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Foreword
Two years on from the establishment of
Water Reuse Europe, the incentives for
bringing the European reuse community
together into a trade association retain
their immediacy and significance. As is the
case in many regions of the world, Europe
faces simultaneous pressures on both
the demand and supply side of the water
balance equation. Ensuring that there is
enough water of appropriate quality in the
right place for our communities, farmers,
industry, and the environment is an ever
more pressing challenge.

sector. The pro-sustainability attitude of
Europe’s citizens means that objections
to reuse are now the exception rather
than the rule. Perhaps most importantly
though, Europe’s politicians in Brussels
and in member state parliaments have
taken positive steps through regulation
and guidance to normalise reuse as an
appropriate option for supply augmentation
as part of Integrated Water Resources
Management strategies. These actions
allow reuse to compete on an equal footing
with other resource enhancement options.

As this report evidences, the sector is
one characterised by capacity growth
and science-driven innovations. We have
witnessed a decade of impressive advances
in water reuse. Europe has seen a boom in
the number of operational reuse schemes
and there is a growing body of experiences
and data to support further growth of the

Water Reuse Europe maintains a continuous
dialogue with both our members and with
other stakeholders to ensure that the
water reuse sector is in the best possible
position to deliver safe, efficient solutions.
Our membership is growing in both size
and influence, helping to shape European
priorities and policies on water reuse

and allied sectors such as the circular
economy and natural capital. It is only
through such collaboration that we will
be able to secure growth, sustainability,
and competitiveness for our sector both
at home and abroad.
The following pages paint a picture of the
current status of the water reuse sector
in Europe and illustrates its strengths
and potential. I hope you enjoy the report
and I look forward to welcoming you to a
future WRE event.

Paul Jeffrey
Chair of the Board of Directors
Water Reuse Europe
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Potential and growth
The challenge to global water resources
is acknowledged and well-documented.
Population growth, escalating urbanisation, salinization and climate change are
key factors, exacerbated by individuals’
increasing water footprints fuelled by
changing diets, societal aspirations and
growing industry requirements (1). The
situation in Europe is complex, as there
is variability in water resources and
demands across countries and regions,
but nevertheless just as challenging. A
third of European countries have relatively
low water availability (less than 5000m 3 /
head/year) and by 2007, water scarcity
was estimated to have affected at least
17% of the EU territory. More recently, the
European Environment Agency reported
that, in 2014, thirteen Mediterranean
river basin districts were confronted with

Water exploitation index (%)
0 – 10

water stress issues (i.e. WEI+ > 20%),
with Spanish and Portuguese river basin
districts, such as the Segura river basin
in Spain stretching from Tarragona to
Alicante, being severely water stressed,
with a WEI+ * > 40% (2).
*

No stress

11 – 20

Low stress

21 – 40

Water stress

> 40

Extreme water stress

Data from 1999 - 2009

Although southern countries, such as
Spain and Malta, are particularly affected,
northern countries such as Belgium,
Denmark and the UK, also fall within the
low availability group (3). It is predicted
that by 2030, over half of EU river basins
will be affected by water scarcity, and
this growing pressure on water resources
will force the consideration of new supply
options, such as water reuse.

Water Exploitation Index showing areas of water stress in Europe
WEI+ or Water Exploitation Index +: a water scarcity indicator define by the European Environment Agency as “a measure
of the total water use as a percentage of the renewable freshwater resources for a given territory and time scale”.

*

(4)
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EU river basins water scarce
by 2030

81%
of freshwater used for
agricultural, industrial
and potable purposes
in Europe is abstracted
from surface water bodies
and groundwater

With about 81% of the freshwater used
in Europe for agricultural, potable, and
industrial purposes being abstracted from
surface water bodies and groundwater (5),
factors such as population growth and
climate change are adding pressure on
water resources across the continent.
In the meantime, the implementation of
regulatory tools , such as the Urban Waste
Water Treatment Directive (91/271/EEC)
(6)
alongside a number of other pieces of
legislation for the regulation of discharge
water and, more broadly, the protection
of surface water bodies, resulted in a net
increase in the volumes of wastewater
being collected and processed across
Europe prior to safe discharge to the
environment. For example, according to
the European Environment Agency (7), more

than 90% of the population of central Europe, and of southern countries such as Spain, Malta
and Greece, are now connected to urban wastewater treatment facilities. This sustainable
and constant source of water, suitably described as an “untapped resource” in the latest
World Water Development report of the United Nations (8), remains an underexploited resource
in Europe, despite huge potential to help tackle water scarcity. According to the latest
report of the European Commission on the implementation status of the Urban Wastewater
Treatment Directive (91/271/EEC) (9), only Greece, the United Kingdom, France, Italy, Malta,
Cyprus, Spain and Belgium indicated reusing treated wastewater on a regular basis, with
reuse percentages varying from 0.08% in the UK to 97% in Cyprus. In that context, the EU has
recently called for a transition towards a more circular economy, involving the improvement
of water management strategies through wastewater reuse as a “means of increasing water
supply and alleviating pressure on resources" (9).

Global water
withdrawals
3,928 km3
per year

56%
released as
wastewater

Only 2%

of treated
wastewater
is reused
in Europe
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Intensive agriculture, tourism and industrial activities can all contribute to water
shortages and expensive supply solutions,
even in temperate Northern European
regions. Population growth and increasing
urbanisation is intensifying the demand
for water resources in already-stressed
cities. Changing demographics, such as
an increase in single-person households,
also increases consumption. In general,
the price of potable water is relatively low,
so there is little economic incentive to
recycle. However, as areas become more
water stressed, the cost of additional
conventional supply options can be very
high.
Industry is the biggest abstractor of water
in Europe (53%), followed by agriculture
(26%), although agricultural use is predicted
to increase sharply over the coming years.
Landscape irrigation and golf-course

watering, often linked to tourism, can
also require significant volumes of water.
Many industrial and irrigation uses could
be satisfied with reclaimed water, but less

Water Abstraction in Europe
21%

for
other uses

53%

26%

for
agriculture

for
industry

than 3% of urban wastewater is reused in
the whole of Europe. The primary use is
for agriculture in southern parts of Spain
(347Mm 3 /year) and Italy (233Mm 3 /yr),
but, even so, this accounts for only 5%
and 12% of their treated effluent respectively (10). Industries’ approach to reusing
water tends to be site-specific and
bespoke, with more apparent awareness
of the principals of the circular economy
- to reduce waste, recycle and recover
resources - as an economic imperative (11).
In addition, the benefit of a constant
and reliable water supply for industrial
production, uninterrupted by drought,
cannot be over emphasised.
The global market for water reuse
solutions has grown significantly since
the early 90s, when less than 1 million
m 3 /d of reuse plant was installed annually,
to 7 million m 3 /d installed capacity during

2017, and is projected to continue to
expand to over 10 million m 3 /d by 2022.
Industrial use followed by irrigation (for
agriculture and landscape) are still the
largest global markets (12). In Europe, 52%
of the total volume of recycled water is
used for irrigation (13). Although Europe is
experiencing increasing water scarcity,it
Global market for water reuse (m3/d)
10 million
7 million

< 1 million
1990s

2017 2022
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it represents only a small percentage of
the global reuse market (best available
data 2.6 million m 3 /day total installed
capacity to 2006 compared to 30 million
m 3 /day globally (10, 12)) and lags far behind
the Americas and Asia Pacific in implementing reuse solutions.
In 2006, the potential wastewater reuse
volume in Europe was projected to be
3,222 million m 3 /year by 2025, with Spain
showing the greatest reuse potential
(over 1,200 million m 3 /year) (14). In 2015
the volume of reused water in the EU was
estimated at 1,100 million m 3 /y, accounting
for about 2.4% of treated urban wastewater and <0.5% of annual EU freshwater
withdrawals. This assessment put the
potential at 6,000 million m 3 /y from the
roughly 71,000 wastewater treatment
plants operational in the 28 EU member
states by 2025 - corresponding to a water
reuse rate equivalent to 4% of total annual
freshwater withdrawals in Spain, Italy,
Denmark, France, Portugal, and Greece (15).

+ 437
Potential wastewater
reuse volume by 2025

6000 million
m3/year

Schemes
since 2006

Through a review of the sector performed
in 2017 by Water Reuse Europe, 787
schemes practicing reuse were identified,
distributed across 16 countries, 437 more
than identified by the previous review of the
water reuse sector in Europe performed in
2006 (16). Around 10% of the newly identified
schemes are at pilot scale or categorized as
future projects. Among these is a greenfield
scheme planned for the Vendée region in
France where wastewater reclamation via

Northern Europe
250 schemes
537 schemes
Southern Europe

aquifer recharge is being evaluated for what
could become the first planned indirect
potable reuse scheme in France (17).
In terms of geographical distribution,
250 schemes are located in Northern
Europe, with 112, 36 and 28 of them in
France, Germany, and the Netherlands
respectively. In contrast, 537 schemes,
were identified in Southern Europe, with
361, 99 and 44 schemes in Spain, Italy
and Greece respectively. Of the 787
schemes identified, 62% are located in
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water scarce countries such as Spain
and Belgium (18). These schemes are
particularly common along coastlines
where fresh water resources are limited
and adversely affected by environmental
issues such as drought as well as overabstraction of water due to tourism and
agricultural activities. For instance, 47%
of the listed schemes are located along
the Mediterranean coast with over 200
schemes situated on the east coast of
Spain in the Murcia, Valencia, Tarragona
and Barcelona regions. Noticeably, 17%
of the schemes were found on islands,
including the Greek islands (16 sites),
the Canary Islands (14) in Spain, Cyprus
(8) and Noirmoutier or La Réunion (2) in
France.
Identified schemes cover both non
potable and indirect potable uses
across the whole spectrum of possible
reuse purposes from agricultural
irrigation to landscape irrigation
including golf courses; from industrial
uses to the augmentation of water
supply resources. Overall, agricultural

reuse remains the most common water
reuse application in Europe (39% of
the schemes) followed by industrial
reuse (15%) and reuse for recreational
purposes (11%). The majority of the
schemes classified as industrial (68%)
are located in northern Europe. This
includes reuse for the food processing
industry such as at the Bakkavor site in
the UK (see success stories) or the Arla
Foods site in Denmark which reuses
1000m 3 of water every day (19).

Water reuse applications
12%
Other Uses
11%
Mixed
11%
Environment

787
Schemes

12%
Recreation

39%
Agriculture

15%
Industry
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Indirect Potable Reuse (IPR)

Examples of reuse schemes
in Europe

Number and types of reuse
schemes across Europe

Scheme

Location

End use

Incentive for reuse

Volume reused

The Wulpen
Torreele water
reclamation site

Torreele,
Belgium

Indirect potable
reuse by aquifer
recharge

Urbanisation/tourism;
efficient reuse of
resources; environmetal
protection

Approx. 3.5Mm 3
of drinking water
recovered from the
site each year

KEY

Environmental

Agricultural
Industrial
1

1

SE

Urban

2

Wastewater
treatment
and reuse at
Disneyland, Paris
Arla foods

The Golf of
Rhuys-Kerver

The Segura basin

Chessy,
France

RØdkærsbro,
Denmark

Morbihan,
France

Spain

Non-potable,
recreational, urban
reuse (street
cleaning pond)
On-site industrial
use - dairy food
production process
Golf course irrigation

Agricultural irrigation

Drought and water
scarcity; efficient
reuse of resources;
environmental
protection

780,000 m 3 per year
Recreational
2

Wastewater discharge
costs imposed by the
municipality; discharge
consents

Approx. 1,000m 3 per
day

Environmental
protection

65,000 m per year for
the irrigation of 19 ha
of turf (peaks at 900
m 3 .d -1 in summer)

Drought and water
scarcity; tourism/
urbanisation;
environmental
protection

3

1

11 1

DK

UK

1

19

9

1

NL

2
10

3
11 1 1 1

100Mm 3 of recycled
water produced
by 100 facilities,
representing 90%
of the total treated
wastewater

5 1 4
3

BE

3

N/A

4

4

10

4

DE
17

CZ

16
9
31

10 1 8

FR

1

AT

1

PT
9

3

65
4

15
33
17
25

3

1

34

1 18
2

9

35

IT

30

ES

Multipurpose

PL

2

82
176
1

MT
1

1

21

GR
41

4

CY

3

1

Based on available data
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A maturing regulatory environment
At an EU level, it was acknowledged
in 2015 that “in spite of its numerous
advantages and development potential,
the reuse of reclaimed water is not widely
implemented in many Member States”(20).
This pronouncement followed a number of
key EU Blueprints/Reports/Action Plans (21,
22, 23)
all emphasising the importance of
water reuse and re-iterating the ambition
of the 1991 Urban Waste Water Directive
that “wastewater shall be used wherever
appropriate”. As a result, consultations
have taken place on the best policy options
to help expedite the uptake of water reuse.
To date, there are few regulatory drivers
to encourage water reuse in Europe and a
lack of clarity on water quality standards

has been highlighted as a barrier to uptake.
It must be hoped that the new EU initiatives on water quality standards (minimum
water quality standards for agriculture and
aquifer recharge) will help to stimulate the
implementation of reuse schemes and to
clarify the situation for the six Member
States that already have compulsory
national standards, some of which are
considered over-stringent. Harmonisation
of standards will also help to remove
potential trade barriers on irrigated agricultural produce. The EU has plans to
issue guidelines on how reuse can be more
effectively addressed under the existing
Urban Wastewater Directive to promote
more Integrated Water Management (IWM)
and to manage over-abstraction.

As a first step towards the publication of
such guidelines, the Joint Research Centre
(JRC), at the request of the DirectorateGeneral Environment of the European
Commision, published a report on the
minimum quality requirements for the
use of treated wastewater for agricultural
irrigation and aquifer recharge in January
2018 (24). The ambition of this report is to
serve as a basis for the development of
a future common “legal instrument on
water reuse in Europe”, including minimum
quality requirements for the targeted reuse
purposes. The requirements proposed by
the JRC have been developed using a risk
management framework approach, based
on the recommendations of the World
Health Organisation (WHO) and included

in the Directive 2015/1787 amending
Directive 98/83/EC on the quality of water
intended for human consumption (25).
In parallel with the above EU activity,
there has also been significant developments at an International level, with ISO
standards and ongoing work within EU
committees. ISO have recently published
four part guidelines on the use of treated
wastewater for irrigation (26), with four other
reuse-related ISO standards under consultation (27, 28, 29, 30). For smaller scale reuse
systems, European Standards (EN) for
greywater and rainwater are going through
the member state ratification stage (31, 32).

© Water Reuse Europe Review 2018
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Timeline of regulatory initiatives relating to water reuse
1980

1st Drinking Water Directive (80/778/EC)
Sets out the quality of water intended for human consumption.

February 2018

Adoption of proposal for changes to the Drinking Water Directive (98/82/EC)
Despite no specific mention of water reuse, the document provides an emphasis
on helping Europe transition to a “circular economy”.

2006

Groundwater Directive (2006/118/EC)
Sets groundwater quality standards and introduces measures
to prevent or limit inputs of pollutants into groundwater.

1998

Revision of the Drinking Water Directive (98/83/EC)
Adds requirements to the Directive (80/778/EC) regarding the
materials and substances used in the distribution of drinking water.

2016

Guidelines for Integrating Water Reuse into
Water Planning and Management in the context
of the Water Framework Directive
Proposes a common strategy for the development and
implementation of reuse schemes including sources, uses,
benefits, planning steps, public and stakeholder interaction
and funding.

2000

January 2018

Council Directive 2000/60/EC (the Water Framework Directive)
Sets out rules to stop deterioration in the status of EU water bodies and
achieve “good status” for Europe’s rivers, lakes and groundwater by 2015.
Includes guaranteeing sustainable water usage by individuals and businesses,
hence indirectly recognises reuse as a strategy for increasing water availability.

EU minimum quality requirements for water reuse
in agricultural irrigation and aquifer recharge - Science for Policy Report
(DG Environment / Joint Research Centre of the European Commission)
Proposes minimum quality requirements for the reuse of water for agricultural purposes
and aquifer recharge for the protection of the environment and human health.
To be used as a basis for defining future EU legislation on the reuse of water in agriculuture.

1991

Urban Wastewater Treatment Council Directive (91/271/EC)
Aims at protecting the environment from the adverse effects of
urban wastewater discharges.
Specifically imposes the collection and treatment of wastewater
for all urban areas of more than 2,000 p.e.

2013

Priority Substance Directive (2013/39/EU)
An amendment to the Water Framework Directive.
Sets out a list of 45 “priority” substances for surface waters which must
stay below specified levels that are safe for water bodies and human health.

© Water Reuse Europe Review 2018
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Focus on reuse technologies
Water reuse schemes cover a diverse
range of applications, with much
variation in the combination of source
water and delivered water qualities and
volumes. This creates niches, for utilising
a wide variety of treatment technologies.
Treatment technologies range from low
energy, land-based, surface spreading
options such as Soil Aquifer Treatment
(SAT) to small-footprint Membrane
Bioreactors (MBRs). Where very highquality reclaimed water is stipulated,
Reverse Osmosis (RO) treatment followed
by Advanced Oxidation Processes
(AOPs) is the norm. For industrial reuse,
technologies are generally more process
specific and innovations tend to focus
around incremental changes to already
established technical solutions, although

newer technologies, such as Forward
Osmosis (FO), are being explored.
Looking forward, hybrid systems, which
exploit synergies and consider energy/
water nexus issues, will become increasingly important.
The following pages provide an overview
of the major control and treatment
options for reuse schemes.

Membranes

The performance and cost-efficiency
of membrane-based treatment options
has increased significantly since the
1990s, with the price of some Micro
Filtration (MF) membrane systems
dropping by 80% over this time,
alongside associated improvements
in energy efficiency (33). The use of
Ultra Filtration (UF) membranes for
RO pre-treatment is more widespread,
with the latest generation of UF
demonstrating 30% more permeability
than conventional membranes treating
secondar y effluent (3 4) . Membrane
cleaning efficiencies are also improving, with some new RO membrane
achieving 30% more operating time
before cleaning is required, and strategies for shorter cleaning times and

reduced reagent consumption have
been and are being developed (35).
RO membranes continue to improve
with the availability of thin-film
nano-composites (35). Direct Osmosis
Cleaning is now offered as a form
of online backwashing, meaning the
desalination process is uninterrupted
during cleaning and is chemical-free (36).
Flow reversal RO (FR-RO), in which the
saline stream in RO pressure vessel
arrays is periodically switched, has
demonstrated reductions in scaling,
and the use of anti-scaling agent (37)
and new approaches for pre-treatment
to RO, such as self-cleaning, and
microfiber filtration (AMF), are being
investigated (37).

© Water Reuse Europe Review 2018
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Membrane Bioreactors (MBRs)

MBRs are increasingly being used for
reuse applications. They have the advantages of providing a “double” barrier,
are bio-resilient, benefit from improvements in integrity testing, and can now
be continuously monitored. MBRs have
a lower chemical requirement than
conventional membrane systems with
associated economic and environmental
benefits, and are considered a low manpower option. Trends in MBR development
include a move towards pulsed (rather
than continuous) aeration in hollow
fibre systems and energy reductions in
flat sheet systems. Vertical MBRs are

currently being studied in Korea (38). The
small footprint of MBRs means that they
are also suited to in-building applications.
To date, MBRs have primarily been used
for industrial and non-potable reuse, but
are now being used as the treatment
step prior to RO and Advanced Oxidation
Processes (AOPs) for potable reuse applications, as in Singapore (39). Anaerobic
MBRs (AnMBRs) have only been used in
industrial applications so far, but, in the
longer term, may have the potential for
synergistic resource and energy recovery,
but are currently only developed at bench
scale for water reuse (34).

Forward Osmosis (FO) and Combinations

Forward Osmosis (FO) is a technology
that is receiving much attention in
the membrane desalination/reuse
field. The concentration differences
between the feed and the draw solutions across the membrane naturally
creates the driving force in the FO
process, using much less energy than
conventional RO. FO membranes are
also being researched in conjunction
with other technologies, such as use
within MBRs (35), use with membrane
distillation, and in combination with
bioelectrochemical systems (BES),
which take advantage of microbial

interactions to achieve bioenergy
recovery from organic compounds (38).
These types of technology combinations help to address water-energy
nexus issues. Other combinations
that are being evaluated at research
scale include coupling anaerobic
digestion with submerged membrane
technology (sAnMBR), enabling waste
management, water reuse and biogas
valorisation from organic wastes (34).

© Water Reuse Europe Review 2018
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Natural Systems

O3
UV

Soil Aquifer Treatment

Constructed Wetlands

Soil Aquifer Treatment systems intermittently apply effluent to an underground
aquifer through infiltration ponds. These
natural systems have been popular due to
their consideration as low-tech options,
favoured for their simplicity and low cost.
However, due to concerns over the removal
of recalcitrant organic compounds where
the water is to be reused, recent work
has concentrated on the development of
sophisticated pre-treatment stages, such
as membrane filtration (33) or advanced
oxidation processes (40).

Constructed wetlands are systems
consisting of beds of media planted with
vegetation such as in natural wetlands.
The wastewater is treated through a
combination of biological and physical
mechanisms
including
sedimentation, filtration, biological degradation,
adsorption and precipitation (41). They are
capable of producing effluent of suitable
quality for environmental protection as
practiced in Empuriabrava, Spain (42), for
irrigation and for various urban uses. In
Greece, the use of constructed wetlands
in combination with other technologies
is currently being trialled for recreational
irrigation and fire protection purposes (43).

Advanced Oxidation Processes (AOPs)

H2O2

Advanced oxidation processes (AOPs)
are important treatment options for
high-quality water reuse applications
and investigations into the optimum
location in the treatment train for this
technology are ongoing. The trend for
using ozone with peroxide continues,
as a more energy-efficient option
to UV peroxide, particularly where
chlorine-induced pollutants can be
removed by other means (44). Titanium
dioxide in combination with UV is also
being investigated (45). Ozone enhanced
biofiltration has been demonstrated at
bench scale to be almost as effective
as RO in reducing the concentrations

of pharmaceuticals and personal care
by-products (PPCPs) and other micropollutants (46), and full-scale systems
are offered (47). These types of systems
may be advantageous when wider
environmental impacts, such as energy
consumption, water recovery, and
waste production, are considered. The
use of nanomaterials in conjunction
with various AOPs and/or hybrid AOPs
are also the subject of research (48). The
use of UV with chlorine as an alternative AOP is also being trialed (49).
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Non-Membrane Processes

In the area of potable reuse, there has
been renewed interest in non-membrane
treatment systems to address concerns
over the high energy requirement of
RO. Ozone and biofiltration, as already
mentioned in previous sections, and
Deep Bed Filtration with ion exchange,
are being investigated as an alternative
in Florida (50). Nitrifying and denitrifying
biofilters are also receiving interest for
their ability to attenuate nutrient loads (38).
Activated carbon continues to be used (44)
/and or investigated for potable reuse.

For instance, the world renowned Torreele
indirect potable reuse scheme operated
by the Intermunicipal Water Company of
the Veurne region (I.W.V.A.) in Belgium
is currently investigating the use of
granular activated carbon (GAC) followed
by UV disinfection as an additional stage
for the treatment of its RO filtrate as a
step towards direct potable reuse. This
new combined treatment step would
replace the dune filtration stage, hence
preserving the multiple barrier approach
implemented at the scheme.

Analytical Online Tools and Rapid Screening

Online monitoring for control of
reuse schemes is critical and the
development of improved tools and
techniques continues to be a priority.
The maintenance of a suitable disinfection regime is paramount. New
fluorescence-based technologies offer
significant advantages and overcome
the limitations of conventional plate
count methods and flow cytometry
(FCM) and real-time polymerase
chain reaction (qPCR) systems are
being investigated (34). Rapid biological

screening assays, primarily in vitro,
are gaining attention as a means to
quickly and comprehensively evaluate
the complex mixtures of chemicals in
water (38).
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Advantages and disadvantages of water reuse technologies
Advantages

Membranes

MBRs

Disadvantages

High effluent quality, very low SS and turbidity, high removal of organics and microorganisms; High capital costs; energy consumption for high pressure operating systems; maintenance costs
consistency in the quality of water produced; reliable and predictable; low footprint; associated with membrane fouling management (cleaning/membrane replacement); regular
suitable for a wide range of reuse applications, decentralised or centralised (agricultural, maintenance (chemical cleaning of the membranes); production of concetrated wastes.
industrial, commerical and environmental).
High effluent quality, low in nutrients; high capacity to retain microbial contaminants; Membrane fouling; capital costs associated with membranes; maintenance costs (cleaning,
decoupled control of sludge and hydraulic retention times; low sludge production; low membrane replacement every 5-10 years); energy consumption and associated costs.
footprint; easy automation/simple process control.

FO

Operated at a lower pressure than reverse osmosis (RO) systems, hence less energy Lower fluxes than RO systems; FO permeates not directly reusable and require additional
intensive; limited fouling as opposed to RO systems; can process effluent with high level treatments which are energy intensive; uncertainties regarding the overall cost of the treatment
of suspended solids.
technology; technology still in a development phase, although full-scale schemes exist (51).

Natural Systems

Simple to design and operate, robust and tolerant; recharge via percolation/soil filtration Large land requirements; clogging of systems, requiring regular maintenance * ; potential
through unsaturated soils combined with underground storage provides additional water irreversible clogging of subsurface soils* ; potential impact on physico-chemical properties of
treatment * ; high underground storage capacity that can buffer seasonal variations groundwater * ; performance closely linked to soil properties* ; potential odour issue * *
in water supply and demand * ; retains microbial contaminants; low maintenance and
operation* * ; aesthetic benefits * * ; passive technologies attractive for decentralised and
rural applications * * low cost; enhanced public perception (natural system)

O3
UV

No waste generation (52) ; rapid reaction rates (52) ; simple automation and control.

H2O2

Chemicals and/or energy comsumption (52) ; potential formation of hazardous by-products; high
operating costs.

AOP

Analytical Online
Tools and Rapid
Monitoring

*

Automated analysis of physico-chemical, microorganisms, trace organics and emerging Emerging technologies; potential robustness, sensitivity and repeatability issues; potential false
contaminants is possible; rapid resonse to water contamination; reduce collection of water positive alarm; complex matrix effects can affect the results.
samples and lab analysis; provide additional barrier to protect public health; support tool
for optimisation of disinfection regime.

Soil Aquifer Treatment only

**

Constructed Wetlands only
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European success stories
1

Industrial wastewater treatment and reuse for food
processing at Bakkavor Cucina Sano (UK)(53)

Location:
Old Leake, Nr Boston,
Lincolnshire, UK
Owner:
Bakkavor (Cucina Sano)
Operator:
Aquabio, UK
Commissioned:
2016

Drivers for development and
implementation:
• Efficient use of resources
• Environmental protection
• Cost saving
Technology used:
• Screening
• DAF
• Low Energy MBR (AMBR LE)
• Reverse osmosis
• UV Disinfection
• Chlorination

Cucina Sano is part of the Bakkavor
Group, a UK provider of freshly prepared
foods. The Cucina Sano facility produces
Italian ready meals and accompaniments.
Bakkavor Foods wanted to reduce offsite tankering of trade wastewater and
develop a recycling scheme that would
enable discharge to the local watercourse
and reuse of their wastewater for food
processing.
The project, entirely funded by the end
user Bakkavor and developed by British
firm Aquabio, started operation in

2016. The wastewater recycling plant is
located adjacent to the food processing
facility. Trade wastewater from the food
processing facility is treated to potable
water standards for reuse (UK Private
Water Supply Regulations) in the factory
for all processes.
The onsite wastewater treatment plant
has a treatment capacity of 700m 3 per
day with maximum potable reuse of
595 m 3 per day. The effluent is primarily
treated using screens and then undergoes chemical treatment using dissolved
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air flotation, followed by a low energy
membrane bioreactor (AMBR LE TM ) with
slot aeration. Reverse osmosis, UV disinfection and chlorination/remineralisation
complete the treatment, after which the
treated effluent is blended with incoming
mains water for use within the facility.
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The scheme can deliver up to 85% water
recycling back to the factory. During 2017,
70% of wastewater received from the
factory was reused, totalling 122 million
litres of wastewater.

right: winner of
WRE Innovation
Award 2017

The Cucina Sano wastewater recycling
plant is a highly successful and ground
-breaking industrial water reuse project.
It is setting the standards for large scale
wastewater to potable water reuse within
the food-processing industry. The project
has embraced innovative technology
and know-how, met corporate sustainability objectives, saved costs, reduced

resources and enhanced the profile of safe
water reuse, setting an example for others
to follow. It has received multiple awards,
including the Marks and Spencer Plan A
Gold Status and the Water Reuse Europe
Innovation Award in 2017.
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Soil aquifer treatment for indirect potable reuse in El
Port de la Selva (Spain)(54)

Location:
Costa Brava, Catalonia, Spain
Owner:
Catalan Water Agency
Operator:
Consorci de la Costa BravaEntitat Local de l’Aigua (CCB/
ELA)/Empresa Mixta d’Aigües de
la Costa Brava SA (EMACBSA)
Commissioned:
2015

Drivers for development and
implementation:
• Water scarcity as a result of
drought and tourism activities
• Aquifer over-abstraction
• Saline intrusion
Technology used:
• Aquifer recharge via
Aquifer Treatment (SAT)

Soil

El Port de la Selva is located near Cap
de Creus in the north-eastern part of
Catalonia (Spain). This coastal village,
with about 1000 permanent residents,
sees its population grow by more than
ten times during the summer months.
The village relies on local groundwater
for drinking water production and is not
connected to the regional water distribution network that supplies other villages
in the area. The local municipal wastewater treatment plant (WWTP), operated
by Consorci de la Costa Brava-Entitat
Local de l’Aigua (CCB-ELA) through the
company Empresa Mixta d’Aigües de la
Costa Brava SA (EMACBSA), was last
refurbished in 1997 and has a capacity of
10,500 p.e. (secondary effluent). Due to
successive drought events in the 2000s,
a tertiary treatment step, consisting of
double-step filtration, UV disinfection
and chlorination, was added to the WWTP

to allow reuse for urban non-potable
purposes, hence reducing the demand for
fresh water during the summer season.
However, volumes of water abstraction
for potable purpose in El Port de la Selva
remained high (300,000 to 400,000 m 3 /
year) and the aquifer was subject to saline
intrusion as a result of both drought and
over-abstraction in summer. Therefore,
water reclamation by aquifer recharge
was added to the water reuse scheme as
a way to improve groundwater availability
and prevent seawater intrusion.
The site, located 950m upstream of
the local drinking water wells along the
Rubiés creek, was selected with the
objective to infiltrate 40,000 to 48,000
m 3 of treated effluent per year (about
10% of the abstracted groundwater). As
requested by the regional water authority,
the Catalan Water Agency (ACA), the
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infiltration area was divided into three
infiltration ponds of 200 m² each, to allow
easy management of potential clogging
issues through the implementation of
wetting and drying cycles and facilitate
a low maintenance operation. A granular
activated carbon treatment step was also
added to remove trace organics, while
chlorine disinfection was stopped during
infiltration to prevent the formation of
disinfection by-products. Coagulant
dosing, phosphorus and ammonia in-line
probes were also installed to remove
phosphorus and to optimise the operation of the biological treatment.

In operation since November 2015, the El
Port de la Selva scheme is one of the few
membrane-free planned indirect potable
reuse scheme in Europe. The tertiary
treated effluent is recharged as long as
it meets the Spanish requirements for
reuse (RD1620/2007) and self-imposed
limits of 1,500 μS/cm, 1 ppm and 1.5 ppm
for electrical conductivity, ammonia and
soluble orthophosphate, respectively.
Infiltration is stopped in summer as the
biological treatment does not have the
capacity to reach the required ammonia
level.

Extensive research on the performance
of the scheme was conducted during
the EU DEMOWARE project, including
groundwater modelling for estimating
travel time and dilution, monitoring of
chemical and microbiological parameters (including viruses) and risk and
life-cycle assessments to evaluate the
safety and environmental benefits of the
scheme. Monitoring performed to-date
has shown that water quality complies
with the Spanish quality requirements
for potable water (RD 140/2003).

El Port de la Selva water reuse scheme
is a great example of collaboration between operators (CCB-ELA,
EMACBSA), administrations (El Port de
la Selva city council and the Catalan
Water Agency), engineering companies (Veolia Water Systems Ibérica SL,
Amphos 21) and research institutions
(Kompetenzzentrum Wasser Berlin-KWB,
Eurecat-CTM), to develop innovative
water reuse solutions that tackle water
scarcity issues in a sustainable way.
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Effluent reuse in irrigation at Fasano Forcatella
(Puglia, Italy)(55)

Location:
Fasano, Italy
Owner:
The municipality of Fasano
Operator:
Aquasoil s.r.l
Commissioned:
2005 and 2016

Drivers for development and
implementation:
• Drought and water scarcity
• Strong seasonal water demand
from tourism and agriculture
• Groundwater salinization due
to seawater intrusion
• Issues associated with the
discharge of treated effluents
to the sea (on shore)
Technology used:
• Tertiary treatment is based
on a proprietary technology
(MITO3X®, patent pending)

Overexploitation of groundwater is very
common in Puglia (South-Eastern Italy),
due to the region's lack of natural lakes
and permanent rivers and its economical
reliance on (irrigated) agriculture,
including horticulture, olive trees and
vineyards. In coastal areas, this leads
to groundwater salinization as a result
of seawater intrusion. Thus treated
wastewater represents a safe, constant,
and good-quality alternative resource for
irrigated agriculture.
The municipal WWTP of Fasano (50,000
p.e) treats about 10,000 m 3 /d. Until 2005,
its secondary effluents were discharged
to the sea. The company Aquasoil s.r.l.
was launched in 2005 in Fasano, with the
objective to treat the secondary effluent
to quality levels suitable for reuse in
irrigation, and to directly distribute the
tertiary treated effluents to farmers.
The first tertiary treatment system was

based on pre-disinfection, flocculation,
adsorption and sedimentation/storage in
a 3,000 m 3 basin.
This first plant was operated for more than
10 years and has served a total area of
about 1,500 hectares with 30 km of piping
and irrigation of about 350 hectares.
In 2016, a new plant was launched by
Aquasoil, with further objectives of “zero
discharge” (i.e. groundwater recharge)
and environmental restoration. The new
tertiary treatment process is based on a
patent-pending technology (MITO3X®)
that operates a simultaneous injection
of aluminium chloride (clariflocculation),
sodium hypochlorite or peracetic acid
(disinfection), and powdered activated
carbon (adsorption) in the suction line of
a centrifugal pump. Subsequent lamellar
settling provides separation of the sludge
resulting from clariflocculation and the
powdered activated carbon from the
clarified effluents. These are then sent to
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a storage, stabilization and naturalization
basin of 40,000 m 3 to compensate for the
variability in demand from farmers. The
basin is equipped with an overflow system
for groundwater recharge through surface
spreading.
The benefits of the Fasano-Forcatella
tertiary treatment and reclamation plant
include the improvement of chemical and
microbiological quality of the secondary
effluents to irrigation standards and
the restoration of the biodiversity of the
area. Moreover, in periods of lower water

Coagulant line
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demand for irrigation, the overflow from
the storage basin is infiltrated in the
ground in order to replenish the aquifer
and limit seawater intrusion.
In the period July 2016 to July 2017, a
total volume of about 10 6 m 3 of tertiary
treated water was produced, half of
which was distributed for irrigation and
the remaining was used for groundwater
recharge. Water is distributed to farmers
based on contracts established directly
with the company Aquasoil. The cost
of the tertiary treatment is in the range

Images:
left: aerial view of treatment works;
right: treatment works exterior

0.16-0.25 €/m 3 , which, according to
the Regional regulation, is charged to
the local residents’ water bill. Through
their contract with Aquasoil, the local
farmers reusing the water do not pay
for the treatment but only for the costs
associated with water distribution (e.g.
pumping), based on distance, frequency
of use, and volume supplied.
The stringent national quality standards
for unrestricted irrigation (e.g. E. Coli
<10 CFU/100mL) are met through a postdisinfection step placed immediately

before the pumping station. In terms
of chemical quality, the COD of the produced water is always below 35 mg/L.
The scheme, developed in Fasano,
is innovative in both the technology
adopted and the management, since the
company that operates the tertiary treatment plant also distributes the effluents
on the basis of contracts with local
farmers.

© Water Reuse Europe Review 2018

48

i

i

Prospects for the future
A more focussed approach to water reuse
in Europe has been a long time coming.
Many countries have lacked guidance and
suitable frameworks to undertake reuse
activities, so the few schemes that have
progressed have proceeded in a piecemeal and ad-hoc manner. There is fragmentation in many areas. The markets are
very different, so stakeholders engaged
in municipal reuse for potable purposes
are usually dissimilar to those involved
in non-potable urban developments, and
different again from agricultural irrigators or industrialists. The entities responsible for water resources/supply and
wastewater treatment are often separate,
so a long-term and holistic approach to
integrated water management utilising
water reuse is a challenge. The pricing

mechanisms, including opaque subsidies for both potable and non-potable
water, have not encouraged investment
in reuse projects. Sudden drought has
often been the catalyst for action, with
reuse schemes hastily brought on line
in a vacuum of institutional guidance or
arrangements. With little previous attention to the necessary capacity building,
the crucial skills in enforcement, monitoring and risk assessment can be
lacking.
Recent work has captured and documented these challenges well, particularly
in the 2014 publication Optimising Water
Reuse in Europe. There has been a focus
on better understanding and recording
the European reuse market status and

potential. On-going activities, such as
consulting on the best instruments to
help encourage greater uptake of water
reuse, the efforts to enact legislation on
water quality standards for agricultural
and aquifer reuse, the regulations for
greywater and rainwater recycling and
the championing of relevant ISO standards, are to be welcomed as signs of a
more proactive attitude.
However, addressing some of the fundamental barriers to wider implementation
of water reuse, such as water pricing,
fragmentation, institutional capacity
and governance that occur at country
and regional level is genuinely problematic. Water pricing and subsidy arrangements vary from country to country and

are influenced by the political context
and whether the water and wastewater
services are privatised or state-owned.
Successful schemes tend to have a
recognisable and empowered long-term
champion overseeing all elements, with
an adequate budget to deliver on all
aspects, including on-going risk management and public engagement issues.
Legislation and guidance can be difficult to follow. For example, whilst the
current draft ISO guidelines for health
risk assessment and management of
non-potable systems (ISO/DIS 20426)
are welcome and based on the highly
commended WHO and Australian riskbased approaches, they are complex
and require understanding of health risk
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characterisation and dose-response
rates. In the field, there can be a lack of
public health and water safety planning
expertise, operators with the experience
needed to manage more sophisticated
reuse treatment plants and suitable laboratory testing services. In a changing
regulatory landscape, there can be
many different interpretations of the
rules and regulatory processes, adding
to confusion. Public perception issues
can be underestimated and not sufficiently planned for. A longer-term view
is needed to anticipate and prepare for
future reuse schemes.
There is a continuing debate that the
quality of the reclaimed water should
be fit for purpose and that overrigorous standards have resulted in

some non-potable reclaimed water
being unnecessarily highly treated and
hence uneconomic. Whilst flushing WCs
with very high-quality water may seem
excessive, accepting a lower quality for
such applications is only tenable if the
relevant risk mitigation procedures are
in place, and the cost of these are often
not appreciated or sufficiently factored
in to operational budgets. Obtaining
real data, including true costs of operational schemes, for comparison can be
difficult.
There is much to be learnt from reuse
projects outside of Europe, both
successful and not so, such as in the US
and Australia, and avoiding reinventing
the wheel could accelerate progress
within Europe. A more holistic approach

should be beneficial, but if getting
potable water and wastewater entities to
talk to each other is perceived as a major
challenge, the possibilities of getting
more integrated approaches involving
wider stakeholders, such as agriculture,
and municipal waste and energy, is an
even bigger one! - but must be the way
forward.
Technology is available and not really the
main challenge, although it is acknowledged that more rapid testing methods
would be valuable. However high-tech
solutions tend to be more expensive and
scheme costs must be acceptable, so
benefits may accrue from more consideration of novel configurations and
better synergies with waste and energy,

perhaps through increased decentralisation. Wastewater must be viewed as a
valuable resource rather than a disposal
problem.
In summary, the recent EU activity
to encourage water reuse must be
welcomed, reflecting an increase in
support for the practice and momentum
for change, but it may still be that sudden
drought or individual regional acknowledgment of future water resources
deficits will continue to be the catalyst
for bespoke solutions and a potentially
more beneficial, holistic approach is
still some way off. However, with appropriate investment in people, knowledge,
and technology, Europe could be a global
leader in this rapidly developing market.
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About Water Reuse Europe

WRE is an industry-focused not-for-profit
association, registered as a company
limited by guarantee in the United
Kingdom. Our aim is to to create a collective identity for the water reuse sector
across Europe. As such, our mission
is to share good practices, knowledge,
techniques, research, and experiences
on water reuse, to promote the safe and
effective use of recycled water in Europe.
For this purpose, the specific objectives
of WRE are:
• to facilitate knowledge exchange
amongst public and private entities
involved in water reuse;
• to promote European expertise and
services in water reuse to a global
audience;

• to support European companies
(particularly SMEs) in their efforts
to commercialise water reuse
solutions;
• to raise public awareness and understanding of water reuse practices;
• to promote research and innovation
on water reuse.
Our activities are primarily financed
through membership fees received from
companies, public bodies, universities,
research centres, and trade and professional associations involved or with an
interest in the water reuse sector.

Since our launch in September 2016, we
have attended multiple industry events,
including the EurEau Congress 2016
in Copenhagen, the Circular Economy
Stakeholder Conference in Brussels, the
International Symposium on Potable
Reuse in Austin, Texas, USA, and Aquatech
Amsterdam 2017, to name but a few. We
have also undertaken many promotional
activities for the water reuse sector in
Europe, with highlights including interviews with Water World, and Water Reuse
and Desalination. To advance research,
knowledge and access, we have funded
a research project on the status of water
reuse in Europe and developed a database
of European water reuse schemes.

In October 2017, we held our first Water
Reuse Europe Conference and Exhibition
on Innovations in Water Reuse in Bruges.
With over 100 delegates, 23 talks, two site
visits and the presentation of the Water
Reuse Europe Award 2017 to Aquabio for
their Cucina Sano site, the conference was
a great success.

To find out more:
www.water-reuse.eu
info@water-reuse.eu
+44 (0) 1234 754330

@WREur
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Membership Benefits

NETWORKING
AND EVENTS

• Discounts at WRE conferences, seminars
and specialist workshops
• Notification of events on water reuse
organised by WRE and other bodies
• Promotions of events on water reuse
• Priority registration at all WRE events

MARKETING AND
COMMUNICATIONS

• Access to WRE members directory
• Access to knowledge exchange forums
• Visibility to other water reuse stakeholders

RESEARCH
AND TECHNICAL
RESOURCES

• Access to technical specialist reports
• Access to a database of water reuse
schemes in Europe
• Information about research projects in Europe

For membership enquiries, please email secretariat@water-reuse.eu or visit our website at www.water-reuse.eu
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