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WATER IS LIFE – WATER FROM THE BIBLICAL AND THEOLOGICAL POINT OF VIEW 

Dr. Gregor Maria Hanke 

"Water is life": This expression sets forth a positive message, which can be found—and used—in a variety of 
contexts. This is demonstrated statistically by the fact that a well-known internet search engine specifies 168,000 
“hits” for the expression "water is life" in English, and an additional 113,000 locations for “water is life” in German. 
"Water is life" means, above all, to commit oneself to a good and important cause.  

The biblical point of view sees present reality through the eyes of people who view their life and the world as gift 
of God, people who enter into a relationship with God and who live in this relationship. For biblical people, their 
history is a history with God.  Seen this way, it is salvation history, which received its good beginning from God, 
and God is also its good end, whatever form it takes. Yet this biblical viewpoint also very realistically perceives 
everything in this world that is bad and evil. In the primeval history of the book of Genesis (Gen 1-11), we find 
both the positive and the negative. Regarding the topic of "water is life", we learn about the life-giving aspects of 
water and about its life-threatening and deadly aspects as well.  
 

1. The world from God: "God saw that it was good." (Gen 1:9, 12, 18, 21, 25)  

Creation, coming as it does from God, is thoroughly good. A “house” for humans to live in is arranged. Potentially 
threatening aspects, like the waters, are within placed within limits:  

… Darkness was upon the face of the deep; and the Spirit of God was moving over the face of the 
waters… 
… And God said, "Let there be a firmament in the midst of the waters, and let it separate the waters from 
the waters." 
And God made the firmament and separated the waters which were under the firmament from the waters 
which were above the firmament...And God called the firmament Heaven… And God said, "Let the 
waters under the heavens be gathered together into one place, and let the dry land appear." And it was 
so.  God called the dry land Earth, and the waters that were gathered together he called Seas. And God 
saw that it was good. (Gen 1: 2, 6-10)1 
 

According to Erich Zenger (Introduction to the Old Testament, 1995) this theological expression of creation drew 
its inspiration from the image of an annually flooded river plain, such as the Nile in Egypt, or the Euphrates and 
Tigris Rivers in Mesopotamia. The surface of the earth emerged from the waters, vegetation likewise began to 
sprout, and, as habitable earth, it became populated by animals and human beings.  

 

The first book of the Bible contains two creation narratives. In contrast, as "chaos before Creation", the second 
creation narrative (Gen 2-3) introduces completely dry fields where water sources from God will create a 
flowering paradise. This is expressed figuratively and anthropomorphically as follows:  

“The LORD God took the man and put him in the Garden of Eden to till it and keep it.”  (Gen 2: 15) 

 

Life, then, is dependant on water according to both creation stories. God’s creative work places the gift of water 
into a system of order.  This means, on the one hand, forcing back the waters, and on the other hand, fending off 
the deadly drought and laying out an irrigated garden that will become the garden of Paradise.  

 

2. The world of human beings: God saw the earth, and, behold, it was corrupt. (Gen 6:12)  

From the Biblical viewpoint, the negative development of life becoming adverse to creation and being 
fundamentally threatened is the work of man, who greedily and violently abuses his liberty and disturbs the order. 

                                                
1 All Bible quotations are taken from the Ignatius Press Catholic Bible-RSV, National Council of Churches of Christ in the 
USA, San Francisco 2003  –TRANSLATOR 
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It was through man that the world, of which it is said: "and God saw that it was good", became a world of which it 
is said: "God saw the earth, and, behold, it was corrupt."  What followed is something most people know, even 
without any profound knowledge of the Bible: the great flood and the rescue of Noah, along with all who found a 
place in the ark. Wherever man disturbs the order of creation, or completely destroys it, chaos returns in the 
figure of the primeval waters.  

 

However, the history of mankind after the great flood never progresses back to the good. A return to Paradise 
does not take place. That is something recognized up to the present day. The realistic Biblical viewpoint of the 
condition of the world and the disposition of man is expressed as the word of God: "... the LORD said in his heart, 
"I will never again curse the ground because of man, for the imagination of man's heart is evil from his youth..." 
(Gen 8:21)  God blesses these human beings, whose "imagination of heart" is bad, and gives them the 
commission again: “Be fruitful and multiply, bring forth abundantly on the earth and multiply in it.” (Gen 9:7) – 
Creation was placed once again into man’s hands up to the present day.  
 

3.  Water in salvation history: Reference to the mystery of baptism  

“Water” in the Bible is not, of itself, a symbol of life. It requires integration into the totality of creation; it must be 
allotted a place in the order of creation. Then it is not only the cradle of earthly life anymore, but rather the image 
of the divine life, in which man receives a share. In the Biblical perspective, creation is never merely an earthly 
quantity.  It cannot be adequately described in measure, number or weight. Creation has a referential character, 
meaning that it refers to something, to someone greater than itself.  It refers to God. Water, which is the cradle of 
life, receives special attention in the Bible. Water becomes the sign of the deeper meaning of earthly life, and of 
the dimension of God. Thus, in the Bible we encounter again and again the image of God as the source of life; 
and the image of dew, and of the river.  One who turns his life over to Christ and places it, through faith, into the 
dimension of God, is in need of baptism. At the dawn of Christianity, as the act of incorporating the believer into 
God, baptism was administered at a river by immersion in the flowing water. People attached great importance to 
baptizing with flowing water, that is, with living water, because the new life of God, into which the newly baptized 
person was incorporated, should be adequately expressed in the procedure of baptism. Just as all creation 
emerged from the waters, so the new life of God, the new creation of man emerges from the water of baptism. 
This remained in the consciousness of Christianity, even after the administration of Baptism was relocated within 
ecclesiastical architecture, into the baptistry. This baptistry contained a large basin of water, into which the 
candidate for baptism climbed and was immersed three times. The water of baptism, and faith in Christ, give us 
the life of God. Even today, baptism is administered by pouring at least a small quantity of water three times.  

 

The conversation of Jesus with the Samaritan woman at Jacob’s well provides the basis for such an 
understanding:  “Whoever drinks of the water that I shall give him will never thirst; the water that I shall give him 
will become in him a spring of water welling up to eternal life." (John 4, 13-14) The sacrament of baptism opens 
this way to us.  

 

Particularly in the Easter night, the biblical and theological view of water enters profoundly into the language.  In 
"praising and invoking God to bless the water of baptism" we find, to a certain extent, a summary of this salvation 
history:  

 

"…In a variety of ways, you have chosen to make water a sign of the mystery of Baptism: 

 

At the very dawn of creation, your Spirit was moving over the waters, and granted them the power to save and to 
make holy.  
 
Even the Great Flood was a sign of baptism, for the water defeated sin and made a new beginning for holiness of 
life.  
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As the children of Abraham were liberated from enslavement to the Pharaoh and passed on dry ground through 
the waters of the Red Sea, they were a sign of your faithful ones who, through the water of baptism, are liberated 
from evil. 
 
Almighty, eternal God, your beloved Son was baptized by John in the Jordan and anointed by you with the Holy 
Spirit.  
 
As he hung upon the cross, water and blood flowed from his side.  
 
After his resurrection he commanded his disciples: 
"Go forth and teach all nations and baptize them in the name of the Father, 
and of the Son, and of the Holy Spirit."  
 
Almighty, eternal God, look mercifully upon your Church, 
and open to her the well of baptism.  
 
By the power of the Holy Spirit, may this water receive the grace of your only begotten Son, so that man, created 
in your own likeness, may be cleansed from sin through the sacrament of baptism, and, through water and the 
Holy Spirit, rise to the new life lived by your children. 

 

Through your beloved Son, may the power of the Holy Spirit descend upon this water, so that all, who through 
baptism, are buried with Christ in his death, may also, through baptism, rise again with Christ to new life.2” 

 

In this baptism, the goal of humanity and of all creation, "the eternal life in community with God" is constituted—
which we call, among other things, the heavenly “wedding feast”, “light”, “peace”. John’s book of Revelation 
describes this blissfulness of heaven in an inviting, vivid image of the "water of life", which can give us, too, hope 
and courage in our time:  

“They shall hunger no more, neither thirst any more; the sun shall not strike them, nor any scorching heat. For 
the Lamb in the midst of the throne will be their shepherd, and he will guide them to springs of living water; and 
God will wipe away every tear from their eyes." (Rev 7:16-17) 

 

 

 

 

 

 

 

 

 

Translated from the German by Sr. Angela O.S.B., Abtei St. Walburg, Eichstätt 

                                                
2  The official English text of this Easter Vigil prayer, Blessing of the Water, translated by the International Committee on 
English in the Liturgy (ICEL) and currently used in the English language liturgy, differs significantly from the German 
translation.  Therefore, the text above is an original translation from the German liturgical text, to avoid losing important 
parallels between the quoted liturgical text and the previous points made in this lecture. –TRANSLATOR 
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WATERS SUPPLY AND SANITATION FOR ALL – EACH ONE OF US CAN CONTRIBUTE 

 
H.H.Hahn  
 

The contribution intends to focus on individuals´ contribution as opposed or as supplementary to national or 
international efforts. The effect or reach of such efforts of individuals are largely underestimated. And furthermore 
such measures are much more readily put into action than those that need national or international agreement 
and financing.  

 

For most Europeans the basis for the needed unselfish contributions might still be a certain awe or reverence for 
our globe and its population, or in other words for creation. Amongst the suggestions for individual action are a 
careful and saving (in modern terminology “sustainable”) consumption of water in its everyday use even in water-
abundant regions. In this way the possibilities of attaining or maintaining a satisfactory standard of life at reduced 
resources consumption can be developed and demonstrated. Very much included into this sustainable use of 
water is the reduced demand for goods produced with water, whether it is food products or items for everyday´s 
life. We should ask ourselves more and more whether we really need what we consume today along with all the 
water used for its production (illustrating this with the well-discussed “craving” for strawberries in our winter or the 
over-abundance of textiles manufactured in countries with already sub-optimal water resources).  

 

There is a special obligation for each one of us who has understood this, be she or he a water specialist or an 
enlightened water user: We must alert all around us to these problems. (The present discussion on limiting or 
reducing carbon dioxide production is a good example of the necessary rethinking of our way of life – also 
needed in terms of direct and indirect water usage.) It should be a consequence of increased public awareness 
and the resulting public pressure that for once the necessary financing instruments are set up more readily by 
national and international institutions and second that more and more qualified young persons decide to enter 
professional fields that alleviate problems in water supply and sanitation for all. Finally it is to be expected that 
such a “grass root movement” develops a momentum that leads older and possibly retired professionals to 
volunteer part of their time and effort for the solution of these (“millennium”) problems.  
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THE IMPACT OF CLIMATE CHANGE ON URBAN WATER MANAGEMENT AND THE 
NEED FOR POITICAL ACTION 

Dr. Werner Schnappauf, MdL 

Bayerischer Staatsminister für Umwelt, Gesundheit und Verbraucherschutz 

 
Climate change – the greatest challenge of the 21st century and the first natural hazard to threaten the 
whole of mankind. 

Ever since the 4th IPCC Climate Report was presented in the spring of 2007, the discussion on the urgency to 
tackle climate change on a global scale has become a politically explosive issue of an unprecedented scale. We 
are witnessing an historic deep change in awareness. Never before has climate protection topped the world 
political agenda. Never before have we seen such binding commitments. To restrict the global rise in temperature 
to 2°C the EU Member States, under German presidency, decided in March 2007 to drastically cut greenhouse 
gas emissions, initially by 20% by the year 2020, to increase the share of renewable energies to 20% and the 
share of biofuels to 10% by 2020 – these are milestones in climate protection. In doing so, the EU will push 
ahead as international trailblazer in climate protection and demonstrate to emerging countries like China and 
India that it is indeed possible to disengage economic growth from energy consumption. Nevertheless, even an 
immediate stop in emissions will still give rise to a global temperature increase of 0.6° C.  
 
According to forecasts from the climate research project KLIWA initiated by Bavaria, Baden-Württemberg and the 
Deutsche Wetterdienst (German meteorological service) it will gradually become warmer and wetter in Southern 
Bavaria and we will have to expect up to 35% more precipitation in winter months. There will also be an increase 
in torrential rain, as the recurring “flood of the century” of recent years has shown. In concrete terms: extreme 
situations such as floods and drought will occur more often – having an overwhelming impact, especially on the 
hydrologic cycle. 

. 

The Bavarian State Government is therefore pursuing a double strategy which includes precautionary measures 
as well as adjustment to the unavoidable consequences of climate change.  

A precautionary climate protection policy means consistent reduction of greenhouse gas emissions. It is our goal 
to reduce CO2 emissions in Bavaria from the level of 92 million tons in 1998 to 80 million tons in 2010. With 
current emissions of approximately 83 million tons we are well on track, but we will have to increase efforts over 
the coming years and decades to reach the national and international climate targets.  

Urban water management must also make a contribution to reducing CO2 emissions. In the modernization of 
sewage treatment plants there is a possible energy saving potential of up to 40 %. In sewage sludge digestion 
the amount of generated gas can be increased substantially through operational measures, enabling a 
subsequent CO2-neutral use of the gas in block-type thermal power stations for cogeneration of heat and 
electricity. Heat recovery from sewage using heat pumps is another potential energy source that is still not used 
enough. 

All climate-sensitive sectors must prepare for the inevitable outcomes of climate change and develop strategies 
for adapting to this new situation. For sewage disposal this will necessitate intensified adjustment to low-water 
situations. The efficiency of sewage treatment plants must be checked and, if necessary, plants modified to 
ensure that they meet water pollution control requirements, even with a low flow rate in the receiving waters. 
Drainage systems also need to be examined due to the impact of both drought and heavy precipitation. And also 
the water supply must be made fit for changes in water availability. A sustainable management of groundwater 
resources that are suitable for drinking water must be secured through water protection areas and instruments of 
regional planning. The existing infrastructure of the drinking water supply must be safeguarded through greater 
networking among plants and alternative extraction methods. Greater attention will be awarded to the option of 
above-ground drinking water reservoirs. 

Our groundwater is the largest drinking water reservoir we have and it must not be endangered through 
measures required for reducing CO2 emissions. In turn, with an increased use of geothermal energy sources, it is 
essential that water management regulations are observed to prevent damage to the strata layers protecting the 
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groundwater. Furthermore, with an increase in oil crop planting it is important to reduce the input of fertilizer and 
pesticide pollutants in groundwater to a minimum. It is now the task for us all to harmonise climate protection and 
the protection of water bodies at the required high level. 

We can control the impact of climate change on waters in Bavaria if we act conscientiously and in time. On a 
global scale, however, climate change is intensifying the water crisis throughout the world. Six children die every 
minute due to water problems. It is the set goal to connect 1.4 billion people to a drinking water supply and 2.4 
billion to a controlled sewage system by the year 2015. Solving this mammoth task can only be accomplished if 
there is a leap forward in technology creating a technological revolution. With the project “Technology Transfer 
Water” we are helping Bavarian companies to tackle this task. Climate change is not only a great challenge for 
water management issues but also an opportunity for companies facing up to these challenges with pioneering 
spirit and innovative ideas. 
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THE RELEVANCE OF WATER FOR ECONOMIC DEVELOPMENT – THE CASE OF ASIA´S 
EMERGING NATIONS LIKE INDIA 

 
Prof. Dr. Michael von Hauf 
 
The relationship between water and economic growth has been proved in theory and empirical studies. In an 
economy with water scarcity, the connection between economic growth and water utilization describes an inverse 
U curve. This is also the case in India and other Asian countries. In this respect, water scarcity is in principle an 
obstacle to the long-term generation of economic growth. What this theory does not consider is progress in 
environmental technology, and more particularly in wastewater treatment. Wastewater treatment and closed 
cycles can reduce or remedy the problem of water scarcity, and thus remove the problem of water scarcity as an 
obstacle to growth. India’s industrial development and its prospects for economic growth have to be seen against 
this background.  

  

India’s positive economic development, including that of its industrial sector, has led to a huge increase in 
demand for water, as well as in the amount of wastewater. This development will continue in the next few years. 
The requirements of Indian water protection policy should take increasing account of this new situation. Specific 
obstacles, such as the structure of the industrial sector with its many small and medium-sized enterprises, run 
counter to an effective implementation of water policy measures that help bring about more effective utilization. 
These obstacles also make themselves felt when it comes to checking and monitoring compliance with the 
regulations that already apply.  

 

In the past, water was regarded in India solely from the point of view of supply: instead of efficiently managing 
this scarce resource, politics concentrated on extending and tapping existing and new sources of water. At first, 
only insufficient action was taken to counter the increasing scarcity, unequal regional distribution and increasing 
pollution of existing water resources, not least due to the absolute and relative increase in industrialization. 
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GOOD GOVERNANCE AND WHAT BAVARIAN ADMINISTRATION CAN CONTRIBUTE TO 
THIS 

 
Dr. Martin Grambow 
 

No doubt: Good Governance (GG) is worldwide accepted to be a absolutely essential key to solutions for the 
challenges of the Millennium Development Goals. So, GG is on the worldwide agenda for poverty reducing as 
well as for public health, welfare and the complete field of the water sector.  

GG is defined as the interaction between state governance, communities, civil society including all groups and 
private responsibility. The original use of GG is meanwhile enhanced to the idea of an activating state.    

The „Bonn Conference for Sweetwater” wrote 2001: ”The primary responsibility for ensuring the sustainable and 
equitable management of water resources rests with the governments. Each country should have in place 
applicable arrangements for the governance of water affairs at all levels and, where appropriate, accelerate water 
sector reforms….”… together in short words with the private sector and the civil society. 

 

A Bavarian contribution to the search of GG could be quite simple: To be a good example and to help to 
transform knowledge about GG: No question that the environmental protection and the water services in Bavaria 
are very well capped and that this partially has to do with the federal German and the EU environmental policy. 
But it is more, it is the complex interaction between state levels from EU up to the communities, the legal frame, 
corresponding with technical ability, the defined responsibility of the government as a guarantor for basic 
environmental needs (not only a enabler!), the ideas of regional responsibility and the role of the civil society in 
different levels, what makes Bavaria so successful. It lays also in the implementation of ethical and cultural 
issues into decisions, the information, communication and decision making processes on all levels, from the 
invention power in the science and companies and the quality of trained employees in the handling and 
maintenance.  

On side of the government level – and this includes the community –a good working organisation and partially 
administration is a main tool for success. so, we know that the administration is at least a link between the law 
and its implementation, actually the tool for the “enabling” and the “guaranteeing” role of the state. 

 

In 1998, the Project Technology Transfer Water (TTW) was founded as part of the state water administration, as 
an institution for technology transfer in the water sector. With the help of TTW today it is possible to accompany 
international projects of Bavarian enterprises in the water sector with the know-how of the state and communities 
of Bavaria and to help them to tackle challenges in the field of GG, if it is necessary. 

 

TTW uses the experience that the whole administration had made over years in its day to day business. By that, 
it is possible to communicate problems together with foreign experts to find complex solutions, as we do it 
regularly with our neighbours in Germany and Europe in many ways since more than hundred years.  

That is, what Bavaria can offer in international projects and contribute to the aim of GG: a good example of and 
experience with sustainable water management, a network of know-how, the feeling of responsibility, the 
consciousness to act in a complex system, ideas about appropriate technical and organisational solutions and 
the vision, that we can solve the worldwide water challenges, but only together. 
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BUILDING COMPETENCE FOR HEALTH AN WEALTH THROUGH INTEGRATED 
CAPACITY DEVELOPMENT ON WATER AND SANITATION 

 
Günter Klein                             
Bonn 
 
Provision of safe water and sanitation to the poor has been carried by good intentions of highly motivated people 
working in charitable and development organizations. They have done a tremendously good job. Supply with safe 
water is reaching the vast majority of all people in the world, the “last billion” of underserved people will be halved 
by 2015.  

However, the world community is confronting the risk of failure due to lack of progress in providing adequate 
sanitation services to some 2 -3 billion people.  

The source of water (and food) contamination has been, and will continue to be, the unsafe handling of excreta 
or sewage. At small scale at the family level, as well as at large scale conditions at community or megacity level, 
only safe handling of sewage and excreata will guarantee health, and will control water related diseases. 

Comprehensive understanding of the water system, will be an essential element for building Health competence 
and combating poverty on the basis of  

Safe Water for All 

With the Decade for Action “Water for life 2005 - 2015”, the world community is facing a new challenge. Moving 
the agenda from a charitable activity towards an investment strategy will change the global interaction,  north – 
south , rich - poor, east – west, within and among countries.  

Providing water and sanitation to more than 2 billion competent customers is a global business opportunity. 
Health is the precondition to combating poverty. Combating poverty will release human and financial resources, 
which will be freed for continuously improving water-, sanitation-, energy- and education - services. 

 
Integrated capacity Development on water and sanitation means: 
 
1.  Integrating capacity development on 

Water resources management             (Local authorities, Business/Industry 

     Agriculture) 

Water technology   (Industry, SMEs, Customers, 

     Research and Development) 

Water legislation   (local, regional and national authorities 

and its enforcement!              Business, NGOs, Civil Society) 

 

Water valuation   Banking and Microfinance 

(and its price…)   Raising financial resources  

 (“creative channels”) 

2.  Integrating Capacity to understand cycles : 

Close the cycles of  

Water 

Nutrients 

Energy 

Disconnect the cycles of  Contaminants e.g. 
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Pathogenic bacteria, viruses, parasites 

Toxic or hazardous compounds 

3. Intergrating Capacity to establish a system  of 

Construction, maintenance and pricing,         

Individual Responsibility 

Corporate Responsibility  

More than 2 billion customers are willing to pay the price for good and reliable services – many of them 
pay a higher price for bad service!  

This market can be developed. The necessary tools are at hand.  

All over the world,  

• appropriate technologies and strategies have been tested and wait for wider application,  

• highly motivated and capable people take responsibility for their and their families health and safety, and  

• many of them have built and maintained small businesses for their and their neighbours supply with 
water, sanitation, energy. 

And : 

• Investors are looking for new opportunities to invest their billions in a sustainable and reliable manner.  

 

Lets Get the order right: 

 

Health is the precondition to everything.  

No Wealth, and no  Health without understanding the role of safe water.  
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SANITATION PLANNING – A TOOL TO ACHIEVE SUSTAINABLE SANITION 

E. Kvarnström*, J. McConville** 

*: Stockholm Environment Institute, Kräftriket 2B, SE-10691 Stockholm, elisabeth.kvarnstrom@sei.se, 

 **: Royal Institute of Technology, Teknikringen 76, SE-10044, Stockholm 
jrmc@kth.se 

The global sanitation crisis and its importance to the MDGs is reflected in the specific sanitation target adopted in 
2002. An enormous amount of funds will need to be invested in sanitation over the coming years in order to meet 
the MDGs. It is important that these funds are invested in sustainable sanitation systems, since providing 
sanitation systems that are not sustained is a very costly short-term solution that may contribute to long-term 
problems.  

Sustainable sanitation systems can be defined as those that protect and promote human health, do not 
contribute to environmental degradation or depletion of the resource base, are technically and institutionally 
appropriate, economically viable and socially acceptable.  The authors strongly believe that sanitation planning is 
the key to sustainable sanitation. Planning for sustainable sanitation systems and services in a municipal setting, 
as suggested by the IWA specialist group Sanitation 21, entails the utilization of a number of steps: (i) 
recognizing the existence of different domains across the city, (ii) analysis of the interests driving desire for the 
sanitation system and services for the stakeholders across the domains, (iii) analysis of external drivers and 
context that impact behaviour in each domain (iv) analysis of technical options, in relation to findings on context 
and criteria, (v) analysis of management requirements for proposed technical options, (vi) critical assessment 
whether the proposed system is fit for the purpose. This paper will discuss this planning methodology in 
reference to experience from West Africa and other areas, as well as some critical issues to overcome to make 
planning for sustainable sanitation happen. 

 

 

mailto:elisabeth.kvarnstrom@sei.se
mailto:jrmc@kth.se
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THE 7th FRAMEWORK PROGRAMME AND THE PROMOTION OF INNOVATION IN THE 
WATER SECTOR 

 
Andrea Tilche, Panagiotis Balabanis and Avelino Gonzalez-Gonzalez 
European Commission, Directorate General for Research 
Unit "Environmental Technologies and Pollution Prevention", Brussels 
 
The debate for the preparation of the 7th Framework Programme (2007-2013) was mainly characterised by the 
recognition of the fundamental role of research to promote innovation, and consequently the competitiveness of 
European industry. Along with the ambitious target of reaching an average of research investments of 3% of 
GDP by 2010, and with the objective of promoting private R&D investments, a group of industry-led Technology 
Platforms were promoted, among which the Water Supply and Sanitation Technology Platform (WSSTP). 

Its launch in April 2004 was also connected with the Environmental Technologies Action Plan (ETAP). The final 
goal of WSSTP is to strengthen the potential for technological innovation and competitiveness of the European 
water industry, of water professionals and research institutions through the development of a common strategic 
and visionary science and technological research agenda and a suitable implementation plan.  

Its ambition is to promote step changes in the technological capacity of the European Water industry, 
consolidating and strengthening its position in the world market, while contributing to the global challenge of 
reaching the Millennium Development Goals of ensuring safe and secure water supply for different uses and 
sanitation services through the development of sustainable technologies and of appropriate institutional 
frameworks. 

 

The WSSTP Strategic Research Agenda identified: 

• 4 main challenges (Increasing water stress and water costs, Urbanisation, Extreme events, and Rural 
and under-developed areas) 

• 5 research areas (Balancing Demand and Supply, Ensuring Appropriate Quality and Security, Reducing 
Negative Environmental Impacts, Novel Approaches to the Design, Constructioin and Operation of Water 
Infrastructure Assets, and Establishment of an Enabling Framework) 

• and the integration of them through the concept of pilot programmes, articulated in 6 specific "pilots", 
each one associated to a number of test sites in Europe and beyond, where to carry out targeted and 
prioritized research defined by and tested in real-life applications, covering generic research, enabling 
technologies development and full scale demonstration in the various implementation case and 
mobilising different sources of funds – beyond solely FP7 resources – through a solid public/private 
partnership. The 6 pilots are: 

o Mitigation of water stress in coastal zones 

o Sustainable water management inside and around large urban areas 

o Sustainable water management for industry 

o Reclamation of degraded water zones ( surface & groundwater) 

o Proactive and corrective management of extreme hydro-climatic events 

 

The European Commission has well taken into account the research strategy proposed by the WSSTP in the 
formulation of the FP7 programmes, and the activities are now in the phase of implementation. 

European water policies – and in particular the Water Framework Directive - are deeply embedded in all the 
above mentioned research subjects and pilot projects, which are and will become subject of FP7 funding 
throughout the seven years of the programme. 

FP7 water research will however span also beyond the subjects of more "industrial" interest, in particular with the 
objective of better understanding the potential impact of global and climate changes on water resources and, 
consequently, on EU water policies. 
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FP5 and FP6 research projects have provided important knowledge and policy insights of the role water plays in 
our environmental and socio-economic welfare. 

The application of results from those projects will certainly help the implementation of short-term water policy 
requirements as well as long-term adaptation to global change and progress towards sustainable development. 

In view of the increasing complexity of water problems the use of models in policy formulation and the need to 
understand and assess uncertainties associated with these models will become a fundamental issue in the 
future.  

Research will continue in FP7, with more focus on the development of solutions to water problems (in connection 
with the Water Supply and Sanitation Technology Platform), and looking at the impact of climate change on water 
systems 

All interested stakeholders, from industries to professionals and to regulators, have the possibility to access and 
make use, through European research results, of the most advanced available methodologies, technologies and 
tools in order to implement the Water Framework and other Directives, minimising the costs of implementation. 
However, a higher participation of Water companies in the research consortia would be extremely beneficial, 
allowing for a closer participation of "problem owners" in the definition of research projects, and associating them 
in the evaluation of research results through case studies and pilot implementation tests. More and more, the 
most efficient companies are those who are more able to introduce innovative technologies and management 
methods.  
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APPROPRIATE TECHNOLOGY FOR WASTEWATER TREATMENT AND REUSE IN 
DEVELOPING COUNTRIES 

 
By Dr. Menahem Libhaber* 
The World Bank, 1818 H Street N.W., Washington D.C., 20433, USA, mlibhaber@worldbank.org 
 
In developing countries the order of priority of investment in the water sector is first water supply, then sewerage 
and only then wastewater treatment. In view of the water sector institutional problems and financing restrictions, 
in most developing countries the percentage of wastewater that undergoes any type of treatment is very low, 
usually less than 10%. Population growth forecasts indicated that most of the world’s growth will take place in 
developing countries. This will further reduce the perspective of expanding the coverage of wastewater treatment 
in these countries, unless innovative affordable wastewater treatment technologies will be made available. 
Wastewater treatment needs in developing countries are different than those of industrialized countries and 
therefore guidelines for good practice of wastewater management in developing countries and the strategy for 
achieving adequate wastewater disposal are different. The paper advocates that the key to expanding 
wastewater treatment in developing countries is the use of appropriate technologies based on simplified 
processes which are less costly than conventional processes in terms of investment as well as operation and 
maintenance, simple to operate, and have the capacity of yielding the required effluent quality. The paper then 
presents a series of appropriate treatment technologies which are recommended for use in developing countries, 
and which can be used in industrialized countries as well. 

 

First the paper discusses the issue of reducing the costs of constructing sewerage systems and the difficulties of 
installing such system in urban slum areas, and presents the condominial sewerage concept as means of 
overcoming sewerage installation problems in slum areas and of significantly reducing the cost of such systems. 

 

Then the paper presents a series of innovative appropriate treatment technologies including: (i) Rotating Fine 
Screens; (ii) Anaerobic Upflow Sludge Blanket treatment (UASB); (iii) Anaerobic Filters; (iv) Covered Anaerobic 
Lagoons with collection and flaring of Methane gas so as to reduce green house gas emission and generating 
income from the sale of the emission reduction; (v) Improved performing facultative and maturation lagoons 
through the use of gentle mixing and, if necessary, injection of fine air bubbles to increase oxygen supply without 
changing the flow regime; (vi) Constructed Wetlands; (vii) Chemically Enhanced Primary Treatment (CEPT); (viii) 
CEPT followed by filtration and disinfection; (xi) Wastewater Reuse for Irrigation;(xi) Submarine Outfalls, and (x) 
Combinations of some of the mentioned processes. 

 

Finally the paper presents examples of use of such appropriate process: (i) Condominial Sewerage systems in 
Lima, Peru, (ii) Upgrading lagoons treatment plants in Santa Cruz Bolivia; and (iii) Wastewater treatment in 
Brasilia, Brazil.

mailto:mlibhaber@worldbank.org
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AN ARCHITECTURE OF WATER PURIFICATION 

 
Mr. Michael Pawlyn 
 
Introduction 
 

This talk will describe three projects that explore ideas of water purification and celebrate this in an elegant 
architectural form. All three projects take their inspiration from nature and propose ways of desalinating seawater 
and cooling buildings in an environmentally sustainable way. 

Many current approaches to environmentally sustainable architecture are based on mitigation, which could be 
paraphrased as ‘trying to be less bad’. The suggestion with the examples described in this talk is that it is 
possible for architecture to go beyond ‘sustainable design’ and achieve examples of ‘restorative design’. 
Buildings can cease to be static consumers and can become nett producers of useful resources that contribute to 
the restoration of the natural environment. 
 
Projects 

The first project that will be described is the Seawater Greenhouse designed by Charlie Paton. This brilliantly 
conceived project was designed as a greenhouse for arid coastal regions and produces approximately five times 
as much fresh water as it needs for the plants inside. The project won the prestigious Design Sense Award in 
October 1999. Inspiration for this project came partly from the way that camels have evolved nostrils that act as 
heat exchangers and water conservers, enabling camels to survive for long periods without water. 

The second project is the Las Palmas Water Theatre and was the result of a collaboration between Grimshaw 
and Charlie Paton. The Canary Islands have a steady wind direction throughout the year, high sunshine hours 
and, due to the volcanic topography and therefore steep sides to the island below sea level, relatively easy 
access to seawater that is at 8 degrees centigrade. By combining these factors with similar technology to the 
Seawater Greenhouse, the designers were able to create a highly productive desalination plant that also doubles 
as an outdoor amphitheatre. The project aims to capture the public imagination by celebrating, in a beautiful 
architectural form, what might normally have been a mundane piece of infrastructure; the utilitarian is elevated to 
the level of sculpture. 

The final project was designed by Michael Pawlyn and Charlie Paton and was entered for a competition called ‘A 
World Water Embassy’. In this case the inspiration came from the Namibian fog-basking beetle, a creature that 
developed a way of creating its own fresh water in a desert environment. The project also proposes to revive the 
ancient Persian art of making ice using only natural processes. 

 
Summary 

These examples are representative of a body of architectural work that of uses nature as a mentor. 

For every problem that we currently face, whether it is producing energy, finding fresh water, or manufacturing 
benign materials, there will be numerous examples in nature that we could benefit from studying. The projects 
described in this talk show how it is possible to create inspiring works of architecture and achieve radical 
increases in resource efficiency – producing fresh water with a fraction of the energy required by conventional 
approaches. 
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>>DAS WASSER RAUSCHT´, DAS WASSER SCHWOLL…<< -- WASSER ALS MOTIV IN 
DER MUSIK 

 
Manuela Jahrmärker 

 

Composers of all musical genres invented motives, found harmonies and rhythms that illustrate and paint water, 
that sound like falling water drops, that give the impression of the gentle murmuring of a sprightly brook, that let 
arise the image of a majestic river or give the horror driven picture of a terrible storm at sea. In its first part the 
essay follows up these pictures and their musical representations along the different genres; in the second part 
the accent lies on the opera Messidor (1897) by Emile Zola (libretto) and Alfred Bruneau (music). Here the 
inventor of the naturalistic novel poses for the first and single time in the history of musical theatre the case of 
›theft of water‹ as well as rises the fundamental question of the ›right to water‹ – long before it gained its urgent 
presence in national and international policies. 

  

Keywords : water as motive in music -  theft of water, right of water,  
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FROM WASTEWATER TO NEWATER 

Yuen Long WAH1, Mien Ling CHONG and Harry SEAH 
Public Utilities Board, Singapore,  
40 Scotts Road #15-01, Environment Building, Singapore 228231 

 
 

1 Corresponding author: 
Director, Water Reclamation (Plant) Department, E-mail: Wah_yuen_long@PUB.GOV.SG 
 
 

Singapore, being a small island city-state faces high competing demands on its limited land area. Even with half 
its total land area as catchment, Singapore was unable to secure a sustainable water supply for its population. 
Traditionally, Singapore has thus depended on imported water from Malaysia to supplement the water supply 
from its local catchment. In order to achieve sustainability in its water supply, Singapore adopted the addition and 
multiplication approach. Augmentation of water supply is achieved through the Marina Barrage and 
Punggol/Serangoon Reservoirs projects which will increase the water catchment from the current 50% to 67% of 
its land area. It is also achieved through the adoption of seawater desalination. Multiplication of water supply is 
achieved by using water more than once through water reuse.  Since 2003, water reuse has been successfully 
implemented in Singapore. The high-grade reclaimed water, termed NEWater, is produced by passing secondary 
treated effluent through dual membrane process. An ongoing comprehensive Sampling and Monitoring 
Programme (SAMP) in which NEWater is tested for about 295 parameters showed that NEWater is consistently 
well-within international drinking water standards/ guidelines. A 2-year NEWater study which included a 10,000 
cu m per day demonstration plant that commenced operations in 1999 has concluded that NEWater is safe for 
indirect potable use (IPU) through SAMP and a Health Effect Testing Programme. This NEWater study also 
yielded valuable operational data and experience that were incorporated into the engineering and design of the 
full-scale NEWater Factories. The multi-barrier approach that includes a high percentage of domestic waste 
(>85%), stringent source control and treatment of reclaimed water to drinking water standards is instrumental in 
ensuring the consistent and high quality of the reclaimed water for IPU. NEWater’s primary application still lies in 
direct non-potable use (DNU) in wafer fabrication and cooling towers. Complementary to the science and 
engineering involved in the development of NEWater programme, public education is paramount in instilling 
public confidence in the water reuse scheme. This includes independent expert evaluation from the International 
Expert Panel, as well as educational programme like roadshows and dialogues with stakeholders, bottling of 
NEWater and constructing educational facilities like the NEWater Visitor Centre. Since the implementation of the 
NEWater scheme, NEWater demand has increased by about 2.5 times from 72,000 cu m per day in 2003 to the 
current 180,000 cu m per day, and is expected to increase to 460,000 cu m per day by 2011. 

 

 

mailto:Wah_yuen_long@PUB.GOV.SG
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WATER SUPPLY AND SANITATION DEVELOPMENTS FOR FUTURE SPACE MISSIONS 

 
Ch. Lasseur, C.Paillé, B. Lamaze, P. Rebeyre, F. Marty 

European Space Agency, ESTEC, Keplerlaan 1, 2200 AG Noordwijk. 

The Netherlands 

Up to now, Europe’s efforts in the area of life support technology have been largely directed at ensuring Europe’s 
capability to support manned operations in low Earth Orbit. However, long term-manned exploration beyond LEO 
implies a high mass of metabolic consumables. Taking into account the current capabilities of the launchers, 
regenerative technologies for water, air, and food shall be developed. It is no secret to say that life support 
technologies necessary to support extended missions to the Moon or Mars (i.e. Advanced Life Support) are long 
lead technologies.  

Today ESA is investigating almost all issues of Life support system, from:  - independent recycling unit (i.e. grey 
water, urine, black water, ..), - quality control (i.e. microbial and chemical ), up to - the ultimate concept of closed 
ecological life support systems (i.e. MELiSSA). Within this last one, investigations are being performed on food 
production issues to be able to cover as well human nutritional requirements.  

To validate their efficiency, as well as their reliability, ESA’s technologies need to be tested in the most analog 
conditions (i.e. isolation, limited spare part, …). Today ESA is considering three location: - the MELISSA pilot 
Plant,  - the permanent French-Italian settlement called Concordia,  in the Antarctic continent, and - collaboration 
with our Russian colleagues in BIOS facility in Krasnoyarsk Siberia. Within the MEliSSA pilot plant, all developed 
MELiSSA technologies are progressively assembled to cover all metabolic needs of an animal compartments, 
excepted food. Within Concordia station: a Grey Water Treatment Unit and a Black Water Treatment Unit will be 
assembled at the size of 15 to 70 persons to fulfill the Concordia needs in waste and water recycling. The first 
technology is a multi step filtration system and will recycle the shower, washing machine, dish washer and 
cleaning water. The second technology, issued of MELiSSA project development, is composed of three 
bioreactors and will be used to process the fecal material, the urine and the kitchen wastes generated by the 
crew. Within BIOS, our collaboration is so far devoted to the preparation of isolation campaign with man in a 
completely closed system. 

The long-term life tests of these technologies will allow ESA to test regenerative life support technologies in the 
most realistic conditions. Technical parameters (i.e. efficiency, reliability,..) as well as human factors issues (i.e. 
psychology) will be continuously studied. 

Within this paper we will review of ESA developments, presents the main results including plans for future 
developments. 
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PILOT STUDY ON THE TREATMENT OF DOMESTIC WASTEWATER BY 
SMBR SYSTEM AT LOW ORGANIC LOADING 

 
Wang Lin, Yuan xinyan, Sun Lei, Li Shifeng 

 
School of Environmental and Engineering,  
Ocean University of China, Qingdao, 266003, Shandong 

 
A pilot study was conducted in a residential area to test the SMBR system performance, for the climate, 
wastewater collection system and habit of life, the concentration of the wastewater is very low, the 
average concentration is about 0.1kgCOD/kgMLSS.d, which resulted in the suspended sludge in the 
reactor processed in the endogenesis respiration, negative growth happened with low activity. The 
concentration of COD and polysaccharide in supernatant are higher than that in the influent and effluent; 
The gelatin layer formed by the accumulation and adsorption of the metabolizable matter on the surface 
of the membrane, transfer resistance force of the membrane filtration increased, the activity of bacteria 
decreased, the metabolisable matter accumulated at surface of membrane, and results the formation of 
the gelatin layer, the un-active bacteria has lower adsorption and weaker degradation for the SMP. 

Keywords: Extracellullar polymeric substances (EPS), Low organic loading, Membrane Reactor, Plate 
ultra-filtration membrane, SMP (soluble microbial product) 
 
INTRODUCTION 

It is well know that the MBR system has some distinctive advantages compared with conventional treatment 
systems: the membrane withhold all biomass and other suspended solids and ensure a high effluent 
quality(Ruofei Jin, eta, 2004; Yuanhong, Ding, eta., 2005); However, the high concentrated sludge make the 
MBR operate at a low F/M ratio, when the influent organic loading is too low to maintain the system work at 
normal level, the soluble microbial products and extracellullar polymeric substances will exhibit strong effect on 
the performance of MBR system(Yuanhong, Ding , etc. 2005; Folasade Fawehinmi etc. 2004; ).  

The pilot MBR system was used to treat the residential domestic wastewater, big variation of COD value, low 
organic loading, MBR system processed the endogenesis respiration, the EPS and SMP have significant effect 
on the membrane pollution and gelatin layer formation and even effect the cleaning period. The research results 
will analysis how the low organic loading, EPS and SMP effect on the performance of MBR system. 

 

MATERIAL AND METHODS 

Raw wastewater 

The residential area is located at the Laoshan district, Qingdao, the community wastewater was treated by a 
MBR system, wastewater quality is shown in Table 1 

Table 1 raw wastewater quality for MBR system  

Parameters COD 

（mg/L） 

TN 

（mg/L） 

NH4
+-N 

（mg/L） 

TP 

（mg/L） 

SS 

（mg/L） 

pH 

Range 160～535 41.7-80.5 37.1-72.8 4.0-6.9 90-150 7-8 

Mean  228 57.7 53.5 5.1 110  

Test facility  

The treatment facility is shown in Figure 1. 
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Figure 1. Test facility  

As shown in Figure 1, submerge pump was put into one chamber of septic tanks of residential area, the pump 
was controlled by a liquid level gauge in MBR reactor. A flusher was installed at the under of membrane model to 
flushing the membrane by air blowing from perforation pipeline, micro-pore pipeline performs two functions: 
provide oxygen required by bacteria, and mix the liquid in the tank. There are two floating ball valves controlling 
the high water level and low water level. Three work mode were given, as high mode, normal mode and 
economic mode, the operation parameters for three modes are shown in Table 2. 

 

 Table 2 operation parameters for the different modes 

Equipments  High mode Normal mode Economy mode 

Vacuum pump On：Off=270s：30s 

Q=100L/h 

On：Off=270s：30s 

Q=60 L/h 

Off 

Blower(Cleaning) On On On：Off=60s：3600s 

Blower（Aeration） On：Off=60s：60s On：Off=60s：60s On：Off=20s：300s 

 

Effective capacity of MBR tank is 1.0m3, with the water depth of 1.2-1.0m. One unit model of the PES 
ultrafiltration membrane was used with 56 plate membranes. The characteristic of the membrane is as follows: 
membrane pore 0.038µm, effective area: 4m2, critical flux 30 L/m2.h, flushing flow of air: 4 m3/h. 

The active sludge was taken from Tuandao wastewater treatment plant, suspended sludge concentration in the 
MBR tank is about 4g/L at start-up, the system was switched between high mode and normal mode 
automatically, no sludge discharged during the test.  

Analysis 

COD, NH3-N TN TP MLSS MLVSS were analyzed by standard method(National standard, 1989), EPS was 
abstracted by formaldehyd, Polylose, phenol-vitriol method, protein, Bradford method and so on(Zhang X, etc. 
1999).   

 

RESULTS AND DISCUSSION  

Performance of the system 
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The test results was drew in Figure 2, Influent COD varied in big range, from 160mg/L to 535mg/L, the effluent 
COD maintained in stable level, 50mg/L, with average removal of 83.4%, which illustrates that the system has 
strong capacity to overcome the impact loading. On 11th, the COD in supernatant was higher than that in 
influent, and continuously increased to the highest point of 850mg/L. The phenomena was analysis as the low 
loading at start-up, the disaggregation of the sludge released the big molecule organic matter, which was hold up 
and accumulated in the supernatant, this phenomena was alleviated with increase of the sludge activity by 
addition of carbon resource. On 64th, the water temperature dropped to 6oC, the active sludge processed 
dormancy, the COD in supernatant increased again, heated the wastewater to over 13oC, the figure dropped 
again.   
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Fig. 2 Test results of the MBR system 

 

The influent NH3-N varied at 7.12 72.84 mg/L, with the removal of 7%-79%, as shown in Figure 3. At first few 
days of start-up, the effluent NH3-N kept in high level for the limited amount of nitrification bacteria, and gradually 
decreased with sludge age prolonged. On 40th, the effluent NH3-N suddenly reached high point for the impact 
loading happened accidentally, the system could not bear the big change of the NH3-N loading, as the bacteria 
could not remove the NH3-N on time, the membrane could not withhold the small molecule matters and inorganic 
matter, named NH3-N, the NH3-N in the supernatant and in the effluent obeyed the same variation curve, which 
also illustrates that the membrane has no removal for the NH3-N. the removal of the rely on the nitrification 
bacteria in the reactor system the amount and activity will have significant effect on the removal. The activity 
affect also exhibit in the figure 2, on 64th, when the water temperature dropped to 6oC, the activity of the sludge 
dropped also, the removal of NH3-N was lower than 48%, even through 3 days later, the water temperature was 
heated to 13oC, however the removal was only 7%, the recovery of the activity of the nitrification bacteria is quite 
slower than that of the organic matter removal bacteria. Therefore the removal of NH3-N has different principle of 
the COD in the MBR system.  
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Fig. 3 Removal of NH3-N of the system 
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Variation of the liquid characteristic in the reactor 

At the start-up, the sludge concentration in the reactor is about 4g/L, the sludge loading is only 
0.03kgCOD/kgMLSS.d, the bacteria was in the state of poor nutrition, and processed disaggregation, lots of 
foaming occurred. After 14days operation, the sludge concentration dropped to 2.6g/L, the OUR of sludge was 
15.84 mgO2/gMLSS.h. Glucose was added as additional carbon on 58th, by addition of carbon source, the 
sludge loading was increased to 0.2kgCOD/kgMLSS.d, the balance was formed between proliferation and death, 
after 4days operation, the sludge concentration was about 2.7g/L, the sludge concentration kept in stable state. 
When wastewater temperature dropped to lower than 6oC since the day of 64th, the bacteria in reactor was in the 
state of dormancy. Heating the wastewater to over 13oC, the sludge activity recovered, the variation of sludge 
concentration is shown in Figure 4 and 5.  
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Figure 4 Variation of temperature and ratio of MLVSS and MLSS 
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Fig. 5 Variation of Sludge concentration in the reactor 

 

The activity of sludge varied with operation time, as shown in Figure 6, the OUR of the sludge is about 47 
mgO2/gMLSS.h at start-up, After 14days operation, the sludge concentration dropped to 2.6g/L, the OUR of 
sludge was 15.84 mgO2/gMLSS.h. By addition of glucose, the OUR of sludge gradually increased to 
47.5mgO2/gMLSS.d. When the water temperature dropped to lower than 6oC, the OUR was not analyzed; when 
heated the water to 13oC, the OUR increased to 55 mgO2/gMLSS.h, which means the temperature and organic 
loading effect OUR of sludge.  



 25 

0

20

40

60

80

2 12 21 33 40 49 55 62 66 83

Operation time(day)

S
lu

dg
e 

ac
tiv

ity

0.0

5.0

10.0

15.0

20.0

W
at

er
 te

m
pe

ra
tu

re
in

 th
e 

re
ac

to
r（

 ºC
）

mgO2/gMLSS.h

mgO2/gMLVSS.h

t( ºC)

 
Fig.6 Variation of Sludge activity in the reactor 

 

Variation of the byproduct of microorganism  

The byproducts in here indicate the extracelluar polymeric substances, EPS and Soluble microbial production 
(SMP). SMP indicate the excretive materials, including energy produced by microorganism decomposing 
substrate, and UAP(substrate utilization associated production) produced by microbial proliferation; BAP(biomass 
associated production) released during the cell disaggregation for the microbial endogenesis respiration; EPS 
comprises of extractable EPS and suspended EPS, which is produced in metabolizability of microbial, including 
the excretive materials, the matters of cytolysis or hydrolysate. SMP and EPS are cumulated in the reactor for the 
membrane holdback, which are degradable, however need a long time. The accumulation of the metabolizing 
byproducts restrains the sludge activity, including the activity of nitrification bacteria, this affection will be 
enhanced by the concentration increase. Accumulation of EPS increased the viscidity of liquid and the transfer 
resistance. Gelatin layer prior to the membrane is mainly formed by the reaction of SMP. The membrane 
pollution is separated into quick pollution and slow pollution, the quick one is due to the EPS, the slow one is 
from SMP.      

As shown in Fig. 7, the extracelluar polysaccharide and extracelluar protein of outside of the sludge cell kept in 
stable level during the operation period, the extracelluar polysaccharide varied from 26.2mgEPS/g.MLSS to 33.8 
mgEPS/g.MLSS with average of 29.4 mgEPS/g.MLSS. The extracelluar protein varied from 1mgPP/gMLSS to 
1.71mgPP/gMLSS with average of 1.29 mgPP/gMLSS. The extracelluar polysaccharide of outside of the sludge 
cell diffused into the water, therefore kept in stable level, the diffusion of the extracelluar polysaccharide is also 
illustrated by Fig. 8, the variation of the extracelluar polysaccharide in the supernatant.  
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Fig. 7 The variation of EPS and extracelluar protein of outside of the sludge cell 

 

As shown in Figure 8, the extracelluar polysaccharide concentration gradually increased in the liquid and reached 
49mg/L on 49th, and continuously increased to 604mg/L, after addition of glucose on 58th, and then decreased 
to around 311mg/L with the increase of the sludge activity. Which is because the concentration of the sludge in 
the reactor is too low to adsorb and degrade EPS, the increase of viscidity of the liquid resulted the foaming of 
the reactor, decreased aeration strength. However when the sludge activity increased, extracelluare 
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polysaccharide concentration decreased to low level for the degradation of the extracelluare polysaccharide 
concentration by sludge.  
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Fig. 8 Variation of microorganism products in the reactor 

The comparision of the extracelluare polysaccharide concentration in supernatant, in the effluent of the reactor 
and in the effluent of the membrane was conducted, the results was shown in Figure 9, the concentration of the 
extracelluare polysaccharide in the supernatant is higher than that in the effluent of the membrane, and in the 
influent of the reactor. The curve of the Fig.9 illustrated that the extracelluare polysaccharide was produced by 
the sludge and released into the supernatant, and results the content in the supernatant and in the effluent is 
higher than that in the influent. The large amount of extracelluare polysaccharide in the supernatant is resource 
of the membrane pollution.  
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Fig. 9 Variation of polysaccharide concentration in the reactor 

Specific flux variation and membrane clean 

At the normal mode of 62L/h, and high mode of 118L/h, specific flux of the membrane was 620L/h, and 983L/h, 
separately, at the beginning of the start-up, the specific flux of the membrane decreased quickly, after stop 
feeding the raw wastewater on 13th, aeration whole day, it increased, and then decreased slowly again until 
reached 143L/h on 66th. The stop feeding again on 77th, aeration of 2h, the polluted membrane was cleaned by 
hypochlorous of 400mg/L for 2h, the flux of the membrane was recovered to 458L/h at the normal mode with 
recovery rate of 74%. As shown in Fig. 10 the pollution of the membrane and EPS concentration variation obey 
the same variation of the EPS in the reactor, when the EPS concentration in the supernatant reached highest 
point of 716.6mg/L, the specific flux reached lowest point of 143L/h on 66th, which also illustrated that the EPS 
polluted the membrane.  
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Fig. 10 Variation of specific membrane effluent flux 

 

CONCLUSION  

The organic loading of the reactor was too low to make the activity sludge was in the state of low nutrient, endo-
respiration occurred, the rate of the sludge proliferate was so low that sludge was in the negative growth, the 
concentration of the sludge decreased, and the activity became bad. The OUR of the sludge was only15.84 
mgO2/gMLSS.h at lowest point. By addition of carbon, the organic loading was increased to higher than 
0.3kgCOD/kgMLSS.d, the activity of the sludge was recovered to 47.5 mgO2/gMLSS.h. 

When the influent COD varied in the range of 160 535mg/L, the effluent COD was lower than 50mg/L, even at 
condition of the sludge activity of 15.84 mgO2/gMLSS.h, the effluent COD was still lower than 50mg/L, for the 
retaining of the membrane, the organic molecule is effectively retained in the reactor.   

The denitrafication bacteria is very sensitive to the outer condition, it could not overcome the big variation of the 
NH3-N, and the membrane nearly had no resistance to the NH3-N, the concentration of NH3-N in the supernatant 
is the same as that in the effluent of the membrane, denitrafication bacteria was afford ability to remove the NH3-
N. 

For the accumulation of the EPS and SMP, the EPS and SMP in the supernatant is much higher than that in the 
effluent of the membrane, the accumulation of EPS and SMP repressed the activity of the sludge.  

For the accumulation of the SMP, the gelatin layer formed prior to the membrane, the transfer resistance 
increased quickly, and the specific flux decreased to 23% of the initial figure of the membrane. The main part of 
the SMP is extracelluare polysaccharide, and easily to be degraded by the bacteria, after 2h of aeration without 
feeding the raw water, and cleaned the membrane with hypochlorous acid of 400mg/L, the specific flux of the 
membrane was recovered to 74%.  
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FRANCHISING – A NEW APPROACH FOR FINANCING AND REALISATION OF 
SUSTAINABLE SOLUTIONS FOR WATER AND SANITATION 

 
(Ein neuer Ansatz zur Finanzierung und Realisierung  

nachhaltiger Lösungen in der Wasserver- und -entsorgung) 
 
K.-U. Rudolph, M. Harbach 
 
In the past, public utilities, both in developing and industrialised countries, often failed to successfully implement 
and maintain sufficient water supply and sanitation (WSS) services to the people (apart from positive exceptions). 
This dreadful situation has not changed much, despite huge investments financed by international and bilateral 
donors for new WSS facilities. 

Therefore, banks and donors have tried to involve private partners for public WSS during the last two decades. 
Due to various reasons, especially local resistance against international players (sometimes the only candidates 
able to win a complex donor driven tender process), a number of so-called PSP projects (Private Sector 
Participation) have failed, mainly donor-driven large concession models. The reasons for failures are obvious and 
are described for a number of prominent PSP examples. 

As nobody can expect that the situation will improve, if private management and financing options are excluded, 
many experts are currently focusing "smaller" schemes, like management and service contract. 

Failures and poor WSS services of public water utilities are usually related to poor management, insufficient 
operations and non-sustainable maintenance of networks and plants, as will be demonstrated with technical 
details. 

A new approach is, therefore, needed which combines the two drivers for sufficient water supply to the people: 
(a) sustainable operation and maintenance and (b) local business involvement. 

An adaptation of the franchise concept - very well known and implemented with outstanding success, e.g. in the 
fast food sector - is such an organisational model that targets these two objectives. 

The problem of unsatisfactory operated and maintained water utilities is solved by explicitly transferring these 
responsibilities from the public management to a professional water company (the franchiser) and to local service 
providers (the franchisees). 

At first sight, this set-up might resemble a management or service contract. But the Franchise Concept offers the 
following advantages: 

- the franchisee does not appear on the pay-roll of the professional water company - the financial burden 
for the private entity is, therefore, reduced; 

- there is no "export" of value added to foreign companies, the local company (= franchisee) is part of the 
local community; 

- for the professional water company, the franchiser's role is not as staff intensive as would be a 
management contract; one could say, the Franchise Concept provides more entrepreneurial flexibility 
than a management contract; 

- franchisees are higher motivated than employees, because they are financially involved (by having paid 
a so-called entrance fee) and (even more important) are the drivers of business with profits based on 
performance efficiency; 

- value creation is generated locally and not abroad, as it would be with a professional water company 
from France or England in a management contract scheme. 

Through explicitly focussing on operation and maintenance of the WSS technologies, it is signalised that a long 
lifetime of the investment will be secured. Therefore, banks will be more willingly to provide financial input than 
under other conditions. 

In September 2006, a one year pilot-project has started in South Africa. The project is funded by the World Bank 
through a Development Marketplace 2006-grant.  

This franchise scheme is not limited to application in South Africa but can also be transferred to other countries 
and regions. 
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SEMI-CENTRALIZED SUPPLY AND TREATMENT SYSTEMS FOR FAST GROWING 
URBAN AREAS 

P. Cornel 

Technische Universität Darmstadt, Institut WAR, Petersenstr. 13, 64287 Darmstadt, Germany, (e-mail: 
p.cornel@iwar.tu-darmstadt.de) 
 

Mega cities with rapid growth are challenged by two main problems concerning water supply and sanitation: One 
is water scarcity because local demand exceeds local supply, the other is that the infrastructure for water supply 
likewise the collection and treatment of wastewater can not keep up with the rapid growth of the mega cities.  

The transfer of conventional centralized water and wastewater systems from industrialized countries to mega 
cities seems under this circumstances not appropriate, as the regional shortage of water which requires an 
economical use and intra-urban reuse of water wherever possible and the rapid and almost unpredictable growth 
in mega cities need a more flexible growth and alignment of supply and disposal system as centralized unit can 
provide. 

Household-based self-sustaining systems (de-centralized systems), such as rainwater collection, urine-
separation and compost toilets, have already been proposed as possible solutions. Under certain (rural) 
conditions these systems prove valuable. However, especially in fast growing urban areas with a high population 
density, the reuse of reclaimed water needs adequate treatment technologies and professional maintenance and 
operation to avoid hygienic risks. This excludes the wide-spread use of household-based stand-alone solutions in 
urban areas. Alternative systems have to meet the hygienic standard reached with the conventional systems. In 
order to overcome the shortcomings of centralized systems on the one hand and household-based de-
centralized systems on the other hand, semi-centralized, town-district based supply and disposal facilities are 
proposed. 

The proposed Semi-centralized Supply and Treatment Systems are combined treatment facilities for water, 
wastewater and (organic) waste which provide service water for household use and intra-urban irrigation for an 
entire district within a city. The combined treatment offers new technical possibilities such as mass and energy 
flows within the facilities, e.g. co-treatment of organic waste and wastewater and the direct use of biogas. These 
techniques lead to an increase in system efficiency and a decrease in the amount of residues to be disposed. 
Another characteristic is the proximity between consumer and treatment facilities, which allows short sewer and 
pipe systems, resulting in an economic reuse of adequately treated, reclaimed water. Reclaimed water can be 
used for intra-urban irrigation or toilet flushing without any need of long-distance transport to and from outside the 
city borders. Close-by waste treatment facilities minimize the traffic and optimize the recycling of resources. 
Furthermore, supply and disposal are carried out by qualified personnel, thus assuring maximum reliability in 
achieving high quality standards, hygiene in water distribution and water reuse, and control of material flows and 
disposal. In addition to the advantages stated above, planning and design of Semi-centralized Supply and 
Treatment Systems are much more reliable as it comprises smaller and manageable frames in time and space. It 
can be realized using different waste and waste water collection systems and treatment technologies.  

mailto:p.cornel@iwar.tu-darmstadt.de
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SOURCE CONTROL – AN EFFICIENT ALTERNATIVE TO END-OF-PIPE TREATMENT 

Willi Gujer 

Swiss Federal Institute for Aquatic Science and Technology (Eawag), Dübendorf, Switzerland and Institute of 
Environmental Engineering (IfU), ETH Zurich, Switzerland. 

 

Historically wastewater treatment and water pollution control in industrialized countries have relied to a very 
significant extent on source control. Examples are: 

  Substitution of hard, non biodegradable detergents with biodegradable ones; 

  Substitution of poly-phosphates in washing powders with alternative physico-chemical softening systems; 

  Source control of heavy metals in industry and trade waste to protect agricultural use of sludge solids; 

  On site infiltration of rain water to reduce peak water flows and CSO; 

  Reduction of parasite, infiltrating groundwater in sewers; 

  Financial fee structures to recover cost of service in order to reduce consumption of drinking water and 
generation of wastewater; 

  Etc. 

Many of these source control measures have been highly successful in reducing the residual impact of urban and 
sanitary drainage on receiving waters and in most cases they proved to be way superior in performance and 
economic efficiency than centralized, end-of-pipe technology. 

Whereas the handling of solid wastes has resulted in an excess of segregation of different waste streams at the 
source (paper, glass, degradable organics, metals, batteries, etc.), and the segregation of waste streams in 
industries is common practice today, the field of domestic wastewater handling hesitates to step into this 
direction: all domestic streams of wastewater are discharged into one common sewer. As a consequence the 
resulting wastewater is rather dilute, has complex composition and must typically be treated end-of pipe. 

A very significant challenge of future water pollution control is the oxygen depletion in marine estuaries which 
results in so called “dead zones”, suffering from an excess of anthropogenic nutrient input, primarily nitrogen and 
phosphorus. Rapidly growing mega-cities in the south already today contribute significantly to this arising 
problem and will definitely become a major issue in the next decades as sanitation improves. 

At the source, urine is a highly concentrated nutrient solution and a wide array of technologies is available to 
extract the nutrients into valuable products. Once diluted by a factor of more than 100, the suite of available 
technologies to deal with these nutrients becomes rather narrow, requires large investment and operation of fairly 
complex centralized systems. One option is to develop very small scale, industrially produced apparatus, which 
could extract the nutrients from urine very close to its source. This would have the advantage that implementation 
would be flexible and could be rapid even in a transitory period when large capital investment for sewers and 
treatment is not yet available. 
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SEPARATE DISCHARGE AND TREATMENT OF URINE; FAECES AND GREYWATER – 
EU DEMONSTRATION PROJECT (SCST) 
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The Berlin Centre of Competence for Water (Kompetenzzentrum Wasser Berlin) together with its partners 
Berliner Wasserbetriebe and Veolia Water conducted a demonstration project about new sanitation concepts 
from 2003 until 2006 [1, 2, 3].  

The new sanitation concepts have been tested in existing buildings (office building and apartment house) of 
the Stahnsdorf WWTP owned and operated by the Berliner Wasserbetriebe.  

The main objectives of this project have been: 

• Increasing of the knowledge for design, installation, ecological influence and costs of new sanitation 
techniques based on separation technologies; 

• Experience of the operation of new sanitation concepts by investigation of the various modules of the 
separation concept in different conditions; 

• Identification of sanitation systems for areas with water shortages (export of technologies) or remoted areas 
without any connection to central infrastructure systems; 

• Experience with the new sanitation systems concerning the water saving potential and the use of the 
nutrients.  

 
The realisation of the new sanitation concept in the office building took place in the frame of a general restoration 
of this building. Herein first gravity separation toilets and later on vacuum separation toilets have been installed. 
In July 2005 ten flats of the apartments house were also equipped with gravity separation toilets to get 
experience of the application in the normal household use. 

The urine of both houses was collected in storage tanks and was used for different investigations. First the urine 
was applied as a nutrient containing fertilizer in trials by the Humboldt University Berlin. Pot and field trials were 
made for the effectiveness of the urine as a fertilizer containing nitrogen and phosphorus. Furthermore technical 
investigations with the purpose of volume reduction and the concentrations of the nutrients like steam stripping, 
vacuum evaporation were made with the urine at the Technical University Hamburg-Harburg.  

The other flows of the sanitation systems are treated with different technologies.  

The faeces (brown water) from gravity separation toilets were drained and composted by vermicomposting. The 
brownwater from the vacuum separation toilets were treated in a thermophilic biogas plant with the purpose of 
the pathogen reduction and the production of biogas.  

The greywater passed a septic tank before treatment in a constructed wetland. In parallel to the constructed 
wetland a membrane bioreactor was also tested for the greywater treatment. 

For the evaluation of the influence to the environment of the new sanitation concepts a life-cycle-assessment 
(LCA) has been accomplished by the Technical University Berlin. An ecological evaluation has been realised by 
Otterwasser GmbH. 

The elements of the project are listed in the following table:  

mailto:anton.peter-froehlich@bwb.de
mailto:ludwig.pawlowski@kompetenz-wasser.de
mailto:alexandre.bonhomme@kompetenz-wasser.de
mailto:oldenburg@otterwasser.de
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Structure and elements of the SCST-project 

 

urine faeces greywater

sanitary 
technique

gravity separation toilets 
vacuum separation toilets 

waterless urinals

gravity separation toilets 
vacuum separation toilets

transport gravity main                         
force main

gravity main                 
vacuum main                   

force main

gravity main                   
force main

treatment 
facilities

storage, vacuum 
evaporation, stripping, 

precipitation etc.

coarse filter              settling 
tank                biogas plant

sedimentation and 
constructed wetland 
membran bio-reactor

ut
ili-

sa
tio

n
as

se
ss

-
m

en
t

agricultural  utilisation

life cycle assessment, cost comparison calculation

material flow

te
ch

ni
qu

e 
co

nc
ep

tio
n

 
 

Main results are: 

• the users accept both toilets in general but different improvements like the flushing system are necessary; 

• only about 30 to 40 % of urine could be separated with the used toilets instead of expected approx. 70 to 80 
%; 

• the efficiency from the constructed wetland for greywater treatment was as good as expected; 

• the fertilising efficiency of urine is as good as for mineral fertiliser; 

• micro pollutants in the urine my be an obstacle for using it as an fertiliser without treatment; 

• steam stripping combined with MAP-production is the favourable nutrient concentration process; 

• results from life-cycle-assessment (LCA) show advantages for the new sanitation concepts; 

• depending on the situation the tested sanitation concepts can have cost advantages. 

The results of the project show a high potential for the development of new sanitation concepts, because a good 
possibility for the adaptation to different conditions is given. The introduction on a large scale level needs 
additional developments and optimization steps, especially on the field of the sanitary installations. Further 
developments are necessary not at least since the issues water reuse and nutrient recycling as well energy are 
becoming more and more very significant.  

 

This project was supported by the LIFE financial instrument of the European Commission  

(Duration: 1 January 2003 – 31 December 2006, LIFE03 ENV/D/000025).    
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APPLICATION OF THE CONCEPT OF DECENTRALIZATION AND REUSE FOR 
DESIGNING A SUSTAINABLE URBAN WATER SYSTEM IN WATER DEFICIENT AREA 

 
Prof. Dr. Xiaochang C. Wang 
Xi’an University of Architecture and Technology, China 
 
Northern China is suffering from a problem of chronic water shortage and therefore wastewater treatment and 
reuse is recognized to be an important countermeasure to mitigate water shortage especially in the urbanized 
area where water demand is increasing. A centralized wastewater treatment and reuse system, as has been 
practiced in several large cities, often requires vast investment for the construction of large scale pipelines or 
network for supplying the treated water. In contrast to this, a decentralized wastewater treatment and reuse 
system shows its advantages of cheaper investment and flexibility of application, particularly for small towns, 
communities, residential areas where onsite treatment and onsite reuse can be practiced. The largest demand of 
treated water reuse in northern China nowadays is for gardening and deforestation, and sometimes for 
impounding artificial lakes or ponds.  

 

In this presentation, I am going to introduce three examples in Xi’an urban area, the 1st being a college, the 2nd 
being a residential area, and the 3rd being a newly developed tourist district. The wastewater treatment and 
reuse system designed for each of them consists of independent wastewater collection, wastewater treatment, 
treated water storage and reuse facilities. Environmental lake/pond is also an important component of the system 
which receives the treated wastewater and performs the functions of water storage/regulating, water quality 
stabilization, and improvement of local environment. Water is pumped from the lake/pond for onsite gardening. 
Such kind of decentralized urban water environmental system is considered to be sustainable for cities of the 
future in northern China. 
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DE-CENTRAL TREATMENT OF SOUCE SEPARATED URINE TO ENHANCE CENTRAL 
WASTEWATER TREATMENT AND PROTECT SEWERS 

Jac Wilsenach, CSIR, South Africa, tel +27 21 888 2533, JWilsenach@csir.co.za 

 

Many central wastewater treatment plants are overloaded in South-Africa. This is exacerbated by directing 
service delivery mostly at the provision housing and drinking water. In a case study, average wastewater inflow of 
18 ML/d, with 550 gCOD/m3 and 65 gNtot/m3 is found. The activated sludge reactor does not nitrify well, and 
effluent nitrogen of 35 gNtot/m3 is largely in the form of ammonia (denitrification occurs mostly in clarifiers). 

Urine contains up to 80% of the nitrogen load in wastewater, and around 50% of the phosphate load. In other 
words, the ammonium-N load from urine to this plant is almost one ton per day. Separate collection and 
treatment of urine can improve the effluent quality considerably. If percentages of 20%, 30% and 40% of urine 
were collected separately (instead of flushed and diluted with the rest of the wastewater) and treated biologically 
to denitrify via nitrite instead of nitrate, then the final effluent quality would improve to concentrations of 28, 25 
and 22 gNtot/m3 respectively. 

It has been found that nitritation (instead of full nitrification) of urine in suspended sludge bioreactors is effective 
at relatively long sludge ages (4 days) as compared to a SHARON process for instance. It is believed that the 
high concentrations of free ammonia and nitrous acid inhibit nitrite oxidising bacteria more than ammonia 
oxidising bacteria. Nitritation firstly means that less oxygen is required, as compared to full nitrification. It also has 
the advantage that less COD is required for denitrification (stoichiometrically 1.71 gCOD/gNO2

-_N vs 2.86 
gCOD/gNO3

-_N, based on the catabolic half reactions). If biomass yields of 0.4 – 0.5 were assumed, 0.29 – 0.35 
gNO2

-_N/gCOD could be removed via nitrite, compared to 0.17 – 0.21 gNO3
-_N/gCOD via nitrate. Denitrification 

also adds additional alkalinity to improve nitritation. If 9.2 gN/person.day is produced in urine, one can assume a 
COD load of the same quantity in urine, of which 15 – 18% is not readily biodegradable. Based on the available 
COD, the effluent composition from a nitritation/denitritation reactor would be 2.5 gN2/p.d, 3.4 g NO2

-_N/p.d and 
3.4 g NH4

+_N/p.d. If this effluent is released into the sewer, denitritation will continue in sewers were biological 
sulphate reduction normally occurs. As long as nitrite is present alongside sulphate, it is likely that bacteria 
growing in a sewer biofilm will utilise this electron donor before sulphate reducers In some systems, nitrate is 
actually added to sewers to prevent biological sulphate reduction which leads to sewer crown collapse, i.e. 
sulphate reduction leads to volatilisation of hydrogen sulphide, which dissolves in the moisture on the sewer walls 
and oxidises to sulphuric acid. However, external dosing of nitrate often requires external carbon dosing in a 
post-denitrification unit. Through the separate collection and biological treatment of urine as described, we can 
kill two flies with one swat. Normal urinals have already been retrofitted not to use flush water in many buildings 
to save drinking water. This would be the obvious place to start the implementation of separate treatment of 
urine. The design of a reactor is discussed in the paper. 

Reconfiguration of the treatment plant can also improve the effluent quality, but a hybrid scheme of treating some 
urine locally, plus reconfiguring the treatment plant can improve the effluent quality dramatically. This pushes 
back the building a new treatment plant. The separate collection and treatment of urine is this way is a good 
transition technology towards greater implementation of other source control options. 

mailto:JWilsenach@csir.co.za
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CENTRAL TO DECENTRAL – QUANTITATIVE MONITORING OF PROGRESS THROUGH 

A RATING SYSTEM 
 

Professor Dr. Goen Ho 
Environmental Technology Centre, Murdoch University, Perth, Western Australia 
 

How do we measure progress towards decentralisation? Until we can measure progress quantitatively it is 
difficult to assess how far we have progressed, how much more we need to travel and what factors we must 
address to achieve the desired end and benefits of decentralisation. 

 

One way of measuring progress is by the number of decentralised systems installed, This is a straight forward 
measure, but it does not tell us about the quality of progress, particularly whether the full benefits of 
decentralisation have been realised. A clear benefit of decentralised water systems is the ability of closing the 
water and nutrient loops locally and hence of not impacting on water environments elsewhere either through 
importing water from further afield or disposing of wastewater to water bodies outside the locality. 

 

We propose a rating system for measuring and comparing decentralised water systems in their achievement 
towards integrating the total water cycle and closing the water loop locally. The rating system measures all flows 
of sources of water info and flows out of a land development or cluster of houses as shown in Figure 1. In this 
way we take into account the total water cycle at the site. 

 

 

 
 

Figure 1. Model for land development water rating 
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Scheme water represents water that is piped from outside the land development and is generally supplied by a 
large centralised water utility. Similarly disposal to reticulated sewer is to a centralised sewerage system outside 
the land development. Decentralised systems will minimise drawing from scheme water and disposing of 
wastewater through a centralised sewerage system. The lower the dependence on scheme water and disposal 
through centralised sewerage the higher the rating. Each stream therefore is given a weighting factor. Combined 
with the measurement of flow rate of each stream this results in the ranking of each stream and from the rankings 
of all the streams a final rating is calculated. The rating can therefore provide a comparison of different water 
reuse alternatives for the same development, or a comparison between several land developments. The rating 
concurrently measures water use efficiency of land development and goal towards closing the water loop locally 
(local water sustainability). The water rating tool will be useful for government agencies in their role of approving 
land developments, for land developers in their role of developing innovative decentralised systems with high 
water use efficiency and marketing land developments with high water use rating, and for consumers in choosing 
and buying housing properties. 
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IS DECENTRALISATION LOW-TECH RO HIGH-TECH? 

 
Univ.-Prof. Dr.-Ing. Franz-Bernd Frechen, Kassel 
 
The traditional wastewater collection and treatment system in developed countries is a collect-it-all-and-treat-it-at-
the-end-of-the-pipe centralized system. This is the result of a historical development which was felt necessary to 
improve sanitation in the fast-growing environments of European cities in the mid of the nineteenth century, and it 
showed great advantages in the struggle against diseases and epidemics. Grown through decades, this system 
was the „developed countries system“, and thus was the pattern for developing countries, too. 

In the meantime it was found that this sanitation philosophy might not be the most advantageous one in every 
situation. Technical considerations include elements like 

- Stormwater infiltration onsite 
- Avoidance of combined sewers 

- Decentralized wastewater treatment plants 

Regarding different circumstances, it is evident that decentralization is an issue of broad application: 
- Rural areas, 

- developing countries as well as 

- megacities 

nowadays face challenges that lead to the insight that maybe a decentralized sanitation principle would be more 
appropriate. 

Today, a broad variety of technologies for small (is small always decentralized?) wastewater treatment exist, 
depending upon local circumstances, available funds, customs, quality demands and others. The palette of 
technologies ranges from simple mechanical treatment units via aerated ponds and lagoons towards small 
technical units like membrane treatment systems. 

Looking for technical solutions for decentralized sanitation and wastewater treatment often seems to imply simple 
units. This is true and valuable concerning cost and maintenance requirements, but it can be established today 
that, besides simple and self-help-type plants, also technologies that are suspected to be high-tech and thus not 
appropriate for simple environments in terms of maintenance and skilled personnel are developed in a way that 
makes it feasible to use them in more tough conditions concerning the o&m environment. Thus, a major 
challenge for further development will be to upgrade even systems that might be high-tech on the first sight with 
the aim of simplifying and easing operation, thus being able to broaden the field of possible and appropriate 
application. An example is the upgrading of existing aerated lagoons by including a membrane unit into the 
treatment scheme, where the membrane unit is highly automated and needs little attention. 

Thus, the correct answer is: decentralization may include low-tech as well as high-tech systems. Most important, 
however: decentralization must include appropriate technologies. This may be a low-tech simple unit as well as 
what we call a high-tech sophisticated unit today, and in this case either the o&m environment must match, as 
will be the case in megacities (Beijing: “Green Buildings”), or the unit must be refined with the aim of low 
requirements concerning o&m and possibly cost as well. 
 



 39 

MILSTONES IN MUNICIPAL WASTEWATER REUSE 

Takashi Asano 

Department of Civil and Environmental Engineering 
University of California at Davis 
Davis, CA 95616, U.S.A. 
 
 
In discussing milestones in municipal wastewater reclamation and reclaimed water reuse, two U.S. federal 
statutes that have a significant impact on the quantity and quality of wastewater discharged and potential for 
water reuse are the Water Pollution Control Act (1972) and the Safe Drinking Water Act (1974). The combined 
effectiveness of these two acts working in consonance will ultimately determine quantity and quality of viable 
water sources available for water reuse. 

Wastewater reclamation and reuse involve considerations of public health and also requires close examinations 
of infrastructure and facilities planning, wastewater treatment plant siting, treatment process reliability, economic 
and financial analyses, and water utility management involving effective integration of water and reclaimed water. 
Whether wastewater reuse will be appropriate depends upon careful economic considerations, potential uses for 
the reclaimed water, stringency of waste discharge requirements, public policy, and public acceptance. Through 
integrated water resources planning, the use of reclaimed water may provide sufficient flexibility to allow a water 
supply agency to respond to short-term needs as well as increase long-term water supply reliability without 
constructing additional storage or conveyance facilities at substantial economic and environmental expenditures. 
Thus, water reuse has a rightful place and an important role in optimal planning and more efficient management 
and use of water resources in many countries. 

In this presentation, the milestone events in municipal wastewater reuse is reviewed and the future of water 
reuse is discussed. The presentation is organized with the following topics: (1) success stories, (2) water quality 
and health issues, (3) state of sciences and engineering, (4) indirect potable reuse, and (5) issues related to the 
future of water reuse. 
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WATER REUSE IN AFRICA – NEEDS, CHANCES AND OBSTACLES 

A. Bahri 

International Water Management Institute (IWMI), PMB CT 112, Cantonments, Accra, Ghana (Email: 
a.bahri@cgiar.org) 

Population and urban growth is one of the major challenges facing Africa. Rapid urbanization poses major 
infrastructure, economic, environmental and social problems. Total water supply and sanitation coverage is 
extremely low particularly in sub-Saharan Africa and cities are becoming to a large extent informal. Untreated 
urban wastewater is widely used for irrigation purposes in most of the African cities. Because of yield increase, it 
has positive income effect but constitutes at the same time a public health and environmental threat. Different 
population groups are exposed to serious health risks such diarrheal diseases. These can be significantly 
decreased through water and sanitation investments adequately targeted to achieve impact. Traditionally 
designed sanitation systems have failed because they were inappropriate, ill-planned, -implemented or -
managed and did not take into account the whole urban water system including drinking water supply, 
wastewater collection, treatment and reuse and impacts on the receiving environment. Designing a range of cost-
effective solutions that addresses the technical, institutional, social, behavioural and cultural obstacles for the 
adoption of such an approach remains a challenge. This requires a long-term strategy taking action step-by-step 
and the creation of new local business models. The involvement of practitioners, researchers, policymakers, and 
local communities in multi-stakeholder platforms may facilitate dialogue, innovation uptake and social learning 
and create the effective mechanisms for an integrated water management strategy. 

Keywords Africa, alternative water management approaches, urban and peri-urban agriculture, urban sanitation 
systems, sustainable urban development, wastewater reuse. 
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WATER AND WASTEWATER TREATMENT ALTERNATIVES AND QUALITY STANDARDS 

TOWARDS A COMPREHENSIVE REUSE POLICY 
 

Asher Brenner 
Biotechnology & Environmental Engineering, Ben-Gurion University of the Negev,  
Be'er-Sheva, 84105 Israel 
 

Water scarcity and deterioration in the quality of water resources in many countries have led to the recognition 
that water shortage and water pollution control should be solved by a careful water resource management that 
incorporates advanced technologies. Desalination of seawater and brackish groundwater, as well as reclamation 
and reuse of municipal wastewater, have become a national policy of the Israel Water Commission. 
Implementation of such a program should cover a major part of agricultural water demand, and could enable 
disposal of effluents without any health hazard or environmental nuisance. It is planned that by 2020, practically 
all municipal wastewater will be reused. Recent legislation issued by the Israeli Ministry of the Environment 
requires stringent quality standards for treated wastewater destined for agricultural irrigation or for disposal in 
rivers. These include the need to apply processes for nitrogen removal (nitrification-denitrification) and for 
phosphorus removal. In addition, tertiary filtration, either granular or membrane, is required to enable efficient 
disinfection and to allow un-restricted irrigation. Other water quality problems related to the presence of organic 
micro-pollutants, such as endocrine disrupting compounds (EDCs), may require additional measures, such as 
activated carbon adsorption, advanced oxidation processes, or even effluent desalination. Long-term irrigation 
with reclaimed wastewater may cause salination of soil and groundwater, because water accumulates salts 
during municipal use. Since, by 2020, 20% of Israel water supply will consist of desalinated water, it will change 
considerably the composition of water in general and consequently, that of the resulting wastewater. Effluent 
salinity will indeed be reduced, but other problems may arise. For example, since the concentrations of calcium 
and magnesium in desalinated water are very low, the water-intake of these essential nutrients will be reduced 
dramatically in some populations. Water treatment processes can affect mineral concentrations and contribute to 
the total intake of calcium and magnesium for some individuals. Therefore, the Israeli Ministry of Health has 
issued new quality standards for desalinated water, requiring an addition of calcium to a minimum level of 20 
mg/L. This increment can be obtained easily by a stabilization process which raises calcium and alkalinity levels 
in order to prevent release of toxic metals and turbidity in water distribution systems. Addition of alkalinity to 
drinking water may also be crucial for wastewater treatment schemes employing alkalinity-consumption 
processes, such as nitrification. The current Israeli water quality standards do not include a requirement for 
magnesium addition to desalinated water, based on the assumption that this mineral’s intake-requirement can be 
obtained more easily than calcium from food products. However, there have been complaints by farmers who use 
effluents originating from desalinated water that lack of magnesium affects plant yield and quality. With a massive 
national program of sea-water desalination and wastewater reuse, it is clear now that wastewater treatment 
processes and reuse considerations may affect raw water treatment strategies, which have been traditionally 
related to human health considerations only.   
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SUSTAINABILITY AND INNOVATION PROCESSES – A CHALLENGE FOR MSE 
 
Prof. Dr. Franz Bischof 

 

INTRODUCTION 

Many may have heard of the project „Great Man-Made River“ (GMR) in Libya. This project gives an ideal 
opportunity to discuss not only the necessity of water for mankind’s existence in general, but also the sensibility 
of technical solutions in view of the concept of sustainability, whereby the genial art of such engineering remains 
beyond question. After fossil water reservoirs have been detected during oil drilling work in a depth between 300 
and 2,000 m beneath the Sahara desert, the ambitious GMR project was conceived and pursued during the mid 
80s. The project’s goal is to supply water from the desert to the coastal population centres. This water was 
collected in huge underground caverns at the end of the last ice age, between 10,000 and 30,000 years ago, 
when the glaciers melted.  

A gigantic water pipeline that was built as part of this project runs parallel to major portions of the Libyan coast 
and conveys over 6 million m³ of drinking water, daily. The costs of the entire project are estimated to be 25 
billion dollars.  

• 960 wells with a depth of 450 to 650 m had to be drilled within an area covering 8,000 km². 

• Every pipe segment is wrapped with 18 km of carbonated metal wire. This means that only for the first 
project phase a length of wire was used that would be sufficient to surround the globe 230 times.  

• The water reserves in the Kufra basin have a volume as big as the flow of the river Nile over a 220 year 
time period. 

• If and when the project will be finished, a volume of water will be removed and conveyed that equates to 
half of the global oil production. 

• Experts estimate that the Libyan population, consuming 6 million m³ of water per day, can be supplied 
with water over a 50 year period.  

 

In addition to supplying potable water to the population, another aim of the project is to develop Libya into an 
exporter of agricultural products. A feared and, to a certain extend, already happening consequence is that the 
groundwater table is lowered. 

This example clearly demonstrates the value of water resources and our dependency thereon, but many people 
living in developed countries do not seem to be aware of it. We in Germany even believe that we generally have 
an abundance of water; as often and for how long we open the water faucets, water is flowing and does not cost 
a fortune, as it does in Libya. And yet, the importance of water has not become a jota less, in spite of the fact that 
it is shrouded from our conception by our changing way of life, our modern technology and our relatively 
sustainable water management. However, what does sustainability mean under such circumstances? The fact 
alone that we in Germany reduced our water consumption by about 40% over the last 20 years is by many 
experts not regarded as sufficient to achieve sustainable water management - and they are correct. Much has 
been already said and written about the term “sustainability”. Most define this term as a just balance between 
social, economical and ecological needs and respect the specific demand to prevent over-utilization of our 
natural resources beyond their natural regeneration rate. Therewith, another aspect is introduced into our 
discussions: time! And time is a most important factor of water and wastewater management because our 
investment into the necessary infrastructure for water distribution and wastewater collection is a long-term 
decision that can usually not be reversed.  

The time horizon considered by mankind, and in particular by the political class, is often too short and the 
question whether our decisions are really long-term sustainable is often neglected. And this is blatantly evident 
from the example of the Libyan water project; it is certainly laudable to supply people with potable water and to 
use an existing resource, but few seem to have considered so far what will happen after 50 years. One could not 
read a word in the planning concepts about wastewater reuse for irrigation to permit agricultural development for 
export. And the aspect of time becomes visible a second time when we try to answer the following question: 
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What do innovative technical solutions for wastewater treatment look like that really meet the challenges of 
preventing water shortage, safeguard water supply and protect water reservoirs? We must always keep in mind 
that good wastewater treatment is precondition for sustainable and affordable potable water supply. This is why 
planning and design of water supply systems must be done simultaneously with that of wastewater treatment and 
reuse systems.  
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HUBER SOLUTIONS FOR GLOBAL WATER CHALLENGES 
 
Hans Huber*, Johann Grienberger**, Markus Roediger** 
 
* Hans Huber AG, Industriepark Erasbach A1, 92334 Berching, Germany (hh@huber.de) 
** Hans Huber AG, Industriepark Erasbach A1, 92334 Berching, Germany (jg@huber.de) 
*** Richard-Wagner-Str. 18, 70184 Stuttgart, Germany (rom@huber.de) 
 
It is inconceivable that the UN Millennium Development Goals could be achieved with conventional technologies 
that have been developed in and for water-rich industrialized countries. They are not suitable for arid or semi-arid 
developing and emerging countries. There are more cost-effective innovative solutions for central treatment 
plants. Anyway, decentralized wastewater treatment and reuse is the key to sustainable water and nutrient 
resource management. Membrane bio-rector (MBR) technology is now also available for decentralized 
wastewater treatment. MBR systems produce effluents of bathing water quality that can be reused without 
restrictions for irrigation or as service water. Their effluents can even be discharged into very sensitive surface 
waters or ground infiltrated for groundwater replenishing. Decentralized wastewater treatment is cost-competitive 
where the housing density is low. Where fresh water is scarce and expensive, large buildings, such as hotels, 
condominiums, apartment and office complexes should be provided with decentralized MBR systems for the 
treatment and reuse of combined wastewater or separated grey water. 

Keywords: Cost-Effective Wastewater Treatment; Decentralized Sanitation; Effluent Reuse; Grey Water 
Treatment; Membrane Bioreactors. 
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A CONTRIBUTION TO SUSTAINABLE DEVELOPMENT THROUGH RESEARCH AND 
DEVELOPMENT 

 
Stefania Paris, Celine Schlapp, Thomas Netter  
Hans Huber AG, Industriepark Erasbach A1, 92334, Berching, Germany 
 

Developed in industrializing countries 100 to 150 years ago and improved ever since, centralized systems for 
water supply and wastewater management have become the norm. We call this an “end of pipe” solution for 
wastewater management. It is a matter of fact that sewage collection and central treatment have been a success 
in view of its original objectives to reduce the spreading of wastewater born diseases and to solve the water 
pollution problems. Centralized sanitation is highly recognized all over the world and is viewed, particularly in 
developing countries, as a status symbol for wealth and lifestyle. 

In respect to sustainability, however, our centralized system for wastewater management is no longer adequate. 
Longevity of its infrastructure, long lockup of capital, waste of drinking water for flushing and conveying of faecal 
matter, energy consuming nutrient removal and, last but not least, pollution of surface waters with micro-
pollutants are only some reasons why conventional sanitary systems are increasingly criticized. In addition, 
because of its high consumption of construction materials, energy and freshwater, our flush canalization can 
hardly be a model for arid or semi-arid regions. 

To permit sustainable development, innovative sanitary systems are needed; systems that simultaneously 
achieve the economical, ecological and social objectives of sustainable water management. Recycling and 
integrated resource management take thereby centre stage. Adapted concepts and solutions, adapted to local 
conditions and constraints as well as to the needs of the local population, which guarantee orderly wastewater 
treatment, must be developed, tested and implemented. Ideal solutions would include energy recovery and reuse 
of solid waste as an integral part. 

This paper introduces research projects of the Hans Huber AG that have been carried out with the objective to 
develop and test, under practical conditions, innovative wastewater systems that generate service water of 
various quality and recover nutrients as well as energy from wastewater. We focus particularly on our experience 
with innovative technologies for the treatment of separated wastewater flows that we have operated and 
investigated within the framework of our demonstration project “ReUse Concept” at our headquarters in Berching. 
Finally we discuss holistic and integrated approaches called “short Water, Material & Energy cycles” (sWMEc). 

Key Words: Adapted solutions, Decentralised Sanitation and Reuse (DeSa/R®), production of service water, 
recovery of nutrients, energy production, yellow water, brown water, grey water, short Water, Material & Energy 
cycles (sWMEc) 
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