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An accessible version of the article is available at
http://waterresources.fona.de/reports/bmbf/annual/2010/nb/English/50/3_-economy-and-education.html

Economy and education

ECONOMY AND EDUCATION

In this country, clean drinking water and functioning wastewater disposal are a matter of course. Thanks
to tailored and professional management, costs can be regulated effectively and reduced if necessary.
As well as contributing to the optimisation of domestic concepts, the BMBF intensively supports the
transfer of knowledge and expertise in emerging and developing countries across the globe; the aim is
to train skilled personnel and educate them in the environmentally sustainable handling of the resource
water.
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Communal water and waste management –
escaping the cost trap with sustainable concepts

ECONOMY AND EDUCATION | COST REDUCTION

Nowadays, costs for drinking water, wastewater disposal and refuse collection account for the majority
of our ancillary living costs. Responsible utility companies are already looking for ways to minimise customer expenses and raise the efficiency of their own
operations while maintaining highest quality levels.
Supported by the Federal Ministry of Education and
Research (BMBF), a number of pilot projects have
shown that adaptive management and optimised
instruments, such as performance indicators and
benchmarking, enable the implementation of efficient and sustainable supply and disposal processes.
In this context, even the smallest of measures can
have a big impact.
In Germany, clean drinking water and a functioning
wastewater and waste disposal system are a matter of
course. Yet in the face of high investments in system maintenance and expansion, many communities and their
public or private utility companies are under great economic pressure. As a result, cost-effective management is
becoming ever more important.
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The dialogue between representatives from the worlds of
politics, economy, society and research must be intensified in an effort to co-create suitable instruments for practical application. These should allow the utility companies
to better assess the consequences of their actions in the
context of sustainability and develop appropriate strategies on this basis. Tried and tested measures from other
sectors must be adapted such that they can be applied to
water and waste management (projects 3.1.01 and 3.1.02).

Professional management delivers cost
benefits
The transdisciplinary projects funded by the BMBF have
shown that professional management raises the efficiency
of operations and thus also reduces the financial impact
on consumers. A range of measures are available to utility
companies in this regard: business tools such as integrated management systems (IMS), effective control of
processes via performance indicators, systematic, crosscompany comparison of processes in the form of benchmarking and application of resource-friendly technologies and procedures.

Cost and fee debate intensifying
To provide consumers with safe and reliable supply and
disposal services, the German water and waste industry
has spent the last decades investing heavily into the
expansion and modernisation of plants, sewers and water
supply networks. This expenditure must pay off in the
long term, yet the sector is constantly called upon to tackle new requirements: the cost and fee debate is intensifying, while demographic and structural changes are necessitating expensive alterations of the supply and disposal
system in some regions. All the while, consumers are
demanding affordable costs and fees – without suffering a
drop in quality levels.

Practicable instruments
In order to meet these requirements, sustainable planning
and actions are required on the part of the waste and
water sector; it is essential that optimised solutions are
found on the basis of social, ecological and economic
aspects. To develop practicable concepts, the various
research disciplines must work closely together and seek
the input of other experts. Transdisciplinary work is very
much the name of the game.

In many cases, even small changes, such as more flexible
working time models, can lead to significant savings – and
not just in the field of water management: instruments
such as benchmarking or effective controlling also allow
waste disposal companies to improve their performance
(project 3.1.03).
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Learning from the best –
benchmarking in the field of wastewater disposal
In 2002, the German Bundestag initiated a modernisation strategy for the German water industry in the
form of its resolution “Sustainable water management in Germany”. This also includes the development of modern procedures for comparing the performance of different operations (benchmarking). In
its corresponding project, the water board
Emschergenossenschaft/Lippeverband (EG/LV) – in
conjunction with its partners Aggerverband, RINKE
Unternehmensberatung and the Universität der
Bundeswehr München (Bundeswehr University
Munich) – adapted this method to the field of
wastewater treatment and devised strategies for its
application in other areas of the water industry. The
project thus became a building block of the modernisation strategy and set the tone for the successful development of the benchmarking instrument.
The boundary conditions for the water economy have
changed significantly: demands for efficiency have risen
and fees are now only accepted if the underlying costs are
sufficiently transparent. To be able to perform their duties
in a reliable and economical manner, companies must
devise methods for efficient wastewater disposal without
losing sight of other important requirements. Launched
by EG/LV in 1999, the aim of the project “Benchmarking
in wastewater disposal on the basis of techno-economic indicator systems” was to improve the operational
processes in sewage plants. Since benchmarking was an
entirely new concept in the water industry at the time, its
implementation required a significant amount of development work. One particular challenge facing the project
partners was to ensure the comparability of the various
technical solutions and their costs despite the differing
boundary conditions. This required the development of
standardised assessment criteria. The partners compared
over 100 sewage plants with population equivalents (PE)◄
of 420 to 2,400,000. The project consisted of four parts:
1. Application of the methodology to all plants
The results of a precursor project concerning the benchmarking of sewage plants with a PE of 10,000 to 100,000
were applied to all EG/LV and Aggerverband plants. The
experts defined the technical and economic parameters to
be determined, collected the data, calculated the performance indicators, analysed the reasons for deviations
from the optimum values and identified improvement
measures. To compare the “wastewater treatment”
process across multiple plants, six sub-processes were

Benchmarking workflow
Stages

I. Preparation, planning

Activities
• Establishment of participants/
benchmarking target
• Definition of benchmarking target
• Description of benchmarking
target
• Definition of performance indicators

II. Data acquisition

III. Determination of benchmark

IV. Analysis

V. Integration

• Data collection
• Data preparation
• Plausibility check

• Comparison of performance indicators
• Determination of benchmark

• Cause analysis
• Ascertainment of potential
• Plan of measures

• Implementation

Benchmarking workflow

examined: mechanical, biological and advanced purification, sludge stabilisation, sludge recycling and disposal as
well as miscellaneous facilities (e.g. external plants, labs
and workshops).
2. Creation of strategies for the inclusion of other
operators
The experts also succeeded in including other operators of
treatment plants with different databases in the benchmarking process. The parameters were adjusted according to the requirements of small and medium-sized enterprises.
3. Generation of techno-economic assessment criteria
for planning
The benchmarking not only relates to plant operation but
also to planning. EG/LV has documented the investment
costs for all its plants, sub-divided into the cost types structural engineering and mechanical/electrical engineering.
Based on the established data, the experts are able to
assess the economic efficiency of structural solutions and
process combinations in terms of investment costs and
operational expenditure.
4. Development of the methodology for other areas of
wastewater disposal
The project partners also applied the benchmarking
process to other areas, such as wastewater discharge. For
this purpose, they created survey forms, which were tested
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Qualifiable/
concrete measures
Deviation
from
optimum
value

Cause
analysis

Unquantifiable measures

Efficiency

Unchangeable

Optimum value Actual value

Reliability

Customer

Sustainabil-

service

ity

Quality

Future actual value

Comparison of performance indicators
Benchmarking

Basic data – structure and technology

Benchmarking methods and core elements

Criteria for assessing the performance of a water management company

with other local authorities along with the system itself.
The benchmarking of rain overflow basins and pump stations of the sewage network was also examined.

ing politicians, the public and companies about the industry’s performance via their “Profile of the German water
sector”. Benchmarking projects are now conducted and
corresponding reports published in virtually all German
states (e.g. www.abwasserbenchmarking-nrw.de).

Practical benefits
The venture succeeded in establishing a solid foundation
for benchmarking in the water industry. The method is
now used throughout the world and is helping to reduce
annual operating costs by 3 to 12%. Furthermore, sewage
plants of all sizes can be compared using a techno-economic indicator grid. Since the performance indicator system presents all wastewater disposal sub-processes in a
uniform manner, comparisons of individual process steps
are also possible. Targeted improvements can thus be
made on a structural and selective basis.
The experts enhanced the system to be able to implement
the requirements of the EU Water Framework Directive◄.
The results of the project served as the basis for the benchmarking organisation aquabench GmbH, which is made
up of Emscher Wassertechnik GmbH and Aggerwasser
GmbH, the cities of Hamburg, Bremen, Dresden, Zurich,
Cologne, Düsseldorf, Munich and Berlin – or their corresponding water companies – as well as the consulting firm
on.valco. aquabench provides online access to a wide
range of benchmarking products, which relate to different processes and enable comparisons at company level.
The experts continuously presented the results of their
research project and experiences gained from follow-up
projects to the relevant trade associations. A uniform,
quality-assured process is supported by a leaflet and
guidelines published by the German Association for
Water, Wastewater and Waste (DWA) and the German
Technical and Scientific Association for Gas and Water
(DVGW) as well as an example indicator system of the
DWA. Since 2005, the associations have also been inform-

The aim is to continue the proliferation of benchmarking
and to establish an international performance indicator
basis to enable comparisons between different projects. In
accordance with the Water Framework Directive, means
of extending the observation period beyond company
boundaries must also be examined. An initial investigation of this subject was performed by EG/LV, aquabench,
the Universität der Bundeswehr München (Bundeswehr
University Munich) and the University of Duisburg-Essen
in their pilot project “Benchmarking the management of
river basins◄”.
Project website ► www.aquabench.de

Emschergenossenschaft and Lippeverband
Prof. Dr.-Ing. Andreas Schulz
Kronprinzenstraße 24
45128 Essen, Germany
Tel.: +49 (0) 2 01/10 4-27 23
Fax: +49 (0) 2 01/10 4-27 86
E-mail: schulz.andreas@eglv.de
Internet: www.emschergenossenschaft.de
Funding reference: 02WI9913/9
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Peak performance indicators –
professional management in the water industry
Quality, supply reliability, customer service, sustainability and efficiency are important target variables
in the water supply sector. To raise its effectiveness
in these key areas, the water industry is increasingly
relying on performance indicators – a business tool
that is already used successfully in industrial applications. The IWW Water Centre (Rheinisch-Westfälisches Institut für Wasserforschung) has developed a performance indicator system that has now
become the industry standard. It is based on a model of the International Water Association (IWA) and
supports the process analysis of water production
and examination of sustainability aspects of the
water supply.
To exploit all means of cost reduction and identify any
optimisation potential, the companies of the water industry require a suitable database. More and more of these
operations are therefore employing indicator systems,
since they supply reliable information to act as a basis for
business decisions but can also be used for benchmarking
purposes – i.e. comparisons with other companies in the
sector. Company management can thus monitor the
development of their operation, establish in what areas it
performs better than the competition and identify where
a need for improvement exists.
The aim of the project “Performance indicators for
water supply services: Field test of the IWA performance indicator system”, which was conducted by the
IWW and funded by the BMBF, was to create and test an
indicator system for the German water industry on the
basis of international standards. 14 operations joined the
project group and agreed to test and develop the system
over the course of three survey periods.

Performance indicator system of the IWA
The IWA indicator system has eight key characteristics:
● The system contains all tasks of a water supplier,
organised into the areas of technology and administration.
● The hierarchical structure of the system enables interlinking of all performance indicators – from main
tasks, subtasks and individual tasks to specific processes, with an increasing level of detail.

Level of
consideration

Examples of performance
indicators

Overall company

“Proportion of replaced and restored
network lengths in year”

Area/department

“Personnel working on technology for operating
and maintenance tasks”

Process level

“Number of involved organisational units for
establishing connections to houses”

Level of
aggregation
High

Small

Large

Low
Number

From highly aggregated performance indicators for assessing the
overall company to detailed process indicators

● All terms, derivations and data structures (e.g. financial structure) are uniquely defined.

● In the data model, all entered information is evaluated
as to its reliability and accuracy.

● Depending on the user group (e.g. companies, authorities, trade associations, banks) the performance indicator system and the weighting of the indicators can
be flexibly adapted to different requirements.
● The system is designed for electronic data processing –
a mandatory requirement for the continuous use of
performance indicators as a management tool. Companies will find the process much easier if they collect
data variables before calculating and evaluating the
performance indicator results.
● To support the persons responsible for the operations
in interpreting the indicator results, the German IWA
manual provides context information relating to corporate structures (e.g. size, legal form, management
systems), supply systems (e.g. protected areas, wells,
water works, pipeline data) and supply areas (e.g.
topography◄, soil condition).
● A total of 55 performance indicators and 19 context
information items are assigned to the five main features of the drinking water supply – reliability, quality
and sustainability of the supply, customer service and
efficiency.
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Multiple benefits
Continuous indicator analyses and comparisons are not
only an excellent means of identifying and eliminating
weaknesses in a company. Based on the experiences of the
operations involved in the project, the system also offers a
range of additional benefits:
● The system necessitates the creation and maintenance
of a structured data model that reflects the conditions
within the company.
● The tasks, workflows and results for all performance
features become more transparent.
● The system enables the conclusion of target-oriented
agreements with the responsible company divisions,
which promotes cost awareness and efficiency in the
maintenance of quality and reliability.
● The decision-makers are better able to assess where
co-operation with external partners (e.g. utility companies, service providers) would be beneficial, since
they may be able to deliver a specific service in a more
efficient manner.
● Delivered services and rectified deficiencies can be
made transparent to the public.

Well chamber and turbine in a water works

became the focus of a joint follow-up project entitled “Sustainability of water services” conducted by the IWW, the
Institute for Social-Ecological Research (ISOE) and the
Regional Planning and Environmental Research Group
(ARSU). In the context of a detailed efficiency and performance analysis of the operational processes employed in
water production, the project also served as the starting
point for a joint research venture between the IWW and
the Technische Universität Hamburg-Harburg (Hamburg
University of Technology) entitled “Development and
practical test of process indicators for the management,
supply and treatment of water”.

Practical and successful
The practical and internationally compatible IWW performance indicator system, with its specific enhancements, has since been widely accepted in practice and has
become the industry standard for German water supply
services. More than 500 water supply companies throughout the German-speaking region have used the system in
numerous benchmarking projects.
Based on this wide-spread application, the IWA system

The project gave rise to the following publication, among
others: “Kennzahlen für Benchmarking in der Wasserversorgung. Handbuch zur erweiterten deutschen Fassung
des IWA-Kennzahlensystems mit Definitionen, Erklärungsfaktoren und Interpretationshilfen” [Performance
indicators for benchmarking water supply services. Handbook for the extended German version of the IWA performance indicator system with definitions, explanatory
factors and interpretation aids] (wvgw Wirtschafts- und
Verlagsgesellschaft Gas und Wasser mbH, Bonn 2005 –
ISBN 3-89554-152-4)

IWW Rheinisch-Westfälisches Institut für
Wasserforschung gGmbH
Dr.-Ing. Wolf Merkel
Chief Technical Officer
Moritzstr. 26
45476 Mülheim an der Ruhr, Germany
Tel.: +49 (0) 2 08/4 03 03-0
Fax: +49 (0) 2 08/4 03 03-80
E-mail: info@iww-online.de
Internet: www.iww-online.de
Funding reference: 02WT0224
Pipes and fittings in a water works (filter outlet and flush water
distribution)
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Waste disposal and city cleaning –
continuous optimisation of public utility companies
As well as extremely high requirements, municipal
waste management companies now face constantly
changing legal provisions and regulations. In addition to the ever-present economic demands, the
companies have found themselves under increasing
environmental pressure in recent years. They must
comply with strict environmental regulations and
ensure separate collection, recycling and disposal of
all waste. The responsible managers are now being
called upon to increase both the productiveness
and cost-effectiveness of their operations while continuing to tackle these sometimes very complex
tasks. In a joint research project, representatives
from 19 such companies have worked with experts
to analyse possible means of implementing more
efficient waste management and city cleaning,
assess the feasibility of these approaches and devise
corresponding recommendations.
The project was started in 1999 as a result of an ideas competition held by the BMBF to reduce costs in public waste
disposal. The aim of the venture “Cost reduction in public waste disposal and city cleaning” was to establish
some basic recommendations. The project participants
included representatives from waste management companies located in German cities and communities of varying sizes. These organisations embodied a number of different business types – ranging from government- and
owner-operated companies to mixed enterprises and public limited liability companies. The project was co-ordinated by INFA GmbH (Ahlen), with technical support provided by the Institut für Umweltökonomie (IfU, Mainz), uve
GmbH (Berlin) and intecus GmbH (Dresden). Five working
groups were set up and each tasked with identifying cost
reduction potential in one of the following areas: waste
logistics, street cleaning, depots and workshops, cost
accounting and efficiency management as well as organisation and administration.
The first step was to perform a survey of selected operations, during which the experts recorded important performance data. They worked with the companies to examine new organisational forms, methods and techniques
with the potential to raise operating efficiency. Based on
experiences gained during this process, the project team
devised a target concept, performed target/actual comparisons and determined performance indicators. The five
working groups identified savings potential in all five
areas, which in some cases was quite considerable. They
also found that these savings could be successfully applied
to other operations in the sector.

Process structure

Quality

Perspective
Environment

Risk

Occupational
safety

Costs

Management processes
Companies

e.g. concepts and
long-term planning

e.g. communication

Personnel and financial processes
Water supply

Wastewater disposal

Wastewater discharge

e.g. personnel
development and
management

e.g. financial and
cost accounting

Business and core processes

Wastewater treatment

Waste disposal

e.g. treatment plant
e.g. treatment
plant operation maintenance

e.g. implementation
of other projects

Gas supply

Support processes
Power supply

Road construction

e.g. procurement of
materials

e.g. IT operations

Corporate process structures (from: DWA-M 801, “Integrated quality
and environmental management system for operators of wastewater
facilities”, April 2005)

Waste logistics
In the area of waste logistics, a range of possibilities were
examined with regard to their potential cost savings and
practicability. These included the collection and vehicle
systems, collection intervals, type and scope of separate
collections, the route planning and software used for this
purpose, personnel and vehicle deployment planning,
internal procedures, business information systems and
new working time models. The project team identified significant savings potential. Depending on local circumstances, examples included intelligently controlled vehicle and personnel deployment using route planning software, adapted collection intervals, the separation of waste
collection and transport using swap bodies, more flexible
working time models, the use of an improved documentation and management information system as an effective
controlling instrument and more intensive personnel
training. In the area of waste logistics, many companies
had already achieved a high level of efficiency before the
project was launched, but were still able to reduce costs by
5 to 20% as a result of the joint venture.
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Street cleaning
Significant savings potential – of 5 to 15% – also exists in the
area of street cleaning. The corresponding measures are
frequently employed to raise the quality of street cleaning,
since the image of a clean city has become increasingly
important in recent times. Examples of these measures are
an improved and requirement-based deployment of vehicles, longer and more effective cleaning times as well as
close co-operation of manual and mechanical cleaning
systems. The introduction of group systems, optimised
route planning and the supportive use of small sweepers
can also help to reduce costs.

Formulating goals
Planning measures

Applying corrective
measures

Continual
improvement

Comparing targets and
performance

Implementing measures

PDCA cycle (from: DWA-M 801, April 2005)

Depots and workshops
The members of this working group investigated six workshops dealing with refuse and street cleaning vehicles to
assess their workshop configuration, order acceptance
process, operational workflows, working hours and cooperation as well as the areas of planning, software and
controlling. Among other things, they found that fewer
interfaces between the computer programs for time
recording, workshop order management, invoicing and
payroll accounting would enable significant time and cost
savings. A functioning controlling system proved to be
particularly significant with regard to business decisionmaking.

ment no. 58 “Handlungsempfehlung zur Kostensenkung
in der kommunalen Abfallentsorgung” [Recommendations for reducing costs in municipal waste disposal] (published in 2006), while the efficiency of street cleaning is
addressed in DStGB document no. 67 “Handlungsempfehlung zur Optimierung der kommunalen Straßenreinigung” [Recommendations for optimising municipal
street cleaning] (published in 2007). DStGB document no.
58 appeared in the supplement of the German Association
of Towns and Municipalities (DStGB) “Stadt und Gemeinde
INTERAKTIV”, issue 4/2006
(http://www.dstgb.de/dstgb/DStGB-Dokumentationen/).

Cost accounting and efficiency
To allow operations to work more efficiently, this working
group developed a controlling system with integrated
reporting. It allows employees to gather, prepare and
present information in a manner that facilitates management decisions. For this purpose, the company must
know, record and systemise its various services. The project participants therefore created service catalogues for
their individual operations. These can be combined with
the basic cost accounting and reporting pyramid to form
an integrated management system.

Organisation and administration
Administrative employees should be able to focus on their
core activities. Therefore, the experts of the working
group for “organisation and administration” recommend
that a service centre and administrative office be set up,
individual service areas reorganised and procurement
centralised; this should be done in line with the size of the
operation and on the basis of local conditions. One public
waste disposal company was given advice and how to
improve its call centre, while the working group supported another operation with the implementation of suitable
fleet and workshop management software. Notes on more
efficient waste management can be found in DStGB docu-

INFA – Institut für Abfall, Abwasser und
Infrastruktur-Management GmbH
Prof. Dr.-Ing. Klaus Gellenbeck
Dr.-Ing. H.-J. Dornbusch
Beckumer Straße 36
59229 Ahlen/Westfalen, Germany
Tel.: +49 (0) 23 82/9 64-5 00
Fax: +49 (0) 23 82/9 64-6 00
E-mail: info@infa.de
Internet: www.infa.de
Funding reference: 02WA0728
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International environmental education – safeguarding
our future through knowledge and co-operation

ECONOMY AND EDUCATION | INTERNATIONAL ENVIRONMENTAL EDUCATION

Education is an important aspect of many of the
water management projects supported by the Federal Ministry of Education and Research (BMBF). The
aim is to inform different target groups about new
or established processes and technologies as well as
important aspects of water management, thus raising awareness of the importance of our sustainable
and environmentally sound use of the resource
water. Another important aspect is the training and
education of local project partners: if initiatives in
countries outside Germany are to be successful in
the long term, they must be continued independently upon project completion.
To simply regard international environmental education
as an instrument of acute environmental protection
would be short-sighted: it also represents an essential tool
in the fight against poverty in developing and emerging
countries. The programmes funded by the BMBF are thus
in tune with the United Nations Decade of “Education for
Sustainable Development” (2005 to 2014).
Projects with strong educational value also create a sustainable basis for international co-operation in regions
with scarce water resources and help to strengthen the
position of the German water industry by opening up new
markets. Last but not least, such initiatives also build the
international reputation of Germany as a centre of science
and technology.

Programmes for global knowledge exchange
The disciplines of environmental protection and sustainable development are highly reliant on the continuous
advancement of theoretical and practical knowledge. Germany can look back on many years of environmental and
sustainability research and thus has both an opportunity
and a duty to share its extensive technological and planning expertise with the rest of the world. Just one example
of this is the project “Introduction of a German post-graduate course for environmental sciences in China”, which
was successfully completed in 2008. In 1999, the longstanding water technology co-operation between the
BMBF and the Israeli Ministry of Science and Technology
(MOST) also saw the creation of the “Young Scientists
Exchange Program” (YSEP) with the aim of motivating
young scientists to participate in this international cooperation. The YSEP is primarily geared towards graduates, PhD students and post-docs and offers research stays
of up to six months at partner institutions in Germany or
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Israel. As part of the German-Israeli co-operation, over
100 research projects have been completed over the last
few years. Developed in conjunction with numerous European universities, the study module “Integrated Flood
Risk Management” (FLOODmaster) and its e-learning
component are also suitable for specialists who wish to
expand their knowledge in this area (project 3.2.01).

Knowledge transfer in Uzbekistan
The transfer of knowledge also plays a central role in a
BMBF-funded project in the Central Asian republic of
Uzbekistan entitled “Economic and ecological restructuring of land and water use in the Khorezm region”.
Khorezm is situated on the Aral Sea, which has all but disappeared over the last few decades as a result of the massive irrigation required for the region’s intensive cotton
production. Working with their Uzbek partners and local
farmers, the project participants are promoting environmentally sustainable agriculture in the region and supporting the inhabitants of Khorezm with the independent
implementation of necessary measures. This is done by
providing regular training to farmers and water technicians and by developing appropriate organisational and
communication tools. The initiative also supports the education of Uzbek students (project 3.2.02).

International scholarship programme
In 2001, the BMBF launched a scholarship programme
under the title of “International Postgraduate Studies in
Water Technologies” (IPSWaT). The programme offers
scholarships for Masters degrees (M.Sc.) and doctorates
(Ph.D) as a means of supporting young, highly qualified
scientists from home and abroad with their research into
integrated, sustainable water management. By awarding
these scholarships, the BMBF hopes to improve the international transfer of knowledge and technology in the field
of water management and support future decision-makers in developing and emerging countries. The programme is also laying the foundation for future scientific
and economic co-operation (project 3.2.03).
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Learning from the experience of others –
progress through global knowledge transfer
The disciplines of environmental protection and sustainable development are highly reliant on the continuous advancement of theoretical and practical
knowledge. Germany can look back on many years
of environmental and sustainability research and
thus has both an opportunity and a duty to share its
extensive technological and planning expertise with
the rest of the world. After all, conserving the foundations of life and protecting people from natural
hazards are not just domestic concerns. Three examples from the field of water management highlight
the many means of imparting knowledge to young
scientists across the globe.

German environmental experts teaching
in China
Co-operation between China and Germany in the fields of
education and research has greatly increased in recent
years China has thus become an important partner to the
Federal Republic – both with regard to the number of projects and the funding volume. Two main goals are being
pursued: firstly, the expertise of German specialists is
being used to promote environmental protection efforts
in China. Secondly, the transfer of environmental knowledge is to familiarise the Chinese people with German
standards, environmental technologies and expertise,
while also paving the way for the entry of German companies into the Chinese market.
As an important aspect of this knowledge transfer, the
project “Introduction of a German post-graduate
course for environmental sciences in China” was
launched in January 2003. This study programme is open
to decision-makers and specialists from the fields of economics, industry and administration, who hold a Bachelor’s degree or are current Masters students, and provides
them with an in-depth insight into German technologies
and standards. Elements of the Environmental Sciences
postgraduate course offered by the Institute of Environmental Engineering (ISA) of the technical university
RWTH Aachen have been integrated in the Masters
degree courses of two Chinese universities. German tutors
are delivering series of lectures on the subjects of water
management and waste disposal to students at these institutions. At the end of the lecture programme, the top 15
students of each class are invited to Germany to experience our water technologies and water management
structures first-hand.

ISA employees teaching at the Tsinghua University of Beijing

Exchange programme for young German and
Israeli scientists
Since its initiation in 1974, the water technology co-operation between the BMBF and the Israeli Ministry of Science
and Technology (MOST) has given rise to over 125 research
projects. In 1999, the co-operation was further enhanced
by the addition of the “Young Scientists Exchange Program” (YSEP). The aim of this initiative is to motivate
young scientists to participate in the German-Israeli cooperation in the field of water technology.
The YSEP programme his since become one of the most
important aspects of the joint efforts between these two
countries. It is geared primarily towards graduates, PhD
students and post-docs and offers research stays of up to
six months at partner institutions in Germany or Israel.
Up to the end of 2011, a total of 70 budding scientists
(35 Israeli, 35 German) participated in the programme –
one particularly positive aspect being that female students have accounted for half of this number.

Test drilling for a well in the Judean desert near the Dead Sea as part of
a research project
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International study module on flood
management
Extreme flood events continue to underline the importance of comprehensive risk management – both in Germany and abroad. Transdisciplinary analyses of complex
flood risks and assessments of management options are
proving particularly challenging both from a research
and practical perspective. By providing an appropriate
range of courses, university education can instil young scientists and experts with a better understanding of the
issue as a whole. This includes both the connections
between the hydro-meteorological causes of floods and
social, economic and ecological vulnerability◄ as well as
the effectiveness of preventative measures and disaster
management.
This is the aim pursued by the international study module
“Integrated Flood Risk Management” (FLOODmaster),
which is taught at the Technical University of Dresden as
part of the Masters degree course in Hydro Science and
Engineering. The international, English-language study
programme effectively combines basics of natural sciences and engineering with economic, social and planning expertise. The course is aimed at Masters candidates,
students in higher semesters and graduates. The special elearning component of the programme is ideal for experts
who wish to expand their knowledge in this field. The
teaching materials are made available on the Internet
both for full-time students and distance learning purposes.
The study concept comprises the following components:

● Two series of lectures on the subjects “processes of
extreme flood risks” and “integrated flood risk management”.
● Three focus workshops dealing with the most important flood types; conflicts in the development of management strategies are addressed in an actor’s workshop involving specialists and professional experts.
● Transnational issues are covered in the form of a multi-day excursion to a European flood risk area.
● The theoretical and methodical basics from the individual components are combined in a seminar paper
on a specific subject.
The module was developed in close co-operation with
multiple European universities and scientists from national and international research initiatives and is supported
by a scientific advisory board. The programme arose from
the BMBF initiative RIMAX (Risk Management of Extreme
Flood Events) in co-operation with the European research
project FLOODsite (Integrated Flood Risk Analysis and
Management Methodologies). Today, this university
course is taught as a dual module in Flood Risk Manage-

Students assessing the flood risk along the Elbe river as part of the River
Flood Workshop in Dresden

ment as part of the international Masters course in Hydro
Science and Engineering at the TU Dresden and represents a perfect example of the successful practical application of a BMBF-funded initiative.
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Opening up new perspectives –
sustainability in Uzbekistan
Stopping the inefficient and ecologically damaging
use of the soil and waters while alleviating poverty
among the people: these are the objectives of a
German-Uzbek project at the Aral Sea. There is an
urgent need for action in this area as decades of
intensive agriculture (cotton production) have
resulted in the gradual disappearance of the Aral
Sea. At the same time, the initiative hopes to provide local farmers with the necessary knowledge to
improve their income using ecologically sustainable
farming methods.
The irrigation agriculture practised in Central Asia
reduces the productivity of soil and water resources, while
poverty continues to rise – issues that can be attributed to
the inefficient and unsustainable use of available
resources. This applies particularly to the irrigated lowlands of the Aral Sea basin in Uzbekistan, an area that is
home to some 27 million inhabitants: intensive cotton
production has had a serious environmental impact on
the region’s soil and waters.
To halt this downward spiral, the Uzbek population
should be able to work in a more market-oriented manner. After all, farmers account for over 70% of the population, and they are most likely to protect their resources if
this will help them to raise their income. However, they
have insufficient experience of private agriculture, having
only recently become independent operators. In addition,
their economic freedom is still quite limited: the farmers
are still under the strict control of the central government
and are bound by its plans. Merely demonstrating to these
people how sustainable agriculture works would therefore be wholly inadequate. It is equally essential that they
understand the local decision-making structures and consider the interests of the different policy-makers.

Concepts for irrigation agriculture
To make sustainable improvements to the utilisation of
resources at the Aral Sea, the Centre for Development
Research (ZEF), an interdisciplinary research institute at
the University of Bonn, joined forces with UNESCO and the
Uzbek government to launch the research project “Economic and ecological restructuring of land and water
use in the Khorezm region” (period of study: 2002 to
2012). Institutes from Germany, Uzbekistan and other
countries are also involved in the project.

A ship graveyard on the dried up ground of the Aral Sea

Experts from a range of disciplines (land use, agricultural
sciences, water management, economics and social sciences) are developing concepts for the ecologically sustainable and economically efficient use of resources in the
Aral Sea basin. The model region of the BMBF-funded project is the Uzbek province of Khorezm, situated south of the
Aral Sea along the lower Amu Darya. The most important
local partner is the Urgench State University, where a
modern laboratory building was constructed and
equipped for the project.
One of the fundamental objectives of the initiative is to
support the persons responsible in the region in their
independent implementation of the necessary measures.
The scientists are therefore looking closely at local decision-making structures in order to make recommendations for improving the organisation of land cultivation
and water management – in conjunction with the local
decision-makers. Studies relating to agricultural business
and macroeconomics and covering the entire product
chain are to uncover potential for a more efficient management of resources and improved value creation. New
land use technologies are also being tested. The project
also supports the academic training of Uzbek students:
many are given the opportunity to attend a Masters
degree course in Tashkent, while 22 postgraduate students have gained their doctorate at the ZEF in Bonn
(many of whom have found positions in Central Asia or are
now supporting the transfer of knowledge as post-doctoral fellows in this initiative).
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Forestation of a degraded area

An irrigation channel with distribution structure

Participatory approach

Based on intensive field studies and model developments,
the second phase saw the generation of options for the
future management of resources. These included new,
soil-friendly cultivation methods, optimised irrigation
strategies and technologies as well as the introduction of
alternative crops and tree species, which not only offer
environmental benefits but also increase the earnings of
local farmers.

The success of technological innovations is also greatly
dictated by the level of participation: the needs and expectations of the partners must be addressed, while technical
and institutional changes must be adapted to local circumstances. Close co-operation with the Uzbek partners
has a significant impact on local acceptance. Regular
training of farmers and water technicians is equally essential, as is the development of appropriate organisation
and communication tools. With regard to technical cooperation, the project team is working closely with German, Uzbek and international organisations.
Part of the initiative included the creation of interdisciplinary models for water and land use, which incorporate
ecological, social and economic aspects. These have
proved particularly helpful in examining the interplay
between the various factors and participants, thus allowing the team to predict the long-term effect of specific
measures. At the same time, cost/benefit calculations are
employed to highlight the financial benefits if individual
technologies, thus enabling the local decision-makers to
implement suitable measures.

Four project phases
The ten-year project has been broken down into four phases. The first phase involved the creation of the local infrastructure and required database (e.g. digital maps), both
from existing materials and the team’s own research.

These concepts were then tested by the project participants during the third phase, in close co-operation with
farmers, representatives from the water authorities and
the partner institutions in the Khorezm region. Phase 4
(2012) is the implementation stage, in which the scientists
and their Uzbek partners intend to spread their restructuring concept across the province. The ultimate aim is to
implement a long-term solution that will allow the region
to enjoy an ecologically, economically and socially sustainable future.

University of Bonn
Centre for Development Research (ZEF)
Prof. Dr. Paul L. G. Vlek
Dr. John P. A. Lamers
Walter-Flex-Straße 3
53113 Bonn, Germany
Tel.: +49 (0) 2 28/73-18 38
Fax: +49 (0) 2 28/73-18 89
E-mail: JLamers@uni-bonn.de
Internet: www.zef.de/khorezm.O.html
Funding reference: 0339970A, 0339970C

160

WATER AS A RESOURCE | 3.2.03

International scholarship programme –
imparting knowledge and cultivating contacts
The BMBF scholarship programme “International
Postgraduate Studies in Water Technologies”
(IPSWaT) represents the direct implementation of a
recommendation made in the “Action Concept: Sustainable and Competitive German Water Industry”
from 2000. The aim of the programme is to support
highly qualified young scientists, promote the international transfer of knowledge and cultivate longterm contacts in the fields of science, water management and development co-operation.
The Federal Ministry of Education and Research (BMBF)
launched the IPSWaT programme in 2001 as a means of
providing highly qualified students and budding scientists from Germany and abroad with scholarships for international, English-language Masters courses and Ph.D
degrees at German universities. In the context of capacity
building◄, the granting of these scholarships is to promote the international transfer of knowledge and technology in the field of water management and support
future decision-makers in developing and emerging
countries in particular. The programme is also to lay the
foundations for future co-operation.
Scholarships are available for Masters courses (M.Sc.) and
Ph.D degrees. Around 35 M.Sc. and Ph.D. scholarships are
awarded in two annual selection rounds. Candidate applications should ideally refer to a specific problem in their
home country or region and include a methodical solution approach. The relevant issue should be studied in the
context of a bi- or multi-lateral research project. The selection panel is particularly interested in applicants intending to research areas of integrated, sustainable water
management including aspects of economic value creation. Depending on the desired scholarship, applicants
must have acquired a Bachelors or Masters degree. The
scholarship will allow Masters students to participate in
one of 20 accredited German degree programmes for a
period of two years. Ph.D degrees are funded for a period
of three years and can be completed at any German university.

Numerous universities and technical colleges have been accredited for
the IPSWaT programme (source: IPSWaT brochure)

Applications assessed by experts
An expert panel meets twice a year (April and November)
to assess received applications. Once the successful applicants have been selected by this external, independent
committee, the relevant universities are notified of the
results by the International Bureau of the BMBF. Candidates are selected first and foremost on the basis of their
outstanding academic qualification. Other selection criteria include:
● Potential to be included in bilateral or multilateral cooperation in science, industry or development policy
● Practical relevance and transferability of the planned
research work
● Institutional links to countries of origin and/or partner
countries
● Relevance of the research project to integrated water
resource management

Scope of scholarship
In addition to the monthly stipend (and family allowance,
where applicable), the following will be paid to IPSWaT
scholarship holders: travel allowance for one return journey to the place of study, a German language course at the
start of the scholarship, health, accident and liability
insurance for the duration of study, tuition fees for the
first semester, maintenance grants for research visits
abroad, a one-off start-up payment and a monthly bonus
in the form of a research grant. During the study pro-

ECONOMY AND EDUCATION | INTERNATIONAL ENVIRONMENTAL EDUCATION | INTERNATIONAL SCHOLARSHIP PROGRAMME

A group of students at the IPSWaT scholarship meeting in Leipzig, July
2010

A poster session at the IPSWaT scholarship meeting in Stuttgart, July
2009

gramme, the scholarship will also cover attendance of any
relevant international conferences, training courses and
trade fairs, field studies abroad as well as placements of up
to three months at a German water technology company
or water supplier. The following are not covered: Insurance and travel costs for family members as well as multiple journeys to and from the place of study.

Creation of networks
Since the programme was launched, the BMBF has funded
over 350 students from 60 different countries. A central
aspect of the IPSWaT is the creation of networks both
among current and former students as well as with German partner organisations from the fields of water management, research and development co-operation (e.g.
with the BMBF programmes IWRM and IWAS or the institutions DAAD, DED, GIZ, InWEnt, KfW). The annual scholarship meetings have proved to be a successful platform
for internal and external networking. At these events, students can discuss their research work with one another
and also have the opportunity to meet relevant stakeholders from German water institutions representing the
worlds of business, science and development co-operation.
The programme is currently scheduled to run until the
end of 2014.
Project website ► www.ipswat.de
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Glossary
Acidification: Entry of acid into water bodies and soil. This
can be the result of “acid rain”, for example, or
degradation products of the pyrite on coal spoil tips.
Activated carbon: Collective name for a group of
artificially produced, highly porous carbons with a
sponge-like structure. This pure material is characterised
by its large specific surface area (up to 300 m2/g). Activated
carbon is manufactured from peat, wood, lignite, black
coal or nutshells. The materials are first carbonised,
during which tiny pores are created. Activated carbon
adsorbs organic substances from water and the air and is
thus able to clean contaminated water or polluted air.
Activated sludge: The biomass formed in an activated
sludge basin during ► aerobic biological wastewater
treatment as a result of the degradation of substances in
wastewater. Microscopic examinations have verified that
activated sludge flocs consist of bacteria and protozoa.
Activated sludge procedure (also referred to as
Activated sludge process): With this procedure, the
wastewater is biologically cleaned using ► activated
sludge (also known as bulking sludge). The microorganisms in the sludge (bacteria, fungi) break down the
organic substances: the oxygen required by the microorganisms is added in the activated sludge basin. Once the
wastewater has been cleaned, the activated sludge is
separated from the wastewater in the secondary
sedimentation tank and returned to the activated sludge
basin (or disposed of as waste sludge).
Activated sludge process: See ► Activated sludge
procedure.
Activated sludge reactor: see ► Activated sludge
procedure
Adsorption: The accumulation of gaseous or liquid
substances on the surface of a solid.
Aerobic: State involving the presence of oxygen (O2). Also
used in the context of organisms that require oxygen to
live, or to describe chemical reactions that require the
presence of oxygen.
Aerobic and anaerobic wastewater treatment: See
► Biological wastewater treatment.

Aerobic biodegradation processes: Degradation of
micro-organisms with the aid of oxygen.
Aerosol: Mixture of a gaseous substance and liquid or
solid, finely distributed elements referred to as
“suspended particles”. These particles are everywhere in
the air and are so small that, individually, they cannot be
seen with the naked eye. Examples are salt crystals, sand
grains, pollen and soot as well as other particles in
industrial fumes. Aerosol particles accumulate air
humidity and thus act as cloud condensation nuclei.
Ag ions: Ag (Argentum) is the chemical symbol for silver.
Silver is an ancient antiseptic: its use as a preventative
medicine and for treating infections can be traced back to
approx. 1000 BC. Nowadays, silver is used in drinking
water disinfection, among other things.
Anaerobic: Absence of oxygen (O2). Also used in the
context of organisms that do not require oxygen to live, or
to describe chemical reactions that occur in the absence of
oxygen.
Aquifer: In the field of hydrogeology, an aquifer (from the
Latin words aqua = water, and ferre = to bear or carry) is
an underground layer carrying groundwater. Aquifers are
also referred to as water-bearing strata. Different types of
aquifer are distinguished depending on the individual
rock type (and thus the rock’s porosity).
Arid regions: Regions with a dry climate.
Aromatic hydrocarbons: The aromatic hydrocarbons
benzene, toluene, ethyl benzene, xylene (► BTEX
aromatics) are contained in coal tar but usually obtained
from crude oil. They increase the octane number of petrol
and are also used as solvents and degreasing agents or as
raw materials in the chemical industry. Aromatic
hydrocarbons are generally highly toxic and – at least in
the case of benzene – carcinogenic.
ATR spectroscopy: “ATR” stands for attenuated total
reflection – an analytical procedure for measuring thin
surface layers. The reciprocal action of an infrared beam
on the interfacial surface of a permeable material and the
surface of the material to be examined results in the
absorption of a characteristic part of the beam (see
► Infrared spectroscopy).
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Basin: Part of the earth’s surface that is drained by a river
and its tributaries. We distinguish between above-ground
and underground basins. The drainage divide marks the
boundaries of the basin.
Batch test: A test set-up used to examine the speed or
time at/over which a substrate (in this case, the substances
in wastewater) is broken down by means of biological
processes under specific conditions.
Biocide: Agents (chemicals and micro-organisms) used for
pest control in the non-agricultural sector. Examples are
disinfectants, rat poison, wood preservatives etc. See also:
► Microbicide
Biocoenotic: The term biocoenosis is used to describe a
community of plants, animals, fungi and micro-organisms
in a separate habitat (biotope).
Biofilm: Layer of living and dead micro-organisms.
Biofilms are formed when micro-organisms (e.g. bacteria,
algae, protozoa) accumulate on interfacial surfaces
between gaseous and liquid phases (e.g. at free water
level), liquid and solid phases (e.g. gravel on river beds) or
liquid/liquid phases (e.g. oil droplets in the water). A thin,
usually closed slime layer (film) embedding the microorganisms forms on the interfacial surface.
Biogas reactor: System that creates biogas from a
biomass. Methane accounts for 50 – 70 of biogas, which
can be used as an energy source. Artificial biogas
production occurs in multiple stages in a heated reactor at
an average temperature of 30 – 35°C and in the absence of
oxygen (► Anaerobic).
Bioindication: Determination of natural or human
environmental influences by means of suitable organisms
(bioindicators).
Biological denitrification: Procedure employing the
natural ability of micro-organisms (bacteria) to convert
nitrate (NO3) into elementary, gaseous nitrogen (N2). The
process occurs under anoxic conditions, i.e. in the absence
of oxygen, and requires a substrate (e.g. acetic acid) to
enable the bacteria’s denitrification. In drinking water
purification, the ► denitrification stage must generally be
followed by comprehensive post-treatment (gas
exchange, filtration, disinfection).
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Biological wastewater treatment: With biological
wastewater treatment, the organic compounds contained
in wastewater are subjected to a biodegradation process.
Degradation is performed mainly by micro-organisms in
conjunction with dissolved oxygen in the case of
► aerobic processes or in the absence of oxygen in the
case of ► anaerobic processes. Inorganic compounds and
biomass are created through conversion processes. The
most frequently used method of biological wastewater
treatments is the ► activated sludge procedure.
Bioreactor: A bioreactor is a vessel in which microorganisms, cells or small plants can be cultivated or
fermented under optimum conditions. The breakdown of
chemical compounds using bacteria can also be
performed in bioreactors. In this context, they play in
important part in the biological cleaning of wastewater,
for example.
Black water: Collective term for all sanitary wastewater
from toilets and urinals.
BOD5 (biochemical oxygen demand): This value indicates
the amount of oxygen in mg/l consumed by bacteria and
all other water-based micro-organisms over a period of
five days at a temperature of 20°C, and thus serves as the
basis for establishing the volume of biodegraded organic
substances.
Boreal coniferous forests: The earth’s most northerly
forests, which stretch across Northern Eurasia and North
America in a wide belt.
Brillouin frequency range analysis: Measurement
systems using the method of Brillouin frequency range
analysis are based on the non-linear optical effect of
stimulated Brillouin scattering (SBS), which transfers the
extension of an optical glass fibre to a measurable
frequency shift in the backscattered light of an optical
signal.
Brown water: Sanitary wastewater without urine (see
► Urine water).

BTEX: ► Aromatic hydrocarbons (benzene, toluene, ethyl
benzene, xylene)
Capacity building/development: In the context of
international co-operation for human resource and
organisational development, the aim of capacity
development is provide technical support and advice to
people in developing countries. This involves
strengthening local competence in a sustainable manner
and raising the capacities of the country such that
effective solutions can be found to social, political and
economic problems.

