium. While col-
iform (faecal) germs can be detected within a single day –
as there are proven procedures in place – tests for most
other bacteria still require a great deal more work and
often take more than a week. However, if the water is
potentially contaminated with microbes, those in charge
need fast, reliable information on the degree of contami-
nation and the potential threats.

Combined expertise

The Federal Ministry of Education and Research funded a
project in order to provide a solution: “AquaSENS – Detec-
tion of micro-organisms in water with CMOS-based sen-
sors”. Companies and science institutes combined their
expertise to develop a mobile analysis system that can
quickly detect micro-organisms and germs in water –
without the need for timely and costly cultivations in a lab.
The parties involved in the project were Siemens AG, inge
watertechnologies AG, Friz Biochem Gesellschaft für Bio-
analytik mbH, the Institute of Hydrochemistry (IWC) at TU
Munich, the IWW Water Centre (Rheinisch-Westfälisches
Institut für Wasserforschung) and the Water Technology
Centre Karlsruhe (TZW). Tasks within the project:
● Set up a compact, fully automated membrane filtra-

tion system for concentrating germs (from 10 litres of
water into an eluate volume of 50 millilitres).

● Develop two sample preparation procedures on the
basis of immunomagnetic separation and affinity
chromatography for further concentration and trans-
fer of germs in a 1 millilitre measurement buffer.

● Develop digital read-out biochips with built-in detec-
tion and analysis electronics.

● Develop and produce the compact and user-friendly
read-out device for the biochips.

AQUASens analysis system – a fast and mobile
method for detecting water impurities

● Identify biochemical detection molecules (antibodies)
and DNA segments specific to the micro-organisms
sought, and develop detection procedures (assays) for
transfer to the biochips. 

The AquaSENS project was able to complete all tasks set
successfully: the semi-automatic device designed detect-
ed both small molecules (such as hormones, antibiotics
and pesticides) and much larger bacteria: by means of an
immunological test using a tiny water sample. This detec-
tion is based on the concept of the immune system: the
ability of antibodies to identify foreign substances from
characteristic constituents – antigens.

Biochips developed

This approach uses a biochip with a fully integrated CMOS
(Complementary Metal Oxide Semiconductor). The small
biochemical sensor and the associated read-out electron-
ics are ideal for use in portable, compact and economical
analysis systems. They are particularly advantageous for
situations involving many different germs in a single
measurement process alongside antibody-antigen inter-
actions or the detection of specific DNA segments. The
biochip and biochemical detection procedures have been
developed for both of these principles.
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Small biochip, big performance: a sensor quickly detects micro-organ-
isms in the drinking water.
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Because harmful germs such as legionella, salmonella and
coli bacteria are usually only present in water in low con-
centrations and the biochips use just tiny samples of 100
microlitres, it is necessary to augment the germs being
sought first. The project partners established the system
required to do this by coupling a membrane filtration sys-
tem with an “immunomagnetic separation column◄”.

The result: coli bacteria could be detected within just 90
minutes. The biochip detection limit for E.coli bacteria
was determined at 2,000 germs per millilitre of sample
concentrate, with a measuring time of 30 minutes. The
analysis system can therefore detect bacteria within two
hours.

Multiple uses available

As well as being used for the quality assurance of drinking
water supplies, the analysis system could also be extreme-
ly useful for samples of process water, ultra-pure water,
groundwater and surface water; tests are still underway to
determine whether and how this is possible.

AQUASens could be used in public buildings and hospitals
to test the process water in the sewage system or to test for
harmful substances in the hot water system. The new
analysis system would also be useful in the food and phar-
maceutical industries, which require ultra-pure water for
production.

It may even be suitable for measuring sewage sludge or
for process monitoring in biotechnological fermenters◄.
First the relevant micro-organisms would be determined,
then the corresponding assays developed. The crucial
thing here is to identify and produce suitable antibodies
first, as they are not currently available for all use cases.

Siemens AG
Corporate Technology
Dr. Daniel Sickert
Otto-Hahn-Ring 6
81739 Munich, Germany 
Tel.: +49 (0) 89/63 64 50 89
Fax: +49 (0) 89/63 64 85 55
E-mail: daniel.sickert@siemens.com
Internet: www.siemens.com
Funding reference: 02WU0862 – 0867

The mobile reader provides a read-out for water impurity results 



Even top-quality drinking water can still be contami-
nated in the last few metres before it emerges from
the tap: poor-quality seals and hoses are a bacterial
paradise – this can have serious consequences for
people with a weakened immune system under cer-
tain circumstances. A new research project is cur-
rently investigating how to improve the hygienic
safety of drinking water installations.

How does drinking water get to the consumer? It travels a
long way to get there, from the waterworks through the
pipelines and into the home, strictly monitored and kept
at peak quality – until it reaches the water meter. “This is
when it hits a grey area: the home installation. A highly
visible variety of materials undergoing little control can
be used here, some of which represent a paradise for
micro-organisms”, says Professor Hans-Curt Flemming of
the University of Duisburg-Essen. Drinking water is not
sterile and indeed should not be – it still contains bacteria
that survive even with a lack of nutrients and are com-
pletely harmless. The key to success in waterworks is
extracting the nutrient base for the bacteria. This pro-
duces “stable drinking water”. “When these ravenous
germs come across materials that provide them with food,
then it’s like paradise to them. They don’t need much to
thrive – small amounts of exuded softener, colouring,
antioxidant and other products added to plastics are per-
fectly sufficient. They establish themselves there and form
thick biofilms◄ in which pathogens can settle, grow, then
be flushed out to contaminate the water”, continues Flem-
ming. 

Then even the best water loses its level of quality, all in the
last few metres on the way to the tap. What circumstances
cause this? Are there any epidemics? What level of moni-
toring is there? Which materials are authorised? How can
problems be avoided? 

Hot water systems tested

These questions were the main focuses of the large-scale
study funded by the BMBF called “Biofilme in der

Hausinstallation” (biofilms in home installations), which
ran from October 2006 to March 2010. Five research facili-
ties and 17 industrial partners spent four years examining
these questions under the co-ordination of Professor
Hans-Curt Flemming (University of Duisburg-Essen and
IWW Mülheim). The results were certainly worth atten-
tion: “The statistical analysis of more than 20,000 meas-
urements taken by health authorities showed that

Pathogens in taps –
an underestimated problem

legionella was present in over 13% of the hot water systems
tested”, said Professor Thomas Kistemann from the Insti-
tute for Hygiene at the University of Bonn, one of the
researchers involved. One particularly unpleasant
pathogen is Pseudomonas aeruginosa, which causes
inflammation of the lungs, urinary tract infections and
also especially persistent infections of burns. This was
found in 3% of the tests performed. Kistemann goes on:
“Since monitoring was made mandatory four years ago,
only half the public buildings and hotels affected have
been tested. That is not to say that the authorities have not
been active, simply that they are overwhelmed and under-
staffed. And who is responsible for water quality in multi-
ple dwellings? Experience shows that anyone taking on
this task quickly becomes unpopular.” 

Shower hoses – a bacterial paradise

The scientists were able to use true-to-life model systems
to demonstrate that shower hoses and also relatively small
seals become a paradise for bacteria when they contain
materials that support germ growth. Biofilms could be
spotted on some of them after one or two weeks – even
with the naked eye. The usual suspects in such cases are
plastics that no test has approved for use with drinking
water. Low-cost taps often contain additives for biological
use such as softener or remains of release agents, or
become contaminated with substances during production
and installation. An unfavourable combination of poor
material quality (e.g. low-cost taps) and water quality
encourages strong biofilm development – and thus pro-
vides a living environment for pathogens. “That does not
necessarily mean that epidemics are going to break out,
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but illness could occur and lead to time off work and a
temporary loss of quality of life”, says Professor Kiste-
mann. “When the immune system is weakened, e.g. after
an operation, critical situations can arise”, says Professor
Martin Exner from the University of Bonn.

So what can be done? Firstly, it was demonstrated in the
research project that the current monitoring methods
need to be expanded on considerably in problem cases. It
has been shown that the pathogens being sought can go
into a sort of coma, which causes them to disappear from
the radar of standard methods. However, they wake up as
soon as their living conditions improve and can be just as
infectious as they were before. Practical problem cases
were able to demonstrate the benefits of new molecular
biology methods for identifying the causes of persistent
bacterial contaminations and eliminating them.

Greater attention towards home installations

One conclusion from this successful research project is to
dedicate more attention to home installations, as this is
where even the best water can lose its quality. “We have
drawn up important notes on methods to prevent this”,
concludes Hans-Curt Flemming. However, it was clear
that there is still a great need for research and regulation –
not only for materials but also for the testing procedures.
The last few metres before the tap are crucial, and yet
amazingly underexposed.

As a result of the findings from this project, the consor-
tium has drawn up a research proposal that addresses the
problems in detail. It particularly focuses on the tempo-

rary disappearance of pathogenic germs from the moni-
toring radar and their sudden recurrence, the conditions
under which this occurs and how the hygienic safety of
drinking water installations can be ensured. The proposal
was successful and will receive over EUR two million total
funding from September 2010 to August 2013.

University of Duisburg-Essen
Essen Campus – Biofilm Centre
Prof. Dr. Hans-Curt Flemming 
Universitätsstrasse 5
47141 Essen, Germany 
Tel.: +49 (0)2 01/83-66 01 1
Fax: +49 (0)2 01/183-66 03 
E-mail: hc.flemming@uni-due.de
Internet: www.uni-due.de/biofilm-centre/
Funding reference: 02WT1153-1157

Computer-controlled, semi-technical home installation for long-term testing with true-to-life consumption profiles



“Swimming is good for you”: this is a commonly
used phrase in health care. But does this also
unequivocally apply to swimming in pools contain-
ing water disinfected with chlorine? Once water has
been disinfected with chlorine, disinfection by-prod-
ucts can form – and these can pose a risk to human
health. There are still many questions requiring
greater scientific clarification regarding the risk
posed to children and those suffering from chronic
illnesses. A new research project is seeking answers
to these questions. 

When treating swimming pool water, chlorine must be
used as a disinfectant (also see DIN 19643). However, the
reactions of chlorine with substances that get into the
pool either via the water or the pool users produce
unwanted disinfection by-products. It is suspected that
these by-products pose a risk to health. This is by no means
a new problem, but the effects of pool water on hygiene
have recently become the focus of scientific interest.

The results of studies conducted thus far connect respira-
tory and other chronic illnesses with swimming in chlori-
nated water. Particularly given the general acceptance of
swimming from childhood (“swimming is good for you”),
the issue is a hot topic for health policy. The public can
often gain the impression that the risks of swimming in
chlorinated water outweigh the health benefits. This is a
task for health-related environmental research: it must
provide reliable data that enables a scientific risk assess-
ment in terms of prevention. 

Instigating international momentum 

Germany has a leading international role in pool water
hygiene. The research work undertaken contributes
towards sustainable health care and has an influence on
international standards. Noteworthy projects are “Swim-

ming Pool Water Under Aspects of Health and Treat-

ment Technology” (funding reference: 02WT0004) and
“Integrated Risk Assessment for the new Generation of

Disinfection By-products” (funding reference:
02WU0649). The study involving top swimmers (project
with funding reference 02WT0004) was the world’s first
population study that assessed the health risk of swim-
ming in pools. It instigated international momentum to
conduct similar studies.  

Swimming pools –
health risks posed by pool disinfection

Symposium held 

A symposium called “Aktuelle Aspekte der Schwimmbeck-
enwasserhygiene – Pool Water Chemistry and Health” was
held in Dessau in March 2009. The event brought leading
scientists from around the world together; a survey was
conducted and open issues identified. The scientists over-
whelming agreed that German research has a clear edge
in pool hygiene: all key aspects of risk management have
already been examined in terms of their interactions – be
it treatment of pool water or hazard assessment and risk
evaluation of disinfection by-products.

The two research projects mentioned have shown that
there are potential health risks associated with swimming
in pools with chlorinated water. The aim of ongoing proj-
ect “Gesundheitsbezogene Optimierung der Aufbere-

itung von Schwimm- und Badebeckenwasser” (opti-
mizing the treatment of pool water with regard to health)
is to work through pending issues that are extremely hot
topics in health policy, especially regarding respiratory ill-
nesses and with a particular focus on children. The over-
riding objective is to define parameters to rule out health
risks across a broad consensus of science, authorities, poli-
tics, pool operators and the public. 
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On-site measurement to determine the potential risk from disinfection
by-products in the pool hall’s air
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Three questions are of particular interest to the project:
● Are the discussed exposure paths and associated

chronic illnesses (inhalation/asthma, dermal/bladder
cancer) relevant potential risks?

● If so, which exposure scenarios are responsible (chemi-
cal substances/treatment)?

● What options (treatment techniques/range of meas-
ures) are available to reduce or eliminate these poten-
tial risks?

The key element to the scientific work involved is the
establishment of a pool model for conducting controlled
tests. The various treatment options are accompanied by
extensive chemical and toxicological analyses. The latest
procedures were used to do this (e.g. exposure models for
inhalation and dermal contaminants◄).

Bulletin published on baby swimming and
disinfection by-products in swimming pools

A risk analysis of disinfection by-products as well as tech-
nical and legal measures based on the results is planned
with the aim of reducing the build-up of these by-prod-
ucts. One key objective is to drive forward environmental
research with regard to health. It is expected that research
into pool hygiene will find its way into legal regulations.
The first result is the publication of the bulletin entitled
“Babyschwimmen und Desinfektionsnebenprodukte in

Schwimmbädern” (baby swimming and disinfection by-
products in swimming pools) by the Swimming Pool
Water Commission (BWK) of the Federal Ministry of
Health, which appeared in the Federal Health Gazette 2011
(54: 142–144). A potential risk was highlighted in terms of
the care principle. Another aspect is the availability of
equipment to minimise the concentration of TCA in the
air of the pool hall through technical rules for treating
pool water and for indoor pool ventilation. Current devel-
opments show that pool operators and visitors have
become clearly conscious of a problem associating baby
swimming and asthma as a result of the UBA’s activities.
Although the scientific evaluation of the toxicology data
from the BWK and the Indoor Air Hygiene Commission’s
ad-hoc working group for indoor guidance values is as
controversial as ever, the technically feasible guideline
stipulated of 0.2 mg/m3 trichloramine within the pool
hall’s air means there is now a suitable monitoring param-
eter available in order to minimise the health risk. 

Federal Environment Agency (UBA)
Bad Elster research centre
Dr. Tamara Grummt
Heinrich-Konen-Straße 12
08645 Bad Elster, Germany
Tel.: +49 (0)3 74 37/7 63 54
Fax: +49 (0)3 74 37/7 62 19
E-mail: tamara.grummt@uba.de
Internet: www.uba.de
Funding reference: 02WT1092



KMU-innovativ –
giving the green light for top research by SMEs
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It is often small and medium-sized enterprises
(SMEs) that use and drive forward the most efficient
technologies. They are therefore the pioneers of
technological progress in many fields. Resource effi-
ciency is improved through their own innovations or
by catching onto highly innovative methods at an
early stage. The BMBF “KMU-innovativ” funding ini-
tiative is supporting SMEs in the development of
innovative technologies and services for improved
resource and energy efficiency.

Innovations for resource and energy
efficiency 

KMU-innovativ is open to all topics within the field of
resource and energy efficiency and is aimed at all innova-
tive SMEs across all industries. The BMBF has been using
“KMU-innovativ” to provide SMEs with new opportunities
since 2007 by facilitating access to research funding in
areas key to our future, as the risks associated with top
research are often difficult to calculate. The BMBF has
therefore improved consultancy services for SMEs and has
simplified and accelerated the application and approval
process. 

Technology field: “sustainable water
management”

One of the greatest challenges for the future is to ensure
the supply of clean water to the global population. Popu-
lation growth, water contamination and a growing water
consumption per capita are all having a negative effect on
water quality. Large-scale changes to climate and land
usage are also affecting global and regional water cycles
and are therefore calling the medium and long-term
availability of water into question. The BMBF is supporting
research and development projects in the following areas
in order to develop solutions:
Innovative procedures for obtaining drinking water
● Strategies and technologies for saving water (includ-

ing recycling technologies)
● Efficient irrigation technologies
● Energy-efficient wastewater treatment procedures

and recovering energy from wastewater
● Innovative concepts and technologies for coupling

material flows (e.g. water/energy/waste) and where
applicable recovering materials/nutrients

● Resource-efficient and energy-efficient adaptation
measures to increase export capability within the
water sector

The following three projects are examples from this fund-
ing initiative.

1. Intelligent soil moisture sensor for
efficient irrigation 

Rising temperatures, dry summers and increasingly wet
winters are causing the general availability of water to
drop dramatically. The many places already experiencing
a lack of water for irrigation are feeling this effect even
more, and water as a resource is generally becoming a
potential source of conflict. 

The aim of the project therefore is to develop an intelli-
gent soil moisture sensor to increase the efficiency of irri-
gation systems. The sensor is fitted with a microcontroller
to enable autonomous detection of the soil’s hydraulic
properties (water tension curve), which enables it to deter-
mine exactly when to irrigate and how much water to use.
Intelligent algorithms detect changes to the soil’s
hydraulic properties over time and adapt the irrigation
logic accordingly. Contact partner: Parga Park- & Garten-
technik GmbH & Co. KG, Markus Blind, e-mail: blind@par-
ga-online.de 

Efficient water treatment is a central funding area for KMU-innovativ



TECHNOLOGY | KMU-INNOVATIV 111

2. Developing new solutions for water and
energy-efficient irrigation technology 

New solutions are being sought to improve irrigation effi-
ciency within Egyptian farming in the Kalabsha region
near the Aswan Dam, an undertaking by the Egyptian
ministry for agriculture with substantial support from the
World Food Programme (WFP). One problem along the
Nile is that the growing population is increasing the
amount of water used for farming. This results in environ-
mental damage, e.g. through salinisation of irrigated
farmland, and an increase in energy consumption for
operating the pumps. The PREFARM project, a module
intending to solve these irrigation efficiency problems, is
being funded as part of the BMBF KMU-innovativ pro-
gramme. drip irrigation products (dip GmbH), Alternativ
Elektrobau Renger (AER) and Energiebau Solarstromsys-
teme GmbH are working together with the Institute for
Technology and Resources Management in the Tropics
and Subtropics (ITT) at the Cologne University of Applied
Sciences to continue the successful co-operation between
the ITT and Egypt on the Kalabsha project to introduce
innovative drip irrigation systems. 

The aims of the project are: 
● Develop innovative drip irrigation systems (dip GmH

drip irrigation products, Ellefeld) 
● Innovative optical procedures for detecting water sup-

ply and bio-activity (AER Alternativ Elektrobau Renger
Elektromeisterfachbetrieb, Ellefeld) 

● Record measurement data for climate, water con-
sumption and soil properties and ensure self-sufficient
energy and water supplies through solar energy
(Energiebau Solarstromsysteme GmbH, Cologne) 

● Co-ordinate field work and the socio-economic analy-
sis of innovative water and energy-efficient irrigation
technologies across the overall project (Cologne Uni-
versity of Applied Sciences – Institute for Technology
and Resources Management in the Tropics and Sub-
tropics (ITT), Cologne; contact partner: Prof. Dr. Sabine
Schlüter. Institute for Technology and Resources Man-
agement in the Tropics and Subtropics ITT, Cologne
University of Applied Sciences) 

3. Innovative sampling and measuring
technology to protect groundwater
resources 

The resources of untreated water for the public water sup-
ply are increasingly representing an area of tension as a
result of climate change. The national and international
demand for water requires procedures for cost-effective
planning, implementation and monitoring of how
untreated water resources are used to obtain drinking
water. 

Climate-related changes to the supply of water are being
examined as part of the BMBF research project entitled
“Process-based Management Tool Water” by
Trinkwasserversorgung Magdeburg GmbH (TWM) and
the Grundwasserforschungsinstituts GmbH Dresden (GFI)
using the Colbitz waterworks in Saxony-Anhalt as an
example. 

The Groundwater Center Dresden is developing innova-
tive sampling and measuring technology to monitor
groundwater – a resource worthy of protection. This
involves: 
● “Verfälschungsfreies Grundwasser-Probenahmesys-

tem” (distortion-proof groundwater sampling system)
– protecting the aquifer◄upstream of the primarily
chemically altered standing water and depth-orient-
ed, isobaric sampling 

● “Milieu-Fluid-Sampler” – pressure-maintaining deep
water sampling down to 500 m and geophysical multi-
parameter probe 

Contact partner: 
GFI Grundwasserforschungsinstitut GmbH, 
Dr. Susann Berthold, e-mail: sberthold@gfi-dresden.de 

Project co-ordinator: Karlsruhe
Karlsruhe Institute of Technology (KIT)
Water Technology and Waste Management
 Division (PTKA-WTE)
Dr. Verena Höckele 
Postfach 36 40
76021 Karlsruhe, Germany
Tel.: +49 (0)7 21/60 82 49 32 
E-mail: verena.hoeckele@kit.edu 
Internet: www.kmu-innovativ.de 

www.ptka.kit.edu



Proven technologies in use abroad – 
progress through a global transfer of knowledge
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The implementation of environmentally-conscious,
high-tech and hygienic requirements for treating
drinking water and cleaning wastewater comes
with additional challenges in developing and
emerging countries in particular. They begin with
the question as to which procedures and technolo-
gies are suitable for the varying conditions and
extend to reliable operation and maintaining
 facilities.

One of the government’s key concerns is to build up spe-
cialist knowledge in developing and emerging countries.
This means taking procedures established in Germany for
treating water and cleaning wastewater and adapting
them to the respective local conditions. The Federal Min-
istry of Education and Research (BMBF) has funded several
projects in recent years that have shown how procedures
and technologies that have proven themselves in
 Germany can be developed further and adapted to local
conditions.

Example: drinking water supply 

A joint research project funded by the BMBF has docu-
mented results of German water research and developed
them to suit other conditions. For this purpose, reference
values were determined for the size and operation of
water treatment and distribution plants while taking
extreme untreated water properties as well as deviating
climatic and social conditions into account. Treatment
methods tried and tested in Germany are assessed as to
their applicability under amended conditions or when
improved performance is to be expected (project 2.4.03).
The project looking into long-term water resource man-
agement in connection with this is called “Abwasserbe-
handlung bei der Papierherstellung mit Stroh als Rohstoff
zur Zellstoffherstellung am Beispiel der Shandong Provinz
(Volksrepublik China)” (wastewater treatment for paper
manufacturing using straw as a raw material for pulp pro-
duction using the Shandong Province (PRC) as an exam-
ple). One objective of the research project is to feed treated
wastewater back into paper production as process water
in order to reduce water consumption (project 2.4.06).

Example: bank filtration

Bank filtration is a well-established drinking water treat-
ment procedure in Germany: waterworks use the natural
cleaning power of the soil to improve the quality of the

untreated water without the use of any energy or chemi-
cals. Scientists examined the prerequisites for this in a
project called “Determination of the potential purification
performance of bank filtration/underground passage with
regard to the elimination of organic contaminants under
site-specific boundary conditions” (project 2.4.01).

Example: slow filtration

Slow filtration has become a well-established procedure
for biological drinking water purification. The systems
usually consist of an infiltration pond filled with different
filter and support layers. However, uniform and well
cleaned filter sand is not widely available. Several insti-
tutes have been investigating how the procedure can be
adapted to local conditions as part of the slow sand filtra-
tion project. The cleaning performance of recycled glass
granulate and coconut fibres among other things was
analysed to serve as an example (project 2.4.02).

Example: wastewater technologies

Germany is a world leader in the field of water technology.
However, some knowledge gaps still exist – the objective
of the joint venture “Export-oriented research and devel-
opment in the field of water supply and wastewater treat-
ment part II: Wastewater technologies in other countries”
was therefore to adapt technologies for communal waste-
water treatment tried and tested in Germany to different
climate zones. The project included investigations into the
state of communal wastewater treatment in twelve
nations (project 2.4.04).

Example: database for water management
systems

Reliable information is essential for successful water man-
agement. The water authority of the megalopolis Beijing
needs to be able to monitor the supply and consumption
of water accurately due – among other things – to the
region’s climate causing significant fluctuations in avail-
able water levels. A computer program addressing this
need has now been developed as part of a Sino-German
joint venture – in the face of highly challenging condi-
tions. The results of the project are also important to other
megacities in Asia, where application is also possible 
(project 2.4.05).



Bank filtration is a well-established and cost-effec-
tive drinking water treatment procedure in Ger-
many: waterworks use the natural cleaning power
of the soil to improve the quality of the untreated
water without the use of any energy or chemicals. A
research project was set up to investigate the abili-
ty of bank filtration to remove or at the very least
reduce organic contamination under fluctuating
conditions, the ultimate objective being to create
planning and operating guides to enable this proce-
dure to be used worldwide.

Depending on the wastewater discharge from industry,
households and farming, surface water in industrialised
and urban areas often contains many organic trace ele-
ments◄ or substances produced from their degradation:
pesticides, mineral oils and chemicals with hormonal
effects or active pharmaceutical agents can be detected in
the water. These substances must be effectively removed if
the surface water is a source of drinking water.

Bank filtration involves wells being established directly by
the river used to supply drinking water, which artificially
lowers the groundwater level. The result is a hydraulic
slope between the riverbed and wells, and the surface
water trickles over the bed or the bank to get under-
ground: dirt and contaminants are filtered out and
degraded by means of natural physical, chemical and bio-
logical processes. Depending on the geological condi-
tions, the distance between the wells and the bank and the
level of the river, this can take just a few days or as much as
six months.

Fluctuating conditions on site

So to what extent is bank filtration suitable for removing
organic compounds when these compounds have a whole
host of different chemical-physical properties? Scientists
examined this question in a project called “Determina-

tion of the potential purification performance of bank

filtration/underground passage with regard to the

elimination of organic contaminants under site-spe-

cific boundary conditions”, which ran from 2001 to
2005. They also wanted to discover the prerequisites a site
must meet for bank filtration to be a success. This is
because, alongside the range of contamination and the
respective concentrations in the water, hydrogeological
conditions also have a major role to play – especially the
composition, permeability and sorption capability◄ of the
soil, as well as climate factors such as water temperature.

A natural water filter – bank filtration

Other aspects of bank filtration were examined by the
Institute for Water Research, Dortmund (overall co-ordi-
nation of the “bank filtration” project), the Karlsruhe
Research Centre and TU Berlin, TU Dresden and TU Ham-
burg-Harburg (guidelines: Kühn, W.; Müller, U. (editor)
(2006): Export-oriented R&D in the field of water supply
and wastewater treatment – part I: Drinking water. Vol-
ume 2. Guidelines. Water Technology Centre, Karlsruhe,
ISBN 3-00-015478-7). 

With the aim of creating planning and operating guides
for using bank filtration in other climate zones, the project
partners collated existing research results and experience
gained in Germany and other countries and conducted an
analysis. They filled any gaps in information – e.g. in rela-
tion to more extreme climatic conditions – with the results
of true-to-life field and lab tests.

Clear improvement in water quality

The tests performed during the project showed that bank
filtration can remove most (around 80%) of the organic
trace elements found in the surface water, with a reduc-
tion in concentration observed at the very least in the
remaining substances. Nevertheless, the behaviour of
innovative substances is not 100% predictable in bank fil-
tration as chemically similar substances occasionally react
in very different ways. The project confirmed that the
removal of organic compounds is attributed to sorption
processes and biological and chemical degradation
processes underground. This means the bulk of the
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 reduction in contamination takes place in the “infiltration
zone”, directly after the water gets into the soil. The con-
clusion from this is that removing the wells (20 to
400 metres) does not have a major impact on cleaning
performance. Even so, the increased flow course/water
retention time underground is significant as it ensures
optimum effect. The project team therefore observed that
many substances were eliminated to a much higher
degree when the water spent longer underground. 

Oxygen supply is crucial

The trace elements that are degraded and the extent to
which this occurs depend heavily on the oxygen-reduc-
tion environment◄ in the soil, or in other words, the
micro-organism oxygen supply. For example, some trace
elements are removed more effectively in an aerobic◄
environment, and others in an anaerobic◄ one. This
means that locations suitable for bank filtration are those
where the water can spend a while in both aerobic and
anaerobic areas of soil. 

Regardless of the oxygen-reduction conditions, bank fil-
tration is suitable for removing organic trace elements
such as polycyclic aromatic hydrocarbons, polychlorinat-
ed biphenyls◄ (PCB) and many insecticides. Odours, tastes

and substances affecting hormones are also degraded to a
great extent. One key consideration for bank filtration in
warmer climates: rising temperatures lead to increased
metabolism and thus a higher conversion rate in most
 cases. 

DVGW – Water Technology Center Karlsruhe (TZW)
Dr. Frank Thomas Lange
Karlsruher Straße 84
76139 Karlsruhe, Germany
Tel.: +49 (0)7 21/96 78 15 7
Fax: +49 (0)7 21/96 78 10 4
E-mail: lange@tzw.de
Internet: www.tzw.de
Funding reference: 02WT0279

A well of the vertical well gallery in Düsseldorf



Slow filtration is a near-natural, simple and cost-
effective means of water treatment; in Germany, it
is usually combined with other processes. It can also
be performed using alternative, locally available fil-
ter materials. A number of research projects have
looked at ways in which slow filtration could be
technically improved and adapted to the specific
conditions at locations outside Central Europe.

Slow filtration has become a well-established procedure
for biological drinking water purification. The systems
usually consist of an infiltration pond◄ filled with differ-
ent filter and support layers. A drainage and support layer
comprising stones, gravel and coarse sand is followed by
an (approx.) one metre high filter layer. The primary filter
material employed in Central Europe is sand (slow sand fil-
tration); generally speaking, the longer the water remains
in the sand filter, the greater the level of purification.

However, uniform and well cleaned filter sand is not wide-
ly available. Attempts to proliferate this procedure (partic-
ularly in developing and emerging countries) requires
adaptation to local circumstances – for example, the use of
locally available and cost-effective filter materials. This
matter has been closely examined by the IWW Water Cen-
tre (Rheinisch-Westfälisches Institut für Wasser-
forschung) in Mülheim an der Ruhr (overall co-ordination
of “slow sand filtration” projects) and the Institute for
Water Research (IfW – Institut für Wasserforschung) in
Schwerte (period of study: 2002 to 2005).

Sand alternatives examined

The scientists compared the cleaning performance of sand
to that of recycled glass granulate and coconut fibres –
employing a range of methods at varying temperatures
and filter speeds. Another sub-project addressed the ques-
tion of whether the effectiveness of slow filtration is
improved by adding gravel, pumice or coconut fibres to
the sand filter layer.

Extreme pollutant concentrations simulated

The research was performed in laboratories and semi-
industrial test facilities. To establish the procedure’s effec-
tiveness in the face of extreme pollutant concentrations in
the unprocessed water, tests were partially conducted
using contaminated surface water with raised DOC and
ammonium content◄. The researchers also employed the
outflow of a sewage plant as untreated water◄ in the test

Adapted slow filtration –
versatile and cost-effective

facilities; this was done to determine whether slow filtra-
tion is also suitable for the treatment of water in rivers that
are greatly affected by wastewater discharge but still pos-
sess some assimilative capacity.

Another area of research was the nature of microbial
colonisation in slow sand filters. To optimise system per-
formance, the Water Technology Centre (TZW) of the
Deutsche Vereinigung des Gas- und Wasserfachs (DVGW –
German Technical and Scientific Association for Gas and
Water) developed a module for the practical mathemati-
cal simulation of slow sand filtration under different envi-
ronmental conditions.

Finally, the objective of the projects “Boundary condi-

tions for slow sand filtration, suggestions for technical

modification and adaptation to regional conditions”

and “Optimisation of slow sand filters by means of spe-

cial protection layers and operating methods” was to
combine existing slow filtration data with current results
in order to create guidelines for the planning and opera-
tion of slow filtration systems (Kühn, W.; Müller, U. (eds.):
Export-oriented R&D in the field of water supply and
wastewater treatment – part I: Drinking water. volume 2;
Karlsruhe; at www.tzw.de).

Recycled glass granulate and coconut fibres
as alternatives

The research showed that both recycled glass granulate
and coconut fibres represent viable alternatives to sand as
slow filtration materials. Under test conditions, however,
the cleaning performance of these substances was not of a
sufficient level to produce drinking water in all circum-
stances. The experiments highlighted specific strengths
and weakness of the different filter materials, which are to
be taken into account in practice and potentially
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 compensated by means of technical modifications (e.g.
pre-separation or aeration).

The purification performance of slow filtration greatly
depends on the temperature: the biodegradation process-
es become significantly slower at temperatures below
10°C, in some cases even coming to a complete standstill.
At high temperatures and with a high concentration of
biodegradable substances, the degradation processes
result in significant oxygen consumption. Column experi-
ments in an air-conditioned room showed that, in the
selected operating conditions (filter layer thickness, oper-
ating method, filter speed etc.) and at 5 to 10°C, none of
the filter materials was able to process the untreated
water (high DOC and ammonium content) such that it met
the drinking water regulations of the World Health
Organisation (WHO) in terms of the examined chemical
parameters. At 20°C, only the filtrate treated with recycled
glass granulate exceeded the thresholds, while all filtrates
met the WHO limits at 30°C. In these experiments, the
sand-filtered water actually complied with the values stip-
ulated by the even stricter German Drinking Water
 Ordinance.

Protective layer

The experiments showed that a 20 cm protective layer
consisting of gravel, pumice or coconut fibres greatly
increases the filtering time. Furthermore, a large portion
of the particles contained in the water was retained in this
layer, thus protecting the sand filter layer below and min-
imising agglutination. If the filtered particles are organic
rather than mineral substances, they are already biode-
graded in the protective layer. The disadvantage of this is
the lack of oxygen further down, which – without addi-
tional aeration – has a negative impact on subsequent aer-
obic biodegradation processes◄, e.g. ammonium oxidation.

The scientists assessed the ability of slow sand filters to
retain degradation-resistant trace elements◄ in a sepa-
rate test system featuring an activated carbon layer below
the sand layer. The result: layers of sorptive materials such
as activated carbon◄ are highly effective in retaining
organic trace elements from pesticides and pharmaceuti-
cals. As this “sandwich” method entails high construction
and maintenance costs, large-scale application is not cur-
rently a realistic option. Therefore, if slow filtration alone
does not provide the desired water quality, a better option
would be to integrate the procedure in a system of suit-
able pre- and post-treatment techniques adapted to the
relevant location.

IWW Rheinisch-Westfälisches Institut für
 Wasserforschung gGmbH
Dr.-Ing. Hans-Joachim Mälzer
Moritzstraße 26
45476 Mülheim an der Ruhr, Germany
Tel.: +49 (0) 2 08/4 03 03-3 20
Fax: +49 (0) 2 08/4 03 03-80
E-mail: a.maelzer@iww-online.de
Internet: www.iww-online.de
Funding reference: 02WT0282

Institut für Wasserforschung GmbH Dortmund
(IfW)
Frank Remmler
Zum Kellerbach 46
58239 Schwerte, Germany
Tel.: +49 (0) 23 04/95 75-3 53
Fax: +49 (0) 23 04/95 75-2 20
E-mail: remmler@ifw-dortmund.de
Internet: www.ifw-dortmund.de
Funding reference: 02WT0279

Surcharge area
(0.3 m - 1.5 m)

Freeboard
(approx. 0.2 m)

Filter medium
(0.8 m - 1.3 m)

Support layer
(0.2 m - 0.4 m)

Drainage layer
(0.2 m - 0.5 m)

Total height

Schematic representation of slow sand filtration (section) according to
DIN 19605, from DVGW work sheet W213-4



A joint research project funded by the Federal
 Ministry of Education and Research (BMBF) has
 documented results of German water research and
developed them to suit other conditions. For this
purpose, reference values were determined for the
size and operation of water treatment and distribu-
tion plants while taking extreme untreated water
properties as well as other climatic and social condi-
tions into account. Ten institutes and universities
participated in the project.

In the following, treatment methods tried and tested in
Germany are assessed as to their applicability under spe-
cial boundary conditions or when improved performance
is to be expected.

Slow filters◄with closed bottoms and infiltration ponds◄
with subsequent groundwater recharge represent possi-
ble alternatives for small systems in rural areas and cities
of developing and emerging countries. It should be noted
that slow filtration without pre-treatment should only be
used to process low-turbidity◄water with minimal micro-
biological contamination.

Wealth of experience in bank filtration

Since bank filtration has been used in Germany for over
100 years, the country has a wealth of experience in this
area. This knowledge can be employed for targeted appli-
cation in other nations – despite the existence of different
climatic and hydrogeological conditions. To support this
transfer of knowledge, the project participants developed
a range of engineering aids and provided detailed
descriptions in the form of user guidelines (see references
at end of article).

A combination of flocculation◄, sedimentation and filtra-
tion is the standard procedure employed by many coun-
tries for the treatment of surface water. Important consid-
erations during project planning are optimum hydraulic
and technical conception with regard to the addition of
processing agents for flocculation, the minimisation of
flushing water requirements, optimised sludge water dis-
charge as well as the use of measurement and control
technology adapted to local standards.

Export-oriented research & development –
transfer to other countries

Micro- and ultra-filtration – an alternative to
conventional water treatment

In addition to conventional water treatment by means of
flocculation and filtration, micro-◄ or ultra-filtration◄
represents a possible alternative for turbidity removal pur-
poses. These processes can be used to purify either low-
turbidity untreated water without pre-processing or high-
turbidity untreated water following conventional pre-pro-
cessing. Micro- and ultra-filtration is also a suitable means
of processing eutrophic water◄. Sustainable use of these
techniques requires an appropriate infrastructure for
maintenance and operation.

The removal of heavy metals using ion exchangers◄ is
particularly suitable for low-turbidity water; the capacity
of the ion exchangers is barely reduced. In the case of
water containing heavy metals, ion exchange can be an
alternative to treatment via flocculation, for example.

Particularly when used with waters containing unknown
compositions of water-based substances, the by-product
generation connected with oxidation processes and
removal of residual content must be taken into account.
The combination of hydrogen peroxide and UV radiation
has proven to be a very energy-intensive process; pre-oxi-
dation with potassium permanganate◄ is not an effective
means of enhancing the turbidity removal capacity of
flocculation. Important planning criteria are the
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 operational reliability of the process and the necessary
qualification of the relevant personnel. The deficiencies of
biological ammonium oxidation in cold water can be
countered by a number of means. However, at water tem-
peratures under 5°C, extremely long treatment periods
(weeks to months) are required to eliminate high ammo-
nium loads, which could effectively outweigh the benefits
offered by the procedure.

Activated carbon◄ should, in principle, only be loaded
with low-turbidity water (e.g.  < 0.2 NTU, Nephelometric
Turbidity Units). The effect of the water temperature on
the adsorption◄ of natural, organic substances in water is
relatively minor. High DOC concentrations◄ in untreated
water can limit the activated carbon’s adsorption capacity
for trace elements◄, which should therefore be min-
imised as much as possible by other means prior to the
adsorption. Although granulated iron hydroxide is very
effective in the removal of arsenic, its ability to eliminate
dissolved organic substances is quite limited.

Drinking water disinfection is the most important and fre-
quently employed treatment process throughout the
world. As a rule, drinking water purification outside

 Germany stipulates the disinfection of the water and its
subsequent introduction to the distribution network with
free disinfectant; this is often a necessity given the fact
that conditions in the distribution network are frequently
less than ideal. Since a residual chlorine level is desired at
the water tap, appropriate disinfectants with a lasting
depot effect are still required as a final safety step follow-
ing the optimisation of the water treatment process. How-
ever, care must be taken to avoid overdosage due to the
potential for disinfectant by-product formation and nega-
tive reactions on the part of consumers.

Water quality and corrosion in pipe
networks

Outside Germany, the impact of water quality on pipe cor-
rosion cannot be adequately assessed by the common-
practice method of establishing the corrosion probability
on the basis of ion ratios. More concrete information can
be gained by conducting additional experiments with a
special test rig (see photo) under the applicable specific
conditions.

When assessing the basic applicability of the various pro-
cedures from a technical perspective, the country-specific
conditions regarding infrastructure, availability etc. must
be taken into account (see table). Provided that any climat-
ic differences are taken into account, transferring these
procedures to other industrialised countries does not rep-
resent a problem, since a virtually identical technological
standard can be assumed. However, this does not apply to
developing and emerging countries (or only to a limited
extent).

The results of the joint project have been published in the
form of guidelines, while an accompanying CD docu-
ments the final reports of the sub-projects: “Export-orient-
ed R&D in the field of water supply and wastewater treat-
ment.
Part I: Drinking water, volume 2: Guidelines, in-house
publication of DVGW Water Technology Centre Karlsruhe
(2006), 
ISBN: 3-00-015478-7” (out of print)

DVGW Water Technology Centre (TZW)
Dr. Uwe Müller
Karlsruher Straße 84
D-76139 Karlsruhe, Germany
Tel.: +49 (0) 7 21/96 78-2 57
Fax: +49 (0) 7 21/96 78-1 09
E-mail: uwe.mueller@tzw.de
Internet: www.tzw.de
Funding reference: 02WT0273 – 0282, 02WT0323

Suitability of treatment processes in industrialised (IC), emerging (EC)
and developing countries (DC)
+++ Minimal expenditure or state of the art
++ Moderate expenditure or not yet widely used
+ Higher expenditure or availability only in specific cases

Cost factors in industrialised, emerging and developing countries
(Gieb, 2005)
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Germany is a world leader in the field of water tech-
nology. However, some knowledge gaps still exist –
one example being the adaptation of wastewater
technologies to altered conditions, such as the cli-
mate in different countries. These gaps have been
successfully closed by a joint research project.

These altered conditions include extreme wastewater
temperatures, low concentrations of easily degradable
compounds, raised salt content or intensive algae growth
in sewage ponds◄due to high insolation levels. The objec-
tive of the joint venture “Export-oriented research and

development in the field of water supply and waste-

water treatment – part II: Wastewater technologies

outside Germany” was to adapt technologies for commu-
nal wastewater treatment tried and tested in Germany to
different climate zones and boundary conditions. A fur-
ther objective was to place greater emphasis on the sub-
jects of recycling and planning methods. The research
project thus helped to raise the quality and efficiency of
wastewater treatment while ensuring improved and more
sustainable use of the resource water.

During the first project phase, investigations were per-
formed of the special conditions of communal wastewater
treatment in the following twelve nations, which were
selected as being representative of different world regions
and development levels: Egypt, Brazil, China, Indonesia,
Iran, Jordan, Morocco, Russia, South Africa, Thailand, USA
and Vietnam. This general survey was accompanied by 24
individual research and development projects, which
were conducted by 11 different universities as well as
numerous companies and focussed on three core areas.

Core area A: wastewater treatment

Core area A looked mainly at procedures that are standard
in Germany and throughout the world: activated sludge
processes◄, trickling filters◄, rotating biological contac-
tors◄, submerged fixed beds◄ and sewage ponds. Ger-
man water technology can provide a wealth of experience
in this area, which must be adapted to the relevant condi-
tions. The focus is on the composition of the waste water,
the temperature of the waste water and ambient air as
well as the specific requirements for the purification plant
process or treatment stages (mechanical, biological, nutri-
ent elimination).

Adapted wastewater technologies –
knowledge gaps filled

Core area B: disinfection and water reuse

The sub-projects of the second core area focussed on water
recycling possibilities as well as the analysis, demonstra-
tion and enhancement of selected wastewater treatment
procedures. One particular area of research was the differ-
ent requirements of wastewater treatment plants – vary-
ing by time of year (summer, winter) or users – for the gen-
eration of irrigation water. In addition, the scientists
examined the use of anaerobic processes for the treat-
ment of wastewater. Examinations of sewage sludge treat-
ment and utilisation were also part of the project.

Core area C: wastewater treatment
simulation and concepts

Core area C comprised the projects in which locally adapt-
ed aids were devised for the planning of wastewater treat-
ment plants outside Germany. These aids include adapted
economic methods for variant evaluation, models for
purification plant simulations, stepwise expansion con-
cepts for adaptation to growing treatment requirements
or rising pollution as well as working aids (“ExpoTool”,
available from ifak e.V., Magdeburg) for project assess-
ment, which provide quantitative evaluations and visual
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representations of the various treatment plant alterna-
tives. With these aids, available alternatives can be
described and presented – e.g. to ordering or contracting
bodies – in a clear and meaningful manner.

Extensive documentation

The project documentation produced by the research ini-
tiative provides a wide range of tools and information to
support the adaptation of treatment plant technologies to
the specific conditions in different countries. For the first
time, quantitative recommendations can be made for a

range of known qualitative phenomena. In this context,
the impact of the water temperature is of primary impor-
tance: in all projects involving measurement and assess-
ment, the water temperature is the most important
parameter in terms of the adaptation of wastewater purifi-
cation and sewage sludge treatment processes to different
climatic conditions. One of the most significant observa-
tions in this regard is that higher wastewater tempera-
tures may greatly increase performance, but can also
result in operational problems (e.g. siltation, insufficient
oxygen supply) without the implementation of suitable
countermeasures.

As well as being the subject of scientific publications and
presentations, the results of the research project are sum-
marised in the three reports “Requirements of wastewater
technology outside Germany”, “Cross-project closing
report” and “Guidelines for wastewater technology out-
side Germany”. The reports are available from the Ruhr
University Bochum via the address specified below.

Ruhr University Bochum 
Institute of Urban Water Management and
 Environmental Engineering
Prof. Dr.-Ing. Hermann Orth
Building IA 01/147
Universitätsstraße 150
44801 Bochum, Germany
Tel.: +49 (0) 2 34/32-2 30 49
Fax: +49 (0) 2 34/32-1 45 03
E-mail: siwawi@ruhr-uni-bochum.de
Internet: www.ruhr-uni-bochum.de/siwawi/
Funding reference: 02WA0539Final clarification and digester of the Fujairah treatment plant, United

Arab Emirates (provided by Passavant-Roediger GmbH)

Demonstration system at the Yamuna Vihar treatment plant in
New Delhi, India



The water authority of the megalopolis Beijing
knows all too well that correct decisions cannot be
made without reliable information: since the
region’s climate causes significant fluctuations in
available water levels, accurate data is required to
control and monitor the supply and consumption of
water. A computer program addressing this need
has now been developed as part of a Sino-German
joint venture – in the face of highly challenging con-
ditions. The results of the project may also prove
extremely useful to other megacities in Asia.

The sustainable management of water resources in semi-
arid areas is an extremely complex task. As of a specific
size (supply area, population) optimum management of
multiple resources is required – both from a temporal and
geographical perspective – whereby wastewater is also
considered a resource in semi-arid areas. For megacities
such as Beijing, with its 16 to 17 million inhabitants, this is a
particularly challenging task.

Extreme situations

Due to its geographical situation at the northern edge of
the North China Plain, Beijing has a semi-arid and inter-
mittent semi-humid climate. Virtually the entire annual
rainfall occurs over just two months (including flood
events), while the area remains mostly dry for ten months
of the year. The city’s water authority is therefore required
to manage two very different, yet equally extreme situa-
tions.

The most water is required for agricultural purposes in the
areas surrounding the metropolis, whereby demand is
largely covered by the 40,000 to 50,000 local groundwa-
ter wells. Drinking water is currently obtained from sur-
face water (predominantly water reservoirs) as well as
from groundwater – both sources are overused. The water
carried by the two major rivers in the region (Yongding
and Chaobai) has been seasonally or geographically
restricted for years. In addition, groundwater levels are
dropping by one to metres every year.

To ensure continued water supply in the face of ever grow-
ing consumption, plans were made in 2007 to channel
water into the Beijing region from the South-North water
transfer. The link-up has been delayed, however, and is
currently scheduled for 2012/2013. The transfer is to con-
vey an annual water volume of 1.4 billion cubic metres
into the metropolis, but suitable reservoirs to store the
water are still required.

Water management in megacities –
the role of the database 

These multifaceted tasks can only be addressed with the
aid of a computer program tailored to these specific
requirements. The creation of such an information system
for the Beijing area was the remit of a Sino-German ven-
ture, which reached its conclusion in November 2009 with
the delivery of the software system to the Beijing Water
Authority (BWA). The project, which was supported by the
Federal Ministry of Education and Research (BMBF), was
overseen by the Fraunhofer Institute for Optronics, System
Technology and Image Exploitation (IOSB).
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Multilayered program

The resulting “Beijing Water Decision Support System”
(DSS◄) collates data and information of varying quality,
quantity and controllability (see figure). The information
ranges from easily measurable data (e.g. water abstraction
from a specific source) to uncertain estimates (e.g.  con-
sumer behaviour, groundwater recharge rate). The system
maps all resources onto mathematical models on the basis
of balance equations: this allows the BWA to simulate vari-
ous scenarios to support its decision-making.

As was to be expected, significant problems were encoun-
tered with the creation of a comprehensive information
base as well as with the derivation of representative model
structures with spatial and temporal parameters. Data is
generally held by different institutions and authorities,
and is therefore fragmented, inaccurate, inconsistent and
occasionally even contradictory – something which great-
ly hinders efforts to implement the required modelling
detail. Another exacerbating factor was that many model
parameters (or model input quantities) were to be deter-
mined as functions of location and time – i.e. in the form of
charts – but the available measurement data was severely
lacking.

Creation of water balance system

The project partners tackled this problem by creating a
coherent, multilayered system for water balances: it can
be used, for example, to balance the water levels of differ-
ent sources, groundwater recharge and untreated water
abstraction, water consumption as well as the treatment
and disposal of wastewater. The results can be used to
identify and correct implausible data and close any gaps.
The system also enables automated multi-criteria optimi-
sation, in which simulations of pre-defined parameter
variations are used to identify the specific scenario repre-
senting the best possible water supply solution under giv-
en conditions. Due to the high complexity of this process,
the system always checks the consistency, plausibility and
completeness of user entries.

The work performed on the Beijing Water Decision Sup-
port System gave rise to new methodical approaches for
high-resolution modelling of water resources with meso-
level analysis areas of over a thousand square kilometres
(and larger), as well as for the determination of parame-
ters on the basis of incomplete, inconsistent or contradic-
tory raw data (as is usually the case with the water supplies
of Asian or South American megacities). The success of
these approaches was underlined by the high level of con-
cordance between calculated and measured results as
part of the verification of data from the period between
1995 and 2000.

Fraunhofer Institute for Optronics, System
 Technology and Image Exploitation (IOSB)
Prof. Dr. Michael Birkle
Fraunhoferstraße 1
76131 Karlsruhe, Germany
Tel.: +49 (0) 7 21/60 91-3 80
Fax: +49 (0) 7 21/60 91-5 56
E-mail: mb@iosb.fraunhofer.de
Internet: www.iosb.fraunhofer.de
Funding reference: 02WA0565, 02WA0849,

02WA1035

Dried out littoral zone of Kunming Lake at the Summer Palace in Bei-
jing



Paper factories are of great economic importance
to the Chinese province of Shandong. However,
the wastewater production of these factories is
extremely high. A new research project supported
by the BMBF has examined ways of making China’s
paper production more environmentally
 sustainable.

The Shandong province in the east of the People’s
 Republic of China accounts for the second highest GDP of
all Chinese provinces – and most of this can be attributed
to the industrial operations based in the region. These pri-
marily include paper manufacture, distilleries, dye
 industry and monosodium glutamate production. 
The Shandong province has long suffered problems with
its drinking water supply. In 2003, more than two million
people did not have an adequate supply of drinking water.
According to the annual report of the Shandong Ministry
of Water Resources, more than six million people were
without a short-term supply of drinking water, despite the
relatively high level of precipitation experienced in 2003.
As a result, the problems with the province’s drinking
water supply are likely to increase in the coming years. 

China’s second largest river – the Yellow River – flows
through the Shandong province. Water is channelled
from the Yellow River into the “south-north transfer”, par-
ticularly to supply the Beijing region with untreated
water◄ for drinking water production. In this context, the
establishment of sustainable water resource management
in the basin◄ of the Yellow River and the transfer is a very
important topic. Consequently, a large number of projects
have been initiated to tackle this matter. The focus of
these initiatives is on the cleaning of industrial waste-
water from, for  example, distilleries, textile dye works and
paper factories in particular.

In 2005, 38 paper factories in Shandong were using straw
as a raw material. The wastewater produced by these fac-
tories – 416 million cubic metres in 2000 alone – is
extremely damaging to the province’s waterways. A pro-
duction output of some three million tons of paper in
2000 equates to 138 litres of wastewater per single kilo-
gram of paper – by way of comparison, German paper fac-
tories produced a mere tenth of this.

To ease the conflict between economic growth and envi-
ronmental protection and gradually achieve all environ-
mental goals, both the central government in Beijing and

Transferable solutions for special wastewater problems –
paper manufacture at the Yellow River

local government of the Shandong province issued stricter
regulations concerning industrial wastewater disposal. As
of 1 January 2011, wastewater fed directly into the receiv-
ing waters must not exceed a concentration of
100 mg COD◄/l (“Integrated Wastewater Discharge Stan-
dard in Shandong Peninsula Basin”). This discharge limit
is lower than its European counterparts. This made it all
the more impossible for the wastewater treatment plants
in the Shandong paper factories to meet these require-
ments, both with regard to the polluting load and the pol-
lutant concentration. It was therefore necessary to devel-
op processes that would allow the factories to comply with
the stipulated discharge loads and concentrations in a
reliable and cost-effective manner.
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Pre-treatment stage – micro-electrolysis procedure

Aerobic–aerobic treatment stage

Anaerobic–aerobic biological treatment stage
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The overall aim of the commissioned research project was
to identify purification solutions for the special paper
wastewater of the Shandong province and to make initial
improvements to general wastewater treatment. Another
long-term goal was to optimise process water recircula-
tion to reduce the overall water consumption in Shan-
dong’s factories. The project was also to assess the trans-
ferability of the examined procedures to other paper fac-
tories in the Shandong province and throughout China. 

The initiative can be split into two main steps: in the first
part of the project (project phase A), the micro-electrolysis
procedure was examined on a laboratory scale at the
Technische Universität Darmstadt (Darmstadt Technical
University) in order to optimise the biodegradability of
wastewater from paper production. The aim was to
achieve significant BOD5◄ and COD reduction and
improve biodegradability in subsequent stages. This step
supported the later research in the semi-industrial test
facility (project phase B), which had been constructed in
Shandong’s Qufu factory as part of the Sino-German joint
venture. 

In the semi-industrial test facility, the paper wastewater
was processed in a pre-treatment stage based on the
micro-electrolysis procedure and a two-stage biological
cleaning process (anaerobic◄/ aerobic◄ or aerobic/aero-
bic). The micro-electrolysis was used to pre-treat the
wastewater, particularly to eliminate lignin compounds,
degradation of which is very difficult. In a first basin, the
wastewater was then processed in a highly concentrated
activated sludge procedure◄ and a subsequent biofilter

stage. In the second basin, the wastewater was subjected
to anaerobic pre-treatment with a UASB reactor◄ and sub-
sequent aerobic post-treatment using a biofilter. In addi-
tion to the semi-industrial test facility, project phase B also
involved additional laboratory experiments with a modi-
fied treatment stage, in which the various treatment steps
were processed in the following sequence: micro-electrol-
ysis, UASB, activated sludge basin and biofilter.

In their tests with the semi-industrial facility, researchers
were able to meet the 120 mg COD/l threshold applicable
from 1 January 2010, but not the more stringent emission
standards that would take effect in 2011. However, the
additional laboratory experiments succeeded in reaching
these future requirements (less than 100 mg COD/l). 

The conducted research showed that it was possible to
optimise the wastewater treatment in China’s paper facto-
ries by affordable means; however, meeting the required
pollutant limits would require the adaptation of proce-
dures to the special wastewater streams and polluting
loads. With regard to the transfer of results to other facto-
ries, researchers are currently still working on a water bal-
ance for the paper factory specified above However, the
general assumption is that the employed procedures will
be suitable for factories using straw as a raw material. In
order to assess suitability for the paper wastewater treat-
ment of factories using other raw materials, consideration
and possible further examination of the specific condi-
tions and wastewater composition is required.

Technische Universität Darmstadt
IWAR Institute
Department of Wastewater Technology
Prof. Dr.-Ing. Peter Cornel 
Petersenstraße 13
64287 Darmstadt, Germany
Tel.: +49 (0) 61 51/16-21 48
Fax: +49 (0) 61 51/16-37 58
E-mail: p.cornel@iwar.tu-darmstadt.de 
Internet: www.iwar.bauing.tu-darmstadt.de
Funding reference: 02WA0953

Iron bed (foreground), intermediate treatment and final clarification
(background)



United for clean water resources – 
international co-operation
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In its efforts to improve water supplies across the
globe, the Federal Ministry of Education and
Research (BMBF) supports a variety of research and
development projects to devise technologies and
concepts for the sustainable management of water
resources. In the last funding period, these efforts
focused primarily on Asia, the Middle East, Eastern
Europe and Africa. 

Technologies and procedures tried and tested in Germany
generally require adaptation to regional, economic and
social conditions. Another important factor is the training
of local specialists. One of the main aims of the interna-
tional water research projects is the transfer of knowledge
to the relevant persons on site, thus enabling them to
implement and pursue their own projects. German com-
panies are contributing valuable expertise to these
research and development initiatives. The BMBF-funded
projects are thus also helping to establish new export mar-
kets for the German water industry – in areas that are like-
ly to experience considerable growth over the coming
decades. 

Example of Indonesia. The southern coast of the island of
Java is one of the poorest regions in Indonesia. The inhabi-
tants suffer a severe lack of water, despite the relative
abundance of this valuable resource underground. Previ-
ously, the water flowed straight into the sea via a complex
underground water system comprising more than 1000
caves. As part of the project “Accessing and managing
underground karst waters in Central Java, Indonesia”,
German and Indonesian scientists constructed a small
underground hydroelectric power plant with which water
can be transported to the surface to supply some 80,000
people (project 2.5.01).

Example of China. In the build-up to the Beijing 2008
Olympic Games, a water concept was devised for the 550
hectare Olympic Park with the Sino-German research proj-
ect “Development of a sustainable water concept for the
Olympic Park in Beijing, 2008”. Research is also to be car-
ried out to assess the transferability of the results to other
regions of China as well as other states (project 2.5.02). The
many hygienically relevant micro-organisms (viruses, bac-
teria, protozoa, worm eggs) present in the wastewater –
even after biological cleaning – mean that adequate
purification of the water is required before it can be
reused. However, chlorination is generally accompanied

by the formation of unwanted disinfection by-products. A
comparison of various procedures has shown that alterna-
tives exist to conventional wastewater treatment. The
IWAR institute of the Technische Universität Darmstadt
has tested four of these alternative procedures in China
(project 2.5.08).

Example of Iran. Mashhad is the second largest city in Iran
and is situated in an arid zone. To supply the population
with low-nitrate drinking water, the BMBF worked with
the Iranian Ministry of Energy on the project “Demonstra-
tion of different high-performance procedures developed
in Germany for the removal of nitrate from drinking water
and their adaptation to the treatment of groundwater
with high concentrations of sodium nitrate and other salts
using the example of drinking water purification in Mash-
had, Iran” (project 2.5.03).

Example of Russia. At 3500 kilometres, the Volga is
Europe’s longest river. Massive intervention has altered
the waterway on an almost unprecedented scale – with
complex consequences for people and the environment.
As part of a German-Russian project, sustainable solutions
were developed for the economic and ecological manage-
ment of the Volga and its feeder streams (project 2.5.04).

Example of Vietnam. Black coal is an important energy
source in Vietnam, but mining efforts cause significant
damage to the environment. The aim of the German-Viet-
namese project “RAME (Research Association Mining and
Environment)” in the Quang Ningh province is to transfer
remediation technologies from the German coal mining
industry to its Vietnamese counterpart (project 2.5.05).

Example of Israel. Scientists from Germany and Israel
have worked together to develop new measuring proce-
dures to serve as the basis for continuous monitoring of
the pollutant content of drinking water sources in Israel
(project 2.5.06). In another project detailed in this
brochure, German and Israeli scientists are using cloud
seeding in an attempt to counter desiccation of the land
(project 2.5.07).



The southern coast of the island of Java is one of
the poorest regions in Indonesia. Water is in short
supply, despite the relative abundance of this valu-
able resource beneath the ground; however, the
water flows directly into the sea via a complex
underground water system comprising well over
1000 caves. Scientists in Germany and Indonesia
have found a simple solution for one region on Java:
a small underground power plant that transports
enough water to the surface to supply some
80,000 people.

The approx. 1400 square metre karst landscape◄ in Java’s
Gunung Sewu region is littered with hundreds of intercon-
nected caves and underground streams. Although there is
plenty of water beneath the earth, the region’s inhabitants
suffer extreme water shortages during the dry seasons due
to an absence of appropriate storage facilities – the limited
rainfall simply seeps into the karstic ground. Previously,
diesel-powered pumps were used to transport the water
from the caves up to the surface. Not only does this system
use a great deal of energy and carry significant operating
and maintenance costs, but the water volume conveyed is
not enough to cover the water requirements of private
households, local industry and the region’s agriculture.

Cave water

A feasibility study commissioned by the BMBF concluded
that it would be technically possible to transport the cave
water using hydraulic energy. On this basis, the German-
Indonesian pilot project “Accessing and managing

underground karst waters in Central Java, Indonesia”

was launched in 2002, with the aim of constructing a
demonstration hydro-power plant in Gunung Sewu. The
project was overseen by the Institute for Water and River
Basin Management (IWG) of the Karlsruhe Institute of
Technology (KIT) and involved seven institutes from dif-
ferent specialist disciplines as well as industrial partners
from the fields of tunnelling, pump and control technology.

Following intensive on-site research, the specialists decid-
ed on the (Gua) Bribin cave. It has a capacity of some
300,000 cubic metres and a water flow rate of over 1000
litres per second, even in dry seasons. The project partici-
pants decided to construct a barrage in the cave to dam
the continuous flow of water, a part of which was to be
transported along a 100 metre riser pipe by means of a
small hydro-power plant; this would then supply some
80,000 people in the surrounding shanty towns with

Adapted technology –
an underground hydro-power plant on Java

water. During research and development, a conscious
effort was made to employ easily manageable techniques
adapted to the needs of the local people and the
 environment.

To determine the potential water levels and storage vol-
umes, large portions of the cave were measured using
state-of-the-art laser technology and the resulting data
compiled to form a high-resolution, three-dimensional
model. The rock porosity and mineralogical composition
was determined through macroscopic and microscopic
analyses of samples. This provided the scientists with the
means to predict potential water losses and signs of corro-
sion, thus allowing them to assess the long-term stability
of the system. A monitoring network was then installed to
enable continuous recording of the water quality as well
as hydrological, hydraulic and hydrogeological
 conditions.

Upon completion of necessary preparations at the project
site, the Department of Public Works, Yogyakarta, drilled
a first sounding hole (103 m) on the basis of the measure-
ments obtained by the IWG. Following an additional
drilling and detailed analysis of the drill samples, work on
the access shaft began in 2004; for this purpose, Her-
renknecht AG developed a vertical tunnelling machine
tailored to local conditions and excavated a shaft around
100 metres deep with a diameter of 2.5 metres. The tun-
nelling from the surface through to the cave was complet-
ed in December 2004.
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Pumps instead of turbines

For the construction of the dam with its integrated hydro-
power plant, a number of different building, material and
design variations were examined. As well as focussing on
functionality, safety and availability, the project partici-
pants were conscious of the fact that the technology
employed for the small power plant would have to be
adapted to the abilities and expertise of local technical
personnel, specifically with regard to control, repairs and
maintenance. For this reason, inversely operated pumps
developed jointly by the IWG and KSB AG were used
instead of turbines. These pumps are affordable, highly
robust and easy to maintain.

Work interrupted by earthquake

Upon completion of the planning work, construction of
the underground barrage began in April 2005. At the end
of 2005, work ceased due to the early onset of the rainy
season; shortly after construction resumed in May 2006,
the region was struck by a severe earthquake measuring
6.3 on the Richter scale, the epicentre of which was just 30
kilometres from the project site. The site itself escaped rel-
atively unscathed, but the water level rose by approx. two
metres following the quake, thus rendering any further
work impossible. Professional divers from Germany dis-
covered that the increased water level was caused by fall-
en rubble after the downstream siphon: over 1000 cubic
metres were blocking the flow cross-section at this virtual-
ly inaccessible location. At the end of 2006, German and
Indonesian specialists blasted a path through the rubble –
work then resumed in June 2007.

Following successful completion of the dam and installa-
tion of the first pump module, the first test of the system
was performed in August 2008 amid great public interest.
Based on saturation processes in the surrounding moun-
tains, it was estimated that it would take one to two weeks

to fill the man-made reservoir – in actual fact, the targeted
water level of 16 metres was reached after just two days.
The first filling of the reservoir was also accompanied by a
test of the first pump module, during which the scientists
measures a delivery rate of 20 litres per second at the end
of the 100 metre vertical pipe – the results were thus in line
with expectations. A further four pump modules were
then installed, along with an electric system to control the
plant.

In March 2010, the project partners were able to hand over
the finished system to the responsible Indonesian authori-
ty, the employees of which had already received the neces-
sary training to operate the plant. To assess the behaviour
of the system in continuous operation and assist with any
problems that may occur, the KIT continues to offer its
support as part of the follow-up project “Integrated water
resource management (IWRM) in Gunung Kidul, Java,
Indonesia” (see project 1.3.05). 

Project website ►www.iwrm-indonesien.de
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Exploration of the cave system Construction work in the cave



Having won the honour of hosting the 2008 Olympic
Summer Games, the Chinese government was anx-
ious to improve the environmental situation in the
region around the capital and host city, Beijing. A
Sino-German research project was therefore tasked
with devising an exemplary water concept for the
550 hectare Olympic Park constructed in the north
of the metropolis. The concept was built around a
large artificial lake as well as an artificial river with-
in the park.

The environmental situation in the Beijing megalopolis is
extremely challenging. In addition to air pollution, the
city is also encountering problems with its water supply:
water requirements are rising constantly while ground-
water levels are falling by one to two metres per year and
water quality is also declining. For the 2008 Olympic
Games – dubbed the “Green Olympics” by the organisers –
a functional and reliable water management system was
required for the Olympic Park, which was home to some
18,000 athletes and officials. After the Games, the park
became a green recreation area between the city and its
surroundings. In addition to extensive forestation meas-
ures, an approx. 60 hectare lake was created in the north
of the park. A small river was also formed in the central
area of the Olympic Park. The latter was filled with water
of the highest quality (reverse osmosis◄) and the lake to
the north with municipal wastewater treated with micro-
filtration◄.

Public and private partners

The bilateral joint venture “Development of a sustain-

able water concept for the Olympic Park in Beijing,

2008” was to contribute to the sustainable management
of the limited water resource for 2008 and beyond – with
the additional aim of transferring findings and experi-
ences to other regions of the country as well as different
states. Funded by the Ministry of Science and Technology
(MOST) of the People’s Republic of China as well as the
BMBF, the project involved both the University of Duis-
burg-Essen and the Technische Universität Berlin (TUB –
Berlin Technical University) as well as a number of mid-
sized companies: WASY Gesellschaft für wasser-
wirtschaftliche Planung und Systemforschung mbH from
Berlin (now known as DHI-Wasy GmbH), Institut für ange-
wandte Gewässerökologie GmbH, GeoTerra GmbH and
the consulting firm Obermeyer from Munich. The Chinese
project participants were the Tsinghua University of Bei-
jing and the Beijing Water Authority. As well as perform-

2008 Olympics in Beijing –
a water use concept

ing a detailed appraisal of the planning basis, the project
examined the use of domestic water-saving technology in
the Olympic Village, modern techniques for wastewater
and stormwater treatment as well as the waterway con-
struction in the Olympic Park. One of the outcomes of the
project was the creation of a decision maker’s handbook
for sustainable water management in cities.

Among other things, the research project focussed on the
selection of suitable technologies for the treatment and
reuse of wastewater in the Olympic Park, particularly for
the water bodies. The recycling concept involved the man-
agement of hygiene, algae and odour problems through
regulated nutrient concentrations. Hygiene was ensured
by means of a multi-barrier system (dual low-pressure
membrane procedure◄, soil filtration), which allowed the
treated water to be used as process water for toilet flush-
ing, fountains and street cleaning.

Combined process technology

On the grounds of the Beixiaohe purification plant in the
north of Beijing, water specialists from the Technische
Universität Berlin worked with representatives of
Tsinghua University and the Beijing Drainage Group
(BDG) to construct a pilot system for all planned water
recycling procedures. Combined, modern process tech-
nologies were used: membrane bioreactors (MBR), fixed
beds, phosphate adsorption materials and ultra-
filtration◄with near-natural treatment processes such as
artificial bank filtration. The MBRs separated the biomass
and germs, thus ensuring particle-free water flow. Since
orthophosphate serves as a fertiliser for algae and plants
in the lake, thus potentially upsetting the ecological bal-
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ance of the water, the orthophosphate was removed in an
adsorptive stage. The suitability of the systems with regard
to the required water quality was successfully verified dur-
ing prior testing (2005). In the test lake of the purification
plant, mesotrophic◄ conditions were maintained
throughout, while excellent process water quality was
achieved following artificial bank filtration in the test lake
and subsequent processing with ultra-filtration mem-
branes. The results from the pilot system and test lake
were established during the first phase of the project
(2004 – 2008). However, the recommendations of the proj-
ect partners BDG and TUB were only partially implement-
ed in the Olympic Park as the authorities only wanted to
use reverse osmosis water in the central area. Here the
partners had recommended a combination of bio- and
ultra-filtration.

Electronic information and
monitoring system

In conjunction with Tsinghua University, employees of
WASY GmbH developed the “Olympic Water Information
System” (OWIS) for the planners, organisers and operators
of the Olympic Park. This database included new informa-
tion and research results established over the course of the
project as well as existing data provided by the Chinese
project partners. OWIS enables continuous monitoring of
the water system in the Olympic Park and features an inte-
grated alarm module. OWIS can also be used to assess the
consequences of potential decisions or events for the
water system and compare different courses of action – for
example, which measures would need to be taken in the
case of a sudden dramatic worsening of the water quality
in the Olympic lake. 

DHI-WASY GmbH
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12526 Berlin, Germany
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Part of the pilot system at the BeiXiaoHe purification plant

Map of the Olympic Park 
(source: www.strategy4.china.com)



Across the globe, agricultural deposition and
untreated household wastewater are causing high
nitrate concentrations in the groundwater. Without
appropriate treatment, the resulting drinking water
can be harmful to health. To reduce this risk for the
inhabitants of the Iranian city Mashhad, a German-
Iranian project has tested four different methods for
removing nitrate from groundwater. The results will
help to decide whether and with which technology
drinking water treatment plants will be built in Iran
in the future.

Nitrate is a nitrogen compound, low concentrations of
which are naturally contained in most water sources.
However, for many years now nitrate concentrations have
been on the rise in numerous regions across the globe – a
fact that is frequently attributed to nitrogen depositions
from the agricultural sector. Groundwater is also affected
by untreated household wastewater seeping into the
ground. When drinking water is sourced from nitrate-
containing groundwater – without sufficient treatment –
the nitrate content remains in the end product. Excessive
nitrate concentrations are damaging to health.

Significantly raised nitrate levels

With a population of over two million, Mashhad is Iran’s
second largest city and is located in an arid zone in the
north-east of the country. Untreated groundwater
accounts for around 85% of the city’s water supply. The
summer months in particular are characterised by severe
water shortages. Over the past few years, the nitrate con-
centration in many of Mashhad’s wells has risen signifi-
cantly – up to values of 150 mg/l (in some cases even
exceeding 250 mg/l). By way of comparison: the guide val-
ue stipulated by the World Health Organisation (WHO) is
50 milligrams of nitrate per litre of drinking water. These
high values are likely to be caused by untreated domestic
wastewater seeping into the ground, thus causing high
nitrogen deposition in the aquifer◄. Although the waste-
water situation in Mashhad has greatly improved in
recent years, the nitrate concentrations in the water
resources are unlikely to diminish in the short or medium
term.

To supply the population with low-nitrate drinking water
in the future, the Iranian Ministry of Energy and the BMBF
had agreed a joint venture in 2002; the project was enti-
tled “Demonstration of different high-performance

Nitrate reduction in Iran –
knowledge export improves drinking water quality

procedures developed in Germany for the removal of

nitrate from drinking water and their adaptation to

the treatment of groundwater with high concentra-

tions of sodium nitrate and other salts using the exam-

ple of drinking water purification in Mashhad, Iran”.
The parties involved in the project were the IWW Water
Centre (Rheinisch-Westfälisches Institut für Wasser-
forschung), VA TECH Wabag Deutschland GmbH,
Forschungszentrum Karlsruhe (Karlsruhe Research Cen-
tre, now part of the Karlsruhe Institute of Technology
(KIT)), the WETECH – Institute for Water and Environmen-
tal Protection Technology as well as the local water suppli-
er Mashhad Water & Wastewater.

Combined processes

The aim of the project was the first ever parallel applica-
tion of four different methods for removing nitrate from
drinking water; the processes employed were ion
exchange◄, reverse osmosis◄, electrodialysis◄ and bio-
logical denitrification◄. As these procedures were devel-
oped in Germany and had never been used with such
heavily polluted groundwater, they needed to be adapted
to the specific conditions in Iran – not least to ensure reli-
able nitrate removal in the face of similarly high sulphate
concentrations. The test systems with throughputs of
around three cubic metres per hour were constructed in
Germany in modular format and installed in Mashhad in
October 2004. A German-Iranian team (IWW, Mashhad
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Erection of test systems on the grounds of the well pump station in
Mashhad
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Water & Wastewater Co.) was responsible for the opera-
tion and optimisation of the systems and performed
extensive scientific research between 2004 and 2007. 

Upon completion of the project at the end of May 2008, it
had been established that the four procedures could be
successfully applied to the situation in Mashhad. All test
systems worked reliably and reduced the nitrate concen-
trations in drinking water to levels below the WHO guide-
lines. However, the project partners identified significant
differences between the individual procedures – e.g. with
regard to the specific wastewater volume and required
resources (energy, chemicals, personnel) as well as the
ecological and economic consequences. These aspects
were recorded for all four processes and assessed in the
form of a cost/benefit analysis. Taking the situation in Iran
into account (e.g. the extremely low energy prices), bio-
logical denitrification and reverse osmosis were identified
as the most suitable means of achieving the targeted
water quality in Mashhad. However, these findings may be
different if the boundary conditions were to change (e.g.
due to increased energy prices).

Transferable results

The experiences gained over the course of this project are
also relevant for new water works in Mashhad and other
cities in the region, since they provide an ideal basis for
Iranian experts to decide whether and with which proce-
dures future nitrate removal plants are to be built Another
important outcome of this research initiative is the new
contact established between German and Iranian water
experts.

The project partners have already presented their findings
at numerous international conferences and trade fairs as
well as in international publications. The final report enti-
tled “Demonstration of high-performance procedures
developed in Germany for the removal of nitrate from
drinking water in Iran” is available online via the German
National Library of Science and Technology (TIB) Hanover
(http://edok01.tib.uni-hannover.de/edoks/e01fb09/
590090909.pdf; 7.4 MB).

IWW Water Centre (Rheinisch-Westfälisches
 Institut für Wasserforschung)
Water Technology division
Dr.-Ing. Stefan Panglisch
Dipl.-Ing. Oliver Dördelmann
Moritzstraße 26
45476 Mülheim an der Ruhr, Germany
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E-mail: s.panglisch@iww-online.de
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Reactor for biological nitrate removal (denitrification)



At 3,500 kilometres, the Volga is Europe’s longest
river. Massive intervention has altered the waterway
on an almost unprecedented scale – with complex
consequences for man and nature in the river basin.
As part of a German-Russian project, sustainable
solutions were developed for the economic and eco-
logical management of the Volga and its feeder
streams. The initiative focussed on water quality,
water management and the safety of hydraulic
structures.

The basin◄ of the Volga with its approx. 200 feeder
streams is the economic and cultural centre of the Russian
federation and is home to around 40% of the population.
Thanks to its water and resulting energy resources, the riv-
er offers enormous economic potential, which Russia has
been exploiting for decades: as early as the mid 1930s,
eleven large dams were constructed on the Volga and its
largest tributary stream, the Kama. These structures (col-
lectively known as the “Volga-Kama Cascade”) now gener-
ate a total output of 11 gigawatts. However, these massive
interventions in the region’s ecosystem have resulted in
far-reaching risks and conflicts.

The minimisation of these risks was the objective of the
“Volga-Rhine project: a German-Russian joint venture

for water quality and resource management on the

Volga and Rhine” (period of study: 2004 to 2006). Funded
by the BMBF and the Russian Research Ministry, the proj-
ect involved a number of different parties: the Institute for
Water and River Basin Management (IWG), the Engler-
Bunte Institute (EBI), department of Water Chemistry, and
the Institute of Concrete Structures and Building Materials
(IfMB) of the Karlsruhe Institute of Technology (KIT), the
Institute for Environmental Geochemistry of Heidelberg
University and the Soil Physics department of the
Helmholtz Centre for Environmental Research (UFZ) as
well as the companies Voith Siemens Hydro (Heiden-
heim), MC-Bauchemie (Bottrop) and RusHydro (formerly
RAO EES), Russia’s largest energy supplier. The project was
co-ordinated by the IWG and EBI institutes of the KIT.

Precipitation and outflows analysed

Of particular significance are the statistical analyses and
simulations of the precipitation/outflow behaviour in the
Volga basin: how often and intensively does it rain? How
does rainfall affect the natural outflow of the Volga? The
relationship between precipitation and outflow is of cen-
tral significance to the entire river system: only when

Sustainable water management on the Volga –
safeguarding the future of Europe’s longest river

modelled on the basis of precise data, can accurate state-
ments be made regarding the solute transport and high-
water levels of the river. 

To be able to analyse the flood zones, water depths and
outflow during flooding, the scientists developed digital
terrain models of five important barrages on the Volga.
While the Russian contributors recorded and processed
the available data, their German partners simulated the
hydraulic conditions of the Volga using hydrodynamic
numerical models. They also developed the program
 “Volga decision support system” to analyse different out-
flow scenarios. This program enables computer-based
simulation of the entire Volga system and reservoirs, thus
allowing the scientists to identify the most energy-effi-
cient and ecologically sound management strategy for
each barrage. To satisfy the various usage requirements
for reservoir management, fundamental principles were
devised for the simulation of barrage chains including
automation functions for improved management.

Structures and water quality assessed

One of the main prerequisites for economical and envi-
ronmentally friendly management of the Volga is the
functionality and operational safety of the existing
hydraulic structures. At the Volgograd hydroelectric sta-
tion, scientists and engineers examined the condition of
the structure and its individual components (weir over-
flows and pillars, concrete walls). The results of these on-
site inspections and laboratory analyses then formed the
basis for a restoration concept, the implementation of
which was supported by the project partners with their
combined technical expertise.
Although the former Soviet Union initiated extensive
efforts to control its water quality in the mid 1940s, the
results have never been published. Following the dissolu-
tion of the Soviet Union, these initiatives ground to a halt
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Nizhegorodskaya hydroelectric power station near Nizhny Novgorod 
(source: RusHydro)
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due to lacking materials and personnel. As a result, little is
known about the current condition of the Russian water-
ways – despite the role of the Volga and other rivers as
important sources of drinking water. The project thus also
involved analyses of the pollutant content of Volga water
and sediments. In the examined area of Nizhny Novgorod,
the water quality was surprisingly good; introduced pollu-
tants are greatly diluted by the massive water volumes
transported by the river and contaminant levels reduced
by self-cleaning processes. 

Eutrophic reservoirs and their consequences

However, the nutrients in the water are leading to critical
levels of eutrophication◄, particularly in reservoirs; this is
caused by the introduction of phosphorous compounds

from household wastewater (e.g. detergents) and nutrient
inputs from the agricultural industry. In the summer
months, this eutrophication is causing massive algae
growth in reservoirs in particular; this in turn results in a
reduced oxygen content of the water and the release of
toxins. These effects are exacerbated by the relatively high
concentrations of natural organic substances. The conse-
quence: anaerobic◄ zones are appearing at many loca-
tions, which in turn leads to decomposition processes.
Therefore, one of the main aims of the research project
was to put the results to use, as a means of improving pre-
ventative measures and removing sources of pollution –
for example, by practising ecological agriculture in the
river basin.
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Area 2: water quality
Karlsruhe Institute of Technology (KIT)
Engler-Bunte Institute and DVGW Research  Centre
– Department of Water Chemistry
Prof. Dr. Fritz H. Frimmel
Dr. Gudrun Abbt-Braun
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Longitudinal section of the Volga and Kama barrage chain

Extraction and analysis of samples in the research area



Black coal is an important energy source in Vietnam,
but mining efforts are causing significant damage to
the environment. In a joint venture, technologies
and experiences from the German coal mining
industry are being employed to make Vietnamese
mining more environmentally compatible. Scientists
and engineers from both countries are working on
site to determine which techniques and procedures
can be adapted to local requirements.

Some 95% (45 million t/a) of Vietnam’s coal extraction
occurs in the Quang Ninh province in the north-east of the
country. Yet the province is not only home to Vietnam’s
most important coal field, but also to the unique natural
landscape that is the Ha Long Bay. The Bay, with its count-
less limestone karsts and small islands, became a UNESCO
World Heritage Site in 1994 and is a very popular tourist
destination. The Vietnamese government wishes to devel-
op the tourist appeal of Ha Long and further increase the
number of visitors. But the country has also massively
increased its mining efforts in recent times – and thus also
the level of environmental damage to the area. The lack of
vegetation on spoil tips and abandoned mining areas,
combined with the transport of coal to harbours and pow-
er stations in open-bed trucks, have caused a high level of
dust pollution – many villages and entire stretches of land
are covered in grey dust.

Mine and seepage water entering the Bay

The mine and seepage water from the spoil tips is contam-
inating the streams and rivers in the mining areas; it flows
into the Ha Long Bay, where it endangers or damages the
unique and highly sensitive coastal and marine fauna and
flora. Large-scale erosion of the unvegetated mining areas
exacerbates the situation by transporting carbonaceous
fines into the Bay. Another problem is the lacking space
for spoil tips: to save space, the tips are usually built up
very steeply and in direct proximity of nearby villages; this
can lead to landslides posing a significant risk to the resi-
dents. 

To eliminate or at least reduce the negative consequences
and risks of Vietnam’s coal mining to man and nature,
rehabilitation measures are urgently required. But how
can German expertise in mine rehabilitation be adapted
to specific Vietnamese requirements? This question is
being addressed by the BMBF-funded, German-Viet-
namese research programme “RAME (Research Associa-
tion Mining and Environment) in Vietnam, Quang Ninh

Protecting the world heritage site Ha Long Bay –
German expertise supports mine rehabilitation

province”. The project is being overseen by the Chair of
Environmental Engineering and Ecology of the Ruhr Uni-
versity Bochum (Prof. Dr. Harro Stolpe), with a study peri-
od of 2007 to 2012. The project participants are RWTH
Aachen University (Chair of Mining Engineering I), the
Helmholtz Centre for Environmental Research (UFZ), CBM
GmbH – Gesellschaft für Consulting, Business und Man-
agement mbH (Aachen), Brenk Systemplanung GmbH
(Aachen), LMBV International GmbH, eta AG engineering
(Cottbus), GFI Grundwasserforschungsinstitut GmbH
(Dresden), BioPlanta GmbH (Leipzig) and DHI-WASI
GmbH (Berlin). Work is being performed in close co-oper-
ation with the Vietnam National Coal-Mineral Industries
Holding Cooperation Limited (VINACOMIN), which has
provided the research team with an office at its Hanoi
headquarters. The German partners are developing the
technical concepts to be implemented by VINACOMIN at
the example locations in the form of pilot projects.

During the first project phase (2005 to 2007), the aim was
to identify, isolate and describe the specific problems as
well as to find suitable example locations to perform
analyses for the adaptation of German technologies (top-
ic: mining and the environment in Vietnam, problem
analysis and solution strategies). Since 2007, the project
partners have been developing concepts for selected loca-
tions: the Chinh Bac Nui Beo spoil pit (stabilisation and
recultivation), the mining location Vang Danh (waste-
water treatment) as well as the mining areas Dong Trieu
(treatment of mining-impacted water in a passive water
purification system) and Hon Gai (environmental man-
agement).
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Ha Long Bay is a recognised world heritage site
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Pilot system and experiments

After establishing the ecological consequences of mining
during the first phase, the project team – in collaboration
with VINACOMIN – designed an adapted mine water
purification system that would remove both the fine car-
bon particles as well as the high iron and manganese con-
tent. Extensive field experiments were conducted on the
selected spoil tip, e.g. relating to the pouring technology
After selection of suitable local species, plant experiments
for the recultivation efforts were also introduced on this
tip and are currently examined on a regular basis. Based
on the data recorded for Hon Gai, an environmental infor-
mation system is being implemented that will facilitate
the environmental management and reporting of VINA-
COMIN. Furthermore, a handbook for Vietnamese envi-
ronmental engineers is to be created by the end of the
project on the basis of knowledge acquired from the pilot
systems and various experiments.

Vietnamese experts trained

An important aspect if the project is the cultivation of con-
tact with Vietnamese research institutes, ministries,
authorities and companies. In this regard, an excellent
working relationship has already been established with
scientists of the Vietnam Academy of Science and Technol-
ogy (VAST) and the Hanoi University of Mining and Geolo-
gy (HUMG). This scientific collaboration is also paving the
way for later economic co-operation between German
and Vietnamese companies.
The capacity building◄measures of the joint venture are
another important aspect of the technology transfer con-
ducted in this project. A number of one to three-week
courses were held for VINACOMIN employees in Vietnam;
these were taught by German mining experts and covered

topics such as dust, spoil tip design and mine water. In
addition, technical excursions to Germany were organised
to show the decision-makers of VINACOMIN examples of
mining locations with effective rehabilitation◄ and recul-
tivation measures. 

Project website ►www.vinacomin.vn
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A village in front of a spoil tip in Quang Ninh

Acacia seedlings planted by VINACOMIN



Drinking water sources require continuous monitor-
ing of their contaminant content – a time-consum-
ing and expensive process. Yet monitoring is partic-
ularly important in crisis regions, where there is a
risk of terrorist attacks – for example, poisoning of
drinking water sources. Scientists from Germany
and Israel have worked together to develop new
measuring procedures, which can serve as the basis
for early warning systems. These processes are
based on the infrared absorption spectrum◄of sub-
stances.

Continuous monitoring is essential to the reliable and
timely detection of pollutants and contaminants in drink-
ing water sources. In politically sensitive regions such as
Israel, there is also a risk of targeted poisoning of water
sources (chemo-terrorism). As a result, there is great
demand for measuring procedures that can provide con-
tinuously reliable information on water quality.

German-Israeli co-operation

Previously, groundwater testing in Israel primarily took
the form of laboratory analyses. The samples had to be tak-
en from the measurement locations before being trans-
ported to the lab for processing – a time-consuming,
expensive and error-prone process. Funded by the BMBF
as part of the German-Israeli scientific co-operation, the
project “Compact fibre-optic infrared system for

online monitoring of pesticides and other pollutants

in water” was set up to develop a measurement system
that would enable continuous, reliable monitoring of the
water quality in real-time and across great distances. The
research was conducted by the School of Physics and
Astronomy of Tel Aviv University and the Fraunhofer Insti-
tute for Physical Measurement Techniques (IPM).

Analysis of radiation spectrum

The IPM had already laid the technical foundation in the
form of a wide-band spectrometer, which was originally
developed to monitor landfill and seepage water online as
well as to control industrial processes. The analytical
device is programmed to detect different organic mole-
cules (e.g. pesticides). The measuring process is based on
the property of all substances to absorb infrared radiation
in a specific spectrum. Infrared spectroscopy◄, a technical
analysis method, can be used to identify substances via
their infrared absorption spectrum. The researchers
employed the technique of attenuated total reflectance

Water quality monitoring –
new measuring procedures developed

(ATR) spectroscopy◄, which is based on an optical system.
The analytical radiation spectrum provides information
on the presence and concentration of contaminants. This
enables identification of water contamination by most
harmful chemicals and immediate radio transmission of
the data to a central monitoring station.

The measurement system of the wide-band spectrometer
consists of three modules: a light source, a sensor element
and an infrared spectrometer. The radiated light of a
miniaturised emitter is directed into the ATR sensor ele-
ment where it passes through the measuring path and is
recorded by the spectrometer. The individual substances
in the water, and their concentrations, are then deter-
mined in the subsequent spectrum analysis.
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Detection of minimal contaminant
concentrations

ATR technology is based on the fact that the field of a light
wave passing through a transparent medium partially
extends into the surrounding medium. This so-called
evanescent field is ideal for performing absorption meas-
urements. A sensitive fibre serves as the sensor: when it is
coated with a suitable polymer, the targeted molecule is
enriched, thus amplifying the measured signal up to a
thousandfold. The water-resistant polymer also offers pro-
tection against water, which would otherwise greatly
interfere with the measurement. A movable grid allows
the spectrometer to measure wavelengths between 8 and
12.5 micrometres. Other wavelength bands can be
analysed by replacing the grid. Absorption measurements
in the mid-infrared range enable detection of organic
molecules with concentrations of less than 1 ppm◄.

Two measurement systems developed

Over the course of the project, which started in 2003 and
was concluded in June 2006, the German-Israeli team
developed two different measurement systems based on
ATR technology: a large device with higher sensitivity –
but which was also more expensive and not suitable for
field use – as well as a handy and more cost-effective mod-
el with lower detection sensitivity. In a follow-up project,
advances in the miniaturisation of commercial Fourier
transform infrared (FTIR) spectrometers was utilised to
create a measurement system offering virtually the same
detection sensitivity as the expensive counterpart (see
photo). These projects have formed the basis for the devel-
opment of compact, reliable and user-friendly measure-

ment systems. The devices have been subjected to initial
field tests and are at a high stage of development. Addi-
tional field use in Germany and Israel is planned.
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An ATR measurement module for recording infrared absorption spec-
tra (the sensor fibre is located on the cylindrical measuring cell,
through which the water sample flows via the two water connections.)



Despite many years of research across the globe,
attempts to increase rainfall in arid regions through
human intervention have enjoyed little success.
However, significant progress has now been made in
a joint research venture between German and Israeli
scientists: their simulations show that precipitation
increases when clouds are seeded with suitable
minute particles.

Israel is one of the world’s driest countries, yet water is a
key economic factor for the state: Israel has a highly pro-
ductive agricultural industry and exports both fruit and
vegetables. Around 70% of the fresh water consumed by
the country is used for agricultural irrigation, but high
water requirements have caused a continuing decline of
groundwater levels. The river Jordan is gradually being
reduced to a trickle since 85% of its water is used to supply
the population and agricultural areas. This in turn has had
a direct impact on the water level of the Dead Sea (into
which the Jordan empties), which has fallen by more than
20 metres over the last 70 years – a trend that is showing
no sign of abating. 

German-Israeli water technology 
co-operation

Israel – and the rest of the Eastern Mediterranean – would
benefit greatly from increased rainfall, and this is exactly
what scientists are working on. Supported by the BMBF,
the Institute of Earth Sciences of the Hebrew University in
Jerusalem and the Institute of Meteorology and Climate
Research (IMK) of the Karlsruhe Institute of Technology
(KIT) have given the “rainmakers” a significant boost in
the form of their joint research project entitled “Numeri-

cal investigations on the effect of aerosol particles on

the precipitation dynamics of clouds in the Israeli

coastal region” (period of study: 2004 to 2008), which
was conducted as part of the German-Israeli water tech-
nology co-operation. Computer-simulated calculations
have shown that artificial “cloud seeding” off the Israeli
coast delays rainfall such that inland precipitation is
increased in the event of a westerly wind. Optimum results
are achieved when (sea/table) salt particles of a specific
size are dispersed into the clouds.

The focus of the project was on aerosol particles◄. These
tiny suspended particles are everywhere in the air and are
required for the formation of cloud droplets and the pro-

The rainmakers of Israel –
cloud seeding increases rainfall

duction of rain: when air is oversaturated with water
vapour, the aerosol particles act as condensation nuclei to
which the water vapour attaches, thus creating drops. The
number and size of the drops depends on the composition
of the condensation nuclei. For example, the air in coastal
areas contains few but very large salt particles – large
drops thus form in the clouds in small numbers. The air
over the mainland, on the other hand, contains many
aerosol particles and the cloud droplets are relatively
small. 

The project team discovered that manually released
aerosols also have a significant influence on the temporal
development, spatial distribution and volume of the
resulting precipitation. For may years, researchers have
been observing a decline in the rainfall over the Judean
Highlands. Their calculations suggest that this develop-
ment can be attributed to an increase in man-made sus-
pended particles (e.g. soot, dust).
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Satellite image of the region (source: visibleearth.nasa.gov)
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Simulation models employed

To determine the impact of the aerosol effect on precipita-
tion formation, the scientists utilised two different numer-
ical simulation models: the complex computer model
“Spectral Bin Cloud Microphysical Module” (SBM) of the
Hebrew University and the enhanced program “Two-
Moment Parameterization” (TMP) of the Karlsruhe IMK.
The latter represents a rough (yet still sufficiently accu-
rate) means of reducing the overall computing time. The
German-Israeli team started by testing the ability of the
two models to predict natural weather processes – both
functioned very well and provided similar results. They
then calculated means of actively influencing rainfall. The
results showed that artificial seeding of the clouds form-
ing off the coast successfully delays the formation of pre-
cipitation. The rate of rain development is slowed and the
clouds blown east by the westerly wind then rain over the
mainland, generally near the coast (though sometimes up
to 50 km inland).

Particle size decisive

The size of the particles is of central importance to the pre-
cipitation development. Large hygroscopic particles◄
accelerate the formation of rain, while smaller particles
slow the development and often reduce the volume. The
scientists used computer simulations to establish the par-
ticle size that would most effectively raise the level of rain-
fall achieved with cloud seeding: the optimum size –
depending on cloud height and other meteorological
parameters – is between 1.8 and 2.5 micrometres. Using

hygroscopic particles of this size, the inland precipitation
volume can be increased by 20 to 25%, while overall rain-
fall is marginally reduced.

To compare the model calculations with the actual natu-
ral effects of cloud seeding, a number of practical tests
were performed in Israel, whereby aircraft were used to
disperse salt particles of the calculated optimum size into
the clouds; the observed results largely matched the theo-
retical calculations.

Karlsruhe Institute of Technology (KIT)
Institute of Meteorology and Climate Research
(IMK)
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Calculated temporal development of total inland rainfall after seeding
with hygroscopic particles. Solid line: control calculation without
 seeding; dashed line: simulation with seeding using medium-sized
particles

Calculated temporal development of total rainfall with seeding of
deep convective clouds using hygroscopic particles of optimum size



A comparison of disinfection procedures in the efflu-
ent discharge of Chinese wastewater treatment
plants has highlighted the existence of alternatives
to conventional chlorination. As part of a joint
research project funded by the BMBF, the IWAR
institute of the Technische Universität Darmstadt
(Darmstadt Technical University) tested four differ-
ent procedures in conjunction with the Tongji Uni-
versity in Shanghai (period of study: August 2006 –
March 2011).

The many hygienically relevant micro-organisms (viruses,
bacteria, protozoa, worm eggs) present in the wastewater
– even after biological cleaning – necessitate adequate
purification of the water before it can be introduced to
sensitive surface waters (especially prior to reuse). While
wastewater disinfection is a legal requirement in the Peo-
ple’s Republic of China, this process is frequently omitted
for cost and operating safety reasons (Xin, 2004).

An alternative to conventional disinfection methods is
required for a number of reasons. The most common pro-
cedure, chlorination, is generally accompanied by the for-
mation of unwanted disinfection by-products. Other dis-
advantages of chlorine and its compounds are the ever-
present concerns regarding operating safety and the
limited effectiveness against chlorine-resistant organisms.
Therefore, the aims of the joint research project are to:
● Improve the hygienic water quality in the effluent of

municipal treatment plants to protect against water-
borne diseases

● Provide a scientifically verified contribution to the
issue of cost-effective application of effective, innova-
tive wastewater disinfection processes

● Avoid new risks by minimising the formation of disin-
fection by-products

Employed methods

Relevant factors influencing the choice of disinfection
method include effectiveness, operational safety, invest-
ment and operating costs, practicality (transport, storage,
production etc.) and the creation of unwanted by-prod-
ucts. Having been selected during a pre-project literature
study, the processes tested over the course of the project
were as follows:

UV radiation: UV rays with a wavelength of 245 – 265
nanometres alter the nucleic acid in the cell nucleus, thus
resulting in the irreversible loss of the cell’s multiplication

Four methods, one goal –
wastewater disinfection in China

capacity and subsequent inactivation of the cell when its
regenerative ability is exceeded. No addition of disinfec-
tants remaining in the water occurs with this disinfection
method. As a result, negative environmental and health
impacts can be largely eliminated, though a potential
depot effect in the discharge water is also excluded. The
UV system features two replaceable UV lamps with out-
puts of 80 and 120 watt. The desired radiation dose can be
set via a control unit (from 80 – 800 J/m).

Electrochlorination: The electrochlorination system pro-
duces gaseous chlorine (Cl) and other electrochemical oxi-
dants from table salt, water and electric current on site,
thus eliminating the transport and storage of chlorine
(gas). Chlorine causes the oxidative destruction of the cell
wall of micro-organisms. The maximum dosage is 20 mg
Cl2/l. 

Chlorine dioxide: The disinfectant properties of chlorine
dioxide can be mainly attributed to its high oxidation
potential (approx. 2.5 times higher than that of chlorine
gas). When wastewater is disinfected with chlorine diox-
ide rather than chlorine (gas), the potential for formation
of ecologically damaging compounds is lower, since no
trihalomethanes (THM), chlorophenols or reaction prod-
ucts with ammonium and amino compounds are pro-
duced. The dosage of chlorine dioxide is between 1 and 20
mg ClO2/l. Chlorine dioxide (ClO2) is created on site from
hydrochloric acid and sodium chlorite by means of the
chlorite/acid process.

Ozone: Ozone (O3) is one of the most effective disinfec-
tants. Ozone attacks the cell membrane directly or perme-
ates the wall to enter the cell interior, where it attacks the
DNA, RNA or other cell components, this inactivating the
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Pilot disinfection systems (right) with various wastewater treatment
stages (left); intake = untreated communal wastewater
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cell. Wastewater ozonation can also be used to remove
pharmaceutical residues, endocrine disruptors as well as
odourants and colourants (Schuhmacher, 2006). Ozone
generators are used to create ozone on site by means of
electrical discharges from industrially produced oxygen.
Ozone dosage varies between 2 and 20 mg O3/l.

All of the above procedures (with the exception of ozona-
tion, which was only tested in Germany) were operated
and examined over the course of the project using identi-
cal semi-industrial test systems at a communal treatment
plant in Darmstadt-Eberstadt and in Shanghai.

In addition to the choice of disinfection process, the man-
ner in which the water is pre-treated is also of decisive
importance – both with regard to the success of disinfec-
tion and the potential for by-product formation. In many
cases, the overall performance of a disinfection system
and the potential health risks are greatly determined by
the shadowing and inclusion of micro-organisms in waste-
water particles. In this project, disinfection capacity was
assessed by using standard methods for microbiological
cultivation to quantify the indicator organisms E. coli,
total coliforms, enterococci and somatic coliphages.

Achieved results

Both micro-screening and sand filtration can reduce COD
concentrations◄ by around 30%, UV absorption (at 254
nm) by approx. 10% and turbidity by some 80%. During test
phases I to III (see figure), all four disinfection processes
were able to reduce the level of indicator organisms below
the detection threshold or by up to four orders of magni-
tude (Bischoff, 2009). An increased toxicity◄ of the waste-
water, measured as the effect on the luminescence of Vib-
rio fischeri organisms, was not significant in this case
(order of toxicity rise: Cl2>O3>ClO2; UV radiation: no
increase). 

In addition to the disinfectant dosage and the organic sub-
stances contained in the wastewater, the water tempera-
ture was also found to have a significant impact on the

success of the disinfection process. Phase IV was terminat-
ed after four weeks, as stable operation of the disinfection
system was rendered impossible after two weeks by the
increasing biofilm growth◄. As a result, a critical assess-
ment was made of wastewater disinfection procedures in
which no biological treatment methods are employed.
Depending on the employed dosage, the examined disin-
fection methods with prior biological wastewater treat-
ment◄produced environmentally sound water that could
be introduced even to sensitive surface waters and is per-
fectly suitable for a range of reuse scenarios. A more
detailed assessment of the test results can be found in the
final project report.
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