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Figure 1.6 Size distribution of identifiable water reclamation schemes in the 
Southern United States in 2004 

Size Distribution of Facilities

Overall

6363

325

12

430

Figure 1.7 End-use distribution of identifiable water reclamation schemes in 
the Southern United States in 2004 
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applications require only filtration (no flocculation) and a disinfection step. (Title 22 allows filtration 

without flocculation if the effluent turbidity before filtration is less than 5 NTU). 

1.8.4 Double membrane systems 

There is a growing trend to use double membrane processes such as micro-filtration and reverse osmosis 

in addition to secondary treatment and nutrient removal for new larger scale plants, if drinking water 

standards are required (Wintgens et al., 2004). This technology is considered as BAT for artificial 

groundwater recharge or for the production of high-grade industrial process water. Relevant examples in 

Europe are:

• the Wulpen aquifer recharge facility in Belgium, which prevents salt intrusion and contributes to 

(indirect) drinking water production (Van Houtte and Verbauwhede, 2004),

• the Tilburg scheme for direct industrial process water supply and artificial aquifer recharge 

(Maas, 2004) and

• a new development of the Depurbaix scheme in Barcelona (Compte, 2004).

In the US, a similar scheme has been operating for some years in Orange County California (Deshmukh, 

2004).

In Australia, examples are the Sydney Olympic Park and Rouse Hill near Sydney for reticulation through 

a “third pipe” for non-potable urban applications. The new plant about to be commissioned at Port 

Kembla will supply process water for an integrated steel mill and the plant at Luggage Point near 

Brisbane will supply an oil refinery. These applications are all replacing water from sources for potable 

use although in all cases the reuse water is used for non-potable applications.

Examples of direct drinking water production are found in Windhoek, Namibia (Haarhoof and Van der 

Merve, 1996) and in Singapore (Leslie, 2003). So far very few agricultural applications could be 

identified on full-scale. An example is the Gerringong scheme in NSW Australia for effluent applied to 

dairy pasture. 

1.8.5 Membrane Bioreactors 

MBR technology is increasingly applied for small-scale reuse facilities such as “in-building” schemes and 

for community facilities (Hills and Malfeito, 2004). There are also significant expectations for the use of 

membrane bioreactors (MBR) for larger scale projects, from which the effluent might be reclaimed 

directly, for unrestricted irrigation, or as a pre-treatment of reverse osmosis to produce drinking water 

quality. Despite the fact that very many of these centralized systems are now operational, and that the 

treated wastewater would comply with most of the water reuse guidelines for unrestricted irrigation, for 

the moment very few are actually (directly) reusing the treated wastewater (Melin et al., 2006). 
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1.8WHAT ARE THE REFERENCE WATER RECLAMATION 
TECHNOLOGIES?

Depending on local conditions, intended use of the water, plant size and water quality standards, very 

many technologies can be applied and have been applied worldwide. Figure 1.8 shows the level of 

treatment – secondary, tertiary or quaternary – of the identified water reclamation schemes in six regions 

of the world. Secondary treatment – also including nutrient removal – is characteristic of restricted 

agricultural irrigation (i.e. for food crops not consumed uncooked) and for some industrial applications 

such as industrial cooling (except for the food industry). Additional filtration/disinfection steps are 

applied for unrestricted agricultural or landscape irrigation as well as for process water in some industrial 

applications (tertiary treatment). Quaternary treatment - indicative of production for a quality comparable 

to drinking water - involves a “double membrane” step to be suitable for unrestricted residential uses and 

industrial applications requiring ultrapure water, where even a triple membrane process may be used 

(NEWater, Singapore). 

Figure 1.8 Application of water reclamation technology throughout the world 

Secondary treatment prevails in Latin America (over 80% of the facilities) and in the Mediterranean and 

Middle East region (over 50%), with restricted agricultural irrigation as the main final use. In the latter, 

this high percentage stems mainly from the Maghreb’s facilities. The other countries have a higher degree 

of (tertiary) treatment. Secondary treatment in Latin America is mainly achieved with stabilization ponds, 

a technology common also to the Mediterranean region and to the Southern US states. Stabilization ponds 

are generally applied for small to medium scale projects; even though some large-scale facilities have also 

been identified (Angelakis et al., 1999). Secondary stabilization ponds are considered as being able to 

produce an effluent quality suitable for restricted irrigation. Stabilization ponds may also be suitable for 

unrestricted irrigation (Mara and Pearson, 1998), in which case the land area required must be greatly 

increased (maturation ponds must be added, in some cases followed by disinfection). 
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1.8.1 Natural systems 

Maturation ponds are used to achieve the water quality requirements of the WHO guidelines (< 1000 

FC/100 ml; < 1 helm. egg/L) (WHO, 1989). Commonly applied limits for unrestricted irrigation in the 

European Union (<10 FC/100 mL; < 1 helm. egg/L) can also be met, if long retention times - up to 30 

days- are applied (see Chapter 15). Maturation ponds are also used for storage, mainly in agriculture. 

Surface-flow constructed wetlands, especially in combination with maturation ponds, have found wide 

application in polishing conventionally treated wastewater to meet quality requirements for recreational 

and environmental uses, including habitat creation, restoration and/or enhancement. Full-scale constructed 

wetlands were shown to achieve a quality characteristic of medium to low contact applications 

(Ghermandi et al., accepted) and might be suitable for certain Mediterranean areas that have adopted 

WHO reuse standards. In combination with maturation ponds, they proved to meet various standards for 

unrestricted irrigation (Schreijer et al., 2003). Claasen and Kampf (2004) indicated that in moderate 

climates those hybrid systems would need a retention time no longer than 5 days to deliver an effluent 

quality suitable for unrestricted irrigation. 

Small-scale tertiary treatment constructed wetlands sites are quite common in Europe (especially in 

France and Spain), compared to other temperate regions. Larger applications are also found, especially in 

the Netherlands. 

1.8.2 Advanced disinfection techniques 

Despite the potentially toxic by-products formed, the disinfection technique that is mostly applied today is 

chlorination (applied in almost 85% of more than 400 disinfection systems surveyed). Chlorination is 

however progressively being replaced by UV disinfection or a combination of disinfection techniques (the 

most common being ozone plus chlorination or UV plus chlorination). 

Other advanced disinfection technologies such as peracetic acid (PAA) have been investigated in many 

sites, but mostly in smaller scale. The AQUAREC project identified only one full-scale application of 

PAA (in Milan, Italy), for indirect agricultural reuse. 

1.8.3 “Title 22” benchmark technology 

The Title 22 benchmark technology, as it was introduced in the homonymous Californian regulation, is 

composed of a coagulation/flocculation, sedimentation, filtration and disinfection step. It is considered the 

yardstick for unrestricted irrigation, against which all other systems are evaluated because of its long 

history of successful practice (more than 400 in the United States, alone).

In Europe, more than half of the tertiary treatment technology is derived from this concept, even if the full 

Californian Title 22 treatment is applied in a more limited number of installations, only. In the 

Mediterranean EU-countries, aiming at the 10 FC/100 mL limit (Spain, Greece, Italy, Portugal, Cyprus and 

also Israel) the most common process is coagulation – flocculation and direct (or contact) filtration 

followed by disinfection. It is worth noting that the effluent of a well designed and operated activated 

sludge plant may already reach turbidity levels lower than 3 NTU and therefore several unrestricted reuse 
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FOREWORD
Water scarcity is a problem of growing importance and magnitude in Europe today and research has 

shown how present fresh water resources are struggling to meet demand. This situation is having serious 

environmental, economic and social consequences. Confronted with this challenge Community research 

is investigating and developing alternative sources of water, such as water reclamation, reuse and 

desalination, which will contribute to a sustainable management of water resources. 

The regions in Europe worse affected by this problem have increasingly begun to recognise the benefits 

of, and the huge potential for reuse of treated sewage water. However a major barrier to developing this 

potential is the lack of rational integration of reuse strategies in water management schemes. Local 

authorities, investors, water companies and end-users have for quite some time been calling for a legal 

framework for water reuse. Despite this there have been only a few attempts to establish national or 

international legislation or guidelines on water quality parameters for reuse. In a global economy and in 

the face of common environmental challenges a concerted approach at European level is required to foster 

and promote water reuse and to provide an adequate driver (legislative or otherwise) for institutional 

reform and better governance in the water reuse sector. Moving in this direction, the EU funded 

AQUAREC project has helped to demonstrate the scientific and practical feasibility of implementing 

municipal water reclamation and reuse.

The FP5 AQUAREC project on “Integrated concepts for reuse of upgraded wastewater” was launched in 

2003 with the strategic aim of consolidating dispersed knowledge in the area of water reclamation and 

reuse. More specifically the project addressed policy guidelines, quality requirements for water reuse, 

suitable technologies for treatment and monitoring, best management practises including socio-economic 

aspects and public participatory approaches. As the project now draws to a close, the AQUAREC 

consortium has successfully delivered a series of publicly available reports together with a commitment 

for their widespread publication and dissemination. 

The results of the AQUAREC project provide a comprehensive overview of water reuse concepts 

together with valuable knowledge and guidance to a whole range of stakeholders on their practical 

implementation. The present manual describes the best management practises in the water reuse sector 

and comprehensively addresses organisational, economic and financial considerations together with social 

and environmental aspects. The extensive presentation of technological issues, such as treatment 

processes, disinfection, monitoring and distribution, covers many of the end-use requirements and 

specifications.

I have no doubt that this manual will be recognised by stakeholders as a sound reference for water 

reclamation and reuse practices in Europe and as a solid basis for future progress in this area. 

José Manuel Silva Rodríguez 
Director-General,
European Commission, DG Research 
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Figure 1.3 Identifiable water reclamation schemes in Spain in 2004 

Figure 1.4 Identifiable water reclamation schemes in Belgium and the 
Netherlands in 2004 
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1.8 WHAT ARE THE REFERENCE WATER RECLAMATION 
TECHNOLOGIES?

Depending on local conditions, intended use of the water, plant size and water quality standards, very 

many technologies can be applied and have been applied worldwide. Figure 1.8 shows the level of 

treatment – secondary, tertiary or quaternary – of the identified water reclamation schemes in six regions 

of the world. Secondary treatment – also including nutrient removal – is characteristic of restricted 

agricultural irrigation (i.e. for food crops not consumed uncooked) and for some industrial applications 

such as industrial cooling (except for the food industry). Additional filtration/disinfection steps are 

applied for unrestricted agricultural or landscape irrigation as well as for process water in some industrial 

applications (tertiary treatment). Quaternary treatment - indicative of production for a quality comparable 

to drinking water - involves a “double membrane” step to be suitable for unrestricted residential uses and 

industrial applications requiring ultrapure water, where even a triple membrane process may be used 

(NEWater, Singapore). 

Figure 1.8 Application of water reclamation technology throughout the world 

Secondary treatment prevails in Latin America (over 80% of the facilities) and in the Mediterranean and 

Middle East region (over 50%), with restricted agricultural irrigation as the main final use. In the latter, 

this high percentage stems mainly from the Maghreb’s facilities. The other countries have a higher degree 

of (tertiary) treatment. Secondary treatment in Latin America is mainly achieved with stabilization ponds, 

a technology common also to the Mediterranean region and to the Southern US states. Stabilization ponds 

are generally applied for small to medium scale projects; even though some large-scale facilities have also 

been identified (Angelakis et al., 1999). Secondary stabilization ponds are considered as being able to 

produce an effluent quality suitable for restricted irrigation. Stabilization ponds may also be suitable for 

unrestricted irrigation (Mara and Pearson, 1998), in which case the land area required must be greatly 

increased (maturation ponds must be added, in some cases followed by disinfection). 
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1.8.1Natural systems 

Maturation ponds are used to achieve the water quality requirements of the WHO guidelines (< 1000 

FC/100 ml; < 1 helm. egg/L) (WHO, 1989). Commonly applied limits for unrestricted irrigation in the 

European Union (<10 FC/100 mL; < 1 helm. egg/L) can also be met, if long retention times - up to 30 

days- are applied (see Chapter 15). Maturation ponds are also used for storage, mainly in agriculture. 

Surface-flow constructed wetlands, especially in combination with maturation ponds, have found wide 

application in polishing conventionally treated wastewater to meet quality requirements for recreational 

and environmental uses, including habitat creation, restoration and/or enhancement. Full-scale constructed 

wetlands were shown to achieve a quality characteristic of medium to low contact applications 

(Ghermandiet al., accepted) and might be suitable for certain Mediterranean areas that have adopted 

WHO reuse standards. In combination with maturation ponds, they proved to meet various standards for 

unrestricted irrigation (Schreijer et al., 2003). Claasen and Kampf (2004) indicated that in moderate 

climates those hybrid systems would need a retention time no longer than 5 days to deliver an effluent 

quality suitable for unrestricted irrigation. 

Small-scale tertiary treatment constructed wetlands sites are quite common in Europe (especially in 

France and Spain), compared to other temperate regions. Larger applications are also found, especially in 

the Netherlands. 

1.8.2Advanced disinfection techniques 

Despite the potentially toxic by-products formed, the disinfection technique that is mostly applied today is 

chlorination (applied in almost 85% of more than 400 disinfection systems surveyed). Chlorination is 

however progressively being replaced by UV disinfection or a combination of disinfection techniques (the 

most common being ozone plus chlorination or UV plus chlorination). 

Other advanced disinfection technologies such as peracetic acid (PAA) have been investigated in many 

sites, but mostly in smaller scale. The AQUAREC project identified only one full-scale application of 

PAA (in Milan, Italy), for indirect agricultural reuse. 

1.8.3“Title 22” benchmark technology 

The Title 22 benchmark technology, as it was introduced in the homonymous Californian regulation, is 

composed of a coagulation/flocculation, sedimentation, filtration and disinfection step. It is considered the 

yardstick for unrestricted irrigation, against which all other systems are evaluated because of its long 

history of successful practice (more than 400 in the United States, alone).

In Europe, more than half of the tertiary treatment technology is derived from this concept, even if the full 

Californian Title 22 treatment is applied in a more limited number of installations, only. In the 

Mediterranean EU-countries, aiming at the 10 FC/100 mL limit (Spain, Greece, Italy, Portugal, Cyprus and 

also Israel) the most common process is coagulation – flocculation and direct (or contact) filtration 

followed by disinfection. It is worth noting that the effluent of a well designed and operated activated 

sludge plant may already reach turbidity levels lower than 3 NTU and therefore several unrestricted reuse 
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FOREWORD
Water scarcity is a problem of growing importance and magnitude in Europe today and research has 

shown how present fresh water resources are struggling to meet demand. This situation is having serious 

environmental, economic and social consequences. Confronted with this challenge Community research 

is investigating and developing alternative sources of water, such as water reclamation, reuse and 

desalination, which will contribute to a sustainable management of water resources. 

The regions in Europe worse affected by this problem have increasingly begun to recognise the benefits 

of, and the huge potential for reuse of treated sewage water. However a major barrier to developing this 

potential is the lack of rational integration of reuse strategies in water management schemes. Local 

authorities, investors, water companies and end-users have for quite some time been calling for a legal 

framework for water reuse. Despite this there have been only a few attempts to establish national or 

international legislation or guidelines on water quality parameters for reuse. In a global economy and in 

the face of common environmental challenges a concerted approach at European level is required to foster 

and promote water reuse and to provide an adequate driver (legislative or otherwise) for institutional 

reform and better governance in the water reuse sector. Moving in this direction, the EU funded 

AQUAREC project has helped to demonstrate the scientific and practical feasibility of implementing 

municipal water reclamation and reuse.

The FP5 AQUAREC project on “Integrated concepts for reuse of upgraded wastewater” was launched in 

2003 with the strategic aim of consolidating dispersed knowledge in the area of water reclamation and 

reuse. More specifically the project addressed policy guidelines, quality requirements for water reuse, 

suitable technologies for treatment and monitoring, best management practises including socio-economic 

aspects and public participatory approaches. As the project now draws to a close, the AQUAREC 

consortium has successfully delivered a series of publicly available reports together with a commitment 

for their widespread publication and dissemination. 

The results of the AQUAREC project provide a comprehensive overview of water reuse concepts 

together with valuable knowledge and guidance to a whole range of stakeholders on their practical 

implementation. The present manual describes the best management practises in the water reuse sector 

and comprehensively addresses organisational, economic and financial considerations together with social 

and environmental aspects. The extensive presentation of technological issues, such as treatment 

processes, disinfection, monitoring and distribution, covers many of the end-use requirements and 

specifications.

I have no doubt that this manual will be recognised by stakeholders as a sound reference for water 

reclamation and reuse practices in Europe and as a solid basis for future progress in this area. 

José Manuel Silva Rodríguez 
Director-General,
European Commission, DG Research 
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1.7.2Australia

In Australia, most of the water reuse schemes are located in New South Wales, Victoria and Queensland. 

Figure 1.5 shows the geographic distribution of water reuse projects identified and collated by the 

AQUAREC project in 2004, including their size. The scale of the projects is broken down into four 

classes: very small (<2,000 PE or 110,000 m³/yr), small (2,000-10,000 PE), medium (10,000-100,000 PE) 

and large (>100,000 PE). 

Figure 1.5 Identifiable water reclamation schemes in Australia in 2004 

Figure 1.5 shows that most of the identified facilities are mainly small to medium-size installations (362 

out of the 452 schemes have a capacity of less than 0.5 million m³/y). 

Most of the installations are relatively recent: only 7 facilities were in operation before 1990. The most 

common polishing step is (conventional) filtration and disinfection.

Further details of the state of water reclamation and reuse in Australia can be found in Radcliffe (2004). 

1.7.3United States of America 

Over 1,000 reuse sites were screened in the United States. Figure 1.6 and Figure 1.7 provide a distribution 

of the facilities per state and per size and end use for the States that possess the bulk of the facilities 

(800+).
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Figure 1.6 Size distribution of identifiable water reclamation schemes in the 
Southern United States in 2004 

Size Distribution of Facilities

Overall
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Figure 1.7 End-use distribution of identifiable water reclamation schemes in 
the Southern United States in 2004 

End-Use Distribution
of Reclaimed Water

Overall
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applications require only filtration (no flocculation) and a disinfection step. (Title 22 allows filtration 

without flocculation if the effluent turbidity before filtration is less than 5 NTU). 

1.8.4Double membrane systems 

There is a growing trend to use double membrane processes such as micro-filtration and reverse osmosis 

in addition to secondary treatment and nutrient removal for new larger scale plants, if drinking water 

standards are required (Wintgens et al., 2004). This technology is considered as BAT for artificial 

groundwater recharge or for the production of high-grade industrial process water. Relevant examples in 

Europe are:

•the Wulpen aquifer recharge facility in Belgium, which prevents salt intrusion and contributes to 

(indirect) drinking water production (Van Houtte and Verbauwhede, 2004),

•the Tilburg scheme for direct industrial process water supply and artificial aquifer recharge 

(Maas, 2004) and

•a new development of the Depurbaix scheme in Barcelona (Compte, 2004).

In the US, a similar scheme has been operating for some years in Orange County California (Deshmukh, 

2004).

In Australia, examples are the Sydney Olympic Park and Rouse Hill near Sydney for reticulation through 

a “third pipe” for non-potable urban applications. The new plant about to be commissioned at Port 

Kembla will supply process water for an integrated steel mill and the plant at Luggage Point near 

Brisbane will supply an oil refinery. These applications are all replacing water from sources for potable 

use although in all cases the reuse water is used for non-potable applications.

Examples of direct drinking water production are found in Windhoek, Namibia (Haarhoof and Van der 

Merve, 1996) and in Singapore (Leslie, 2003). So far very few agricultural applications could be 

identified on full-scale. An example is the Gerringong scheme in NSW Australia for effluent applied to 

dairy pasture. 

1.8.5Membrane Bioreactors 

MBR technology is increasingly applied for small-scale reuse facilities such as “in-building” schemes and 

for community facilities (Hills and Malfeito, 2004). There are also significant expectations for the use of 

membrane bioreactors (MBR) for larger scale projects, from which the effluent might be reclaimed 

directly, for unrestricted irrigation, or as a pre-treatment of reverse osmosis to produce drinking water 

quality. Despite the fact that very many of these centralized systems are now operational, and that the 

treated wastewater would comply with most of the water reuse guidelines for unrestricted irrigation, for 

the moment very few are actually (directly) reusing the treated wastewater (Melin et al., 2006). 
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1.7WHAT IS THE STATUS OF WATER RECLAMATION AND 
REUSE IN EUROPE AND AROUND THE WORLD? 

Planned water reclamation and reuse for non-potable uses is a strategy gaining wider acceptance and is 

rapidly expanding throughout the world. The last fifteen-year overall achievements have been impressive 

in absolute terms and in relation to previous efforts. 

In 2003 a review carried out in the context of the Aquarec project identified over 3,300 water reclamation 

facilities, mostly in Japan (over 1,800) and the USA (over 800). But also in Australia and the EU, with 

now an abundance of over 450 and 230 projects, respectively, in the Mediterranean and Middle East area 

(about 100 sites), in Latin America (50) and in Sub-Saharan Africa (20). Those numbers are destined to 

become outdated quickly. Many projects were identified in an advanced planning phase. 

Figure 1.1 shows the number of municipal water reuse schemes identified throughout the world - sorted 

per field of reuse application. The fields of application are split in five categories: 1) agricultural 

irrigation; 2) urban, recreational and environmental uses, including aquifer recharge; 3) process water for 

industry; 4) (indirect) potable water production; 5) combinations of the above (multipurpose). 

Figure 1.1 Identifiable water reuse schemes in 6 regions of the world per type 
of reuse application 

It is worth mentioning that other large water-stressed regions such as for instance China are also in the 

process of developing regional water reclamation programs (Pinjing et al., 2001), but they were not 

included in the survey. 
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1.7.2 Australia

In Australia, most of the water reuse schemes are located in New South Wales, Victoria and Queensland. 

Figure 1.5 shows the geographic distribution of water reuse projects identified and collated by the 

AQUAREC project in 2004, including their size. The scale of the projects is broken down into four 

classes: very small (<2,000 PE or 110,000 m³/yr), small (2,000-10,000 PE), medium (10,000-100,000 PE) 

and large (>100,000 PE). 

Figure 1.5 Identifiable water reclamation schemes in Australia in 2004 

Figure 1.5 shows that most of the identified facilities are mainly small to medium-size installations (362 

out of the 452 schemes have a capacity of less than 0.5 million m³/y). 

Most of the installations are relatively recent: only 7 facilities were in operation before 1990. The most 

common polishing step is (conventional) filtration and disinfection.

Further details of the state of water reclamation and reuse in Australia can be found in Radcliffe (2004). 

1.7.3 United States of America 

Over 1,000 reuse sites were screened in the United States. Figure 1.6 and Figure 1.7 provide a distribution 

of the facilities per state and per size and end use for the States that possess the bulk of the facilities 

(800+).
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Figure 1.6 Size distribution of identifiable water reclamation schemes in the 
Southern United States in 2004 
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Figure 1.7 End-use distribution of identifiable water reclamation schemes in 
the Southern United States in 2004 
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With this trilogy the Aquarec project hopes to deliver substantial information to plan, implement and 

operate water reuse schemes. 

With this manual we aim at providing a single source of information on commonly used or applicable 

management practices in implementing and operating water recycling and reuse schemes. The aim is not 

to contribute to additional research but to disseminate the knowledge that has accumulated over many 

years, the results of which are often still not readily accessible (in a single document). 

Our will is to warn the reader about the key impediments for sustainable water reuse practice while at the 

same time also informing him or her about positive experiences that might be used as models to overcome 

them.

We hope that this information will open up new possibilities for business and public administrations to 

include water reuse options in the integrated water resources management scenarios and make 

precautionary judgements, taking into account imperfect but, still, available information. 

We hope that this manual can be useful in encouraging best practice and generating discussion, directing 

research and deepening understanding in the development of safe and sustainable direct non-potable 

water reuse schemes. 

We hope that this manual will be considered a living document, subject to change as practices evolve. We 

do not pretend that this document will give you the ultimate answers to how to manage water reuse 

schemes, but we see it rather as a milestone to reach international consensus on best practice. We hope 

that a continuous reviewing process will be put in place, reflecting up-to-date developments in the use and 

management of reclaimed water in the European Union and overseas. 

Davide Bixio and Thomas Wintgens 

On behalf of the Aquarec team on management practices and the project consortium 
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1.7.1Europe

In Europe most reuse schemes are located along the coastlines and islands of the semi-arid Southern 

regions, and in the highly urbanised areas of Northern and Central Europe. Figure 1.2 shows the 

geographic distribution of water reuse projects identified and collated by the AQUAREC project in 2004, 

including their size and details of the water’s intended end use. The scale of the projects is broken down 

into four classes: very small (<0.1 Mm³/a), small (0.1-0.5 Mm³/a), medium (0.5-5 Mm³/a) and large (>5 

Mm³/a).

Figure 1.2 Geophysical map of Europe (EEA, 2003) and identifiable water reuse 
projects in Europe, incl. their size and intended use 

Figure 1.2 shows that the use of reclaimed water is quite different in those two regions: in the 

Mediterranean, reclaimed wastewater is reused predominantly for agricultural irrigation (44% of the 

projects) and for urban or environmental applications (37% of the projects), whereas in Atlantic and 

continental Europe, reuse occurs mainly in urban or environmental (51% of the projects) or industrial 

applications (33% of the projects). 

This difference is best illustrated in Figure 1.3 and 1.4, where Spain and the Benelux region are set out as 

examples for the two regions. 
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Figure 1.3 Identifiable water reclamation schemes in Spain in 2004 

Figure 1.4 Identifiable water reclamation schemes in Belgium and the 
Netherlands in 2004 
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1.8WHAT ARE THE REFERENCE WATER RECLAMATION 
TECHNOLOGIES?

Depending on local conditions, intended use of the water, plant size and water quality standards, very 

many technologies can be applied and have been applied worldwide. Figure 1.8 shows the level of 

treatment – secondary, tertiary or quaternary – of the identified water reclamation schemes in six regions 

of the world. Secondary treatment – also including nutrient removal – is characteristic of restricted 

agricultural irrigation (i.e. for food crops not consumed uncooked) and for some industrial applications 

such as industrial cooling (except for the food industry). Additional filtration/disinfection steps are 

applied for unrestricted agricultural or landscape irrigation as well as for process water in some industrial 

applications (tertiary treatment). Quaternary treatment - indicative of production for a quality comparable 

to drinking water - involves a “double membrane” step to be suitable for unrestricted residential uses and 

industrial applications requiring ultrapure water, where even a triple membrane process may be used 

(NEWater, Singapore). 

Figure 1.8 Application of water reclamation technology throughout the world 

Secondary treatment prevails in Latin America (over 80% of the facilities) and in the Mediterranean and 

Middle East region (over 50%), with restricted agricultural irrigation as the main final use. In the latter, 

this high percentage stems mainly from the Maghreb’s facilities. The other countries have a higher degree 

of (tertiary) treatment. Secondary treatment in Latin America is mainly achieved with stabilization ponds, 

a technology common also to the Mediterranean region and to the Southern US states. Stabilization ponds 

are generally applied for small to medium scale projects; even though some large-scale facilities have also 

been identified (Angelakis et al., 1999). Secondary stabilization ponds are considered as being able to 

produce an effluent quality suitable for restricted irrigation. Stabilization ponds may also be suitable for 

unrestricted irrigation (Mara and Pearson, 1998), in which case the land area required must be greatly 

increased (maturation ponds must be added, in some cases followed by disinfection). 
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service, etc.).
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This work is situated in the context of the management dimension, which looks more specifically at the 

possibilities offered at the project level with the underlying governmental and sectoral considerations as 

boundary conditions. 

Figure 1 Structure, application contexts, evaluation criteria and
work packages of the AQUAREC Project 

The management dimension of water reuse schemes is investigated in three work packages: 

1.WP4 focuses on the development of a sustainable planning methodology, 

2.WP5 focuses on the methodologies for public acceptance and consultation, 

3.WP6 focus on the management of water reuse schemes. 
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FOREWORD
Water scarcity is a problem of growing importance and magnitude in Europe today and research has 

shown how present fresh water resources are struggling to meet demand. This situation is having serious 

environmental, economic and social consequences. Confronted with this challenge Community research 

is investigating and developing alternative sources of water, such as water reclamation, reuse and 

desalination, which will contribute to a sustainable management of water resources. 

The regions in Europe worse affected by this problem have increasingly begun to recognise the benefits 

of, and the huge potential for reuse of treated sewage water. However a major barrier to developing this 

potential is the lack of rational integration of reuse strategies in water management schemes. Local 

authorities, investors, water companies and end-users have for quite some time been calling for a legal 

framework for water reuse. Despite this there have been only a few attempts to establish national or 

international legislation or guidelines on water quality parameters for reuse. In a global economy and in 

the face of common environmental challenges a concerted approach at European level is required to foster 

and promote water reuse and to provide an adequate driver (legislative or otherwise) for institutional 

reform and better governance in the water reuse sector. Moving in this direction, the EU funded 

AQUAREC project has helped to demonstrate the scientific and practical feasibility of implementing 

municipal water reclamation and reuse.

The FP5 AQUAREC project on “Integrated concepts for reuse of upgraded wastewater” was launched in 

2003 with the strategic aim of consolidating dispersed knowledge in the area of water reclamation and 

reuse. More specifically the project addressed policy guidelines, quality requirements for water reuse, 

suitable technologies for treatment and monitoring, best management practises including socio-economic 

aspects and public participatory approaches. As the project now draws to a close, the AQUAREC 

consortium has successfully delivered a series of publicly available reports together with a commitment 

for their widespread publication and dissemination. 

The results of the AQUAREC project provide a comprehensive overview of water reuse concepts 

together with valuable knowledge and guidance to a whole range of stakeholders on their practical 

implementation. The present manual describes the best management practises in the water reuse sector 

and comprehensively addresses organisational, economic and financial considerations together with social 

and environmental aspects. The extensive presentation of technological issues, such as treatment 

processes, disinfection, monitoring and distribution, covers many of the end-use requirements and 

specifications.

I have no doubt that this manual will be recognised by stakeholders as a sound reference for water 

reclamation and reuse practices in Europe and as a solid basis for future progress in this area. 

José Manuel Silva Rodríguez 
Director-General,
European Commission, DG Research 
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1.7.1 Europe

In Europe most reuse schemes are located along the coastlines and islands of the semi-arid Southern 

regions, and in the highly urbanised areas of Northern and Central Europe. Figure 1.2 shows the 

geographic distribution of water reuse projects identified and collated by the AQUAREC project in 2004, 

including their size and details of the water’s intended end use. The scale of the projects is broken down 

into four classes: very small (<0.1 Mm³/a), small (0.1-0.5 Mm³/a), medium (0.5-5 Mm³/a) and large (>5 

Mm³/a).

Figure 1.2 Geophysical map of Europe (EEA, 2003) and identifiable water reuse 
projects in Europe, incl. their size and intended use 

Figure 1.2 shows that the use of reclaimed water is quite different in those two regions: in the 

Mediterranean, reclaimed wastewater is reused predominantly for agricultural irrigation (44% of the 

projects) and for urban or environmental applications (37% of the projects), whereas in Atlantic and 

continental Europe, reuse occurs mainly in urban or environmental (51% of the projects) or industrial 

applications (33% of the projects). 

This difference is best illustrated in Figure 1.3 and 1.4, where Spain and the Benelux region are set out as 

examples for the two regions. 
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Figure 1.3 Identifiable water reclamation schemes in Spain in 2004 

Figure 1.4 Identifiable water reclamation schemes in Belgium and the 
Netherlands in 2004 
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Wastewater” (www.aquarec.org), a research project supported by the European Commission under the 

Fifth Framework Programme and contributing to the implementation of the Key Action "Sustainable 

Management and Quality of Water" within the Energy, Environment and Sustainable Development under 

Contract number: EVK1-CT-2002-00130 and coordinated by RWTH Aachen University. The general 

objective of the Aquarec project is to provide knowledge for a rational wastewater reuse strategy as a 

major component of sustainable water management practices. 

The establishment of a rational wastewater reuse strategy in the context of sustainable water management 

depends on variables that have to be handled at national level (e.g. through implementation of legislative 

reform and regulation), sectoral level (e.g. tariff and price adjustments to ensure appropriate incentives) 

and project level (e.g. agreement of long-term supply contracts, appropriate technology and level of 

service, etc.).

In the Aquarec project, those three levels have been addressed by different task forces (work packages). 

This work is situated in the context of the management dimension, which looks more specifically at the 

possibilities offered at the project level with the underlying governmental and sectoral considerations as 

boundary conditions. 

Figure 1 Structure, application contexts, evaluation criteria and
work packages of the AQUAREC Project 

The management dimension of water reuse schemes is investigated in three work packages: 

1. WP4 focuses on the development of a sustainable planning methodology, 

2. WP5 focuses on the methodologies for public acceptance and consultation, 

3. WP6 focus on the management of water reuse schemes. 
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1.7 WHAT IS THE STATUS OF WATER RECLAMATION AND 
REUSE IN EUROPE AND AROUND THE WORLD? 

Planned water reclamation and reuse for non-potable uses is a strategy gaining wider acceptance and is 

rapidly expanding throughout the world. The last fifteen-year overall achievements have been impressive 

in absolute terms and in relation to previous efforts. 

In 2003 a review carried out in the context of the Aquarec project identified over 3,300 water reclamation 

facilities, mostly in Japan (over 1,800) and the USA (over 800). But also in Australia and the EU, with 

now an abundance of over 450 and 230 projects, respectively, in the Mediterranean and Middle East area 

(about 100 sites), in Latin America (50) and in Sub-Saharan Africa (20). Those numbers are destined to 

become outdated quickly. Many projects were identified in an advanced planning phase. 

Figure 1.1 shows the number of municipal water reuse schemes identified throughout the world - sorted 

per field of reuse application. The fields of application are split in five categories: 1) agricultural 

irrigation; 2) urban, recreational and environmental uses, including aquifer recharge; 3) process water for 

industry; 4) (indirect) potable water production; 5) combinations of the above (multipurpose). 

Figure 1.1 Identifiable water reuse schemes in 6 regions of the world per type 
of reuse application 

It is worth mentioning that other large water-stressed regions such as for instance China are also in the 

process of developing regional water reclamation programs (Pinjing et al., 2001), but they were not 

included in the survey. 
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1.7.2Australia

In Australia, most of the water reuse schemes are located in New South Wales, Victoria and Queensland. 

Figure 1.5 shows the geographic distribution of water reuse projects identified and collated by the 

AQUAREC project in 2004, including their size. The scale of the projects is broken down into four 

classes: very small (<2,000 PE or 110,000 m³/yr), small (2,000-10,000 PE), medium (10,000-100,000 PE) 

and large (>100,000 PE). 

Figure 1.5 Identifiable water reclamation schemes in Australia in 2004 

Figure 1.5 shows that most of the identified facilities are mainly small to medium-size installations (362 

out of the 452 schemes have a capacity of less than 0.5 million m³/y). 

Most of the installations are relatively recent: only 7 facilities were in operation before 1990. The most 

common polishing step is (conventional) filtration and disinfection.

Further details of the state of water reclamation and reuse in Australia can be found in Radcliffe (2004). 

1.7.3United States of America 

Over 1,000 reuse sites were screened in the United States. Figure 1.6 and Figure 1.7 provide a distribution 

of the facilities per state and per size and end use for the States that possess the bulk of the facilities 

(800+).
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With this trilogy the Aquarec project hopes to deliver substantial information to plan, implement and 

operate water reuse schemes. 

With this manual we aim at providing a single source of information on commonly used or applicable 

management practices in implementing and operating water recycling and reuse schemes. The aim is not 

to contribute to additional research but to disseminate the knowledge that has accumulated over many 

years, the results of which are often still not readily accessible (in a single document). 

Our will is to warn the reader about the key impediments for sustainable water reuse practice while at the 

same time also informing him or her about positive experiences that might be used as models to overcome 

them.

We hope that this information will open up new possibilities for business and public administrations to 

include water reuse options in the integrated water resources management scenarios and make 

precautionary judgements, taking into account imperfect but, still, available information. 

We hope that this manual can be useful in encouraging best practice and generating discussion, directing 

research and deepening understanding in the development of safe and sustainable direct non-potable 

water reuse schemes. 

We hope that this manual will be considered a living document, subject to change as practices evolve. We 

do not pretend that this document will give you the ultimate answers to how to manage water reuse 

schemes, but we see it rather as a milestone to reach international consensus on best practice. We hope 

that a continuous reviewing process will be put in place, reflecting up-to-date developments in the use and 

management of reclaimed water in the European Union and overseas. 

Davide Bixio and Thomas Wintgens 

On behalf of the Aquarec team on management practices and the project consortium 
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The Aquarec outcome compares well with the results of the EUREAU reuse working group’s 

international water reuse benefits & issues survey (Table 1.3). The outcome of the EUREAU survey 

reflects the view of the academic world (44%), private companies (19%), government research agencies 

and public authorities (30%). 

Table 1.3 Top 20 priorities and issues for water reuse (EUREAU, 2004) 

Priority

Saving high quality water for potable supply 1 

Reducing polluted discharge into receiving bodies  2 

Demonstrating the value of water and the real water cycles. Reuse can be used as a catalyst to help 
everyone understand the real water cycles

3

Reducing over abstraction of groundwater 4 

Developing financial incentives to promote best practice including reuse  5 

Recognising that water is one of the most important resources 6 

Recognising the lack of financial incentives for wastewater reuse  7 

Enhancing water resource and nature conservation  8 

Recognising that long term planning is required for droughts etc 9 

Agreeing on a strategy and actively promoting that strategy  10 

Lack of regulations for wastewater reuse quality  11 

Increasing the availability of potable water  12 

Reducing discharge load and nutrients to surface water locally 13 

Realising that wastewater is dirty water that needs appropriate treatment. It is valuable and not a 
worthless waste product for disposal 

14

Reuse encourages careful treatment of wastewater 15 

Reducing water  and wastewater costs each year through reuse 16 

Creating alternative water resources locally where it is needed    17 

Realising that economic growth needs sustainable alternative water sources  18 

Helping our children understand the water cycle and the value of water. Enabling the children to 
educate their parents etc 

19

Increasing groundwater resource through aquifer recharge  20 
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Table 1.1 Structure of the Chapters on Best Available Technologies 

SECTIONCONTENT

1. Fact-sheet 
Brief description of the system including a fact-sheet on process efficiency and reliability, 

operability characteristics, economics, maintenance needs and by-products management 

2. Practical aspects 

Overview of basic things to know to properly operate the system, e.g. process reactions, 

the effects of operating conditions on the process performance, by-product generation, 

etc.

3. EquipmentSynopsis of  possible typesof equipment that are available on the market 

4. ApplicationSummary of what the technology is applied for 

5. Process 
operation and 
maintenance

Documentation of management concerns and of trouble shooting practices 

6. Monitoring and 
quality control 

Account of specific monitoring and record keeping needs for the proper operation of the 

system. Monitoring and record keeping requirements that are common to all reuse 

applications are discussed in a separate chapter.

7. Knowledge gaps 

Enumeration of knowledge gaps in operational criteria that need further attention in order 

to optimise the removal performance of the system and to use energy and chemical 

products with restraint and efficiency. 

8.Full-scale
references

Provision of full-scale references, including a description of one or more relevant full-

scale case study(ies) 

Increased levels of compliance and safety requirements need to look at all aspects of operational 

reliability and not only at best available technology. Therefore Chapter 18 and 19 consider specifications 

about monitoring and control of water reuse schemes and failure and failure management procedures: 

Chapter 18 Monitoring and control of water reuse systems, including testing and laboratory 

procedures:gives an account of reference analytical procedure and monitoring devices 

available and their cost. Recent advances and trends in instrumentation, monitoring and 

automation are discussed, to assure that the quality of reclaimed water is guaranteed and if 

possible improved in an economically efficient way. 

Chapter 19 Failure and failure management: intends to provide operators with a framework for best 

practice in managing, analysing and preferably avoiding failures in reclamation and reuse 

schemes.

Chapter 20 to 23 End-use specifications: describes agreements for the technical performance of water 

reclamation schemes reached with water reuse suppliers and end-users. Four major uses 

are considered: agricultural irrigation (Chapter 20), urban applications (Chapter 21), 

industrial uses (Chapter 22) and artificial groundwater storage and recharge (Chapter 23). 
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PREFACE
This work has been developed as part of the project “Integrated Concepts for Reuse of Upgraded 

Wastewater” (www.aquarec.org), a research project supported by the European Commission under the 

Fifth Framework Programme and contributing to the implementation of the Key Action "Sustainable 

Management and Quality of Water" within the Energy, Environment and Sustainable Development under 

Contract number: EVK1-CT-2002-00130 and coordinated by RWTH Aachen University. The general 

objective of the Aquarec project is to provide knowledge for a rational wastewater reuse strategy as a 

major component of sustainable water management practices. 

The establishment of a rational wastewater reuse strategy in the context of sustainable water management 

depends on variables that have to be handled at national level (e.g. through implementation of legislative 

reform and regulation), sectoral level (e.g. tariff and price adjustments to ensure appropriate incentives) 

and project level (e.g. agreement of long-term supply contracts, appropriate technology and level of 

service, etc.).

In the Aquarec project, those three levels have been addressed by different task forces (work packages). 

This work is situated in the context of the management dimension, which looks more specifically at the 

possibilities offered at the project level with the underlying governmental and sectoral considerations as 

boundary conditions. 

Figure 1 Structure, application contexts, evaluation criteria and
work packages of the AQUAREC Project 

The management dimension of water reuse schemes is investigated in three work packages: 

1. WP4 focuses on the development of a sustainable planning methodology, 

2. WP5 focuses on the methodologies for public acceptance and consultation, 

3. WP6 focus on the management of water reuse schemes. 
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CATEGORY BENEFIT

3.
 E

N
V

IR
O

N
M

E
N

T
A

L
 

• Decreased abstraction of freshwater from sensitive ecosystems and decreased 

discharge into sensitive water bodies. 

• Lower greenhouse emission impact when compared to desalination 

• Best scenario for nutrient recycling in agriculture, substituting some forms of 

nitrogen compounds and phosphorus of synthetic fertilizers.c 

• Decentralised reuse systems could reduce the impact of combined sewer overflows 

emissions (Vaes and Berlamont, 1999) and recharge local rivers to maintain the 

ecology and enable aquifer recharge. 

4.
 S

O
C

IA
L

 • Increased level of service 

• Promote sustainability (Guy et al. 2001) 

• Creation of employment 

5.
 S

T
R

A
T

E
G

IC
 

• Increasing the reliability of the urban water cycle (more drought-proof water 

supply)

• Improvement in public health, by protecting downstream water supplies from 

contaminations (and so, indirectly decreasing the costs of treatment for those 

downstream communities). 

• Locally-controlled water supply, a particularly important aspect in those areas 

where water demand is met by importing water from neighbouring 

jurisdictions/countries

6.
 I

M
A

G
E

 • Enhanced reputation and recognition as good environmental steward. In Australia, 

for example, today water companies have to push water reuse in order to comply 

with pressure from the public and their customers. Many citizens consider the right 

to sufficient quantities of water an urgent necessity, which can only be satisfied 

without bad conscience, if reclaimed water is usedd.

The primary incentives for implementing water reuse are augmentation of the water supply and 

pollution abatement. According to the sample of schemes surveyed by the AQUAREC questionnaire to 

managers of existing water reuse schemes, the investment for ecosystem management and pollution 

control is very often the primary motivating factor which lead to the implementation of the water reuse 

schemes, especially in temperate areas, whereas in several cases investment for productivity scored low 

(AQUAREC, 2004).

c This is particularly important in the context of the phosphorus cycle: at the level of exploitation of today, phosphorus ores will

be depleted in less than 100 years. 

d Cfr: www.sydneywater.com.au/SavingWater/WaterRestrictions/
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1.6WHY SHOULD WE CONSIDER WATER REUSE? 

There are numerous reasons for considering water reuse. Table 1.2 lists a number of benefits commonly 

reported by local communities. The benefits are broken down into 6 categories: 1) Economic/financial, 2) 

Legal, 3) Environmental, 4) Social, 5) Strategic and 6) Image. Some items are reported in one category 

while contributing also to others. 

Table 1.2 Shortlist of benefits reportedly enjoyed by communities that 
implemented water reuse projects 
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Overall benefit for the local community

•Additional water supply that would otherwise be lost and preventing the high cost 

of importing freshwater and conveying it over a long distance 

•Contribute to a better preserved natural capital to the tourism sector 

•Often least-cost option when the overall urban water cycle is considered.b 

Utility benefits

•Reduced compliance costs with government regulation on wastewater discharge 

•In areas where the water demand is not met: Additional revenue from the sale of 

reclaimed water and savings in the form of avoided or delayed costs of developing 

new fresh water sources and less treatment of surface water abstraction 

Customer benefits 

•Benefits from reduced water and /or energy charges through potable substitution for 

uses not needing potable quality water.

•In irrigation: additional source of nutrients, lessening the need to apply synthetic 

fertilizers (cfr. Chapter 20) 

2. L
E

G
A

L
 •Solve permit problems related to discharge to sensitive ecosystems and associated 

liabilities

•Useful means to achieve demand management targets for water conservation 

programs (in terms of water saved) 

b
 In temperate regions, pilot studies have shown that an integrated approach to urban water cycle management including water 

reuse can lead to overall savings up to 50% of capital costs, with savings in the range of 15-20% that might be considered the 

most expected range (Anderson, 2003). 
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PREFACE
This work has been developed as part of the project “Integrated Concepts for Reuse of Upgraded 

Wastewater” (www.aquarec.org), a research project supported by the European Commission under the 

Fifth Framework Programme and contributing to the implementation of the Key Action "Sustainable 

Management and Quality of Water" within the Energy, Environment and Sustainable Development under 

Contract number: EVK1-CT-2002-00130 and coordinated by RWTH Aachen University. The general 

objective of the Aquarec project is to provide knowledge for a rational wastewater reuse strategy as a 

major component of sustainable water management practices. 

The establishment of a rational wastewater reuse strategy in the context of sustainable water management 

depends on variables that have to be handled at national level (e.g. through implementation of legislative 

reform and regulation), sectoral level (e.g. tariff and price adjustments to ensure appropriate incentives) 

and project level (e.g. agreement of long-term supply contracts, appropriate technology and level of 

service, etc.).

In the Aquarec project, those three levels have been addressed by different task forces (work packages). 

This work is situated in the context of the management dimension, which looks more specifically at the 

possibilities offered at the project level with the underlying governmental and sectoral considerations as 

boundary conditions. 

Figure 1 Structure, application contexts, evaluation criteria and
work packages of the AQUAREC Project 

The management dimension of water reuse schemes is investigated in three work packages: 

1.WP4 focuses on the development of a sustainable planning methodology, 

2.WP5 focuses on the methodologies for public acceptance and consultation, 

3.WP6 focus on the management of water reuse schemes. 
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FOREWORD
Water scarcity is a problem of growing importance and magnitude in Europe today and research has 

shown how present fresh water resources are struggling to meet demand. This situation is having serious 

environmental, economic and social consequences. Confronted with this challenge Community research 

is investigating and developing alternative sources of water, such as water reclamation, reuse and 

desalination, which will contribute to a sustainable management of water resources. 

The regions in Europe worse affected by this problem have increasingly begun to recognise the benefits 

of, and the huge potential for reuse of treated sewage water. However a major barrier to developing this 

potential is the lack of rational integration of reuse strategies in water management schemes. Local 

authorities, investors, water companies and end-users have for quite some time been calling for a legal 

framework for water reuse. Despite this there have been only a few attempts to establish national or 

international legislation or guidelines on water quality parameters for reuse. In a global economy and in 

the face of common environmental challenges a concerted approach at European level is required to foster 

and promote water reuse and to provide an adequate driver (legislative or otherwise) for institutional 

reform and better governance in the water reuse sector. Moving in this direction, the EU funded 

AQUAREC project has helped to demonstrate the scientific and practical feasibility of implementing 

municipal water reclamation and reuse.

The FP5 AQUAREC project on “Integrated concepts for reuse of upgraded wastewater” was launched in 

2003 with the strategic aim of consolidating dispersed knowledge in the area of water reclamation and 

reuse. More specifically the project addressed policy guidelines, quality requirements for water reuse, 

suitable technologies for treatment and monitoring, best management practises including socio-economic 

aspects and public participatory approaches. As the project now draws to a close, the AQUAREC 

consortium has successfully delivered a series of publicly available reports together with a commitment 

for their widespread publication and dissemination. 

The results of the AQUAREC project provide a comprehensive overview of water reuse concepts 

together with valuable knowledge and guidance to a whole range of stakeholders on their practical 

implementation. The present manual describes the best management practises in the water reuse sector 

and comprehensively addresses organisational, economic and financial considerations together with social 

and environmental aspects. The extensive presentation of technological issues, such as treatment 

processes, disinfection, monitoring and distribution, covers many of the end-use requirements and 

specifications.

I have no doubt that this manual will be recognised by stakeholders as a sound reference for water 

reclamation and reuse practices in Europe and as a solid basis for future progress in this area. 

José Manuel Silva Rodríguez 
Director-General,
European Commission, DG Research 
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CATEGORYBENEFIT
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•Decreased abstraction of freshwater from sensitive ecosystems and decreased 

discharge into sensitive water bodies. 

•Lower greenhouse emission impact when compared to desalination 

•Best scenario for nutrient recycling in agriculture, substituting some forms of 

nitrogen compounds and phosphorus of synthetic fertilizers.c 

•Decentralised reuse systems could reduce the impact of combined sewer overflows 

emissions (Vaes and Berlamont, 1999) and recharge local rivers to maintain the 

ecology and enable aquifer recharge. 

4. SO
C

IA
L

 •Increased level of service 

•Promote sustainability (Guy et al. 2001) 

•Creation of employment 

5. ST
R

A
T

E
G

IC
 

•Increasing the reliability of the urban water cycle (more drought-proof water 

supply)

•Improvement in public health, by protecting downstream water supplies from 

contaminations (and so, indirectly decreasing the costs of treatment for those 

downstream communities). 

•Locally-controlled water supply, a particularly important aspect in those areas 

where water demand is met by importing water from neighbouring 

jurisdictions/countries

6. IM
A

G
E

 •Enhanced reputation and recognition as good environmental steward. In Australia, 

for example, today water companies have to push water reuse in order to comply 

with pressure from the public and their customers. Many citizens consider the right 

to sufficient quantities of water an urgent necessity, which can only be satisfied 

without bad conscience, if reclaimed water is usedd.

The primary incentives for implementing water reuse are augmentation of the water supply and 

pollution abatement. According to the sample of schemes surveyed by the AQUAREC questionnaire to 

managers of existing water reuse schemes, the investment for ecosystem management and pollution 

control is very often the primary motivating factor which lead to the implementation of the water reuse 

schemes, especially in temperate areas, whereas in several cases investment for productivity scored low 

(AQUAREC, 2004).

c
 This is particularly important in the context of the phosphorus cycle: at the level of exploitation of today, phosphorus ores will

be depleted in less than 100 years. 

d
 Cfr:www.sydneywater.com.au/SavingWater/WaterRestrictions/
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1.6 WHY SHOULD WE CONSIDER WATER REUSE? 

There are numerous reasons for considering water reuse. Table 1.2 lists a number of benefits commonly 

reported by local communities. The benefits are broken down into 6 categories: 1) Economic/financial, 2) 

Legal, 3) Environmental, 4) Social, 5) Strategic and 6) Image. Some items are reported in one category 

while contributing also to others. 

Table 1.2 Shortlist of benefits reportedly enjoyed by communities that 
implemented water reuse projects 
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Overall benefit for the local community

• Additional water supply that would otherwise be lost and preventing the high cost 

of importing freshwater and conveying it over a long distance 

• Contribute to a better preserved natural capital to the tourism sector 

• Often least-cost option when the overall urban water cycle is considered.b 

Utility benefits

• Reduced compliance costs with government regulation on wastewater discharge 

• In areas where the water demand is not met: Additional revenue from the sale of 

reclaimed water and savings in the form of avoided or delayed costs of developing 

new fresh water sources and less treatment of surface water abstraction 

Customer benefits 

• Benefits from reduced water and /or energy charges through potable substitution for 

uses not needing potable quality water.

• In irrigation: additional source of nutrients, lessening the need to apply synthetic 

fertilizers (cfr. Chapter 20) 

2.
 L

E
G

A
L

 • Solve permit problems related to discharge to sensitive ecosystems and associated 

liabilities

• Useful means to achieve demand management targets for water conservation 

programs (in terms of water saved) 

b In temperate regions, pilot studies have shown that an integrated approach to urban water cycle management including water 

reuse can lead to overall savings up to 50% of capital costs, with savings in the range of 15-20% that might be considered the 

most expected range (Anderson, 2003). 
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1.5HOW THIS MANUAL IS ORGANIZED 

The manual is divided into three parts: 

PART 1 Management of organisational aspects, including economics and financing 

Chapter 2 Institutional background, organisation arrangements and legal aspects: clarifies which 

aspects of water reuse are given priority in the European Union water policy and which 

regulations, standards and guidelines exist within the European Union. The legal basis for 

liability, contractual agreements and water rights is also discussed. 

Chapter 3 Cost management and optimisation: addresses three aspects of cost optimisation: planning, 

managing current performance and improving future performance. 

Chapter 4 Financial sustainability: summarises principles applicable in economically developed 

markets, and depicts the current funding mechanisms (process and source of funding), as 

well as successes and difficulties. 

PART 2 Management of social and environmental aspects 

Chapter 5Environmental management systems: describes available tools such as Ecological Footprint 

Analysis, Life Cycle Assessment, Material Flow Analysis, Sustainable Process Index and 

other methodologies that are applied in the context of water recycling. 

Chapter 6Stakeholder Communication:best practices for water reuse operationsexamines stakeholder 

views of water reuse and water reuse organisations, gives evidence of how water reuse 

organisations communicate with stakeholders,  provides guidelines on how to pass key 

messages to stakeholders and on how to prepare and deliver the message, including aspects 

of public crisis communication. 

PART 3 Management of technical aspects 

Chapter 7 to 17 depicts reference technologies used to reclaim secondary effluent of municipal 

wastewater treatment plants for a broad spectrum of water uses: 

Chapter 7 to 10advanced disinfection techniques: describes and compares the three primary agents (and 

their possible combination) for advanced disinfection used in water reclamation and reuse, 

namely: Chapter 8 Chlorination, Chapter 9 Ultravioletirradiation (UV) and Chapter 10 

Ozonation.

Chapter 11  “Title 22-compliance” benchmark: the Title 22 technology as it was introduced in the 

homonymous Californian regulation, includes a coagulation/flocculation, sedimentation, 

filtration and a disinfection step. Title 22 allows filtration without flocculation, if the effluent 

turbidity before filtration is less than 5 NTU. It is considered the yardstick for unrestricted 

irrigation against which all the other systems are evaluated because of its long history of 
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With this trilogy the Aquarec project hopes to deliver substantial information to plan, implement and 

operate water reuse schemes. 

With this manual we aim at providing a single source of information on commonly used or applicable 

management practices in implementing and operating water recycling and reuse schemes. The aim is not 

to contribute to additional research but to disseminate the knowledge that has accumulated over many 

years, the results of which are often still not readily accessible (in a single document). 

Our will is to warn the reader about the key impediments for sustainable water reuse practice while at the 

same time also informing him or her about positive experiences that might be used as models to overcome 

them.

We hope that this information will open up new possibilities for business and public administrations to 

include water reuse options in the integrated water resources management scenarios and make 

precautionary judgements, taking into account imperfect but, still, available information. 

We hope that this manual can be useful in encouraging best practice and generating discussion, directing 

research and deepening understanding in the development of safe and sustainable direct non-potable 

water reuse schemes. 

We hope that this manual will be considered a living document, subject to change as practices evolve. We 

do not pretend that this document will give you the ultimate answers to how to manage water reuse 

schemes, but we see it rather as a milestone to reach international consensus on best practice. We hope 

that a continuous reviewing process will be put in place, reflecting up-to-date developments in the use and 

management of reclaimed water in the European Union and overseas. 

Davide Bixio and Thomas Wintgens 

On behalf of the Aquarec team on management practices and the project consortium 
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The Aquarec outcome compares well with the results of the EUREAU reuse working group’s 

international water reuse benefits & issues survey (Table 1.3). The outcome of the EUREAU survey 

reflects the view of the academic world (44%), private companies (19%), government research agencies 

and public authorities (30%). 

Table 1.3 Top 20 priorities and issues for water reuse (EUREAU, 2004) 

Priority

Saving high quality water for potable supply 1 

Reducing polluted discharge into receiving bodies  2 

Demonstrating the value of water and the real water cycles. Reuse can be used as a catalyst to help 
everyone understand the real water cycles

3

Reducing over abstraction of groundwater 4 

Developing financial incentives to promote best practice including reuse  5 

Recognising that water is one of the most important resources 6 

Recognising the lack of financial incentives for wastewater reuse  7 

Enhancing water resource and nature conservation  8 

Recognising that long term planning is required for droughts etc 9 

Agreeing on a strategy and actively promoting that strategy  10 

Lack of regulations for wastewater reuse quality  11 

Increasing the availability of potable water  12 

Reducing discharge load and nutrients to surface water locally 13 

Realising that wastewater is dirty water that needs appropriate treatment. It is valuable and not a 
worthless waste product for disposal 

14

Reuse encourages careful treatment of wastewater 15 

Reducing water  and wastewater costs each year through reuse 16 

Creating alternative water resources locally where it is needed    17 

Realising that economic growth needs sustainable alternative water sources  18 

Helping our children understand the water cycle and the value of water. Enabling the children to 
educate their parents etc 

19

Increasing groundwater resource through aquifer recharge  20 
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Table 1.1 Structure of the Chapters on Best Available Technologies 

SECTION CONTENT

1. Fact-sheet 
Brief description of the system including a fact-sheet on process efficiency and reliability, 

operability characteristics, economics, maintenance needs and by-products management 

2. Practical aspects 

Overview of basic things to know to properly operate the system, e.g. process reactions, 

the effects of operating conditions on the process performance, by-product generation, 

etc.

3. Equipment Synopsis of  possible types of equipment that are available on the market 

4. Application Summary of what the technology is applied for 

5. Process 
operation and 
maintenance

Documentation of management concerns and of trouble shooting practices 

6. Monitoring and 
quality control 

Account of specific monitoring and record keeping needs for the proper operation of the 

system. Monitoring and record keeping requirements that are common to all reuse 

applications are discussed in a separate chapter.

7. Knowledge gaps 

Enumeration of knowledge gaps in operational criteria that need further attention in order 

to optimise the removal performance of the system and to use energy and chemical 

products with restraint and efficiency. 

8. Full-scale
references

Provision of full-scale references, including a description of one or more relevant full-

scale case study(ies) 

Increased levels of compliance and safety requirements need to look at all aspects of operational 

reliability and not only at best available technology. Therefore Chapter 18 and 19 consider specifications 

about monitoring and control of water reuse schemes and failure and failure management procedures: 

Chapter 18 Monitoring and control of water reuse systems, including testing and laboratory 

procedures: gives an account of reference analytical procedure and monitoring devices 

available and their cost. Recent advances and trends in instrumentation, monitoring and 

automation are discussed, to assure that the quality of reclaimed water is guaranteed and if 

possible improved in an economically efficient way. 

Chapter 19 Failure and failure management: intends to provide operators with a framework for best 

practice in managing, analysing and preferably avoiding failures in reclamation and reuse 

schemes.

Chapter 20 to 23 End-use specifications: describes agreements for the technical performance of water 

reclamation schemes reached with water reuse suppliers and end-users. Four major uses 

are considered: agricultural irrigation (Chapter 20), urban applications (Chapter 21), 

industrial uses (Chapter 22) and artificial groundwater storage and recharge (Chapter 23). 
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successful case practices (more than 400 in the United States, alone, and one third of the 

water reclamation schemes in the European Union). 

Chapter 12  “High-quality” benchmark (secondary + MF/UF + RO + disinfection)
a
: membrane processes 

can be used to reclaim water to very high quality. It is considered the yardstick for many 

high-grade applications including groundwater recharge, direct/indirect potable reuse, 

process water for microelectronics and boiler feed water. 

Chapter 13  Membrane bioreactors (centralised systems): membrane bioreactor (MBR) technology is 

increasingly applied for decentralised water reuse such as “in building” schemes. There are 

also significant expectations for a larger use of MBR for centralised systems, from which the 

effluent might be reclaimed directly, for unrestricted irrigation, or as a pre-treatment for 

reverse osmosis to produce drinking water quality.   

Chapter 14 Secondary effluent + soil aquifer treatment (SAT): SAT is particularly suitable for 

unrestricted agricultural irrigation as it provides storage as well as treatment to a level 

comparable to drinking water quality (Icekson-Tal et al., 2003). 

Chapter 15 Maturation ponds and effluent reservoirs:
maturation ponds can be used to achieve the water quality requirements of the WHO 

guidelines (< 1000 FC/100 mL; < 1 helm. egg/L) and of the new EU guidelines for 

unrestricted irrigation (<10 FC/100 mL; < 1 helm. egg/L), if long retention times (up to 30 

days) are applied. Maturation ponds are also used for storage, mainly in agriculture. 

Chapter 16 “Natural-step” benchmark (secondary effluent + constructed wetlands): surface-flow 

constructed wetlands, especially in combination with maturation ponds, have found wide 

application in polishing conventionally treated wastewater to meet quality requirements for 

recreational and environmental uses, including habitat creation, restoration and/or 

enhancement. 

Chapter 17 Distribution systems: proper management of distribution systems, storage reservoirs and 

distribution networks, is a central aspect of most of reuse schemes.

Each reference technology is depicted in terms of life-cycle costs, process performance, ease of 

maintenance and operational needs, including specific quality control and failure management procedures; 

the resulting picture is confronted with a number of case practices. The structure of the technology 

chapters is set out in Table 1.1. 

a
 disinfection is a back-up disinfection 
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Table 1.1 Structure of the Chapters on Best Available Technologies 

SECTIONCONTENT

1. Fact-sheet 
Brief description of the system including a fact-sheet on process efficiency and reliability, 

operability characteristics, economics, maintenance needs and by-products management 

2. Practical aspects 

Overview of basic things to know to properly operate the system, e.g. process reactions, 

the effects of operating conditions on the process performance, by-product generation, 

etc.

3. EquipmentSynopsis of  possible typesof equipment that are available on the market 

4. ApplicationSummary of what the technology is applied for 

5. Process 
operation and 
maintenance

Documentation of management concerns and of trouble shooting practices 

6. Monitoring and 
quality control 

Account of specific monitoring and record keeping needs for the proper operation of the 

system. Monitoring and record keeping requirements that are common to all reuse 

applications are discussed in a separate chapter.

7. Knowledge gaps 

Enumeration of knowledge gaps in operational criteria that need further attention in order 

to optimise the removal performance of the system and to use energy and chemical 

products with restraint and efficiency. 

8.Full-scale
references

Provision of full-scale references, including a description of one or more relevant full-

scale case study(ies) 

Increased levels of compliance and safety requirements need to look at all aspects of operational 

reliability and not only at best available technology. Therefore Chapter 18 and 19 consider specifications 

about monitoring and control of water reuse schemes and failure and failure management procedures: 

Chapter 18 Monitoring and control of water reuse systems, including testing and laboratory 

procedures:gives an account of reference analytical procedure and monitoring devices 

available and their cost. Recent advances and trends in instrumentation, monitoring and 

automation are discussed, to assure that the quality of reclaimed water is guaranteed and if 

possible improved in an economically efficient way. 

Chapter 19 Failure and failure management: intends to provide operators with a framework for best 

practice in managing, analysing and preferably avoiding failures in reclamation and reuse 

schemes.

Chapter 20 to 23 End-use specifications: describes agreements for the technical performance of water 

reclamation schemes reached with water reuse suppliers and end-users. Four major uses 

are considered: agricultural irrigation (Chapter 20), urban applications (Chapter 21), 

industrial uses (Chapter 22) and artificial groundwater storage and recharge (Chapter 23). 
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successful case practices (more than 400 in the United States, alone, and one third of the 

water reclamation schemes in the European Union). 

Chapter 12  “High-quality” benchmark (secondary + MF/UF + RO + disinfection)a: membrane processes 

can be used to reclaim water to very high quality. It is considered the yardstick for many 

high-grade applications including groundwater recharge, direct/indirect potable reuse, 

process water for microelectronics and boiler feed water. 

Chapter 13  Membrane bioreactors (centralised systems): membrane bioreactor (MBR) technology is 

increasingly applied for decentralised water reuse such as “in building” schemes. There are 

also significant expectations for a larger use of MBR for centralised systems, from which the 

effluent might be reclaimed directly, for unrestricted irrigation, or as a pre-treatment for 

reverse osmosis to produce drinking water quality.   

Chapter 14 Secondary effluent + soil aquifer treatment (SAT): SAT is particularly suitable for 

unrestricted agricultural irrigation as it provides storage as well as treatment to a level 

comparable to drinking water quality (Icekson-Tal et al., 2003). 

Chapter 15 Maturation ponds and effluent reservoirs:
maturation ponds can be used to achieve the water quality requirements of the WHO 

guidelines (< 1000 FC/100 mL; < 1 helm. egg/L) and of the new EU guidelines for 

unrestricted irrigation (<10 FC/100 mL; < 1 helm. egg/L), if long retention times (up to 30 

days) are applied. Maturation ponds are also used for storage, mainly in agriculture. 

Chapter 16 “Natural-step” benchmark (secondary effluent + constructed wetlands): surface-flow 

constructed wetlands, especially in combination with maturation ponds, have found wide 

application in polishing conventionally treated wastewater to meet quality requirements for 

recreational and environmental uses, including habitat creation, restoration and/or 

enhancement. 

Chapter 17 Distribution systems: proper management of distribution systems, storage reservoirs and 

distribution networks, is a central aspect of most of reuse schemes.

Each reference technology is depicted in terms of life-cycle costs, process performance, ease of 

maintenance and operational needs, including specific quality control and failure management procedures; 

the resulting picture is confronted with a number of case practices. The structure of the technology 

chapters is set out in Table 1.1. 

a disinfection is a back-up disinfection 
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1INTRODUCTION

1.1BACKGROUND

In the framework of the international project “Integrated Concepts for Water Reuse” (Aquarec) - partially 

funded by the European Commission and the Australian Government, and coordinated by RWTH Aachen 

- an interdisciplinary team composed of water and wastewater utility professionals, consultants and 

researchers got together to produce a manual of management practices for water reuse schemes. This 

introductory chapter will give some background on water re-use and its status in different parts of the 

world, on different aspects of management practices and on the scope of the work covered in this manual.

The water sector in Europe, as well as in many other parts of the world, is in a transitional phase with 

unique opportunities for water reuse to be implemented on a larger scale as a sustainable practice within a 

framework of integrated water management. Hochstrat et al. (2006) estimated that in the time span 

between 2000 and 2025, in Europe alone, the direct utilisation of treated municipal wastewater could 

more than double, growing from 750 million m³ per year to 1,540-4,000 million m³ per year. 

To fully benefit from this unprecedented favourable momentum, the European water industry urgently 

needs to establish a best practice framework for water reuse projects: 

•In the last decade, regulatory and industry practice evolved from the traditional command and 

control approach towards a more integrated and flexible paradigm, not prescribing the means to 

achieve the desired outcome (e.g. requiring the adoption of water reuse “whenever appropriate”), 

but prescribing the adoption of a best practices framework (on top of the local permit 

requirements). Examples are the Directive on Environmental Liability and the Integrated 

Pollution and Prevention Control Directive (cfr. Chapter 2). 

•Despite the numerous successful schemes (Bixio et al., 2006), and the common practice of 

indirect reuse through rivers and aquifers, water reuse is not accepted yet as a standard European 

water industry practice, and water reuse options are often inadequately considered in traditional 

business-as-usual water resources management plans. One reason for this neglect of reuse is a 

lack of common knowledge of reuse-specific management practices including the water resource 

benefits, financing, community consultation, environmental management and aspects such as 

operation, maintenance and quality control. 

•Clear references are needed to support decision-makers. A lot of information is available 

regarding water reclamation and reuse, yet this information is dispersed and, sometimes, 

contradictory. Even information for a straightforward mapping of such basic indicators as facility 

location, treatment train and performance is difficult to collect, not to mention the basic 

management practices attached to the scheme. 
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FOREWORD
Water scarcity is a problem of growing importance and magnitude in Europe today and research has 

shown how present fresh water resources are struggling to meet demand. This situation is having serious 

environmental, economic and social consequences. Confronted with this challenge Community research 

is investigating and developing alternative sources of water, such as water reclamation, reuse and 

desalination, which will contribute to a sustainable management of water resources. 

The regions in Europe worse affected by this problem have increasingly begun to recognise the benefits 

of, and the huge potential for reuse of treated sewage water. However a major barrier to developing this 

potential is the lack of rational integration of reuse strategies in water management schemes. Local 

authorities, investors, water companies and end-users have for quite some time been calling for a legal 

framework for water reuse. Despite this there have been only a few attempts to establish national or 

international legislation or guidelines on water quality parameters for reuse. In a global economy and in 

the face of common environmental challenges a concerted approach at European level is required to foster 

and promote water reuse and to provide an adequate driver (legislative or otherwise) for institutional 

reform and better governance in the water reuse sector. Moving in this direction, the EU funded 

AQUAREC project has helped to demonstrate the scientific and practical feasibility of implementing 

municipal water reclamation and reuse.

The FP5 AQUAREC project on “Integrated concepts for reuse of upgraded wastewater” was launched in 

2003 with the strategic aim of consolidating dispersed knowledge in the area of water reclamation and 

reuse. More specifically the project addressed policy guidelines, quality requirements for water reuse, 

suitable technologies for treatment and monitoring, best management practises including socio-economic 

aspects and public participatory approaches. As the project now draws to a close, the AQUAREC 

consortium has successfully delivered a series of publicly available reports together with a commitment 

for their widespread publication and dissemination. 

The results of the AQUAREC project provide a comprehensive overview of water reuse concepts 

together with valuable knowledge and guidance to a whole range of stakeholders on their practical 

implementation. The present manual describes the best management practises in the water reuse sector 

and comprehensively addresses organisational, economic and financial considerations together with social 

and environmental aspects. The extensive presentation of technological issues, such as treatment 

processes, disinfection, monitoring and distribution, covers many of the end-use requirements and 

specifications.

I have no doubt that this manual will be recognised by stakeholders as a sound reference for water 

reclamation and reuse practices in Europe and as a solid basis for future progress in this area. 

José Manuel Silva Rodríguez 
Director-General,
European Commission, DG Research 
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1.6WHY SHOULD WE CONSIDER WATER REUSE? 

There are numerous reasons for considering water reuse. Table 1.2 lists a number of benefits commonly 

reported by local communities. The benefits are broken down into 6 categories: 1) Economic/financial, 2) 

Legal, 3) Environmental, 4) Social, 5) Strategic and 6) Image. Some items are reported in one category 

while contributing also to others. 

Table 1.2 Shortlist of benefits reportedly enjoyed by communities that 
implemented water reuse projects 

CATEGORYBENEFIT

1. (D
IR

E
C

T
) E

C
O

N
O

M
IC

 A
N

D
 FIN

A
N

C
IA

L

Overall benefit for the local community

•Additional water supply that would otherwise be lost and preventing the high cost 

of importing freshwater and conveying it over a long distance 

•Contribute to a better preserved natural capital to the tourism sector 

•Often least-cost option when the overall urban water cycle is considered.b 

Utility benefits

•Reduced compliance costs with government regulation on wastewater discharge 

•In areas where the water demand is not met: Additional revenue from the sale of 

reclaimed water and savings in the form of avoided or delayed costs of developing 

new fresh water sources and less treatment of surface water abstraction 

Customer benefits 

•Benefits from reduced water and /or energy charges through potable substitution for 

uses not needing potable quality water.

•In irrigation: additional source of nutrients, lessening the need to apply synthetic 

fertilizers (cfr. Chapter 20) 

2. L
E

G
A

L
 •Solve permit problems related to discharge to sensitive ecosystems and associated 

liabilities

•Useful means to achieve demand management targets for water conservation 

programs (in terms of water saved) 

b
 In temperate regions, pilot studies have shown that an integrated approach to urban water cycle management including water 

reuse can lead to overall savings up to 50% of capital costs, with savings in the range of 15-20% that might be considered the 

most expected range (Anderson, 2003). 
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1.5 HOW THIS MANUAL IS ORGANIZED 

The manual is divided into three parts: 

PART 1 Management of organisational aspects, including economics and financing 

Chapter 2 Institutional background, organisation arrangements and legal aspects: clarifies which 

aspects of water reuse are given priority in the European Union water policy and which 

regulations, standards and guidelines exist within the European Union. The legal basis for 

liability, contractual agreements and water rights is also discussed. 

Chapter 3 Cost management and optimisation: addresses three aspects of cost optimisation: planning, 

managing current performance and improving future performance. 

Chapter 4 Financial sustainability: summarises principles applicable in economically developed 

markets, and depicts the current funding mechanisms (process and source of funding), as 

well as successes and difficulties. 

PART 2 Management of social and environmental aspects 

Chapter 5 Environmental management systems: describes available tools such as Ecological Footprint 

Analysis, Life Cycle Assessment, Material Flow Analysis, Sustainable Process Index and 

other methodologies that are applied in the context of water recycling. 

Chapter 6 Stakeholder Communication: best practices for water reuse operations examines stakeholder 

views of water reuse and water reuse organisations, gives evidence of how water reuse 

organisations communicate with stakeholders,  provides guidelines on how to pass key 

messages to stakeholders and on how to prepare and deliver the message, including aspects 

of public crisis communication. 

PART 3 Management of technical aspects 

Chapter 7 to 17 depicts reference technologies used to reclaim secondary effluent of municipal 

wastewater treatment plants for a broad spectrum of water uses: 

Chapter 7 to 10 advanced disinfection techniques: describes and compares the three primary agents (and 

their possible combination) for advanced disinfection used in water reclamation and reuse, 

namely: Chapter 8 Chlorination, Chapter 9 Ultraviolet irradiation (UV) and Chapter 10 

Ozonation.

Chapter 11  “Title 22-compliance” benchmark: the Title 22 technology as it was introduced in the 

homonymous Californian regulation, includes a coagulation/flocculation, sedimentation, 

filtration and a disinfection step. Title 22 allows filtration without flocculation, if the effluent 

turbidity before filtration is less than 5 NTU. It is considered the yardstick for unrestricted 

irrigation against which all the other systems are evaluated because of its long history of 
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1.2SCOPE AND OBJECTIVES OF THE MANUAL 

This manual has been prepared to help decision makers answer their questions about initiating, 

implementing or improving water reclamation and reuse schemes. 

The documentation addresses structural, non structural and managerial conditions to implement and 

operate water reuse scheme in a way that is safe, publicly acceptable and economically, financially and 

environmentally feasible. 

For each of these conditions:

•reference principles are outlined,

•European Union and overseas experience, preferences and trends, apparent and latent problems, 

and factors promoting or hindering best practice are documented and

•successful case projects are illustrated to inform the reader about positive experiences in the field. 

The manual focuses on the European, Israeli and Australian full-scale experience.

In particular, it explores the managerial possibilities offered at the project level, in cases of planned direct 

non-potable reuse of reclaimed water from centralized municipal wastewater treatment plants. 

1.3TARGETED READER 

The main target readers are operators entering the field - practitioners concerned with actual 

implementation questions or professionals in headquarters, where the focus is on planning, monitoring 

and concept development. 

This manual is also intended for public health officials and other decision makers - such as technical 

departments of public institutions, sponsors and financing institutions. Additionally, it can be a useful 

reference for qualified supporters such as academics, consultants and civic groups.

It is expected that the reader has a good understanding of the water sector and of water and wastewater 

treatment. This document will emphasise the factors that are unique to water reclamation and reuse. 

1.4WATER RECLAMATION AND REUSE – WHAT DO WE MEAN? 

In this manual, water reclamation refers to the treatment or processing of water to make it reusable, while 

water reuse does refer to the use of treated wastewater for beneficial purposes (Lens et al., 2002). There is 

no consensus on these definitions worldwide. The reader should note, for instance, that in Australia, water 

reclamation and reuse is termed water recycling, a term that in Europe is used in many instances for 

internal recycling, e.g. in industrial facilities. 

LEGAL NOTICE:

Neither the European Commission nor any person acting on behalf of the Commission is responsible for

the use which might be made of the following information.

The views expressed in this publication are the sole responsibility of the author and do not necessarily

reflect the views of the European Commission.

A great deal of additional information on the European Union is available on the Internet.

It can be accessed through the Europa server (http://europa.eu).

Cataloguing data can be found at the end of this publication.
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FOREWORD
Water scarcity is a problem of growing importance and magnitude in Europe today and research has 

shown how present fresh water resources are struggling to meet demand. This situation is having serious 

environmental, economic and social consequences. Confronted with this challenge Community research 

is investigating and developing alternative sources of water, such as water reclamation, reuse and 

desalination, which will contribute to a sustainable management of water resources. 

The regions in Europe worse affected by this problem have increasingly begun to recognise the benefits 

of, and the huge potential for reuse of treated sewage water. However a major barrier to developing this 

potential is the lack of rational integration of reuse strategies in water management schemes. Local 

authorities, investors, water companies and end-users have for quite some time been calling for a legal 

framework for water reuse. Despite this there have been only a few attempts to establish national or 

international legislation or guidelines on water quality parameters for reuse. In a global economy and in 

the face of common environmental challenges a concerted approach at European level is required to foster 

and promote water reuse and to provide an adequate driver (legislative or otherwise) for institutional 

reform and better governance in the water reuse sector. Moving in this direction, the EU funded 

AQUAREC project has helped to demonstrate the scientific and practical feasibility of implementing 

municipal water reclamation and reuse.

The FP5 AQUAREC project on “Integrated concepts for reuse of upgraded wastewater” was launched in 

2003 with the strategic aim of consolidating dispersed knowledge in the area of water reclamation and 

reuse. More specifically the project addressed policy guidelines, quality requirements for water reuse, 

suitable technologies for treatment and monitoring, best management practises including socio-economic 

aspects and public participatory approaches. As the project now draws to a close, the AQUAREC 

consortium has successfully delivered a series of publicly available reports together with a commitment 

for their widespread publication and dissemination. 

The results of the AQUAREC project provide a comprehensive overview of water reuse concepts 

together with valuable knowledge and guidance to a whole range of stakeholders on their practical 

implementation. The present manual describes the best management practises in the water reuse sector 

and comprehensively addresses organisational, economic and financial considerations together with social 

and environmental aspects. The extensive presentation of technological issues, such as treatment 

processes, disinfection, monitoring and distribution, covers many of the end-use requirements and 

specifications.

I have no doubt that this manual will be recognised by stakeholders as a sound reference for water 

reclamation and reuse practices in Europe and as a solid basis for future progress in this area. 

José Manuel Silva Rodríguez 
Director-General,
European Commission, DG Research 
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1.5HOW THIS MANUAL IS ORGANIZED 

The manual is divided into three parts: 

PART 1 Management of organisational aspects, including economics and financing 

Chapter 2 Institutional background, organisation arrangements and legal aspects: clarifies which 

aspects of water reuse are given priority in the European Union water policy and which 

regulations, standards and guidelines exist within the European Union. The legal basis for 

liability, contractual agreements and water rights is also discussed. 

Chapter 3 Cost management and optimisation: addresses three aspects of cost optimisation: planning, 

managing current performance and improving future performance. 

Chapter 4 Financial sustainability: summarises principles applicable in economically developed 

markets, and depicts the current funding mechanisms (process and source of funding), as 

well as successes and difficulties. 

PART 2 Management of social and environmental aspects 

Chapter 5Environmental management systems: describes available tools such as Ecological Footprint 

Analysis, Life Cycle Assessment, Material Flow Analysis, Sustainable Process Index and 

other methodologies that are applied in the context of water recycling. 

Chapter 6Stakeholder Communication:best practices for water reuse operationsexamines stakeholder 

views of water reuse and water reuse organisations, gives evidence of how water reuse 

organisations communicate with stakeholders,  provides guidelines on how to pass key 

messages to stakeholders and on how to prepare and deliver the message, including aspects 

of public crisis communication. 

PART 3 Management of technical aspects 

Chapter 7 to 17 depicts reference technologies used to reclaim secondary effluent of municipal 

wastewater treatment plants for a broad spectrum of water uses: 

Chapter 7 to 10advanced disinfection techniques: describes and compares the three primary agents (and 

their possible combination) for advanced disinfection used in water reclamation and reuse, 

namely: Chapter 8 Chlorination, Chapter 9 Ultravioletirradiation (UV) and Chapter 10 

Ozonation.

Chapter 11  “Title 22-compliance” benchmark: the Title 22 technology as it was introduced in the 

homonymous Californian regulation, includes a coagulation/flocculation, sedimentation, 

filtration and a disinfection step. Title 22 allows filtration without flocculation, if the effluent 

turbidity before filtration is less than 5 NTU. It is considered the yardstick for unrestricted 

irrigation against which all the other systems are evaluated because of its long history of 
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1.2 SCOPE AND OBJECTIVES OF THE MANUAL 

This manual has been prepared to help decision makers answer their questions about initiating, 

implementing or improving water reclamation and reuse schemes. 

The documentation addresses structural, non structural and managerial conditions to implement and 

operate water reuse scheme in a way that is safe, publicly acceptable and economically, financially and 

environmentally feasible. 

For each of these conditions:

• reference principles are outlined,

• European Union and overseas experience, preferences and trends, apparent and latent problems, 

and factors promoting or hindering best practice are documented and

• successful case projects are illustrated to inform the reader about positive experiences in the field. 

The manual focuses on the European, Israeli and Australian full-scale experience.

In particular, it explores the managerial possibilities offered at the project level, in cases of planned direct 

non-potable reuse of reclaimed water from centralized municipal wastewater treatment plants. 

1.3 TARGETED READER 

The main target readers are operators entering the field - practitioners concerned with actual 

implementation questions or professionals in headquarters, where the focus is on planning, monitoring 

and concept development. 

This manual is also intended for public health officials and other decision makers - such as technical 

departments of public institutions, sponsors and financing institutions. Additionally, it can be a useful 

reference for qualified supporters such as academics, consultants and civic groups.

It is expected that the reader has a good understanding of the water sector and of water and wastewater 

treatment. This document will emphasise the factors that are unique to water reclamation and reuse. 

1.4 WATER RECLAMATION AND REUSE – WHAT DO WE MEAN? 

In this manual, water reclamation refers to the treatment or processing of water to make it reusable, while 

water reuse does refer to the use of treated wastewater for beneficial purposes (Lens et al., 2002). There is 

no consensus on these definitions worldwide. The reader should note, for instance, that in Australia, water 

reclamation and reuse is termed water recycling, a term that in Europe is used in many instances for 

internal recycling, e.g. in industrial facilities. 
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Neither the European Commission nor any person acting on behalf of the Commission is responsible for

the use which might be made of the following information.

The views expressed in this publication are the sole responsibility of the author and do not necessarily
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successful case practices (more than 400 in the United States, alone, and one third of the 

water reclamation schemes in the European Union). 

Chapter 12  “High-quality” benchmark (secondary + MF/UF + RO + disinfection)
a
: membrane processes 

can be used to reclaim water to very high quality. It is considered the yardstick for many 

high-grade applications including groundwater recharge, direct/indirect potable reuse, 

process water for microelectronics and boiler feed water. 

Chapter 13  Membrane bioreactors (centralised systems): membrane bioreactor (MBR) technology is 

increasingly applied for decentralised water reuse such as “in building” schemes. There are 

also significant expectations for a larger use of MBR for centralised systems, from which the 

effluent might be reclaimed directly, for unrestricted irrigation, or as a pre-treatment for 

reverse osmosis to produce drinking water quality.   

Chapter 14 Secondary effluent + soil aquifer treatment (SAT): SAT is particularly suitable for 

unrestricted agricultural irrigation as it provides storage as well as treatment to a level 

comparable to drinking water quality (Icekson-Tal et al., 2003). 

Chapter 15 Maturation ponds and effluent reservoirs:
maturation ponds can be used to achieve the water quality requirements of the WHO 

guidelines (< 1000 FC/100 mL; < 1 helm. egg/L) and of the new EU guidelines for 

unrestricted irrigation (<10 FC/100 mL; < 1 helm. egg/L), if long retention times (up to 30 

days) are applied. Maturation ponds are also used for storage, mainly in agriculture. 

Chapter 16 “Natural-step” benchmark (secondary effluent + constructed wetlands): surface-flow 

constructed wetlands, especially in combination with maturation ponds, have found wide 

application in polishing conventionally treated wastewater to meet quality requirements for 

recreational and environmental uses, including habitat creation, restoration and/or 

enhancement. 

Chapter 17 Distribution systems: proper management of distribution systems, storage reservoirs and 

distribution networks, is a central aspect of most of reuse schemes.

Each reference technology is depicted in terms of life-cycle costs, process performance, ease of 

maintenance and operational needs, including specific quality control and failure management procedures; 

the resulting picture is confronted with a number of case practices. The structure of the technology 

chapters is set out in Table 1.1. 

a
 disinfection is a back-up disinfection 
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1 INTRODUCTION

1.1 BACKGROUND

In the framework of the international project “Integrated Concepts for Water Reuse” (Aquarec) - partially 

funded by the European Commission and the Australian Government, and coordinated by RWTH Aachen 

- an interdisciplinary team composed of water and wastewater utility professionals, consultants and 

researchers got together to produce a manual of management practices for water reuse schemes. This 

introductory chapter will give some background on water re-use and its status in different parts of the 

world, on different aspects of management practices and on the scope of the work covered in this manual.

The water sector in Europe, as well as in many other parts of the world, is in a transitional phase with 

unique opportunities for water reuse to be implemented on a larger scale as a sustainable practice within a 

framework of integrated water management. Hochstrat et al. (2006) estimated that in the time span 

between 2000 and 2025, in Europe alone, the direct utilisation of treated municipal wastewater could 

more than double, growing from 750 million m³ per year to 1,540-4,000 million m³ per year. 

To fully benefit from this unprecedented favourable momentum, the European water industry urgently 

needs to establish a best practice framework for water reuse projects: 

• In the last decade, regulatory and industry practice evolved from the traditional command and 

control approach towards a more integrated and flexible paradigm, not prescribing the means to 

achieve the desired outcome (e.g. requiring the adoption of water reuse “whenever appropriate”), 

but prescribing the adoption of a best practices framework (on top of the local permit 

requirements). Examples are the Directive on Environmental Liability and the Integrated 

Pollution and Prevention Control Directive (cfr. Chapter 2). 

• Despite the numerous successful schemes (Bixio et al., 2006), and the common practice of 

indirect reuse through rivers and aquifers, water reuse is not accepted yet as a standard European 

water industry practice, and water reuse options are often inadequately considered in traditional 

business-as-usual water resources management plans. One reason for this neglect of reuse is a 

lack of common knowledge of reuse-specific management practices including the water resource 

benefits, financing, community consultation, environmental management and aspects such as 

operation, maintenance and quality control. 

• Clear references are needed to support decision-makers. A lot of information is available 

regarding water reclamation and reuse, yet this information is dispersed and, sometimes, 

contradictory. Even information for a straightforward mapping of such basic indicators as facility 

location, treatment train and performance is difficult to collect, not to mention the basic 

management practices attached to the scheme. 
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1.5HOW THIS MANUAL IS ORGANIZED 

The manual is divided into three parts: 

PART 1 Management of organisational aspects, including economics and financing 

Chapter 2 Institutional background, organisation arrangements and legal aspects: clarifies which 

aspects of water reuse are given priority in the European Union water policy and which 

regulations, standards and guidelines exist within the European Union. The legal basis for 

liability, contractual agreements and water rights is also discussed. 

Chapter 3 Cost management and optimisation: addresses three aspects of cost optimisation: planning, 

managing current performance and improving future performance. 

Chapter 4 Financial sustainability: summarises principles applicable in economically developed 

markets, and depicts the current funding mechanisms (process and source of funding), as 

well as successes and difficulties. 

PART 2 Management of social and environmental aspects 

Chapter 5Environmental management systems: describes available tools such as Ecological Footprint 

Analysis, Life Cycle Assessment, Material Flow Analysis, Sustainable Process Index and 

other methodologies that are applied in the context of water recycling. 

Chapter 6Stakeholder Communication:best practices for water reuse operationsexamines stakeholder 

views of water reuse and water reuse organisations, gives evidence of how water reuse 

organisations communicate with stakeholders,  provides guidelines on how to pass key 

messages to stakeholders and on how to prepare and deliver the message, including aspects 

of public crisis communication. 

PART 3 Management of technical aspects 

Chapter 7 to 17 depicts reference technologies used to reclaim secondary effluent of municipal 

wastewater treatment plants for a broad spectrum of water uses: 

Chapter 7 to 10advanced disinfection techniques: describes and compares the three primary agents (and 

their possible combination) for advanced disinfection used in water reclamation and reuse, 

namely: Chapter 8 Chlorination, Chapter 9 Ultravioletirradiation (UV) and Chapter 10 

Ozonation.

Chapter 11  “Title 22-compliance” benchmark: the Title 22 technology as it was introduced in the 

homonymous Californian regulation, includes a coagulation/flocculation, sedimentation, 

filtration and a disinfection step. Title 22 allows filtration without flocculation, if the effluent 

turbidity before filtration is less than 5 NTU. It is considered the yardstick for unrestricted 

irrigation against which all the other systems are evaluated because of its long history of 
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1.2 SCOPE AND OBJECTIVES OF THE MANUAL 

This manual has been prepared to help decision makers answer their questions about initiating, 

implementing or improving water reclamation and reuse schemes. 

The documentation addresses structural, non structural and managerial conditions to implement and 

operate water reuse scheme in a way that is safe, publicly acceptable and economically, financially and 

environmentally feasible. 

For each of these conditions:

• reference principles are outlined,

• European Union and overseas experience, preferences and trends, apparent and latent problems, 

and factors promoting or hindering best practice are documented and

• successful case projects are illustrated to inform the reader about positive experiences in the field. 

The manual focuses on the European, Israeli and Australian full-scale experience.

In particular, it explores the managerial possibilities offered at the project level, in cases of planned direct 

non-potable reuse of reclaimed water from centralized municipal wastewater treatment plants. 

1.3 TARGETED READER 

The main target readers are operators entering the field - practitioners concerned with actual 

implementation questions or professionals in headquarters, where the focus is on planning, monitoring 

and concept development. 

This manual is also intended for public health officials and other decision makers - such as technical 

departments of public institutions, sponsors and financing institutions. Additionally, it can be a useful 

reference for qualified supporters such as academics, consultants and civic groups.

It is expected that the reader has a good understanding of the water sector and of water and wastewater 

treatment. This document will emphasise the factors that are unique to water reclamation and reuse. 

1.4 WATER RECLAMATION AND REUSE – WHAT DO WE MEAN? 

In this manual, water reclamation refers to the treatment or processing of water to make it reusable, while 

water reuse does refer to the use of treated wastewater for beneficial purposes (Lens et al., 2002). There is 

no consensus on these definitions worldwide. The reader should note, for instance, that in Australia, water 

reclamation and reuse is termed water recycling, a term that in Europe is used in many instances for 

internal recycling, e.g. in industrial facilities. 
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1.6WHY SHOULD WE CONSIDER WATER REUSE? 

There are numerous reasons for considering water reuse. Table 1.2 lists a number of benefits commonly 

reported by local communities. The benefits are broken down into 6 categories: 1) Economic/financial, 2) 

Legal, 3) Environmental, 4) Social, 5) Strategic and 6) Image. Some items are reported in one category 

while contributing also to others. 

Table 1.2 Shortlist of benefits reportedly enjoyed by communities that 
implemented water reuse projects 

CATEGORYBENEFIT

1. (D
IR

E
C

T
) E

C
O

N
O

M
IC

 A
N

D
 FIN

A
N

C
IA

L

Overall benefit for the local community

•Additional water supply that would otherwise be lost and preventing the high cost 

of importing freshwater and conveying it over a long distance 

•Contribute to a better preserved natural capital to the tourism sector 

•Often least-cost option when the overall urban water cycle is considered.b 

Utility benefits

•Reduced compliance costs with government regulation on wastewater discharge 

•In areas where the water demand is not met: Additional revenue from the sale of 

reclaimed water and savings in the form of avoided or delayed costs of developing 

new fresh water sources and less treatment of surface water abstraction 

Customer benefits 

•Benefits from reduced water and /or energy charges through potable substitution for 

uses not needing potable quality water.

•In irrigation: additional source of nutrients, lessening the need to apply synthetic 

fertilizers (cfr. Chapter 20) 

2. L
E

G
A

L
 •Solve permit problems related to discharge to sensitive ecosystems and associated 

liabilities

•Useful means to achieve demand management targets for water conservation 

programs (in terms of water saved) 

b
 In temperate regions, pilot studies have shown that an integrated approach to urban water cycle management including water 

reuse can lead to overall savings up to 50% of capital costs, with savings in the range of 15-20% that might be considered the 

most expected range (Anderson, 2003). 
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1.5 HOW THIS MANUAL IS ORGANIZED 

The manual is divided into three parts: 

PART 1 Management of organisational aspects, including economics and financing 

Chapter 2 Institutional background, organisation arrangements and legal aspects: clarifies which 

aspects of water reuse are given priority in the European Union water policy and which 

regulations, standards and guidelines exist within the European Union. The legal basis for 

liability, contractual agreements and water rights is also discussed. 

Chapter 3 Cost management and optimisation: addresses three aspects of cost optimisation: planning, 

managing current performance and improving future performance. 

Chapter 4 Financial sustainability: summarises principles applicable in economically developed 

markets, and depicts the current funding mechanisms (process and source of funding), as 

well as successes and difficulties. 

PART 2 Management of social and environmental aspects 

Chapter 5 Environmental management systems: describes available tools such as Ecological Footprint 

Analysis, Life Cycle Assessment, Material Flow Analysis, Sustainable Process Index and 

other methodologies that are applied in the context of water recycling. 

Chapter 6 Stakeholder Communication: best practices for water reuse operations examines stakeholder 

views of water reuse and water reuse organisations, gives evidence of how water reuse 

organisations communicate with stakeholders,  provides guidelines on how to pass key 

messages to stakeholders and on how to prepare and deliver the message, including aspects 

of public crisis communication. 

PART 3 Management of technical aspects 

Chapter 7 to 17 depicts reference technologies used to reclaim secondary effluent of municipal 

wastewater treatment plants for a broad spectrum of water uses: 

Chapter 7 to 10 advanced disinfection techniques: describes and compares the three primary agents (and 

their possible combination) for advanced disinfection used in water reclamation and reuse, 

namely: Chapter 8 Chlorination, Chapter 9 Ultraviolet irradiation (UV) and Chapter 10 

Ozonation.

Chapter 11  “Title 22-compliance” benchmark: the Title 22 technology as it was introduced in the 

homonymous Californian regulation, includes a coagulation/flocculation, sedimentation, 

filtration and a disinfection step. Title 22 allows filtration without flocculation, if the effluent 

turbidity before filtration is less than 5 NTU. It is considered the yardstick for unrestricted 

irrigation against which all the other systems are evaluated because of its long history of 
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1.2SCOPE AND OBJECTIVES OF THE MANUAL 

This manual has been prepared to help decision makers answer their questions about initiating, 

implementing or improving water reclamation and reuse schemes. 

The documentation addresses structural, non structural and managerial conditions to implement and 

operate water reuse scheme in a way that is safe, publicly acceptable and economically, financially and 

environmentally feasible. 

For each of these conditions:

•reference principles are outlined,

•European Union and overseas experience, preferences and trends, apparent and latent problems, 

and factors promoting or hindering best practice are documented and

•successful case projects are illustrated to inform the reader about positive experiences in the field. 

The manual focuses on the European, Israeli and Australian full-scale experience.

In particular, it explores the managerial possibilities offered at the project level, in cases of planned direct 

non-potable reuse of reclaimed water from centralized municipal wastewater treatment plants. 

1.3TARGETED READER 

The main target readers are operators entering the field - practitioners concerned with actual 

implementation questions or professionals in headquarters, where the focus is on planning, monitoring 

and concept development. 

This manual is also intended for public health officials and other decision makers - such as technical 

departments of public institutions, sponsors and financing institutions. Additionally, it can be a useful 

reference for qualified supporters such as academics, consultants and civic groups.

It is expected that the reader has a good understanding of the water sector and of water and wastewater 

treatment. This document will emphasise the factors that are unique to water reclamation and reuse. 

1.4WATER RECLAMATION AND REUSE – WHAT DO WE MEAN? 

In this manual, water reclamation refers to the treatment or processing of water to make it reusable, while 

water reuse does refer to the use of treated wastewater for beneficial purposes (Lens et al., 2002). There is 

no consensus on these definitions worldwide. The reader should note, for instance, that in Australia, water 

reclamation and reuse is termed water recycling, a term that in Europe is used in many instances for 

internal recycling, e.g. in industrial facilities. 
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The Aquarec outcome compares well with the results of the EUREAU reuse working group’s 

international water reuse benefits & issues survey (Table 1.3). The outcome of the EUREAU survey 

reflects the view of the academic world (44%), private companies (19%), government research agencies 

and public authorities (30%). 

Table 1.3 Top 20 priorities and issues for water reuse (EUREAU, 2004) 

Priority

Saving high quality water for potable supply 1 

Reducing polluted discharge into receiving bodies  2 

Demonstrating the value of water and the real water cycles. Reuse can be used as a catalyst to help 
everyone understand the real water cycles

3

Reducing over abstraction of groundwater 4 

Developing financial incentives to promote best practice including reuse  5 

Recognising that water is one of the most important resources 6 

Recognising the lack of financial incentives for wastewater reuse  7 

Enhancing water resource and nature conservation  8 

Recognising that long term planning is required for droughts etc 9 

Agreeing on a strategy and actively promoting that strategy  10 

Lack of regulations for wastewater reuse quality  11 

Increasing the availability of potable water  12 

Reducing discharge load and nutrients to surface water locally 13 

Realising that wastewater is dirty water that needs appropriate treatment. It is valuable and not a 
worthless waste product for disposal 

14

Reuse encourages careful treatment of wastewater 15 

Reducing water  and wastewater costs each year through reuse 16 

Creating alternative water resources locally where it is needed    17 

Realising that economic growth needs sustainable alternative water sources  18 

Helping our children understand the water cycle and the value of water. Enabling the children to 
educate their parents etc 

19

Increasing groundwater resource through aquifer recharge  20 
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Table 1.1 Structure of the Chapters on Best Available Technologies 

SECTION CONTENT

1. Fact-sheet 
Brief description of the system including a fact-sheet on process efficiency and reliability, 

operability characteristics, economics, maintenance needs and by-products management 

2. Practical aspects 

Overview of basic things to know to properly operate the system, e.g. process reactions, 

the effects of operating conditions on the process performance, by-product generation, 

etc.

3. Equipment Synopsis of  possible types of equipment that are available on the market 

4. Application Summary of what the technology is applied for 

5. Process 
operation and 
maintenance

Documentation of management concerns and of trouble shooting practices 

6. Monitoring and 
quality control 

Account of specific monitoring and record keeping needs for the proper operation of the 

system. Monitoring and record keeping requirements that are common to all reuse 

applications are discussed in a separate chapter.

7. Knowledge gaps 

Enumeration of knowledge gaps in operational criteria that need further attention in order 

to optimise the removal performance of the system and to use energy and chemical 

products with restraint and efficiency. 

8. Full-scale
references

Provision of full-scale references, including a description of one or more relevant full-

scale case study(ies) 

Increased levels of compliance and safety requirements need to look at all aspects of operational 

reliability and not only at best available technology. Therefore Chapter 18 and 19 consider specifications 

about monitoring and control of water reuse schemes and failure and failure management procedures: 

Chapter 18 Monitoring and control of water reuse systems, including testing and laboratory 

procedures: gives an account of reference analytical procedure and monitoring devices 

available and their cost. Recent advances and trends in instrumentation, monitoring and 

automation are discussed, to assure that the quality of reclaimed water is guaranteed and if 

possible improved in an economically efficient way. 

Chapter 19 Failure and failure management: intends to provide operators with a framework for best 

practice in managing, analysing and preferably avoiding failures in reclamation and reuse 

schemes.

Chapter 20 to 23 End-use specifications: describes agreements for the technical performance of water 

reclamation schemes reached with water reuse suppliers and end-users. Four major uses 

are considered: agricultural irrigation (Chapter 20), urban applications (Chapter 21), 

industrial uses (Chapter 22) and artificial groundwater storage and recharge (Chapter 23). 
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successful case practices (more than 400 in the United States, alone, and one third of the 

water reclamation schemes in the European Union). 

Chapter 12  “High-quality” benchmark (secondary + MF/UF + RO + disinfection)
a
: membrane processes 

can be used to reclaim water to very high quality. It is considered the yardstick for many 

high-grade applications including groundwater recharge, direct/indirect potable reuse, 

process water for microelectronics and boiler feed water. 

Chapter 13  Membrane bioreactors (centralised systems): membrane bioreactor (MBR) technology is 

increasingly applied for decentralised water reuse such as “in building” schemes. There are 

also significant expectations for a larger use of MBR for centralised systems, from which the 

effluent might be reclaimed directly, for unrestricted irrigation, or as a pre-treatment for 

reverse osmosis to produce drinking water quality.   

Chapter 14 Secondary effluent + soil aquifer treatment (SAT): SAT is particularly suitable for 

unrestricted agricultural irrigation as it provides storage as well as treatment to a level 

comparable to drinking water quality (Icekson-Tal et al., 2003). 

Chapter 15 Maturation ponds and effluent reservoirs:
maturation ponds can be used to achieve the water quality requirements of the WHO 

guidelines (< 1000 FC/100 mL; < 1 helm. egg/L) and of the new EU guidelines for 

unrestricted irrigation (<10 FC/100 mL; < 1 helm. egg/L), if long retention times (up to 30 

days) are applied. Maturation ponds are also used for storage, mainly in agriculture. 

Chapter 16 “Natural-step” benchmark (secondary effluent + constructed wetlands): surface-flow 

constructed wetlands, especially in combination with maturation ponds, have found wide 

application in polishing conventionally treated wastewater to meet quality requirements for 

recreational and environmental uses, including habitat creation, restoration and/or 

enhancement. 

Chapter 17 Distribution systems: proper management of distribution systems, storage reservoirs and 

distribution networks, is a central aspect of most of reuse schemes.

Each reference technology is depicted in terms of life-cycle costs, process performance, ease of 

maintenance and operational needs, including specific quality control and failure management procedures; 

the resulting picture is confronted with a number of case practices. The structure of the technology 

chapters is set out in Table 1.1. 

a
 disinfection is a back-up disinfection 
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• Protection of water sources and treatment are of paramount importance and must never be 

compromised

• The system must continually maintain robust multiple barriers appropriate to the level of potential 

contamination facing the raw water supply.

• Any sudden change in water quality, flow or environmental conditions should arouse suspicion 

that drinking water might become contaminated. 

• System operators must be able to respond quickly and effectively to adverse monitoring signals 

• System operators must be dedicated to providing customers with safe water and never ignore a 

consumer complaint about water quality 

• Ensuring drinking water safety requires application of a considered risk management approach. 

Although the ADWG framework, a preventative strategy from catchment to consumer, was not designed 

with reuse specifically in mind it encompasses all elements of those proposed above for indirect potable 

reuse, and is largely conveyed unchanged into the proposed water recycling guidelines, with the addition 

of environmental protection, and taking account of the variety of end uses of reclaimed water. The 

framework, shown schematically in Figure 23.2 addresses:

• Active corporate commitment to drinking water quality management

• Systems analysis and management – understanding the water supply system, hazards and events 

that can compromise water quality, and the preventative measures and operational control 

necessary for assuring safe and reliable drinking water 

• Supporting requirements – employee training, community involvement, research and 

development validation of process efficacy, and systems for documentation and reporting 

• Review – evaluation and audit processes to ensure that the management system is functioning 

satisfactorily, and provide a basis for review and continual improvement. 

The elements of the framework are listed in Table 23.2. The framework incorporates principles of 

established systems such as HACCP, ISO 9001 (2000) and AS/NZS 4360 (1999), and the relationship 

between ADWG and these systems is shown in Table 23.2. ADWG also extends beyond single water 

utilities and takes into account the need for multi-agency involvement where responsibilities for different 

components of the entire water supply system from catchment/aquifer to tap are dispersed between 

organizations, such as water supply utilities, catchment management boards, water resources, 

environment protection, agriculture and planning departments, local government, and community-based 

interest groups. 
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sections 6 and 10.2.6). These differentiate requirements depending on the beneficial uses of ambient 

groundwater, recovered water and the method of recharge. The report summarizes by listing five elements 

necessary for safe recycling: 

•Numerical scientifically-based guidelines that provide targets for quality of water for safe reuse 

•A set of operational and process controls with appropriate fail safe systems for wastewater 

treatment and any subsequent treatments 

•A set of water treatment guidelines relevant for various uses of reclaimed water 

•A set of controls associated with end uses of reclaimed water 

•An adaptation of Hazard Analysis and Critical Control Points as used in water safety plans in 

order to provide a management structure to minimize the risks and that this can be verified.  

Importantly, it concludes that the most flexible approach is to introduce proper process controls and 

further treatment as required, supported by process monitoring and a limited number of numerical 

standards.  The framework is an attempt to build on existing international best practice but provide a more 

formal structure that is more broadly applicable.  This approach has been adopted for the Salisbury 

stormwater ASTR project (Swierc et al., 2005) which is a component of the EC RECLAIM WATER 

project.  

In conclusion, international guidelines in this area are relatively consistent, and are generally moving in 

the same direction towards improved verifiable controls at source, in treatment, storage, and use. Taking 

account that Title 22 is designed for potable aquifers and indirect potable reuse in an affluent society, it is 

not surprising that water quality and treatment requirements are strict. However the notion of applying 

concentration limits to surrogate parameters (e.g. TOC in Title 22) is contentious due to the cost impacts 

of the specified numerical values, and aside from applying the precautionary principle, there is an absence 

of a sound scientific risk-based method to justify reducing the value. An increasing number of chemicals 

in use in sewer catchments suggest that guidelines, based on source controls and treatment requirements 

with verification of treatment effectiveness, will be much more pragmatic and defensible than specifying 

target values for contaminants. There is a distinct need to differentiate beneficial uses of aquifers and of 

recovered water in order to ascertain the risks that must be averted. A clearer understanding of the 

effectiveness of engineered treatments and natural attenuation processes in the unsaturated and saturated 

zones is also required to encompass recharge methods within the treatment train. Currently only 

unsaturated zone treatment is acknowledged. Failure to recognize the role of the saturated zone, 

particularly with respect to pathogen attenuation, unnecessarily introduces additional chemicals as a 

byproduct of disinfection, that in some cases are recalcitrant in aquifers. This is discussed further in 

section 3.3, but first it is necessary to have a risk management framework, and this is discussed below.   

23.3.2Australian Drinking Water Guidelines Risk 
      Management Framework  

In Australia, guidelines for water reuse are currently in preparation and discussed in the next section.  The 

principles on which these are based have been agreed and were adopted in the Australian Drinking Water 

Guidelines (National Water Quality Management Strategy, 2004; Nadebaum et al., 2004). The guiding 

principles are: 
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•Protection of water sources and treatment are of paramount importance and must never be 

compromised

•The system must continually maintain robust multiple barriers appropriate to the level of potential 

contamination facing the raw water supply.

•Any sudden change in water quality, flow or environmental conditions should arouse suspicion 

that drinking water might become contaminated. 

•System operators must be able to respond quickly and effectively to adverse monitoring signals 

•System operators must be dedicated to providing customers with safe water and never ignore a 

consumer complaint about water quality 

•Ensuring drinking water safety requires application of a considered risk management approach. 

Although the ADWG framework, a preventative strategy from catchment to consumer, was not designed 

with reuse specifically in mind it encompasses all elements of those proposed above for indirect potable 

reuse, and is largely conveyed unchanged into the proposed water recycling guidelines, with the addition 

of environmental protection, and taking account of the variety of end uses of reclaimed water. The 

framework, shown schematically in Figure 23.2 addresses:

•Active corporate commitment to drinking water quality management

•Systems analysis and management – understanding the water supply system, hazards and events 

that can compromise water quality, and the preventative measures and operational control 

necessary for assuring safe and reliable drinking water 

•Supporting requirements – employee training, community involvement, research and 

development validation of process efficacy, and systems for documentation and reporting 

•Review – evaluation and audit processes to ensure that the management system is functioning 

satisfactorily, and provide a basis for review and continual improvement. 

The elements of the framework are listed in Table 23.2. The framework incorporates principles of 

established systems such as HACCP, ISO 9001 (2000) and AS/NZS 4360 (1999), and the relationship 

between ADWG and these systems is shown in Table 23.2. ADWG also extends beyond single water 

utilities and takes into account the need for multi-agency involvement where responsibilities for different 

components of the entire water supply system from catchment/aquifer to tap are dispersed between 

organizations, such as water supply utilities, catchment management boards, water resources, 

environment protection, agriculture and planning departments, local government, and community-based 

interest groups. 
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sections 6 and 10.2.6). These differentiate requirements depending on the beneficial uses of ambient 

groundwater, recovered water and the method of recharge. The report summarizes by listing five elements 

necessary for safe recycling: 

• Numerical scientifically-based guidelines that provide targets for quality of water for safe reuse 

• A set of operational and process controls with appropriate fail safe systems for wastewater 

treatment and any subsequent treatments 

• A set of water treatment guidelines relevant for various uses of reclaimed water 

• A set of controls associated with end uses of reclaimed water 

• An adaptation of Hazard Analysis and Critical Control Points as used in water safety plans in 

order to provide a management structure to minimize the risks and that this can be verified.  

Importantly, it concludes that the most flexible approach is to introduce proper process controls and 

further treatment as required, supported by process monitoring and a limited number of numerical 

standards.  The framework is an attempt to build on existing international best practice but provide a more 

formal structure that is more broadly applicable.  This approach has been adopted for the Salisbury 

stormwater ASTR project (Swierc et al., 2005) which is a component of the EC RECLAIM WATER 

project.  

In conclusion, international guidelines in this area are relatively consistent, and are generally moving in 

the same direction towards improved verifiable controls at source, in treatment, storage, and use. Taking 

account that Title 22 is designed for potable aquifers and indirect potable reuse in an affluent society, it is 

not surprising that water quality and treatment requirements are strict. However the notion of applying 

concentration limits to surrogate parameters (e.g. TOC in Title 22) is contentious due to the cost impacts 

of the specified numerical values, and aside from applying the precautionary principle, there is an absence 

of a sound scientific risk-based method to justify reducing the value. An increasing number of chemicals 

in use in sewer catchments suggest that guidelines, based on source controls and treatment requirements 

with verification of treatment effectiveness, will be much more pragmatic and defensible than specifying 

target values for contaminants. There is a distinct need to differentiate beneficial uses of aquifers and of 

recovered water in order to ascertain the risks that must be averted. A clearer understanding of the 

effectiveness of engineered treatments and natural attenuation processes in the unsaturated and saturated 

zones is also required to encompass recharge methods within the treatment train. Currently only 

unsaturated zone treatment is acknowledged. Failure to recognize the role of the saturated zone, 

particularly with respect to pathogen attenuation, unnecessarily introduces additional chemicals as a 

byproduct of disinfection, that in some cases are recalcitrant in aquifers. This is discussed further in 

section 3.3, but first it is necessary to have a risk management framework, and this is discussed below.   

23.3.2 Australian Drinking Water Guidelines Risk 
      Management Framework  

In Australia, guidelines for water reuse are currently in preparation and discussed in the next section.  The 

principles on which these are based have been agreed and were adopted in the Australian Drinking Water 

Guidelines (National Water Quality Management Strategy, 2004; Nadebaum et al., 2004). The guiding 

principles are: 
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•The system must continually maintain robust multiple barriers appropriate to the level of potential 

contamination facing the raw water supply.

•Any sudden change in water quality, flow or environmental conditions should arouse suspicion 

that drinking water might become contaminated. 

•System operators must be able to respond quickly and effectively to adverse monitoring signals 

•System operators must be dedicated to providing customers with safe water and never ignore a 

consumer complaint about water quality 

•Ensuring drinking water safety requires application of a considered risk management approach. 

Although the ADWG framework, a preventative strategy from catchment to consumer, was not designed 

with reuse specifically in mind it encompasses all elements of those proposed above for indirect potable 

reuse, and is largely conveyed unchanged into the proposed water recycling guidelines, with the addition 

of environmental protection, and taking account of the variety of end uses of reclaimed water. The 

framework, shown schematically in Figure 23.2 addresses:

•Active corporate commitment to drinking water quality management

•Systems analysis and management – understanding the water supply system, hazards and events 

that can compromise water quality, and the preventative measures and operational control 

necessary for assuring safe and reliable drinking water 

•Supporting requirements – employee training, community involvement, research and 

development validation of process efficacy, and systems for documentation and reporting 

•Review – evaluation and audit processes to ensure that the management system is functioning 

satisfactorily, and provide a basis for review and continual improvement. 

The elements of the framework are listed in Table 23.2. The framework incorporates principles of 

established systems such as HACCP, ISO 9001 (2000) and AS/NZS 4360 (1999), and the relationship 

between ADWG and these systems is shown in Table 23.2. ADWG also extends beyond single water 

utilities and takes into account the need for multi-agency involvement where responsibilities for different 

components of the entire water supply system from catchment/aquifer to tap are dispersed between 

organizations, such as water supply utilities, catchment management boards, water resources, 

environment protection, agriculture and planning departments, local government, and community-based 

interest groups. 
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