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Preface 

We all know that, already today, we are faced with the challenge of providing sufficient 
water of adequate quality for human consumption, agriculture and industry. Problems 
will increase due to the growing population and megacities but also as a result of chang-
ing lifestyles and eating habits. It is therefore advisable that we all think about how to 
ensure a sufficient amount and quality of the resource water can be provided. 

Particularly important will be to use our water resources efficiently.  
The reuse of wastewater is a key component in this respect. 

The DWA Work Group has studied technologies for wastewater treatment with the focus 
on reuse purposes and worked out guidelines under the title “Treatment Steps for Water 
Reuse”.  

Water recycling is widely practised by industry. It has been DWA’s intention to facilitate  
a better understanding of water recycling also for municipal and agricultural reuse purposes.  
To select the best suitable technology for each individual application in this field will always 
be a matter of the engineer’s experience. 

The Work Group is aware that their work will not solve the world’s water problems,  
but they at least wanted to offer guidelines for part of the problem areas. 

 
Dr.-Ing. E. h. Hans G. Huber 
(DWA-Work Group Chairman) 
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Foreword 

Since years it has been pointed out with increasing intensity that, in future, water will globally be an even more scarce resource 
than oil and gas. Many information, as also UNEP`s recently issued global environmental report “GEO-4” (UNEP 2007), clearly 
indicates the causes: the world population of over six billion people and the level of consumption of a large part of these people 
lead to a consumption of resources, which is greater than nature can re-supply. The approach to a solution must therefore be: 
reduction of the consumption of resources. Applied to water this means: reuse of water and small cycles! 

In Germany, due to the up to now extensively sufficient fresh water resources, this subject has been dealt with at a subordi-
nate level. With an eye on the challenges within the international market and by it increasing requirements for information 
also within the German water industry, in addition to a Specialist Committee working on “New types of sanitary systems”, the 
Working-Group BIZ-11.4 “Water Reuse” was launched within the DWA. 

One of the tasks of the working group is the identification and description of treatment steps for water Reuse. This con-
cerns, in particular, also processes for which, due to the lack of application in Germany, little experience is available. There-
fore, within the working group, a matrix was elaborated in which techniques for the treatment of wastewater are presented 
and assessed with the aim of water reuse. 

It is pointed out that the results from the honorary work of the DWA-Working Group BIZ-11.4, presented with this Volume 
of Topics, are not part of the DWA-Set of Rules and Standards. The assessment matrix introduced has been created from 
today’s point of view and expressly makes no claim to completeness but rather is to be developed further. In this regard the 
Working Group is grateful for contributions and information. 

On <http://www.dwa.de/master/wastewater-reuse> the user is given access to prepared Excel-sheets from the Annex in 
Assessment Matrix of Treatment Steps for Water Reuse. The user is able to revert to these tables and adapt them to his/her 
requirements. 

Authors 

This DWA-Topic has been elaborated by the DWA-Working-Group BIZ-11.4 “Water Reuse”. The following have collabo-
rated in the production of this volume: 

CORNEL, Peter Prof. Dr.-Ing., Darmstadt 

FIRMENICH, Edgar Dipl.-Ing., Mannheim 

FUHRMANN, Tim Dipl.-Ing., Witten 

HEIDEBRECHT, Rüdiger Dipl.-Ing., Hennef 

HUBER, Hans Dr.-Ing. E. h. Dipl.-Ing., Berching (Chairman) 

KAMPE, Peter Dipl.-Ing., Maintal 

KARL, Volker Dipl.-Ing., Frankfurt 

MEDA, Alessandro Dot. Ing., Darmstadt 

ORON, Gideon Prof., Kiryat Sde-Boker, Israel (Guest contribution) 

ORTH, Hermann Prof. Dr.-Ing., Bochum 

SCHEER, Holger Dr.-Ing. habil., Essen 

SCHNMIDTLEIN, Florian Dipl.-Ing., Bochum 

SCHNEIDER, Thomas† Dipl.-Ing., Bochum 

SCHWARZ, Christina Dipl.-Ing., Neubiberg 

WEISTROFFER, Klaus Dipl.-Ing., Eschborn 

  

Project organizer within the DWA Head Office: 

HEIDEBRECHT, Rüdiger Dipl.-Ing., Hennef 
Department Training and International Cooperation 
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1 Objective of this Volume of Topics 

The necessity to treat wastewater for reuse is primarily relevant on the international level. Along with the low precipita-
tion regions outside Europe, in future this subject will also have to be considered increasingly in Europe, not only in 
Southern Europe were the agricultural water reuse is already an established practice. In addition to utilisation in agricul-
ture, urban multiple use of water is acquiring an increasing significance, in particular in the rapidly growing mega-cities, 
in which, almost independent from the climatic zone, the local water requirement exceeds the available fresh water 
resources. 

With this, the treatment of wastewater for the reuse of water represents a complex assignment of tasks: in addition to 
national and international regulations and standards on water quality and treatment technology there are also different 
constraints, varying from country to country to be taken into account, such as the type of water utilisation, the financial 
resources and the level of training of local operating personnel. Current publications on the various challenges of the 
subject are numerous, see for example: AQUAREC (2006), ANGELAKIS et al. (2001), WHO (2006), ASANO (2007), JIMENEZ 
and ASANO (2008).  

In order to give an overview and support with the selection of fitting treatment techniques for water reuse, a matrix with 
the most varied processes of wastewater treatment has been elaborated by the DWA Working Group BIZ-11.4 “Water 
Reuse”. Each process step was assessed with regard to diverse aspects such as discharge quality, costs, consumption of 
material and energy, expenses for preventative maintenance etc. With the assessment, a characterisation takes place of 
the individual treatment methods which brings these into relation with each other and gives information about the risks 
of individual processes in connection with the reuse of water. With this, the assessment matrix in the presented version 
concentrates primarily on the agricultural and urban utilisation (irrigation, water for fire-protection and non-potable 
water). The area of industrial (multiple-)usage and the indirect, unintended reuse of water as well as the so-called alter-
native sanitation concepts, which are based on the separation of various substance flows in the wastewater, are not part 
of the matrix and this Volume of Topics. 

Objective of this Volume of Topics and the assessment is to give fundamental information on possibilities for application, 
application criteria and application prerequisites for the different treatment techniques. Here the matrix is to offer a simple 
and fast aid for decision-making, without having to raise a claim of being the basis for a detailed decision. This detailed 
decision must be in the hands of specialists. The matrix is definitely not to replace the engineering adaptation in special 
cases but is rather to be a support for a sensible and well-founded decision, also if expert knowledge is not available. In this 
respect the target group for the application of this matrix represents less the already designated experts than public com-
munities of interests, decision-makers and politicians (for the purpose of raising awareness) as well as consulting offices, 
plant constructors and operators in municipalities and in agriculture, both in Germany and also abroad. 

2 Relevance of Water Reuse 

The world-wide limited water resources as well as anthropological influences on them represent a growing global prob-
lem, with which, in particular, the populations of threshold- and developing countries in arid and semi-arid regions are 
affected. In addition to the climatic constraints and a generally, uneven distribution of the water resources, the extreme 
population growth and increasing per capita water consumption in these countries are the main cause for increasing 
water shortage. Management of water resources which is not oriented on principles of sustainability as well as the pollu-
tion of surface waters and groundwater often reinforce the problem. According to the prognoses of the World Water 
Report (UNESCO 2006) with existing consumption habits, by the middle of the current century some seven billion 
people in 60 countries will experience shortages of water if one takes the most unfavourable extrapolation as basis; in 
the most favourable case there would still be at least two billion people in 48 countries having to suffer water shortage. 
Experts of the Intergovernmental Panel on Climate Change (IPCC 2007) in addition forecast a further aggravation of the 
global water shortage through the effects of the world climate change. 

The reuse of water is already an indispensable necessity in numerous countries and a common practice in the water 
industry. In future it will be an essential component of a sustained water resources management – also as adjustment 
measure for the reduction of the effects of the climate change – and belongs to the greatest challenges of the 21st cen-
tury. Wastewater, treated and purified in accordance with the requirements of the respective application, is here to be 
considered, within the sense of reuse, as valuable, usable, and locally controllable water resource. The reuse of water 
thus contributes to the reduction of discrepancy between steadily rising water consumption and limited water resources. 
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In this connection in particular agriculture is to be named as the largest water consumer world-wide. The reuse of  
adequately purified wastewater for agricultural irrigation represents a particularly large potential for the maintaining of 
fresh water resources. Over and above this, through water storage, there are here also development chances on offer 
about seasonal influences (however, also special demands on the quality of the treated water). 

In many developing and threshold countries reuse of non- or insufficiently treated wastewater is very common. In par-
ticular in urban or peri-urban regions raw wastewater from the local population is used for irrigation, because it is avail-
able free of cost and independent of dry periods and has a high value as fertiliser. The use of wastewater, often un-
treated, thus contributes perceptibly to the safeguarding and increase of the production of foodstuffs. Although legal 
constraints as well as quality standards for the reuse of water are often defined in these countries (frequently on the 
basis of relevant directives of the WHO and EPA), in practice the reuse of water takes place in the majority of developing 
and threshold countries, largely uncontrolled and without complying with important hygienic minimum requirements 
(RUHR-UNIVERSITY BOCHUM 2005). 

For sustainable water resources management it is essential to recognise wastewater as a resource, whereby the correspond-
ing treatment is absolutely indispensable in order to minimise health risks connected with an uncontrolled reuse. 

3 Subsumption of Reuse of Wastewater  

3.1 Socio-cultural Aspects and Acceptance 

The subject of water reuse covers a complete series of fundamentally different aspects which must function in their interac-
tion, in order to contribute to a sustainable reduction of the consumption of resources. Reuse of water has an influence on 
the health and daily life of people and the technology associated with this must be both simple to operate and also clear. In 
addition to technical, organisational and institutional issues, here socio-cultural aspects have a special significance. 

Acceptance by the users is certainly the most important key factor for the reuse of water. In many regions of the world 
this acceptance is, at least in part, already “encouraged” through economical forces: decreasing suitability of traditional 
water resources, increasing energy prices for the conveyance of water from deep wells as well as high maintenance costs, 
to name only a few. Frequently, however, an extensive use of larger volumes of recycled water is opposed by a large 
amount of resentment up to open opposition. In part this has easily comprehensible reasons, which are associated with 
the technique itself, its operation and maintenance and also the water quality (e. g. odour and colour). Thus, for exam-
ple, although many common irrigation systems are principally suitable for the utilisation of recycled water, in daily prac-
tice the operation is, however, possibly not really “free of faults”. 

Although the use of rainwater and slightly polluted wastewater has a long tradition in many parts of the world and the 
utilisation of animal and human excrement as fertiliser in agriculture is extensive there, it is precisely in many areas with 
water shortage that there is a clear reticence on the part of potential users for recycled water. Depending on the type of 
utilisation, people have a more or less distinct antipathy to the reuse of water due to the “sensed” insufficient distancing 
to the pathogens contained in treated water. To this is added in many regions religious dictates or similar quasi-
religiously-based restrictions, which limit the handling of treated water (water reuse can, however, also be encouraged 
religiously, see example box below). In these cases the long and stony path of raising awareness will be required in order 
to alter patiently the traditional attitudes of people. An important role is played here in that the operation of the appro-
priate systems have to be accompanied by a sufficiently robust safety system, which can guarantee the maintaining of the 
minimum standard for the respective type of water reuse. The user of recycled water must be able to rely on these stan-
dards otherwise trust and acceptance cannot be built up. 

The opposite occurs, although the institutionalised acceptance in the form of legal and regulatory specifications is very 
restrictive, when the acceptance of the user and end-consumer, for example small farmers and consumers of agricultural 
products, is much more pragmatically positive due to the needs arising from water shortage. This means also that, in this 
case, official conditions for approval are, in many cases, avoided or ignored, in particular if efficient implementation and 
control mechanisms are missing.  

It is obvious, that the direct reuse of water in all cases of application, which lead to a contact of the end-consumer with the 
treated wastewater, be it through agricultural products, in the household or even as recycled drinking water, the socio-
cultural inhibitions must, to a particular degree, be taken into account. Open association with all relevant questions and 
early participation in the planning and decision process are indispensable prerequisites in order to guarantee a successful 
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implementation. With this, the following groups of topics are at least to be taken into account, whose weighting, depending 
on the application, is different: 

 water management constraints (water demand versus water supply), 
 hygiene and health precautions, 
 technical requirements on the production and application of treated wastewater, 
 operational requirements and competence (i. a. number and qualification of the operational personnel, operational 

safety, emergency measures), depending also on the complexity of the treatment processes, 
 financial-technical and economical feasibility taking into account the investment costs  

(CAPEX, Capital Expenditure) and the operating costs (OPEX, Operational Expenditure), 
 aspects of the environment and sustainability, 
 regulatory aspects. 

Example: Religious acceptance for the reuse of treated water 

In the predominantly Islamic countries of the Middle East and North Africa, already since the start of the 20th century, 
the reuse of water has played an important role. For example in Egypt, where since about 1900 wastewater has been 
used for agricultural irrigation of an area of up to 4,500 hectares in the vicinity of Cairo. With the background of the 
growth in population (today 72 million, 2017 estimated 83 million) and the small amount of water resources available 
(deficit today ca. 20 billion m³/a, 2017 estimated ca. 40 billion m³/a) it is not surprising that the significance of the 
reuse of water will increase across the whole country. In Iran and other Islamic countries the reuse of treated wastewater 
is also a common practice and is recognised as important measure for the combating of water shortage. 

High-ranked religious representatives of Islam in this region support this policy. Thus, for example H. E. Ahmed Al-
Sabban, Deputy Minister from the Saudi Ministry for Islamic Affairs, explained at a conference in Abu Dhabi on the sub-
ject of the reuse of water, that Islam supports the careful handling of water and the protection of water resources. The 
reuse of water, including the use of treated wastewater, in particular in the light of water shortage and increasing water 
demand of the population is not on contradiction with religion, “As long as it is pure, and shows no coloration and no 
odour”. (AL-SABBAN 2005) 

3.2 Requirements on Technology 

For safe reuse of water, for example in agriculture, specific quality requirements on the water and thus on its treatment 
are made which are to be ensured through adequate technology. These requirements concern a wide range of aspects 
such as the disinfection for the protection of humans, the removal of nutrients for the protection of bodies of water and 
groundwater and also the reduction of the solid matter concentration with regard to the irrigation facilities. 

An additional challenge is represented by the interplay of the continuous inflow of wastewater and often disconti-
nuous consumption of the treated water. This possibly requires storage of water, which can be realised both in surface 
storage tanks and also through deliberate storage in aquifers. On the other hand the type of storage results in quality 
requirements on the water treatment (e. g. with regard to microbial recontamination and nutrient content). 

The assessment matrix described in Chapter 5 provides an aid for the various requirements with regard to possibilities 
for application of the different wastewater treatment techniques. 

3.3 Requirements on Plant Management and Operational Competence 

The best technology is useless if it cannot be operated in accordance with regulations. Depending on the complexity of the 
selected treatment and process technology the operation of a system for water reuse demands a certain degree of plant 
management competence. Furthermore, the personnel, due to the technical safety requirements (hygiene and health protec-
tion), should be motivated to a high degree and to (be able to) act with responsibility. This means the requirement for 
qualified trained and further trained specialists. With projects abroad, attention is to be paid to the selection of suitable 
operating personnel who, if required, are to be brought up to the required level of qualification through adjusted training 
measures. Continuous follow-up training and examination in the early years of commissioning are advised. 
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Especially in countries outside Europe that these requirements are often contrary to the realities of wastewater utilities 
which, in part, are characterised by: 

 significant lack of coverage of operating costs, 
 personnel with insufficient qualification, 
 limited possibilities for further training, 
 payment of employees which deserves improvement, 
 demand for improvement of the image of employees (from “Sewer operator” to “Resource manager”), 
 strong hierarchical and centralised management structures with limited possibilities for decisions on-site, 
 lack of sufficient furnishing with operating resources in particular equipment, spare parts, tools, energy and chemicals. 

These conditions represent an enormous challenge for the motivation of employees and the meeting of operational re-
quirements and safety standards. 

The operational precautions for an operation of the plant according to the regulations and the build-up and/or the main-
taining of the necessary competence of personnel are to be taken into account as important cost factors with the plan-
ning of projects for the reuse of water.  

Example: Strengthening of operational competence in Algeria 

Through an insufficiently precautionary maintenance of wastewater engineering facilities, their efficiency and useful life 
are often considerably reduced. Thus, newly installed facilities in the past already had to be decommissioned after only a 
few years due to in part insufficient operating competence.  

The national Algerian Organisation for the Operation of Wastewater Facilities (ONA), in cooperation with German part-
ners, has introduced a modular training and further training programme for the operation of wastewater facilities.  
Future instructors have been trained and a training centre for personnel from all regions of Algeria, has been set up in 
the Boumerdes wastewater treatment plant Training subjects were, inter alia, work safety, preventative maintenance, 
measurement and control, fault management, maintenance, reporting and store management. Through the training, 
significant success could be achieved over a short period in various facilities in Algeria and the necessary understanding 
could be put over to the employees that a competent and caring operation are at least as important as the procurement 
of equipment and resources. With focusing on investments for wastewater engineering alone it can otherwise give rise to 
high follow-on costs and inadequate operation. 

(GTZ, Emscher 2006) 

3.4 Health Aspects 

The planning and operation of facilities for the reuse of wastewater must ensure that no hazarding of the health and 
safety of operating personnel, the water users and the population result. 

Municipal wastewater, even after conventional treatment, still contains a large number of health-hazarding content 
substances. Along with remains of persistent chemical substances these are, above all, human pathogenic micro-
organisms in the form of bacteria, viruses, parasites and worm eggs. The safe and hygienically harmless reuse of treated 
wastewater therefore demands certain prerequisites on the water quality, in particular from the aspects of epidemiology. 

The endangering through pathogenic agents is very heavily dependent on the type of use of the treated water, for exam-
ple, with regard to the selected type of irrigation. Therefore, there are assessments of the suitability of various types of 
irrigation given in the matrix described in this volume of Topics. 

As a rule, for a reuse of wastewater, suitable disinfection procedures are to be employed with which the pathogens are so 
far reduced through removal, destruction or inactivation, that an endangering of health is not to be feared in the respec-
tive case of application. For this, the national or local limitations (so far as they exist) are to be observed, if necessary, in 
particular with an eye on epidemiological aspects, internationally recognised recommendations, such as the WHO Direc-
tives (WHO 2006) are to be included. 
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With the employment of disinfection processes, in addition to the relevant hazards for the operating personnel and the 
environment due to the employment of chemicals, the formation of by-products possibly toxic for humans and the envi-
ronment are to be considered. 

Operating personnel and also the users of treated wastewater must be instructed on the specific health and safety consider-
ations arising through the reuse of the water. For a, from the point of view of health, harmless operation of facilities for the 
reuse of water the additional production and introduction of plans for cases of failure, the practising of such plans and strict 
compliance in the case of failure are a vital prerequisite.  

3.5 Legal Regulations and State Controls 

There are legal regulations and sets of technical rules and standards in many countries (such specifications also exist in 
Germany, for example DIN 19650 on hygienic requirements for irrigation water). If one considers the regulations, in 
particular those of countries outside Europe, in which the water resources already today are or in the near future will be 
in short supply, the following aspects are to be noted: 

 the legal regulations are, with appropriate compliance and monitoring, frequently sufficient in order to guarantee a 
relatively safe handling of reused water and to avoid sustained damage to the health of humans and to the quality of 
areas used for agriculture. 

 the individual legal regulations frequently precede regulations of neighbouring countries or of international institu-
tions or individual donor countries and therefore are not always completely matched to the respective requirements 
of the country. 

 some regulations contain inconsistencies in several parameter groups, i. e. boundary values which to not match each 
other or cannot be complied with simultaneously in parallel. 

In addition to the national rules there exist several internationally recognised specifications. To mention as examples are 
here, above all, the recently published recommendations of the WHO (WHO 2006). These represent an agreed frame-
work for the development of individual national directives and standards for the reduction of microbiological health 
hazards associated with water and give information on the monitoring procedures necessary for sufficient microbiologi-
cal safety. Fundamentally, the quality requirements are aimed strongly towards the application purpose of the water and 
include, for example, in addition to pathogens, also salt and nutrient contents for agricultural uses. 

Government regulations in the water industry, in particular with the reuse of water, have to go beyond the definition of 
technical standards and requirements but must also cover deeper aspects such as the tariff structuring and monitoring as 
well as the responsibilities and rights of the parties involved (implementation organizations, erectors, operators, con-
sumers). For example, determinations are to be made on safety measures, reporting and internal self and independent 
outside monitoring. In addition, clear specifications on the sanctions mechanism must be defined in case the require-
ments are not fulfilled. 

With the background of the necessary technical planning, security and transparency for the requesting of tenders, clear 
rules are an important prerequisite for a reliable economic collaboration.  

In summary it can, however, be established that usually there is no lack of legally binding sets of rules and standards or 
of recommendations for minimum standards with the reuse of water. The problem in most countries with scarce water 
resources is not the existence or quality of the standards for the recycling of water but rather, above all, their fulfilment 
and monitoring by sufficiently independent, state or private regulation institutions. To this is added the fact that the 
regulations are often hardly to be fulfilled due to low economic resources. 

3.6 Market Potentials for Projects for Water Reuse  

The European and international water markets, through the shortage and pollution of water resources as well as through 
the changed – as a rule improved – constraints, offer increasing chances for profitable investments in the water sector. 
With this, treated wastewater represents an important resource, whereby the area of water reuse in the coming decades 
will in particular profit. 

If earlier strategies aimed primarily at the development and broad central distribution of significant water resources, current 
concepts such as, for example, also the European Water Framework Directive are oriented not only towards an integrated 
but also at a cost-covering management of water resources. The free handing out of water practised in some areas in the 
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past often led to a very wasteful handling of the limited water resource and an insufficient covering of the operating costs. 
Treated and untreated wastewater up until today, even in regions with small natural water resources, is discharged all year 
round or seasonally, thus is not available for a renewed use and is lost for the production of nutrients or other added values. 
With the decreasing availability of new water resources and at the same time increasing demand, water in many regions is, 
however, becoming too valuable to use (“consume”) once only. With this, the closing of water and nutrient cycles due to the 
relatively even availability of water resources, the in part nearness to the potential reutilisation site as well as the saving of 
fresh water and energy costs is showing itself to be an increasingly cost-effcetive solution.  

Nevertheless, the realisation of cycles requires tailor-made wastewater treatment technologies which, for example, with 
agricultural utilisation, also take into account the reuse of nutrients according to the vegetation periods. The market 
resulting from this for wastewater engineering and concepts often stand in a close relationship to the water management 
possibilities for the conurbation development as, on one hand, most of the wastewater is produced here and, on the 
other hand, the treated water has many uses and can be fed immediately also into the industrial and commercial area,  

In addition to the arid and semi-arid developing countries even in the more developed countries the continuing great 
demand for water, increasing costs for fresh water and increasingly stricter specifications in the area of environmental 
protection are driving on the reuse of water and there offer increasingly good market chances. Greater expectations in 
energy efficiency and economic efficiency as well as new processing technologies are additionally promoting an impulse 
in innovation in this area. 

Integrated water resources management and, in particular, the reuse of water is offering consulting and manufacturing 
firms – not the least also due to the anticipated climate changes – increasing market chances world-wide. The matrix 
described in this Volume of Topics for methods of wastewater treatment gives important information for the planning 
and preparation of offers for tendered projects in order to offer  higher water quality to the end-user.  

Example: The water reuse market in Asia 

Due to its need to catch up and its very large economic growth Asia in particular carries a very large potential for wastewa-
ter treatment and reuse with estimated annual growth rates of in part more than 15 % in the coming years. For example, in 
Indonesia, the market for wastewater treatment in 2003 was ca. 90 million US$ with an annual growth of 10 %. Even mar-
kets in Taiwan or the Philippines have a strong need to catch up; the same applies for Thailand and Malaysia. 

In China the government is also trying to counter the water crisis caused by the enormous economic growth through the 
encouragement of the intensive reuse of water. Thus, for example, institutional and private land development and con-
struction companies are obliged in future also to plan-in water reuse. In order to support these approaches, inter alia a 
consortium has been created (China Water Reuse Trade Consortium), which is to support the marketing of appropriate 
technologies, equipment and products. 

3.7 Pricing and Financing 

An effective management of demand from the world-wide most varied users of water through water law and water prices 
requires a long-term price policy and regulation at national, regional and local level. This can also deliberately encour-
age/promote innovative solutions with water cycles and concepts for material flow separation for rural and urban areas. 

Reasonable prices for different types of utilisation such as drinking water supply and wastewater reuse for industrial or 
irrigation purposes contribute to using the limited resource water more effectively. The new European principles of the 
Water Framework Law therefore demand a financial contribution both from the consumer and also from the polluter. In 
the long-term a full cost cover will be sought in order to ensure sustainability. Socially acceptable and progressive tariffs 
according to the ability and willingness of the user to pay are with this to be differentiated politically. They are to be 
adjusted regularly according to inflation in order to secure the facility operation and other customer services (e. g. de-
velopment of level of connection). 

Long-term investment programmes for the reuse of water – provided with economic incentives – have for example led 
the consumers in the water-scarce areas of Singapore, South Africa, Australia and California, to adjust themselves, in the 
mid- and long-term, to the regionally available water resources with thoroughly varied water quality and different prices. 

Own financial resources applied by investors for the financing of new facilities for water reuse, government subsidies 
and loans are subject to very different conditions. Innovative solutions frequently receive subsidies. Basis for the agree-
ment for financing from international development banks are, with this, feasibility studies which investigate alternative 
concepts and technologies and indicate cost-effective solutions both for the investors (low investment and operating 
costs) and for the user (adjusted tariffs). 
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Numerous international examples for agreed projects for water reuse indicate ways of how competent, commercialised 
agencies can justifiably invest through defined constraints, regulations, directives – and thus finally through state regula-
tion. Successful practical examples can be found for example in the Research Report AQUAREC (2006) financed by the EU 
and the EMWIS Report on the reuse of wastewater (2007). 

4 Examples of Implementation  

4.1 Examples of Application in Germany 

Although comprehensive experience with the most varied treatment technologies exists in Germany, the reuse of purified 
municipal wastewater has, up until now, been rather seldom practiced due to the abundance of water. In Germany reutilisa-
tion is essentially limited to trickle or spray irrigation for agricultural irrigation purposes as well as for groundwater re-
charge or bank filtration as indirect water reuse (which is, however, not a subject of this volume). Alongside these there 
exist small-scale applications, in particular with the use of grey-water in private households and hotel facilities. 

The few applications for agricultural irrigation and the operation of wastewater fish ponds have resulted, historically, from 
earlier process steps of municipal wastewater treatment and were frequently implemented in Germany already at the start 
of the 20th century. Following increased requirements on immission and discharge limitations and the therefrom resultant 
area-wide implementation of modern biological wastewater treatment techniques, the reuse of purified municipal wastewa-
ter has to a large extent ceased. 

Water reuse projects realised for agricultural irrigation are to be or were to be found in Germany, for example in Berlin, 
Bielefeld, Braunschweig (see example box), Darmstadt, Dortmund, Freiburg, Münster and Wolfsburg. Wastewater fish 
ponds have been operated, inter alia, in Amberg, Nürnberg, Spandau and near München. 

Example: Water reuse for agricultural irrigation and relief of receiving waters in Braunschweig 

In Braunschweig, already in 1895, a start was made to deploy urban liquid sewer manure on light sandy soils, on one 
hand in order to improve the hygienic situation of the city and the condition of the natural receiving waters as well as, 
on the other, to improve the soil quality of these areas. Today, the wastewater of the city of Braunschweig (ca. 22 
Mio. m³/a) is treated fully biologically by the modern Steinhof wastewater treatment works (350,000 PT connection 
capacity) before, in the summer months, it is agriculturally used on ca. 3,000 ha of sprinkle irrigation surface, in part 
mixed with excess sludge. 

On agricultural areas under cultivation mainly economically interesting crops, for example sugar beet, are planted. The 
cultivation of foodstuffs, which are consumed directly and raw, is prohibited for hygienic reasons. A future cultivation of 
renewable raw materials for energetic use is already being discussed. 

In the winter months a replenishment and storage of groundwater are carried out. The existing perculation fields serve 
as natural buffer, the variations in the wastewater treatment works positively evened out and the sensitive receiving 
waters protected. In the meantime valuable biotope structures worthy of protection have resulted through the conti-
nuous surface irrigation of the areas. 

The small number of projects for water reuse is above all due to the generally sufficient existing fresh water resources. 
These, however, are subject to clear regional differences. Already now, regions in Eastern Germany are in particular 
showing negative mean climatic water balances. In extremely hot and dry years deficits of up to 300 mm of precipitation 
occur, which lead to a drying out of the upper soil layers. As a result of the forecast world climate change and the ac-
companying global warming of the earth, a future accumulation of such extreme events is also forecast for Germany. 

As in wide areas of these regions an agricultural utilisation of the land predominates, here in future new perspectives for 
a reuse of water for agricultural irrigation and as contribution to the balancing of demand can result in periods of water 
scarcity. This applies in particular if, instead of field crops for human consumption, renewable raw materials for energet-
ic use are cultivated as, in this case, the hygienic risks can be graded as significantly smaller. 
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4.2 Examples of Application Worldwide 

Worldwide, the deliberate reuse of treated wastewater is practised in numerous applications (see examples in the boxes from 
Europe (Spain), the Mediterranean area (Jordan) and the USA), inter alia for the irrigation of agricultural or urban green 
spaces, aquaculture, production of non-potable water and groundwater recharge. Attention is drawn to the comprehensive 
literature for further details and numerous case studies; among the most resent publications are counted, for example, the 
international study on the reuse of water by JIMENEZ and ASANO (2008) and the Mediterranean Wastewater Reuse Report 
(MED-EUWI 2007). 

Example: Water reuse on the Costa Brava, Spain 

In Northeast Spain, the water reuse projects are currently experiencing an enormous development, in particular along 
the coastal regions of Catalonia. The relevance of the reuse of water with this reflects both in political and structural 
reforms as well as on the basis of firm figures. Between 1989 and 2001 along the Costa Brava, for example, the quantity 
of wastewater increased which, after biological treatment, is again used, with constant discharge quantities (ca. 
30 mill. m³) increased from almost zero to annually some 2.3 mill. m³. With this, the irrigation of vineyards, orchards 
and golf courses is at the centre. Reused water is also used for the replenishment of aquifers as barrier against intruding 
salt water, for example in Torroella de Montgri and Tossa de Mar. 

(SALA et al. 2002) 

 

Example: Water reuse in the Jordan Valley, Jordan 

Jordan currently has extremely lean water resources. An increasing water consumption and the aggravation of the situa-
tion accompanying this are forecast. On this basis the reuse of water in Jordan is encouraged by the government and is 
already anchored in numerous laws, ordinances and regulations. From the overall requirement for irrigation water (ca. 
444 mill. m³) already a share of ca. 16 % (ca. 71 mill. m³) is covered by the reuse of treated wastewater. 

In particular in the Jordan Valley treated wastewater is reused for irrigation following mixing with fresh water in the ratio 
of ca. 1:3 (dilution for “unrestricted irrigation”). The King Talal Reservoir, which takes up ca. 57 mill. m³ of treated waste-
water from the As Samra, Baqa and Jerash wastewater treatment plants, is of decisive significance for management. 

(SCHNEIDER 2005) 

 

Example: Water reuse in California, USA 

California is considered as trend-setting in the field of water reuse. This applies both for existing legal standards and 
applied technologies as well as in questions of social acceptance. Already in 2000 wastewater was treated for reuse in 
considerably more than 200 wastewater treatment works. Under the types of water reuse, agricultural irrigation and 
maintenance of parks stand at the top of the list. 

For example, in the region around Monterey, which provides almost 70 % of the total artichoke production in the USA, a 
large part of the production areas are irrigated by treated wastewater. In times of a high demand for irrigation the com-
plete wastewater produced of, on average, 83,000 m³/d, is treated to irrigation water. 

In Irvine there exists, parallel to the drinking water network, an independent distribution network for the irrigation of 
parks, golf courses, grass verges of traffic routes etc. Treated wastewater here covers over 20 % of the total water con-
sumption. The distribution of the treated wastewater is technically so controlled that private households can also take 
delivery of the water. 

(ORTH 2005) 
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5 Assessment Matrix of Treatment Steps for Water Reuse 

5.1 Aim of the Matrix 

Wastewater treatment with the aim of water reuse should be carried out using the technique best suited to the individual 
case of application taking into account the national regulations and international standards (for example from WHO and 
FAO). For the selection of the treatment technique the constraints varying from country to country are to be observed, 
which, for example, are given by the investment and operating resources as well as the level of training of local operat-
ing personnel. 

In order to support plant planners and builders with this complex task, a matrix with various process steps of water 
treatment has been elaborated by the DWA Working Group BIZ-11.4 “Water Reuse”. Each process step is assessed with 
regard to various aspects such as discharge quality, costs, consumption of materials and energy, expenditure for preven-
tative maintenance etc. The assessments include the characterisation and the comparison of treatment methods inde-
pendent of the place of application, in particular for agricultural irrigation purposes. 

The matrix developed as result of the assessments offers an overview of the various possibilities for treatment and is 
intended as fast and simple decision-making aid for a first estimation. No claim to completeness or to general validity is 
made, however, the matrix should be applicable for most cases. It is definitely not to replace the engineering investiga-
tion and custom-made decision for the individual, special case, but it is to enable or ease the making of a sensible and 
well-founded decision, even when expert knowledge is available only to a limited extent.  

The assessments listed in the matrix are of overriding technical character. The health risks fundamentally associated with 
the practice of water reuse are not explicitly listed. For this, attention is drawn to the relevant literature, e. g. the Direc-
tives of the WHO (2006). 

5.2 Limitation 

The possible breadth of application of the reuse of treated water requires a limitation of the range of uses. The assess-
ment matrix in the presented form is concentrated consciously on the following areas: 

 irrigation in agriculture, 
 non-potable water for domestic purposes (e. g. for the flushing of toilets), 
 urban uses (e. g. for the irrigation of parks, for road care or fire-protection). 
The starting point for the assessment matrix is the planned, intended employment of treated municipal wastewater. With 
this, the agricultural irrigation as one of the most widely used types of utilisation, represents an important focal point. The 
high water requirement in this sector and lower requirements on treatment in comparison with other uses (for example the 
removal of nutrients can, in part, be dispensed with as this can, if required, be left as fertiliser in the water) offers a particu-
larly large potential for water reuse. With this, wastewater is to be seen as raw material for the product “treated wastewa-
ter“, which can have different qualities depending on the type of reuse: the permitted nutrient content is, for example, de-
pendent on the vegetation period and the soil conditions, the hygienic quality is among others dependent on the irrigated 
products and the type of cultivation, the solid matter content is dependent on the type of irrigation etc. Something similar 
applies for urban uses, e. g. for irrigation purposes and with the use of non-potable water for domestic purposes. 

The following types of use are not considered in the assessment matrix presented here: 

 industrial use, 
 indirect reuse in the drinking water supply, 
 alternative sanitation concepts. 
Water reuse and recycling in industry are not taken into account in the assessment matrix as they are  
already established in Germany and well-developed practice, which at this point is not to be gone into in more detail. 
Many of the industrial applications are integrated into the production process, so that, in part, it is not possible to diffe-
rentiate between operational-internal cycles and actual recycling. An impression of the scale of the industrial reuse of 
water is given by the following figures: the volume of water used in the processing industry amounts to ca. 
30,200 Mm³/year (of which ca. 22,500 Mm³ is cooling water); with a fresh water supply of ca. 6,200 Mm³/year a vo-
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lume of reutilised water of ca. 24,000 Mm³/year results. The usage factor (ratio of used water to fresh water) is 4.9. This 
means, that one cubic metre of water on average is used almost five times. The volume of reutilised water in industry 
(ca. 24,000 Mm³/year) exceeds the quantity of municipal wastewater (ca. 9,695 Mm³/year) by at least a factor of 2.4. 
(Data for 1998 in accordance with the German Federal Office of Statistics, quoted in CORNEL and MEDA 2008) 

Also not considered is the area of indirect reuse such as, for example, exists with downstream use of surface water following 
upperstream discharge of wastewater. The subject of indirect reuse plays a not insignificant role in the densely populated 
regions in Central Europe due to the use of the large European rivers such as the Rhine or Danube as receiving waters for 
the wastewater treatment plants and, at the same time, source of raw water for the supply of drinking water. In addition, in 
densely populated regions, wastewater-typical substances are to be discovered in numerous bodies of surface water. The 
factual closing of the effluent-free cycle between treated wastewater and drinking water represents a type of “unplanned, 
indirect water reuse”, which is not part of the consideration in this volume of Topics. 

So-called alternative sanitation concepts, which are based on the separation of different wastewater streams (black-, 
brown-, yellow- and grey-water), are not included in the matrix. Here attention is drawn to the comprehensive, relevant 
literature. 

5.3 Structure of the Matrix and Explanation of Terms 

The complete assessment matrix is shown in the appendix, divided into five tables which contain the thematically 
grouped technologies. 

The matrix is structured in a way that the various process steps of the wastewater treatment are presented in the col-
umns, and the assessment parameters listed in the lines. The line headings with the assessment parameters is shown in 
Table 1. 

The assessment takes place through categories such as “high”, “medium”, “low” and is partly supplemented by specific 
key data such as, for example, energy consumption or degree of elimination of some wastewater parameters. The details 
are based on evaluations of the sources given in the references as well as the estimates of members of the Working 
Group. The figures behind each field indicate the relevant source, the associated legend is at the end of the annex. 
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Table 1:  Line headings with assessment parameters 

Aspect Line 

Health risk 
Operating personnel water treatment facility 1 

Users of the reutilised water 2 

Economic efficiency 

Investment 
costs 

Floor space required 3 

Structural engineering 4 

Mechanical engineering 5 

E+MCR technology 6 

Operating 
costs 

Personnel requirement/costs 7 

Energy requirement/costs 8 

Disposal of residues 9 

Operating resources (precipitants etc.) 10 

Preventative maintenance costs 11 

Effects on the  
environment through 
operation of the facility 

CH4 emission 12 

Odour nuisance 13 

Sounds/noisiness 14 

Aerosols 15 

Insects (worms, flies etc.) 16 

Requirements on the 
operating personnel 

Operability/operating expenditure 17 

Expenditure for preventative maintenance 18 

Required training of operating personnel 19 

Plant technology 

Degree of mechanisation 20 

Robustness 21 

Process stability 22 

Ability to influence the discharge quality operationally 23 

Discharge 
quality 
(treatment 
performance) 

COD/BOD elimination 24 

SS reduction 25 

Nutrient 
elimination 

Ammonium 26 

Nitrate 27 

Phosphorus 28 

Reduction of 
pathogens 

Viruses 29 

Bacteria 30 

Protozoa 31 

Helminths 32 

Colour/Odour 33 

Residual turbidity 34 

Salting-up due to process 35 

Accumulation of residues 36 

Irrigation technology 

Root irrigation 37 

Trickling irrigation 38 

Sprinkler/Spray systems 39 

Flooding 40 

Types of use 

Agricultural irrigation 41 

Non-potable water (toilet flushing) 42 

Urban uses (irrigation, water for fire-protection) 43 

Forestry irrigation 44 
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In the following sections the individual lines of the matrix, which contain the parameters of the assessment, are de-
scribed and the used assessment categories are defined. 

5.3.1 Lines 1-2 “Health Risk” 

The health risk for the operating personnel of water treatment facilities and for the users of reused water are assessed 
qualitatively according to the following categories: 

Category Remarks 

high e. g. with the handling of “hazardous” chemicals 

medium disinfection is possibly required 

low if employment takes place only as pre-treatment step 

5.3.2 Lines 3-6 “Economic Efficiency – Investment Costs” 

The details on economical efficiency are of general and comparable nature. The categorisation into “low” – “medium” – 
“high” is only to allow a first rough and comparative consideration of the process. These categories are determined and 
set limits using German variables: 

Category Remarks 

high costs > 1,000 €/PT and  
surface requirement > 1 m2/PT 

medium costs > 600 to 1,000 €/PT and  
surface requirement > 0,3 to 1 m2/PT 

low costs ≤ 600 €/PT and  
surface requirement ≤ 0.3 m2/PT 

Provision of concrete variables is largely dispensed with as these are often non-transferable. The determination of invest-
ment and operating costs is to be carried out from scratch and carefully with each project as the economic efficiency is one 
of the decisive factors for the assessment. However, experience shows that the costs can vary very strongly both from coun-
try to country and also from location to location within one country. Here the following constraints are to be noted: 

 the market conditions and the competition situation at the location/in the country, 

 the detailed specifications of the selected technology, 

 the relationship structural engineering to mechanical engineering and or equipment with the selected technology, 

 the share of the labour costs in the investment and operating costs in countries with low wages, 

 the availability and procurement costs of operating resources  
(energy, spare parts, expendable items, chemicals etc.), 

 the need to have and/or mobilise highly qualified personnel for preventative maintenance and maintenance. 
In the assessment matrix the investment costs have been divided into the areas surface requirement, structural engineering, 
mechanical engineering and E+MCR (Electro-, Measurement-, Control- and Regulation technology). As far as numerically 
given, the surface requirement is given in m2/PT, as the basic price is extremely country-specific. 

Fundamentally, it is to be noted for quantitative comparison, that some treatment steps are designed according to load, 
others according to hydraulic capacity. Correspondingly, the investment costs are given normally either on the basis of the 
number of inhabitants and population equivalents in €/PT or on the basis of the hydraulic capacity in €/(m3/h). A conver-
sion is sensible to a limited extent only and possible only under the assumption of a specific wastewater discharge per num-
ber of inhabitants and population equivalents.  



Treatment Steps for Water Reuse 

DWA-Topics May  2008 21 

5.3.3 Lines 7-11 “Economic Efficiency – Operating Costs” 

The general comments made about the investment costs apply analogously also for the operating costs of the treatment 
processes considered, which are subdivided as follows: 

 costs for personnel and/or personnel requirements, 
 costs for energy and/or energy requirement, 
 costs for the disposal of residues (presumably under German constraints), 
 costs for operating resources such as precipitants and flocculants or other chemicals, 
 costs for preventative maintenance. 
Given numerical values refer to German conditions for newly erected facilities. The transferability to other countries, 
according to the comments on the investment costs, is not directly given. 

For some processes the overall operating costs in Euros per cubic metre of treated water are given in accordance with the 
following categories: 

Category Remarks 

high costs > 0.4 €/m3 and ≤ 0.8 €/m3 

medium costs > 0.06 to 0.4 €/m3 

low costs ≤ 0.06 €/m3 

The energy requirement is given in kilowatt hours (kWh) per cubic metre of treated water. These values are largely 
independent of country and are thus directly transferable. The following categories are given for the energy requirement: 

Category Remarks 

high energy requirement > 0.02 kWh/m3 and ≤ 0.2 kWh/m3 

medium energy requirement > 0.002 to 0.02 kWh/m3 

low energy requirement ≤ 0.002 kWh/m3 

5.3.4 Lines 12-16 “Effects on the Environment through the Operation of the Facility” 

The environmental loadings on the operation of the facilities for water treatment are assessed qualitatively based on the 
following criteria: 

 CH4 emission (or emission of climate damaging gases), 
 odour nuisance, 
 sound/noisiness, 
 aerosols, 
 insects (worms, flies, mosquitos etc.). 

Category Remarks 

high high environmental loading 

medium medium environmental loading 

low low environmental loading 
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5.3.5 Lines 17-19 “Requirements on Operating Personnel through  

the Operation of the Facility” 

The existing level of training of operating personnel in many developing countries and emerging markets represents a 
limiting factor for the selection of possible technologies for water treatment. In the assessment matrix the requirements 
on personnel with regard to a controlled operation are assessed for each treatment process based on the following crite-
ria: 

 operability and and/or operating expenditure, 
 preventative maintenance expenditure, 
 necessary training for operating personnel. 

Category Remarks 

high high requirements 

medium medium requirements 

low low requirements 

5.3.6 Lines 20-36 “Plant Technology” 

Under the umbrella term “Plant technology” are gathered together the technical details on the respective processes, in 
particular on the treatment performance. In addition to numerical literature data the qualitative assessment categories, 
given below, are used. 

The quality of the treated water and/or the treatment performance is assessed based on the following wastewater para-
meters in relation to the degree of elimination: 

 COD and BOD (organic carbon compounds), 
 SS (filterable substances, solid matter, suspended solids), 
 nutrients (ammonium, nitrate, phosphorus), 
 pathogens (bacteria, viruses, protozoa, helminths). 

In the matrix the detail of the degree of elimination in [%] or the concentration in the treated water in [mg/l] achieved 
following treatment; the reduction of pathogens is given in logarithmic steps (log-steps). The following categories are 
used: 

Category Remarks 

high degree of elimination > 70 % or 4 - 6 log steps 

medium degree of elimination 30 - 70 % or 2 - 3 log steps 

low degree of elimination < 30 % or up to 2 log steps 

no influence degree of elimination < 5 % 

not relevant e. g. if employed for post treatment only 

Further parameters are drawn upon for qualitative description of the properties and condition of the treated water: 

 colour and odour, 
 residual turbidity, 
 salting-up of the water during the treatment. 
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Category Remarks 

high the treated water shows a high  
(residual) colouring/odour/residual turbidity 

medium the treated water shows a medium  
(residual) colouring/odour/residual turbidity 

low the treated water shows a low  
(residual) colouring/odour/residual turbidity 

no influence --- 

Additional non-quantifiable parameters are drawn upon for the direct description of plant technology and comparatively 
qualitatively assessed: 

 degree of mechanisation, 
 robustness, 
 process stability, 
 ability of influencing the discharge quality operationally. 

Category Remarks 

high higher degree 

medium more medium degree 

low lower degree 

The accumulation of residues due to the treatment process is assessed as follows: 

Category Remarks 

high > 80 to 110 l/(PT·a) dewatered sludge for disposal 

medium > 40 to 80 l/(PT·a) dewatered sludge for disposal 

low up to 40 l/(PT·a) dewatered sludge for disposal 

no accumulation --- 

5.3.7 Lines 37-40 “Irrigation Technology” 

In the case of a utilisation as irrigation water, it is stated for each treatment process, whether the treated water can be 
employed using the given irrigation technologies. 

Generally the solid matter concentration (e. g. expressed through the DS content) for irrigation facilities with very fine 
elements or spray nozzles (as in the case of root or trickling irrigation), has to be very small and therefore a filtration is 
recommended or is necessary. 

For irrigation technologies with which a development and distribution of fine droplets and aerosol particles occurs (e. g. 
through sprinkler systems), the treated water should additionally be disinfected in order to minimise health risks, e. g. 
for field workers and neighbouring inhabitants. 

Category Remarks 

suitable possibly, however, limitations due to necessary  
filtration or disinfection 

less suitable requires filtration 

not suitable --- 

not relevant e. g. if employment as pre-treatment only takes place 
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5.3.8 Lines 41-44 “Utilisation Options” 

These lines detail for each treatment process, in accordance with the following categories, whether the utilisation of the 
treated water is possible and/or is worthy of recommendation for the respective purpose: 

Category Remarks 

recommended --- 

possible --- 

not recommended --- 

not possible --- 
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Appendix A    Abbreviations (not part of the German version) 

Translator’s note: 

While the main terms remain unchanged as they are recognised internationally, the abbreviations used reflect the Eng-
lish translation of the individual German parameter. For simplicity and clarity these have been chosen to match as far as 
possible the German indices. Where this is not possible the original German symbol is placed in square brackets after the 
English version. This procedure is not intended to create new symbols for the English-speaking engineering community 
but serves solely to make German symbols/indices comprehensible to non-German speakers.  

 

 

Abbreviations Definition 

English German 

BOD [BSB] Biochemical Oxygen Demand 

COD [CSB] Chemical Oxygen Demand 

DS [TS] Dry solids 

E+MCR  [E+MSR] Electro-, Measurement-, Control- and Regulation technology 

Ntot [Nges] total Nitrogen  

SS [AFS] Suspended Solids 

PT [EW] Total number of inhabitants and population equivalents 
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前 言 

多年以来，有越来越强的迹象表明，水资源在全球范围内将面临比石油和天然气资源更加严重的资

源枯竭问题。许多关于这方面的信息例如联合国环境规划署最近发布的环境报告“GEO-4” (UNEP,2007) 
阐明了问题的根源：世界人口增长超过 60 亿，其中很大一部分人群的水资源消耗水平超出了自然界的

供给能力。解决方案在于：减少资源消耗，具体到水资源就是指对污水进行再利用和小型循环使用。 
 
在德国，由于淡水资源仍较为丰富、因而该项课题到目前为止一直被摆在了次要位置上。着眼于国

际市场以及德国水行业针对水的重复利用课题不断增长的信息需求，德国水、污水和废弃物处理协会在

其架构下的 KA-1 “新型卫生洁具体系”专业委员会之外，创立了归属于 BIZ-11“国际合作”专业委员会的

BIZ-11.4 DWA “水的再利用”工作组。 
 

该工作组的任务之一是识别和描述污水再利用所采用的处理工艺，特别是那些由于在德国较少被应

用、经验相对缺乏的工艺。工作组建立了一个评估矩阵，以便对那些以污水再利用为目标的水处理技术

进行描述和评估。 
 
需要指出，本论文集通过 DWA BIZ-11.4“水的再利用”工作组精彩和努力工作所得出的研究结论尚

不是 DWA 导则的正式组成部分。现有的评估矩阵是按照当前的思路生成的，不能认为课题任务已经结

束，而是应当继续发展完善，工作组因此欢迎大家的参与和提供信息。 
 
本文附件“以水再利用为目标的污水处理工艺评估矩阵”有已经完成的 Excel 电子表格文件格式，用户

可以通过访问 DWA 的网页 <http://www.dwa.de/master/wastewater-reuse> 进行下载。必要时用户可

以获取这些表格并使其能为自己的应用服务。 
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1 课题的目标 

对废水进行处理和再利用的必要性首先体现在国际层面上，除了欧洲以外的少雨地区，该课题未来

也将在欧洲引起越来越多的关注，且不仅局限于南欧地区，如今那里将处理水回用于农业已成为一项成

熟和普遍的应用。除农业外，对城镇用水进行多重利用的意义也在明显增加，特别是在那些快速扩张的

超级大都市。这些地方不论地处何种气候区域，其对水资源的需求已经超出了当地淡水自然资源的供给

能力。 
 

对废水进行处理和再利用是一项涵盖内容广泛的综合性课题：除了国家和国际层面上关于水质、水处

理工艺的相关规定、标准外，也需要考虑各国之间在诸如重复利用类型、资金来源、当地操作人员的技

术水平等约束条件方面存在的差异。当前对本课题所面临不同挑战的公开研究论著已有很多，例如：

AQUAREC (2006), ANGELAKIS et al. (2001), WHO (2006), ASANO (2007), JIMENEZ 和 ASANO (2008)。 
 

为了提供与再利用相关的水处理工艺概览、并能够为选择合适的工艺提供帮助。德国水、污水和废弃

物处理协会BIZ-11.4 “水的再利用”工作组创建了一个缜密的、针对不同水处理工艺的评估矩阵。评估矩阵

从出水水质、成本、物料和能量消耗、维护费用等不同角度对各单项工艺进行评估，并将在评估基础上

对各处理工艺进行特征化处理、分析他们之间的相互关系以及各处理工艺与水重复利用相关的风险信息。

本文中的评估矩阵适用于农业和城市回用水（灌溉、消防用水以及作为非饮用水的应用）。而不包括工

业用水（循环水）、非直接、非有意识地再利用以及所谓的革新概念，即废水的分类收集，这些也不在

本文内论述。 
 

本课题以及评估矩阵的目标在于提供各处理工艺的可行性、应用准则、前提条件等基础信息。评估矩

阵应该提供简单、快速的决策帮助，而不是为制订详细、具体的决策服务。这些缜密具体的决策应交由

专业人士去制订。显然评估矩阵在特定情况下不能替代工程学方法，而仅仅是为理性、稳重的决策提供

帮助。在无法获取专业技术支持时也可以使用之。 相对于知识丰富的专家，评估矩阵的目标使用人群更

多的是公众事务团体、决策者、政治家（为了提升意识）、行业咨询业者、城乡及农业水处理设施建造

运营商等，这既适用于德国，也适用于其他国家。 
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2 水再利用的意义 

世界上有限的水资源以及人类活动的影响使水成为一个全球性的问题，特别是对于生活在干旱、半干

旱地区的新兴国家和发展中国家的民众而言。除了自身气候框架条件以及水资源分布不均等因素外，这

些国家水资源匮乏的主要原因还在于人口急速增长和人均耗水量增加等人为因素。对现有水资源采取非

可持续发展利用的方式以及地表水和地下水资源不断受到污染使得问题更加严重化。此外预测全球气候

变化还会进一步加剧世界性的水资源匮乏态势。根据世界水资源报告（UNESCO,2006）的预测，以现有

的消耗方式推算，在最不利情况下至本世纪中叶将有60个国家的70亿人口面临水资源短缺的问题；按最

保守情况推算，也将有48个国家的20亿人口面临水资源短缺。泛政府组织国际气候变化框架公约

（IPCC,2007）的专家预计全球气候变化还会额外加剧全球性的水资源匮乏问题。 
 
水的再利用技术目前在许多国家已经成为必不可少的实用技术，并在水行业中得到实践推广，未来其

将成为水资源可持续化管理的重要组成部分 —— 也是减轻气候变化影响的有效手段—— 这将是我们

在21世纪面临的巨大挑战之一。经过处理、满足不同水质需求的处理回用水应被作为富有价值、可使用、

可本地化控制的水资源来看待。其贡献在于消弭不断增长的用水消耗与有限的水资源之间的矛盾。 
 
在此应特别提到世界上最大的用水行业-农业。对废水进行适当的净化处理并作为灌溉用水回用于农

业在协助保养淡水资源方面有巨大的发展潜力。通过对水的储存可以为应对季节性的影响提供机会（当

然，这对处理后的水质也有特殊要求）。 
 
在许多发展中国家和新兴国家，直接使用没有经过处理的废水或低净化程度废水的做法仍比较常见，

特别是在城市或城乡结合区原质污水被当地居民作为灌溉用水，因为它是免费的、不受旱雨季变化的影

响并且肥份较高。废水（经常是未经处理的废水）被用于确保和增加食品生产。 尽管在这些发展中国家

和新兴国家也有关于水重复利用的法律框架和水质标准（多是基于世卫组织WHO和联邦环保署EPA的推

荐导则），但实际情况是大多数此类国家没有监控以及没有考虑重要卫生指标的最低要求（鲁尔-波鸿大

学 2005）。 
 
在水资源的可持续化管理中应当意识到废水是一种资源，对废水进行适当的处理是必不可少的，其目

的是使发生卫生危害的风险最小化，而卫生危害是与未加控制的水再利用方式联系在一起的。 
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3 水再利用的分项归类 
 
3.1 社会文化因素与社会认同 

 
水的再利用课题涵盖一系列根基不同的观察问题的视角，他们必须在相互作用中协同发挥效力，以实现

可持续化地降低资源消耗。处理回用水对人群健康和日常生活会产生影响，与之相关的技术必须既易于操

作又易于理解掌握。除技术、组织和制度层面的问题外、下面即将论及的社会文化因素具有特别的意义。 

 
很显然用户的认同与接受程度是对污水再利用而言最重要的关键因素。在世界许多地区这种认同度至

少已部分地通过经济强制手段进行“激励”：传统水资源储量在减少、深井汲水所需的能耗成本和维护

费用在不断攀升、这仅是众多因素中的几项。但是，大规模地推广使用处理回用水却经常性的遭到抱怨

甚至公开的抵触，其中的部分原因不难理解，这与技术本身、操作和维护以及水质等因素 (例如臭味和颜

色) 有关。例如尽管许多常用的灌溉系统原则上可以使用处理回用水，但在日常运行实践中却不能做到完

全尽如人意。 
 
尽管在世界许多地方对雨水和轻度污染废水的利用已成为长期以来的传统，将人畜的排泄物作为农肥

进行利用的方式也早已得到推广，但在一些水资源短缺地区使用处理回用水的潜在用户却在减少。与水

再利用的类型相关，人们或多或少地对使用处理回用水有反感情绪，因为担心不能与水中可能含有的致

病病原体保持足够的距离。还有某些地区将对待和使用处理回用水列入了宗教条例或与之类似的规定范

畴加以限制。（但是对水的再利用也会受到宗教因素的激励，参见下文实例介绍）。在这种情况下需要

经历漫长不平的道路去改变人们现有的生活习性和态度、提升人们使用处理回用水的意识。严谨的安全

保障系统在这里扮演着重要的角色，运行合适的系统必须有这样一个安全体系相伴随。这个系统保障各

种水重复利用类型应满足的最低标准。使用者必须相信这些标准，否则就无法建立起信赖和接受处理回

用水的理念。 
 
相反，有时候尽管以法律规章形式表现出来的制度化的认同方式具有很强的约束性，使用者和最终用

户例如小农户、农产品消费者却由于面临水源短缺的问题，对废水再利用的认同度更为注重实际和态度

积极。这也意味着，在这种情形下行政审核多是被绕开或忽视，特别是当缺乏有效的执行和控制机制时。 
 
很明显，对于所有应用案例中可以使最终用户与处理回用水发生联系的直接再利用形式，亦即通过农

产品、家用品甚至是处理后的可饮用水等形式，必须对社会文化因素的制约予以相当程度的考量。为确

保应用的顺利实施，公开探讨所有相关问题、使相关方及早参与前期规划和决策过程是绝对必要的。对

此，至少下列因素需要予以考虑，他们的权重依据使用类别而各异。 
 

 水经济框架约束条件（水的需求与供给关系）； 
 卫生和健康保障； 
 处理回用水生产和应用方面的技术要求； 
 运行的要求和能力（其中有操作人员的数量和资质，操作安全性、应急手段），也与处理工艺的复

杂性有关； 
 考虑到投资成本（资本支出 CAPEX）和运营成本（运营支出 OPEX）下的财务技术和经济可行性； 
 环境保护和可持续发展因素； 
 规章管理因素 
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3.2 对技术的要求 

 
为了保障水的再利用的安全性，例如在农业领域，制定了有关水质及处理过程的特殊要求，这需要通

过合适的技术加以保证。这些要求涉及多方面的因素，例如杀菌消毒保护人群健康，消弭富营养化元素

以保护地表和地下水体，以及为保护灌溉设施降低固体悬浮物的浓度。 
 
有时要面对的一个额外问题是，原质污水的产出是连续的，但对处理水的再利用是非连续的，这种情

况下需要对多余部分的水进行存蓄。可以通过地面蓄水池，也可以是特定的地下蓄水形式实现。另一方

面，水的存蓄方式也对水质提出了相应要求（例如，去除病原体和富营养化元素）。 
 
在第五章论及的评估矩阵将针对不同污水处理技术的应用可能性及所其对应的不同要求提供帮助说

明。 
 

3.3 对操作管理和操作能力的要求 
 
如果不能按照规定正确地操作，那么再好的技术也不能发挥作用。与所选处理过程工艺的复杂性相关，

水再利用系统的运行需要有一定的操作管理能力。进一步说，出于安全技术方面的要求（卫生和健康保

护），操作人员应得到相当高的激励，并（能够）负责任地开展行动。这意味需要有合格的、经过专业

培训和继续教育的技术人员。对于海外项目应注意选择合适的操作人员，这些人员如有需要能够通过培

训达到所需要的资质水平。建议在运行初期的几年进行不间断的后续培训和考核。 
 
尤其是欧洲以外的国家，这些要求常与污水设施运行的现实情况相反，其部分特征如下： 
 

 运行费用明显缺乏； 
 操作人员素质达不到要求； 
 继续培训的机会有限； 
 员工的工资待遇需要进一步改善； 

案例：宗教对水再利用理念的认同 

在中东和北非的伊斯兰国家，水的再利用在20世纪初就开始发挥出重要角色。例如在埃

及，大约从1900年起废水就被用来对开罗附近4500公顷的土地进行农业灌溉。随着人口的

增长（现今人口7200万，预计2017年达到8300万）以及储量有限的水资源 （现今水资源匮

乏量约200亿m3/年，2017年预计达到400亿m3/年），水的再利用在其整个国家范围呈明显

增长的态势也就不足为奇。在伊朗和其他伊斯兰国家水的再利用也很普遍，并被认为是应对

水资源不足的重要手段。 

该地区的高级伊斯兰宗教代表也支持该项政策，例如沙特阿拉伯伊斯兰教事务部副部长 
H. E. Ahmed Al-Sabban 在阿布哈比举办的一次水再利用会议上解释说，伊斯兰教对保护和

合理使用水资源持支持态度，在水资源短缺和人群耗水量增加的情况下，对水进行再利用，

包括对处理后的污水进行回用与宗教原则并不矛盾，“只要它是干净的、无色无味的水”。 

(AL-SABBAN, 2005) 
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 员工的形象意识需要提升（从“污水厂员工”到”资源管理者”） 
 严格的等级式和集中式管理架构，现场决策的灵活性有限； 
 缺乏足够的硬件资源，特别是仪器设备、备品备件、工具、能源和化学用品。 
 

这些情况表明在提高员工积极性、严格照章运行、遵守安全标准等方面仍面临着诸多挑战。 
 
使操作能够照章运行的实施预案以及建立和维持员工的能力素质是规划水再利用项目时需要考虑的

重要支出因素。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4 健康因素 
 
污水再利用设施的规划和运行必须确保不会对操作人员、处理回用水的用户以及人群健康与安全构成

危害。 
 
生活废污水即使在经过常规处理以后仍含有很多对健康有害的成份，除了难以降解的化学残留物质之

外，这些成份主要是可使人体致病的微生物，例如细菌、病毒、寄生生物和虫卵。安全和卫生的污水再

利用在流行病学因素的考量下对水质提出了特别的要求。 
 
病原体造成的危害很大程度上与水的再利用类型相关，例如灌溉的类型。本篇中的评估矩阵对不同灌

溉类型的适宜性进行了评估。 
 
原则上污水再利用需要引入合适的杀箘消毒过程，使水中的病原体得到去除、消灭或钝化，并达到在

各种应用案例中不对健康构成危害和引起用户担忧。为此，应了解国家或地方性条例中的容许限值（如

果他们存在）。如有需要，特别是考虑到流行病学的因素，可引入国际上公认的推荐值，例如世界卫生

组织指令（WHO,2006）。 
 
采用杀菌程序时，除了要注意因使用化学品而对操作人员和环境造成的危害，有些情况下还要考虑到

可能生成的、对人体和环境有毒的副产品。 
 

案例：增强阿尔及利亚员工的操作能力 

预防性的维护如不能充分有效地进行，常常会大幅缩短污水处理设施的效率和使用寿命。

因而过去新建成的设施部分由于运行能力的不足在运行短短数年后即面临停运。 

阿尔及利亚国家污水设施运行机构（ONA）和德国伙伴合作引入了一个模块化的污水设

施操作人员培训项目，一个面向阿尔及利亚所有地区的人员培训中心在Boumerdes污水处理

厂建立，未来的操作员在那里得到培训。培训内容包括生产安全，维护、测量和控制、故障

处理、修理、报告体系、仓储等。阿尔及利亚多处污水处理设施在短期内即通过培训取得了

明显的成果，必要的知识被传输给员工，使他们理解对操作的精通和仔细同获得设备和辅助

物资一样重要，只专注于污水处理工程的投资将会招致高昂的后期费用和不合要求的运行。 

(德国技术合作公司GTZ, Emscher, 2006) 
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操作人员以及用户必须知晓水再生和使用过程中的健康和安全因素。从健康的角度出发，为污水再利

用设施的安全无害化操作引入事故应对预案、演练以及严格遵守故障状态下应遵循的行为是必备的前提

条件。 
 

3.5 法律法规和国家的调控 
 
许多国家都有关于水的再利用的法规和技术导则（在德国也有这方面的规章，例如DIN19650 《关于

灌溉用水的卫生要求》），在欧洲以外的国家，特别是已经或即将面临水资源短缺的国家，在考虑水再

利用的规则时要确定下述因素。 
 

 如果能切实遵循和配以适当的监控，这方面的法规通常已经可以保障再利用水的安全使用，以及避

免对人体健康和农业用地质量可持续性的危害。 
 各单项法规经常来源于邻国、国际组织或各自的捐助国，因而他们经常不能完全满足本国各自的需

要。 
 有些规定的部分参数组内含有相互矛盾的容许排放值，这些值互相抵触或不可能被同时遵守。 
 

除了国家层面的法规，还有一些国际公认的指导方针，例如2006年新发布的世界卫生组织建议书

（WHO,2006）。这为发展和制订各单项、国家层面的减少有害水生微生物的规定和标准提供了可被普

遍接受的框架。同时也为微生环境安全所必要的监控过程提供建议。基本上对水质的要求与水的利用目

的密切相关，例如对于农业用地除了致病病原体外还包括了盐分和营养元素成份。 
 
政府在水行业特别是水的再利用方面的法规，除了要定义技术标准和要求之外，也要涵盖其他更多的

因素，例如收费结构与监控，以及相关方的权力与义务（执行机构、建设方、运行方、用户）。确立诸

如安全手段、报告、内部自检、外部监控等。此外，如果要求不能被满足则必须确立一个清晰的核准机

制。 
 
在必要的技术规划安全性和招标程序透明的背景下，条理清楚的规定是保证可信赖的经济合作的重要

的前提之一。 
 
通过总结可得出结论，通常情况下问题不在于缺乏水再利用方面的法律法规和满足水质最低标准的推

荐值。 在多数水资源匮乏国家显现的不是水再利用标准的有无或标准质量方面的问题，而是如何执行和

通过独立的国家或私立纪律机构进行充分有效监控的问题。补充地说，由于经济资源有限，这些规定经

常性地近乎无法实施。 
 

3.6 水再利用项目的市场潜力 
 
欧洲和国际的水业市场由于水资源短缺和污染，也由于不断改变的框架约束条件（通常是朝改善的方

向发展）使该行业投资获利的机会增加。处理后的污水成为一种重要的资源，未来十年水的再利用将尤

其从中获益。 
 
如果早期的发展战略专注于开发主要的水资源和进行大范围、集中式的分配，当今的概念（例如欧盟

水框架指令）面向的不仅是集成式的、同时也能够回收成本的水资源管理模式。此前部分地区免费用水

的实践经常导致对有限水资源的浪费和运行费用的亏空。直至今天有些自然水资源较少的地区，处理和
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未处理的污水被整年或季节性地排放无法进行再利用，也不能产出养分和其他附加值产品。随着新水源

的可获取性不断降低而同时需求在不断增长，在许多地区只使用（消费）一次已变得浪费和物非所值。

对此，为了水资源可获取性的相对均匀分布、部分也由于和潜在的再利用地点近邻、以及为了节约新鲜

淡水和能耗成本而关闭水和营养元素的循环过程进行再利用正显现成为不断增长的、经济性的解决方案。 
 
尽管如此，循环的实现要求有定制的废水处理技术，例如对于农业，应依据作物生长期考虑水中养分

的再利用， 由此产生的面向污水处理技术和方案的市场与城市区间发展下的水行业机遇关系密切，这是

因为一方面大部分的污水在这里产出，另一方面，处理回用水具备多项用途，可被直接用于工业和商业

领域。 
 
除了干旱、半干旱地区的发展中国家，许多发达国家对水资源也有很大的需求，新鲜淡水购买费用的

增加以及环保领域越来越严厉的限制正在推动污水的再利用并提供了很好的市场机遇。对提高能源利用

效率、降低成本以及新的处理技术的热切期待额外地加速了该领域内革新脉搏。 
 
集成式水资源管理尤其是水的再利用为咨询型和生产型的企业-同样也因为可预见的气候变化因素-

提供了全球范围内增长的市场机遇。本篇为污水处理技术而作的评估矩阵给出了规划设计与准备工程招

标方面的的重要信息，以便为终端客户提供高品质的水。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.7 价格与投资 
 
通过水法和水价对世界不同水用户的需求实施有效管理需要有国家、区域、本地区范围内长期的价格

政策和规章。 这可以有意识地推进水循环以及农村、城镇地区废水分类收集等革新理念和方案。 
 
针对饮用水、工业用水、农灌用水等不同利用类型制订合理的价格有助于更有效地使用水资源。欧洲

新水框架法的原则是要求消费者和污染者都应提供财政支持。长期的目标是力求收回全部成本以确保可

持续性。能被社会接受以及参考用户支付能力和支付意愿制订出先进的价格体系是政治性的决定。他们

需要根据通胀率的变化定期进行调整以保障设施运行和其他客户服务（例如接入率的提升）。 
 

水再利用的长期投资项目-伴随提供经济上的激励-已经引导诸如新加坡、南非、澳大利亚和加利福尼

亚的水资源匮乏地区的消费者在中长期内去适应区域内可获取水资源千差万别的水质和不同的价格。 

案例：亚洲的水再利用市场 

由于亚洲的需求以及经济增长十分快速，其在污水处理和再利用方面的潜力巨大，预计

未来几年的年增长率可部分地超过15%。例如印度尼西亚2003年污水处理的市场份额约为9
千万美元，年增长率10%。 即使台湾和菲律宾也有很大的市场需求，同样还有泰国和马来

西亚。 
 
在中国，政府正通过鼓励和加强水的再利用来应对由于巨大的经济增长而带来的水危机，

例如，公共和私立的土地开发机构未来将有义务将水的再利用列入规划。此外为支持政策实

施，成立了一个联合会（中国水再利用行业联合会）对适合市场化的技术、设备和产品给予

支持。 
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投资者对新的水再利用设施的自有投资、政府补贴和贷款各自处于不同的条件下。创新的方案经常能

得到补助。从国际发展银行得到投资承诺的基础是可行性研究报告，该报告对不同的替代方案和技术进

行调研，并确定对投资者（较低的投资和运行成本）和用户（合适的价格）而言都合适的低成本方案。 
 
数量众多的水利用计划国际案例指出了这样的路：那就是有业务能力、商业化的机构如何通过给定的

框架约束条件、规定、指针——并由此最后通过国家法规实现经济和合理地投资。在由欧盟资助的研究

报告AQUAREC (2006) 和EMWIS报告-废水再利用（2007）中可以找到成功的案例。 
 

4 应用案例 
 
4.1 德国的应用案例 

 
尽管德国在水处理技术方面有丰富的经验，但由于德国水资源充足，所以至今对处理后的生活污水进

行再利用的实践并不普遍。德国的水再利用主要集中于农业灌溉中的滴灌和喷灌，以及用于补充地下水、

或作为非直接再利用形式的河岸渗滤（非本篇讨论的范围）。此外有少量用于家庭和宾馆的灰水利用。 
 
少数的农业灌溉及污水养鱼案例源于早期的城市污水处理工艺，在德国20世纪初已被普遍应用。 但

随着环境污染排放指标越来越严格，并由此推动现代污水生物处理技术在区域范围内推广，对处理后的

城镇生活污水再利用的做法大都停止了。 
 
在德国可以找到过去的和即将实现的农灌用水再利用案例，例如在柏林、比勒费尔德、不伦瑞克（见

案例介绍），达姆斯达特、多特蒙德、弗莱堡、明斯特和沃尔夫堡。 已经运行的污水养鱼的案例可在阿

姆贝格、纽伦堡、斯潘道、和慕尼黑周边地区找到。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

案例：不伦瑞克（Braunschweig）地区作为农灌用水和保护接受水体的再利用 

不伦瑞克自1895年已开始将城市生活污水作为肥料引流到轻砂质土壤上。一方面是为了

改善城市的卫生状况以及自然接受水体的环境，同时也是为了提高该地区的土壤质量。如今，

不伦瑞克的城镇污水（约2200万m3/年）全经由现代化的斯坦豪夫污水处理厂进行生物处理

（35万人口的污水接入能力），而后在夏季处理水可以回用于约3000公顷的喷灌农地，其

中部分混合了过剩污泥。 
 
在这些农地上种植的主要是经济作物，例如甜菜。种植可直接食用或经初加工后食用的

粮食作物出于卫生原因而被禁止。未来种植可生产再生能源作物的计划正处于研讨阶段。 
 
在冬季月份里处理水用于补给和存蓄地下水，现有的灌溉地被用作自然的缓冲带来调节

污水处理厂的排放冲击负荷、保护敏感的自然接受水体。通过持续的灌溉此间已产生宝贵的、

值得保护的生态系（生物生境）。 
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上述水再利用项目数量有限的原因在于现有新鲜淡水资源的充沛。但是德国也存在地区性的差异，如

今德国东部地区已处于气候性水平衡的均值以下。在极端炎热和干燥的年份里降雨量不足可达300mm, 
这导致土壤表层的干涸。根据对世界气候变化的预测以及随之而来的全球气候变暖，预计德国也将会遭

遇越来越多这样的极端天气。 
 
这些地区大面积的土地主要为农业用途，将处理水回用于农田灌溉以及在缺水期调节用水需求在未来

有新的应用前景，尤其适用于那些非食用类作物，如用于制造可再生能源的作物，这样卫生风险级别可

以降低。 
 

4.2 世界其他地区的案例 

世界范围内，有意识的水再利用实践有众多的应用案例可循（见下述欧洲（西班牙），地中海地区（约

旦）和美国的案例介绍）， 此外还用于农业灌溉、城镇绿化用水、污水养鱼、中水回用和补充地下水。

可以从丰富的文献资料和众多的案例研究中获取更详细的信息，包括新近出版的《国际水再利用研究》

(JIMENEZ 和 ASANO, 2008)，《地中海废水再利用报告》(MED-EUWI, 2007)。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

案例：西班牙科斯塔-布拉瓦的废水再利用 （西班牙） 

在西班牙北部，水再利用项目的发展势头很好，特别是沿Catalonia的海岸地区，水再利

用的意义不仅反映在政治和结构性改革上、也反映在可靠的数据上。 例如1989至2001年间，

Costa Brava沿岸经生物处理后重新利用的水量从几乎为零增长到到每年约230万立方米。同

期污水现有排放稳定量约3000万立方米。这里主要是对葡萄园、果树园和高尔夫球场的灌溉

应用。处理水也用于补给地下水体并作为缓冲防止盐化水侵扰，例如在Torroella de Montgri 
和 Tossa de Mar 即有这样的案例 

(SALA et al., 2002)。 

案例：约旦河谷地区的废水再利用 （约旦） 

约旦面临着严重的水资源匮乏问题，并预计随着水需求量的增加形势会更加恶化。基于

这样的背景，约旦政府鼓励水的再利用并配套出台了众多的法律和规章。目前灌溉用水总量

（约4.44亿m3）中的16%（约7100万m3）来源于处理后的污水。 
 
特别是在约旦河谷地区，处理后的水与新鲜水按1:3的比例混合后作为灌溉水再利用，（稀

释以便于“无限制的灌溉”）,King Talal蓄水区在这里扮演着决定性的角色，它接纳了来自

As Samra, Baqa和Jerash污水处理厂约5700万m3的已处理污水。 

(Schneider,2005) 



以水的再利用为目标的污水处理工艺评估 

82 May  2008 DWA-Topics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 以水再利用为目标的污水处理工艺评估矩阵 
 
5.1 评估矩阵的目标 

 
为了水的再利用，我们应针对应用个案来选择最适宜的污水处理技术，并要顾及国家的规定和国际标

准（例如世卫组织和粮农组织）。在选择处理技术时应注意各国家/地区间各不相同的框架制约因素，例

如可以获取的投资、运营资源以及当地操作人员的培训水平。 
 
为了协助工厂规划者和建设者完成这一复杂的任务，德国水、污水和废弃物处理协会DWA BIZ-11.4 

“水的再利用”工作组创建了一个缜密的、针对不同水处理工艺的评估矩阵。评估矩阵从出水水质、成本、

物料和能量消耗、维护费用等不同角度对各单项工艺进行评估，评估包括不依赖于使用地点的处理工艺

特征描述和比较，尤其是对于农业灌溉这样的应用目的。 
 
由评估结果发展而成的矩阵提供了一个各种处理工艺的概览，并可以在初次评估中作为快速简单的决

策帮助工具。没有必要对其全面完整性和普遍有效性提出要求，但是矩阵应能适用于大多数的应用情形。

它显然不能取代特殊个案中的专业调研和有针对性的决策，但它可以使作出明智和有充分依据的决策变

得可行或容易，即使是在可获取的专业知识有限的时候。 
 
矩阵中所罗列的评估项主要是技术特征。与污水再利用相关的健康风险没有明确列出。读者可以利用

相关的文献，例如如世界卫生组织的指令（2006年）。 
 

案例：美国加利福尼亚地区的水再利用 （美国） 

加利福尼亚的案例被认为是该领域内的发展趋势，这既包括已有的法律标准和应用技术，

也包括社会的认同度。仅在2000年就有超过200个污水厂的处理水可被再利用，再利用类型

以农业灌溉和园地绿化用水为主。 
 
例如，蒙德利(Monterey)周边地区供应美国市场70%的洋蓟，其中很大部分种植产地用

处理回用水灌溉，在灌溉高峰期，平均83000 m3/天的废水产生量可被全部处理并用于灌溉。 
 
在欧文(Irvine)，平行于饮用水管网之外另有一套独立的处理水分配管网，用于灌溉公园、

高尔夫球场、交通道路草地边坡等。处理回用水占到总用水量的20%，处理水通过技术管控

措施也可以分配给私人家庭。 

(Orth,2005) 
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5.2 限制因素 
 

污水再利用可及的程度要求给出一个使用范围的限制，本篇发布的评估矩阵有意识地集中于下列领

域： 

 农业灌溉； 
 家庭非饮用水用途（如冲洗厕所）； 
 城市用水（如用于公园绿化灌溉、街道清洗或消防用水） 
 

评价矩阵的出发点是已经规划或将要使用处理后的城市生活污水，对此，农业灌溉作为使用最广泛的

水再利用类型之一是一项重点。该领域对水的大量需求和相较其他利用类型而言较低的处理要求(例如水

中的富营养元素只需要被部分去除，如有需要它们可以作为肥份留在水中)为污水再利用提供了较大的发

展潜力。原质污水从而可以被认为是产出“处理水”的原材料，“处理水”可以根据再利用类型的不同

而有不同的质量：例如富营养元素的容许含量与作物生长期和土壤条件相关、此外卫生质量与灌溉作物

及耕作类型、水中的固体物含量与灌溉技术相关等等。与其类似的是城镇水再利用，例如绿化灌溉用水

或家庭非饮用水用途。 
 

下述利用类型没有被考虑在评估矩阵里： 
 

 工业用途； 
 饮用水供应中的间接再利用； 
 废水分类收集 
 

评估矩阵没有考虑工业中的水再利用和循环使用，因为它们在德国已得到相当成熟的实践，没有必要

在这里再做深入的研究。在许多工业应用中其已集成到生产过程中，因此在某种程度上不可能将企业内

部生产循环与单独的水再利用循环区分开来。下述数据可以看出工业水再利用的规模：加工工业的年用

水量约为 30200 Mm3/年（其中约 22500 Mm3为冷却水）;而新鲜水的供应量为6200 Mm3/年，得出重复

用水量约为 24000Mm3/年。水的利用率（工业用水量/新鲜水量）为4.9。这意味着，每立方米的水平均

起来重复使用了几乎5次。工业再利用水的数量（约24000 Mm3/年）超过了城市污水（9695 Mm3/年），

是其2.4倍。（1998年数据，来源于德国联邦统计办公室，引用于CORNEL 和 MEDA，2008） 
 
同样没有被纳入评估矩阵的还有间接再利用形式，例如，下游利用上游向地表水排放的污水。间接再

利用在中欧人口稠密地区发挥着不可忽视的作用，原因在于人们把这些欧洲大型河流，如莱茵河和多瑙

河，同时当做污水处理厂处理水的接受水体和饮用水的未净化水源。此外，在人口稠密地区的很多地表

水水体中能测出废水的典型成份。这种处理水和饮用水事实上的封闭循环体现出一种 “无计划的、间接

的再利用”类型，这不是本文研讨的部分。 
 

所谓废水分类收集概念，即基于分离不同的污水流（黑水、棕水、黄水和灰水）的方式不属于本评价

矩阵的范畴，读者可以参阅数量丰富的相关文献。 
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5.3 矩阵的结构和概念释义 

完整的评估矩阵显示在附录中，分成多张表格，其包含按主题分组的各项技术。  
 

在矩阵结构中，矩阵列代表不同的污水处理工艺，矩阵行代表评估参数。带有评估参数的表头详见表

1。 
 
评估过程是按“高”、“中等”、“低”归类，并部分辅以特定的关键数据，例如能源消耗和部分废

水参数的去除率。详细依据来源于给出的参考资料和工作组成员的预测。矩阵每单元块后的数字指明了

其来源，相关图例说明列于附件结尾。 
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表 1 ：带有评估参数的表头 

因  素 行 号 

健康风险 
水处理设施的操作人员 1 

处理回用水的使用者 2 

经济效率 

投资成本 

用地需求 3 

建筑结构工程 4 

机械工程 5 

电气+测量、控制和自控技术 6 

运营成本 

人员需求/成本 7 

能源需求/成本 8 

废弃物处理 9 

生产资料（沉淀剂等） 10 

维护成本 11 

运行设备对环境的影响 

甲烷排放 12 

异味气体 13 

干扰音/噪音 14 

悬浮微粒/气溶胶 15 

虫类（蠕虫、蚊蝇等） 16 

对操作人员的要求 

操作能力/操作成本 17 

维护保养成本 18 

员工所需的培训 19 

设备技术 

技术水平 20 

耐用性 21 

工艺稳定性 22 

运行中对出水水质进行影响的能力 23 

出水水质（处理

效率） 

化学需氧量 COD/生化需氧量 BOD 去除率 24 

悬浮物去除率 25 

富营养元素

去除率 

氨氮 26 

硝酸盐 27 

磷 28 

减少病原体 

病毒 29 

细菌 30 

原生生物 31 

肠道寄生虫 32 

色度/异味 33 

剩余浊度 34 

处理过程造成的水中盐度升高 35 

  残渣量 36 

灌溉技术 

根灌 37 

滴灌 38 

洒水/喷灌 39 

漫灌 40 

使用类型 

农业灌溉 41 

非饮用用途（例如：冲厕水） 42 

城镇用水（绿地灌溉、消防用水） 43 

林业灌溉 44 
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下面的章节将对评估矩阵的各行（即评估因素）进行说明，并界定其所采用的评估准则。 
 

5.3.1  行 1-2 “健康风险” 

水处理设施操作人员和处理回用水的用户所面临的健康风险可按下列准则进行定性评估： 
 
类别 备注 

高 例如，需要接触“危险”化学药品 

中等 如有必要，需要进行消毒 

低 仅作为预处理过程使用 

 
5.3.2  行 3- 6 “经济效率 — 投资成本” 

经济效率的表述是笼统和相对的，这种“低” — “中等” — “高”的分类只是对工艺进行第一手粗略的

考量和比较。这些归类依据和受限于德国的特性参数值。 
 
类别 备注 

高 
成本>1000€/人，以及 

用地需求 > 1 m2 /人口当量 

中等 
600< 成本 ≤1000 €/人口当量，以及 

0.3< 用地需求 ≤ 1m2/人口当量 

低 
成本≤600 €/人口当量，以及 

用地需求≤0.3m2/人口当量 

 
提供具体特征数值的做法在很大程度上可以放弃，因为这些往往是不可传递的。对每一个计划都要

重新和仔细地去确定投资和运营成本，因为经济效率是评估的决定性因素之一。但是经验表明，无论是

在国家与国家之间还是国家内部不同地区之间，成本费用可以有很大的差异。这里要考量下述框架制约

因素： 
 

 所在地/所在国家的的市场环境和竞争环境； 
 所选技术的详细说明； 
 建筑工程技术与机械工程技术及所选技术装备的关系； 
 在低收入国家中劳动力成本在投资和运营成本中所占的份额； 
 生产资料（能源，备件，耗材，化学品等）的可获取性及采购成本； 
 对获取和装备高素质的维修保养人员的需要。 

 
在评价矩阵中，投资成本被分为用地需求、建筑结构工程、机械工程和 E+MCR（电气+测量、控制

和自控技术）。除非用数值特别注明，用地需求以 m2/人口当量的单位给出，因为地区间的土地价格差异

是很大的。 
 
基本上在定量比较时应注意，有些工艺是按比例测算的，另外的一些依据的是水力容量。与之相应，

投资成本或者是基于居民数和人口当量以 €/人口当量为单位，或者是基于水力容量以 €/(m3/h)为计量单

位。它们之间进行换算的意义有限，且只有存在每人口当量对应特定废水排放量的假设条件下可以进行。 
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5.3.3  行 7 - 11 “经济效率 — 运营成本” 

对所研究处理工艺运营成本的分析论述与投资成本部分类似，可被细分如下： 

 人力成本或者人员需求； 
 能源成本或者能源需求； 
 废弃物处置成本（延用德国的框架条件）； 
 生产资料成本，如沉淀剂、絮凝剂或其他化学品； 
 维护保养成本。 

 
给定的数据源于德国对新建设施采用的做法。根据投资成本部分的论述，其并不能直接适用于其他

国家。 
 

对某些处理工艺以欧元/每立方米治理污水为单位按下列准则进行归类： 
 

类别 备注 
高 0.4 €/m3 < 成本 ≤ 0.8 €/m3 
中等 0.06€/m3 < 成本 ≤ 0.4 €/m3 
低 成本≤ 0.06 €/m3 
 

能源需求以千瓦时/立方米处理出水（kWh/m3）为单位计。这些数值很大程度上与所在国家无关，可

以直接传递采用。以下是能源需求的归类： 
 

类别 注释 
高 0.02 < 能源需求 ≤ 0.2 kWh/m3 
中等 0.002 < 能源需求 ≤ 0.02 kWh/m3 
低 能源需求≤ 0.002 kWh/m3 

 
5.3.4 行 12 - 16“设施运行对环境的影响” 

运行水处理设施对环境承载力的影响按下列类别进行定性评估： 

 甲烷CH4 排放（以及对气候有危害的气体排放）； 
 异味气体； 
 干扰音/噪声； 
 悬浮微粒、气溶胶； 
 虫类（蠕虫，苍蝇，蚊子等） 

 
类别 备注 

高 高的环境污染负荷 
中等 中等环境污染负荷 
低 低的环境污染负荷 

 
5.3.5  行 17 - 19 “设施运转对操作人员的要求” 

在许多发展中国家和新兴国家中，现有操作人员的培训水平成为选择合适的水处理技术时的一个制

约因素。在评估矩阵中，各处理工艺对操作人员的要求在考虑到可操控地运行的情况下按下列准则评估： 
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 可操作性以及操作费用； 
 维护保养费用； 
 对操作人员必要的培训 
 

类别 备注 
高 高要求 
中等 中等要求 
低 低要求 

 
 
5.3.6  行 20 - 36 “设备技术” 

在“设备技术”这一综合概念下，各处理工艺的技术细节、特别是处理效率被统合在一起。在众多

的文献数据之外，下述定性的评估准则也被采用。 
 
处理水的水质以及处理效率基于下列废水参数并结合去除率进行评估： 
 
 化学需氧量COD和生化需氧量BOD （有机碳化合物）； 
 悬浮物SS（可过滤物质、固体物质、悬浮物）； 
 营养成分（氨氮、硝酸盐、磷）； 
 病原体（细菌、病毒、原生动物、蠕虫） 

 
在矩阵中，去除率以百分比（%）计，处理后水中的残留浓度以毫克/升(mg/l）计；病原体的去除以

对数级的形式表达。评估准则如下： 
 

类别 备注 

高 去除率>70% 或 4-6 个对数级 
中等 去除率介于 30-70% 或 2-3 个对数级 
低 去除率 <30% 或 至 2 个对数级 
没有影响 去除率 <5% 
不相关 例如，仅用于后续治理 

 
其他的参数被用于定性表述处理水的特征和状况： 
 
 颜色和气味； 
 剩余浊度；  
 处理过程造成水中盐度升高 
 

类别 备注 

高 
处理出水呈现高的 

（残留-）色度/异味/剩余浊度 

中等 
治理过的水呈现出中等的 

（残留-）色度/异味/剩余浊度 

低 
治理过的水呈现出较低的 

（残留-）色度/异味/剩余浊度 

没有影响 —— 
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此外其他非量化参数被用来直接描述设备技术和相对的定性评估： 

 技术水平； 
 耐用性； 
 工艺稳定性； 
 对出水水质进行影响的能力 
 

类别  备注 
高 较高程度 
中等 中等程度 
低 较低程度 

 
处理工艺生成的残渣量按下表评估： 
 

类别 备注 
高 80 < 待处置的脱水污泥量 ≤110 L/(PT·a) 
中等 40 < 代处理的脱水污泥量 ≤ 80 L/(PT·a) 
低 代处理的脱水污泥量 ≤ 40 L/(PT·a) 
没有污泥产出 —— 

 
5.3.7  行 37 - 40“灌溉技术” 

对各个处理工艺都会加以说明，其处理后的出水是否允许通过给定的灌溉技术用于灌溉。 
 

一般来说，具有精细元件的灌溉设施或喷雾喷嘴（如根灌和滴灌）要求灌溉水中的固态物浓度必须

很低（可用干固体含量 DS 指标表达），因此过滤是推荐或必需采取的措施。  
 

对于能够生成和播洒微小水滴和雾状微粒的灌溉工艺（例如通过自动喷灌装置），应对处理水进行额

外消毒，以尽量减少对野外场地工作人员和邻近居民的健康风险。 
 

类别 备注 
适合 有时会受限于所要求的过滤和消毒措施， 
不太适合 需要过滤 
不适合 —— 
不相关 例如仅用于预处理 

 
5.3.8  行 41 - 44“应用的选项” 

该部分对各处理工艺按照下述类别进行归类，以判断将经过该工艺处理后的水用于某种再利用用途

的做法是否可行或是值得推荐。 
 

类别 备注 

推荐 —— 
可能 —— 
不推荐 —— 
不可能 —— 

 



以水的再利用为目标的污水处理工艺评估 

90 May  2008 DWA-Topics 

 

参考文献 
AL-SABBAN, A. (2005): Vortrag in arabischer Sprache von HE Ahmed Al-Sabban, Deputy Minister for Planning and Development, 

Ministry of Islamic Affairs, Kingdom of Saudi-Arabia, auf der Konferenz „Middle East Water Reuse“, 27./28.11.2005, Abu Dhabi, VAE, 
veranstaltet von der Wirtschafts-Zeitschrift MEED 

ANGELAKIS, A.; THAIRS, T.; LAZAROVA, V. (2001): Water Reuse in EU Countries: Necessity of Establishing EU-Guidelines, State of 
the Art Review, Report of the EUREAU Water Reuse Group EU2-01-26 

ALCALDE, L.; ORON G.; MANOR, Y.; GILLERMAN, L.; SALGOT, M. (2004): Wastewater reclamation and reuse for agricultural 
irrigation in arid regions: The experience of the city of Arad, Israel, Israeli-Palesinian International Conference on Water for Life, 
Antalya, Turkey, Oct. 2004, <www.ipcri.org> 

AQUAREC (2006): Water Reuse System Management Manual, AQUAREC (Integrated Concepts for Reuse of Upgraded Wastewater), 
Editors: Davide Bixio and Thomas Wintgens, Office for Official Publications of the European Communities, Luxembourg, 2006, ISBN 
9279019341, Kurzfassung auf <www.aquarec.org> 

ASANO, T. (2007): Water Reuse: Issues, Technologies and Applications, McGraw-Hill, 1. Auflage, März 2007,  
ISBN 9780071459273 

ATV-M 205 (1998): Desinfektion von biologisch gereinigtem Abwasser, Ausgabe Juli 1998, Deutsche Vereinigung für Wasserwirtschaft, 
Abwasser und Abfall e. V., Hennef 

ATV-DVWK-A 131 (2000): Bemessung von einstufigen Belebungsanlagen, Ausgabe Mai 2000, Deutsche Vereinigung für 
Wasserwirtschaft, Abwasser und Abfall e. V., Hennef 

BARJENBRUCH M.; AL JIROUDI D. (2005): Erfahrungen aus dem Vergleich von Kleinkläranlagen auf dem Demonstrationsfeld in Dorf 
Mecklenburg, GWF Wasser Abwasser, Jg. 146, Nr. 5, 2005, S. 400–407 

Bfai - BUNDESAGENTUR FÜR AUßENWIRTSCHAFT (2007): Wassermanagement und Wassertechnik im Nahen und Mittleren Osten 
und in Nordafrika, 2007, Bundesagentur für Außenwirtschaft, ISBN: 3866434952 

CORNEL, P. (2006): Weitergehende Behandlung von Kläranlagenabläufen (A-Kohle, Oxidations-, Desinfektionsverfahren u. a.), DWA 
WasserWirtschaftsKurs M/2 vom 11.-13. Oktober 2006, ISBN 3939057584 

CORNEL, P.; MEDA, A.; HUBER, H. (2007): Development of a Matrix as a Decision Support Mechanism for Comparison and 
Evaluation of Technologies in Water Reuse Applications, in: Schriftenreihe Gewässerschutz-Wasser-Abwasser (GWA), Bd. 206, 
Advanced Sanitation, Hrsg.: Inst. für Siedlungswasserwirtschaft, RWTH Aachen, März 2007,  
ISBN 9783938996126, S. 28/1–28/9 

CORNEL, P.; MEDA, A. (2008): Water reuse situation in Central Europe: the current situation, in: Water Reuse:  
An International Survey, Contrasts, issues and needs around the world, Editors: Blanca Jimenez und Takashi Asano,  
IWA Publishing, London, geplantes Veröffentlichungsdatum: 1.2.2008, ISBN 1843390892 

DIN 19650 (1999): Bewässerung – Hygienische Belange von Bewässerungswasser, Ausg.: Febr. 1999, Beuth Verlag, Berlin  

DWA-LANDESVERBAND BAYERN (2005): Kanal- und Kläranlagennachbarschaften, Fortbildung des Betriebspersonals 2005, 
München, ISBN 3887210581 

DWA-A 262 (2006): Grundsätze für Bemessung, Bau und Betrieb von Pflanzenkläranlagen mit bepflanzten Bodenfiltern zur Reinigung 
kommunalen Abwassers, Ausgabe: März 2006, Deutsche Vereinigung für Wasserwirtschaft, Abwasser und Abfall e. V., Hennef 

EMWIS (2007): Final report on waste water reuse – Annex B – Case studies, Nov. 2007, Ergebnisse der Arbeitsgruppe 
Abwasserwiederverwendung, Euro-Mediterranean Information System on Know-how in the Water Sector, 
<www.emwis.net/topics/waterreuse> 

ENGELHARDT, N. (2006): Die Membranbelebungsanlage Nordkanal, Wiener Mitteilungen, Band 195, Betriebserfahrungen moderner 
Kläranlagen, ISBN 3852340861 

FRECHEN, F. B. (2006): Leistung und Kosten des Membranbelebungsverfahrens, DWA WasserWirtschafts- Kurs M/2 vom 11.-13. 
Oktober 2006, ISBN 3-939057584 

GRÜNEBAUM, T.; WEYAND, M. (1995): Reduzierung der Betriebskosten bei der Abwasserbehandlung, 47. Darmstädter Seminar – 
Abwassertechnik – am 15. November 1995, Schriftenreihe WAR, Band 86, TH Darmstadt, ISBN 3923419791, S. 155–178 

GÜNDER, B. (2001): Das Membranbelebungsverfahren in der kommunalen Abwasserbehandlung, Kommunale Kläranlagen, 2. 
Auflage, Technische Akademie Esslingen, Expert Verlag, ISBN 3816919944, S. 173–192 

GÜNTHERT, F. W.; REICHERTER, E. (2001): Investitionskosten der Abwasserreinigung, Oldenbourg Industrieverlag GmbH, ISBN 
3486265075 

GTZ – DEUTSCHE GESELLSCHAFT FÜR TECHNISCHE ZUSAMMENARBEIT MBH, EMSCHER GESELLSCHAFT FÜR 
WASSERTECHNIK MBH (2006): Ausbildungsprogramm ONA, Algerien (PPP-Maßnahme), Schlussdokumentation, Zeitraum: 01.01. 
– 31.12.2006, Komponente 3 des Programms der Technischen Zusammenarbeit „Integrierte Wasserwirtschaft Algerien“ 

IPCC – INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (2007): Climate Change 2007: Impacts, Adaptation and Vulnerability, 



以水的再利用为目标的污水处理工艺评估 

DWA-Topics May  2008 91 

Fourth Assessment Report, Summary for Policymakers, Working Group II of the IPCC, Brussels, April 2007 

IRC – INTERNATIONAL WATER AND SANITATION CENTRE (2004): Waste stabilization ponds for wastewater treatment, 
<http://www.irc.nl/page/8237> 

JIMENEZ, B.; ASANO, T. (2008): Water Reuse: An International Survey, Contrasts, issues and needs around the world, Editors: Blanca 
Jimenez and Takashi Asano, IWA Publishing, London, 2007, geplantes Veröffentlichungsdatum: 1.2.2008, ISBN 1843390892 

LABER, J. (2001): Bepflanzte Bodenfilter zur weitergehenden Reinigung von Oberflächenwasser und Kläranlagenabläufen, Wiener 
Mitteilungen, Band 167, ISBN 3852340586 

LENZ, G. (2004): Qualifikation des Betriebspersonals auf Kläranlagen, Hrsg.: Deutsche Vereinigung für Wasserwirtschaft, Abwasser 
und Abfall e. V., Hennef 

LÜTZNER, K. (2002): Ein Beitrag zur Bilanzierung von Bodenfiltern, Dresdner Berichte 21, TU Dresden, ISSN 1615083X 

MED-EUWI – MEDITERRANEAN EU WATER INITIATIVE (2007): Mediterranean Wastewater Reuse Report, Joint Mediterranean 
EIWI/WFD Process, Produced by the Mediterranean Wastewater Reuse Working Group, Nov. 2007, <http://www.emwis.net/topics> 

MURL – MINISTERIUM FÜR UMWELT, RAUMORDNUNG UND LANDWIRTSCHAFT DES LANDES NRW (1999): Handbuch – 
Energie in Kläranlagen, Düsseldorf, September 1999 

NOWAK, J. (2005): Abwasserbehandlung in bepflanzten Bodenfiltern – Arbeitsblatt DWA-A 262 (Bemessung, Bau und Betrieb), 2005, 
DWA WasserWirtschafts-Kurs L/6 Abwasserentsorgung im ländlichen Raum,  
ISBN 3-939057002 

ORTH, H. (2005): Länderbericht USA, in: Anforderungen an die Abwassertechnik in anderen Ländern, Abschlussbericht zum 
BMBF-Vorhaben 02WA0452, Exportorientierte Forschung und Entwicklung auf dem Gebiet der Wasserver- und -entsorgung, Teil II: 
Abwasserbehandlung und Wasserwiederverwendung, Hrsg.: Ruhr-Universität Bochum, Lehrstuhl für Siedlungswasserwirtschaft und 
Umwelttechnik, Bochum, ISBN 3981025504 

RUDOLPH, K.-U.; SCHÄFER, D. (2001): Untersuchungen zum internationalen Stand und der Entwicklung Alternativer Wassersysteme, 
Hrsg.: Bundesministerium für Bildung und Forschung, BMBF-Forschungsvorhaben 02WA0074, Oktober 2001 

RUHRVERBAND (1992): Seminar über Schönungsteiche am 19. November 1992 beim Ruhrverband in Essen  

SALA, L.; MUJERIEGO, R.; SERRA, M.; ASANO, T. (2002): Spain sets the example, Water 21, August 2002,  
S. 18–20 

SCHLEYPEN, P. (2005): Isar-Badegewässerqualität, Vortrag beim Wasserwirtschaftlichen Kolloquium an der Universität der 
Bundeswehr München 

SCHNEIDER, T. (2005): Länderbericht Jordanien, in: Anforderungen an die Abwassertechnik in anderen Ländern, Abschlussbericht 
zum BMBF-Vorhaben 02WA0452, Exportorientierte Forschung und Entwicklung auf dem Gebiet der Wasserver- und -entsorgung, 
Teil II: Abwasserbehandlung und Wasserwiederverwendung,  
Hrsg.: Ruhr-Universität Bochum, Lehrstuhl für Siedlungswasserwirtschaft und Umwelttechnik, Bochum,  
ISBN 3981025504 

STATISTISCHES BUNDESAMT (2006): Wasserversorgung und Abwasserbeseitigung, Kap. 12.4 in Statistisches Jahrbuch für die 
Bundesrepublik Deutschland 2006, Statistisches Bundesamt Deutschland, ISBN 9783824607730 

STROHMEIER, A. (1998): Filtrationsanlagen, Kommunale Kläranlage, Technische Akademie Esslingen, ExpertVerlag, ISBN 
3816914063, S. 246–266 

UNESCO – UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION (2006): Water –  
A Shared Responsibility, The United Nations World Water Development Report 2, UNESCO Publishing, Paris/ Berghahn Books, New 
York, ISBN 9789231040061 

UNEP – UNITED NATIONS ENVIRONMENT PROGRAMME (2007): Global Environment Outlook: Environment for Development 
(GEO-4), <www.unep.org/geo/geo4/> 

VON SPERLING, M.; CHERNICHARO, C.A.L. (2006): Wastewater treatment in warm climates, Water 21, April 2006 

WEDI, D.; WILD, W.; RESCH, H. (2005): Betriebsergebnisse der MBR Monheim – Abwasserreinigung und Erhalt der Permeabilitäten 
mittels chlorfreier chemischer Reinigung, in: Membrantechnik in der Wasseraufbereitung und Abwasserbehandlung – Perspektiven, 
Neuentwicklungen und Betriebserfahrungen im In- und Ausland,  
6. Aachener Tagung Siedlungswasserwirtschaft und Verfahrenstechnik, Aachen 2005, Beitrag A9, Hrsg.: T. Melin, J. Pinnekamp, M. 
Dohmann, ISBN 3861307758 

WHO – WORLD HEALTH ORGANIZATION (2006): Guidelines for the safe use of wastewater, excreta and greywater, World Health 
Organization, Geneva, 2006, Veröffentlichung in vier Bänden  

WHO – WORLD HEALTH ORGANIZATION (2006a): Guidelines for the safe use of wastewater, excreta and greywater, Volume 2: 
Wastewater use in agriculture, World Health Organization, Geneva, 2006, ISBN 9241546832 



以水的再利用为目标的污水处理工艺评估 

92 May  2008 DWA-Topics 

 



以水的再利用为目标的污水处理工艺评估 

DWA-Topics May  2008 93 

 



以水的再利用为目标的污水处理工艺评估 

94 May  2008 DWA-Topics 

 



以水的再利用为目标的污水处理工艺评估 

DWA-Topics May  2008 95 

 



以水的再利用为目标的污水处理工艺评估 

96 May  2008 DWA-Topics 

 



以水的再利用为目标的污水处理工艺评估 

DWA-Topics May  2008 97 

 



以水的再利用为目标的污水处理工艺评估 

98 May  2008 DWA-Topics 

 




