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Executive summary

Executive summary

Resource efficiency within boundaries of
sustainability

Managing water sustainably in a 'green' economy
means using water more efficiently in all sectors

and ensuring that ecosystems have the quantity and
quality of water needed to function effectively. Water
ecosystems are vital assets, delivering essential
services to our societies and economies, and

thereby playing a key role in European productivity
and security. It is thus essential that our use of

water does not exceed ecosystem sustainability
boundaries.

Although water quality has improved in recent
years, water resources are over-exploited

in many areas of Europe. Together with

continued shortcomings in water quality and
hydromorphological alterations, this has had heavy
impacts on the status of Europe's water bodies.

Measures to improve the efficiency of water use
offer an important tool in this context, enabling
society to maximise its earnings from scarce water
resources. To ensure that this relieves pressure on
ecosystems, however, it is important that increased
consumption does not offset efficiency gains.

Clearly, economic production cannot be sustained if
it implies excessive water use and burdens natural
systems. Future economic growth must therefore
be decoupled from environmental impacts. And
this process of decoupling requires a dual focus: on
resource-efficiency innovations and instruments,
and on environmental sustainability boundaries.

The Water Framework Directive defines the
boundaries for sustainable water use via its 'good
status’ objective for water bodies. This is an essential
target for impact decoupling, conveying the
conditions that ecosystems require to function and
support human wellbeing, health and prosperity. In
this context, the 'environmental flows' concept is an
essential tool for securing that aquatic ecosystems
have a good quantitative and hydromorphological
status. It should be more widely applied and
developed.

Resource-efficiency technologies

The examples addressed in this report highlight

a range of resource-efficiency measures that can
enable actors at varying levels and in different
sectors to reduce their water use and achieve more
sustainable water management. Resource-efficient
technologies in agricultural irrigation, water supply
and treatment can deliver substantial water savings.
In agriculture, for example, shifts to water-efficient
irrigation techniques such as drip irrigation, altered
crop patterns and wastewater reuse are particularly
promising. Sustainable public and industrial

water management depends more on innovative
production treatments and processes, ecological
design in buildings and better urban planning.

Resource-efficiency measures in the urban and
industrial areas often offer win-win situations,

with technologies that cut water use also helping

to reduce energy use (for example in drinking
water and wastewater treatment) and achieve

more efficient chemicals use. Water utilities and
water-intensive industries have an important role to
play here.

In some cases, however, measures to meet water

or energy needs can create problems in the other
sector. The energy intensity of technologies like
desalination necessitates more efficient water use
and the development of renewable energy. Similarly,
technologies such as hydropower should be judged
in terms of their impacts on water ecosystems,
which can be considerable, and in the light of their
relatively limited growth potential in comparison to
wind and solar energy.

There are clear opportunities to enhance the
adoption of efficiency technologies. Existing
measures can, however, be better applied. Once
proven to be useful, new innovations should
likewise be shifted from pilot applications or
isolated examples to become widely accepted and
applied standards.

There is also a need to address gaps in
implementation of existing water legislation such
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as the Urban Waste Water Treatment Directive, the
Drinking Water Directive and the Nitrates Directive,
which are the basic measures for implementing
the Water Framework Directive. Boosting resource
efficiency in these areas should foster investments
in the most advanced treatment and technologies
— integrating water, energy and material saving
objectives. Advanced wastewater treatment and
treating or importing drinking water from remote
(clean) sources is often energy intensive. Reducing
nutrients and chemicals at source in agriculture,
households and industry is therefore an important
efficiency measure.

Economic instruments

Economic instruments can help incentivise efficiency
measures, change behaviour and foster technological
innovation.

Water pricing and market-based instruments are
essential for sustainable water management and
should be applied consistently to support efficient
water allocation within sustainability boundaries.
Water prices and tariff structures have to reflect the
true costs of water — internalising all externalities,
including environmental and resource costs.

In public water supply, volumetric pricing and
metering need to go hand in hand and generate the
revenues for utilities to finance resource-efficiency
measures and upgrade aging infrastructure.
Complete transparency in a utility's use of revenues
and investments is a key element in communication
with their consumers.

For water used in irrigation, it is essential that
pricing structures provide more incentives for
resource efficiency and allow more transparency
in comparison to competing uses to avoid
cross-subsidies from other parts of society. To
remove adverse subsidies should also be a priority
in future agricultural policy.

Integrating water, energy and land use

To integrate sustainable water management with
resource efficiency in other areas, such as energy and
land use, the WFD objectives have to be considered
as a core expression of the boundaries ensuring
ecosystem functioning and service provision. They
should be applied in an integrated approach to
define common boundaries of sustainability for

the competing users in all sectors — including

agriculture, energy, transport and tourism. This
process demands strong intersectoral exchange,
particularly in operational water management at
the river basin level. Public participation under the
WFD, when applied ambitiously, can provide a
comprehensive tool to achieve this goal.

Communication

Consumer behaviour should be further

steered towards sustainability by means of
awareness-raising campaigns. Labelling and
certification can play an important role in
communication with users of public supplies.
Metering and monitoring (and legal enforcement
in cases such as illegal abstractions for agriculture)
play an equally important role, boosting the
transparency of consumer behaviour.

The 'Blueprint to safeguard Europe's
water resources'’

This report is the first in a series of five reports (four
thematic assessments and one synthesis report) that
EEA will publish in 2012 to provide policy-relevant
information to support the development of the
‘Blueprint to safeguard Europe's waters'. It focuses
on resource efficiency, its role in promoting
sustainable water management, and the role of
technical and economic tools in this context.

Existing water legislation provides a very robust
and indispensable starting point for sustainable
water management and resource efficiency. Looking
ahead to the 'Blueprint to safeguard Europe's
water resources’, the cases and examples in the
present report suggest some possible priorities

in implementation. In facilitating and improving
resource efficiency, for example, key focus areas
include water economics and strengthening

policy integration and water governance across all
economic sectors. Public participation and intense
stakeholder dialogue at the river basin level are
also effective and far-reaching tools. And there is

a particular need to focus on building a shared
understanding across economic sectors of common
boundaries of sustainability.

To complement the present report, further EEA
assessments during 2012 will:

* provide more detail on hydromorphology, as
good hydromorphological status is central to
implementation of the WFD;
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* provide insight into the status and pressure .
assessments under the WFED;

* evaluate details of water ecosystem vulnerability
to floods, water scarcity and droughts, providing
further assessment in relation to land use and
ecosystem capital accounts;

Towards efficient use of water resources in Europe

synthesise all assessments in a summary
report directly tailored to the publication of
the 'Blueprint to safeguard Europe's water
resources’, providing information for the
underlying policy principles.



1 Introduction

Introduction

Clean water is a vitally important natural resource,
demanding careful management. It is essential for
life and integral to virtually all economic activities,
including producing food, energy and industrial
outputs. The availability of clean water in sufficient
quantities is not only a prerequisite for human health
and well-being but also essential for freshwater
ecosystems and the many services that they provide.

While most Europeans have historically

been insulated from the social, economic and
environmental impacts of severe water shortages, the
balance between water demand and availability is
reaching critical levels in parts of Europe. Such water
stress typically arises from over-abstraction, together
with periods of low rainfall or drought. Reduced river
flows, lowered lake and groundwater levels and the
drying up of wetlands are widely reported, alongside
detrimental impacts on freshwater ecosystems,
including fish and birds. Lack of water has also

had severe consequences for key economic sectors
including agriculture, energy and industry. At times,
Europe's citizens have also been directly affected —
facing water rationing and relying on shipments of
drinking water supplies (EEA, 2009 and 2010a).

In addition to the growing problem of water stress,
the quality of some of Europe's freshwaters is also

a concern. Pollutants from various sources can be
found at levels that detrimentally impact aquatic
ecosystems, degrade habitats and result in the loss of
flora and fauna. Poor water quality is also a potential
health threat for those engaging in freshwater or
marine recreation, or consuming contaminated
seafood, particularly where sanitation is inadequate
or access to safe drinking water is lacking (EEA,
2010b).

Climate change is likely to exacerbate current
pressures on Europe's water resources. Increasingly,
much of Europe will face reduced water availability
during summer months, while the frequency and
intensity of drought is projected to increase in the
south (EEA, 2010c). In the absence of sufficiently
strong action, climate change may also detrimentally
impact water quality, for example via the projected
increased occurrence of toxic algal blooms.

Growing global demand for food and increasing
cultivation of energy (biofuel) crops may also
exacerbate agriculture's impacts on Europe's water
resources. Creating a sustainable green economy
requires a recognition of the interdependence of
water, energy and land use, and coordinated actions
under a common concept of resource efficiency.

1.1 EU resource-efficiency policy

In the European Union (EU) these goals are set out in
the 'resource efficient Europe’ flagship initiative (EU,
2011a) under the Europe 2020 strategy (EU, 2010).
Pursuant to the flagship initiative, the European
Commission has elaborated a '‘Roadmap to a resource
efficient Europe' (EU, 2011b) containing the following
vision:

'By 2050 the EU's economy has grown in a way
that respects resource constraints and planetary
boundaries, thus contributing to global economic
transformation. Our economy is competitive,
inclusive and provides a high standard of living
with much lower environmental impacts. All
resources are sustainably managed, from raw
materials to energy, water, air, land and soil.
Climate change milestones have been reached,
while biodiversity and the ecosystem services

it underpins have been protected, valued and
substantially restored.'

The initiative and its related roadmap recognise water
as a basic resource that supports our ecosystems

and biodiversity. Water is acknowledged to be a

vital element in various economic sectors and vital

to the role of natural resources in underpinning the
functioning of the European economy. A resource
efficient Europe will allow the EU's economy to grow
in a way that respects resource constraints, providing
an economy which is competitive, inclusive and
provides a high standard of living with much lower
environmental impacts.

The European Commission plans to publish a
‘Blueprint to safeguard Europe's Water Resources' at
the end of 2012. The Blueprint will set out the policy
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process to implement resource efficiency from the
water perspective and will be the water milestone
on the 2011 Roadmap to a resource efficient Europe.
It will review the water policy processes most
important to resource efficiency: water scarcity and
drought policy; the water-related part of Europe's
climate change vulnerability and adaptation

policy; and, most important, the state of play in the
implementation of the Water Framework Directive
(EU, 2000).

1.2 Resource efficiency and sustainable
water management

It is important to recognise what resource efficiency
is and how it can contribute to sustainable resource
management. Resource efficiency normally refers
to the ratio of resource inputs on one hand to
economic outputs and social benefits on the other.
Technologies or policy tools that enhance efficiency
therefore enable society to generate more earnings
from limited environmental resources.

Resource efficiency is thus an important element
in efforts to sustain economic development while
maintaining natural systems. By itself, however,
resource efficiency will not guarantee steady or
declining resource use. Growing consumption can
mean that resource use increases despite efficiency
gains. Indeed, resource efficiency can actually
contribute to increased resource use because when

a sector becomes more efficient prices may drop,
increasing demand and offsetting the efficiency
gain (the rebound effect). Even if improved
resource-efficiency results in declining resource
use, it may still put excessive demands on the
environment.

For these reasons, resource-efficiency policy must be
grounded in an awareness not just of the quantity of
resources used but the impacts on the environment,
its resilience and the services it provides. As
described in UNEP's report, Decoupling natural
resource use and environmental impacts from economic
growth (UNEP, 2011a), only decoupling resource use
from environmental impacts — 'impact decoupling'
— leads to real improvements for our natural
resources.

Sustainable resource management requires that

we maintain the natural capital stocks that deliver
the most effective and efficient array of services.

It is based on recognising and providing for the
basic needs of ecosystems — including allocating
sufficient water to function. This requires an
awareness of the status and trends of water
resources in both quantitative and qualitative terms;
physical processes such as retention capacity, flow
regulation and water cycling; and biological aspects
such as habitat structure and functioning. It requires
that society establish rules that ensure that economic
activity does not exceed the boundaries of ecological
sustainability (Postel et al., 2003).

Figure 1.1 Sustainable water allocations to ecosystems and competing users

Natural system,
including human activities

Public supply

Distance to target
- to fit availability/good quality
- prevent depreciation of natural capital

Targets for water use/pollution
or energy use

Sustainability boundaries,
e.g. WFD 'good status',
'environmental flow'
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Operating within these boundaries,
resource-efficiency tools and instruments can
contribute significantly to improving human
well-being, ensuring that the allocation and use

of scarce water resources generates the maximum
possible value. Figure 1.1 illustrates this distribution
of water resources among competing users within
the boundaries of ecological sustainability. Within
the economy, policies, targets and other tools are
used to help achieve efficient water use, alongside
other priorities such as equitable and affordable
access to water to meet basic human needs.

The Water Framework Directive

In the EU those boundaries are reflected in the
Water Framework Directive, which requires that
Member States ensure that water bodies achieve
'good status for surface and groundwater' by 2015.
This implies that the combined impacts of water
use and pollution pressures are managed such
that no environmental degradation occurs and
sustainability is restored or maintained.

In implementing the Water Framework Directive,
Member States have established objectives for
good ecological status for their water bodies.
This process includes specifying a 'good status'
for biological, chemical, physical-chemical and
hydromorphological elements. Implementing the

Water Framework Directive through river basin
management plans and associated programmes
of measures implies closing the gap to these
boundaries.

In terms of practical implementation under the
WFD, 'good status' in quantitative terms is reflected
indirectly as part of the hydromorphological status
for surface water and the good groundwater status.
The development of a more detailed expressions of
environmental flows for quantitative water-resource
management at the national or regional level is vital
to meet the requirements of the WFD in particular
in river basis with high quantitative pressures.
However, wider and more stringent application

by Member States is needed and the concept of
'environmental flows' still needs more attention
(Box 1.1).

Interdependence of resource impacts

Sustainable water management requires more
than a focus on ecosystem water needs and
relevant resource-efficiency policies and tools. It
also demands an awareness of interactions with
other resources. Water management has serious
implications for food and energy security (*), with
efforts to enhance resource efficiency in one sector
having impacts — positive and negative — on the
others.

Box 1.1 Environmental flows

service-oriented water management.

Source: Dunbar et al., 2004; EA, 2010b; EA, 2001.

'Environmental flows' — water security for ecosystems — convey the quantity, quality and timing of water flows needed to sustain
freshwater, estuarine and near-shore ecosystems and the services they provide. Measuring and maintaining environmental flows is
important for protecting and enhancing these ecosystems and promoting sustainable water use.

The European Commission and Member States are currently developing the concept and application of 'environmental flows', for
example in the context of work under the WFD on water scarcity and drought and hydromorphology. As outlined below, however,
experience in the United Kingdom and France already illustrates the concept's value in meeting the objective of better, ecosystem

The Environment Agency of England and Wales has developed Catchment Abstraction Management Strategies (CAMS) at the
catchment and sub-catchment scale (EA, 2010) and is using them to establish a sustainable abstraction licensing strategy. At

the technical core of CAMS is the resource assessment and management (RAM) framework (EA, 2001). This framework helps

to determine the catchment water-resource status and allows environmental flows to be set consistently and objectively. It
calculates a water balance for each sub-catchment and allocates the total available resource between the quantity of water that
can be abstracted and the amount that must remain in the river (or aquifer) to maintain desired ecological conditions (the 'in-river
need'). The framework aims to integrate surface and groundwater resources; to reflect the varying sensitivity of different biota
and habitats to flow status; to protect against both low flows and flow variability; and to provide a mechanism for achieving 'good
ecological status' under the Water Framework Directive (Dunbar et al., 2004).

Environmental flows can help in designing restoration plans for water bodies tailored to the specific hydromorphological alterations
and adverse effects on biota. They can thereby contribute to recovering good ecological status. The Rhone River rehabilitation
illustrates an adaptive approach to river restoration supported by environmental flow assessment. The Decennial Rhéne Hydraulics
and Ecological Rehabilitation Plan (DRRP, 2000) was established with the objective of restoring a 'healthy and running river'

with better ecological quality. The DRRP demonstrates what can be achieved in rehabilitating a river that has supported urban,
agricultural and industrial development for a long time without due consideration to its environmental values and attributes.

(*) The 'water-energy-food nexus' was the focus of an international conference in 2011, sponsored by the Government of Germany

(http://www.water-energy-food.org).
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As such, the focus needs to shift from the narrow
objective of sustainable water use based on greater
water efficiency to an overarching objective of
sustainable use of all natural resources. It is
therefore important that a focus on the technologies
and other mechanisms that can increase efficiency

is complemented by greater understanding of the
natural capital stocks and flows that drive our
economies. In the water context, managing water use
within boundaries of sustainability can be supported
by methods and metrics that convey the relationship
between economic activities and environmental
impacts at the relevant hydrological unit and time
period.

1.3 Aims and structure of this report

This report is the first in a series of thematic
assessments that EEA is publishing in 2012 to
support discussion and development of the
‘Blueprint to safeguard Europe's Water Resources'.
The report builds on earlier EEA reports describing
the state of Europe's water resources and the
pressures they face (EEA, 2009, 2010a, 2010b

and 2010c). It focuses on resource efficiency and
describes the opportunities for more efficient water
use and avoiding pollution across all sectors, while
staying within sustainability boundaries.

New technologies and innovative practices play
a central role in ensuring that society can meet its
need for goods and services without exceeding

ecological sustainability boundaries. Chapter 2
outlines some of the new approaches available,
exploring the potential for efficiency gains and
linkages with energy, agriculture and industry.

Inefficient allocation and use of resources can

often be understood as a result of market failure.
Chapter 3 focuses on the opportunities to use
markets to incentivise efficient water allocation and
use, as well as the limitations that result from water's
characteristics and its unique role in sustaining
ecosystems, economies and societies.

Sustainable water management requires knowledge,
robust data and indicators that can show the links
between water management, social and economic
benefits, and ecosystems services. Chapter 4
therefore addresses the need for better information
to improve water-resource management and reduce
environmental impacts. It presents natural capital
accounts as one possible means to implement
integrated environmental targets.

In sum, this report aims to introduce themes

and potential solutions that may be valuable in
developing the 'Blueprint to Safeguard Europe's
Water Resources'. It will be complemented with
further assessments in 2012, focusing on the
hydromorphological quality of European water
bodies, their biological and chemical quality, and
updating previous state and pressure analysis with
the most recent information available from river
basin management plans.

Photo: © Beate Werner
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2 Water-resource efficiency — measures

and tools

Visualising the competition for water between

the environment and economic uses (Figure 1.1)
illustrates that sustainable and efficient water
management demands the engagement of all
sectors, and must be integrated with management of
other resources, such as energy, materials and land.
The goal is to ensure that society's demands on the
environment — both in terms of extracting resources
and emitting pollutants — are sufficiently limited
that ecosystems remain healthy and provide the
optimal level of ecosystem services.

This chapter therefore describes efficiency
measures in the different sectors of the economy
not only in terms of volume (Section 2.1) but

also in non-volumetric terms of energy, nutrient
and chemical use in agriculture, industries and
households (Sections 2.2 and 2.3). The focus is
likewise on both the quantity and quality of water
resources.

2.1 Reducing water use — increasing
water use efficiency

Awareness of water scarcity and the need for sound
quantitative water management has mounted
slowly in recent years. The European Commission
conducted an in-depth assessment in October 2006
(EC, 2007a), which identified the principal sectoral
water users; the extent to which water scarcity and
drought issues impacted the economy, society and
the environment; and possible gaps in implementing
existing EU policy instruments. It subsequently
issued a communication on the challenge of water
scarcity and droughts in July 2007 (EC, 2007b). The
supporting impact assessment (EC, 2007c) assessed
the cost and benefits of the various measures to
achieve water savings. This and regular follow up
assessments (EC, 2009; EC, 2011a) revealed that
there is considerable scope to improve current
water management practices, especially in terms of
watersaving potential.

Within this context, a study led by Ecologic
Institute (Dworak et al., 2007) identified substantial
watersaving potential in European countries based

on analysis of the four main water users: public
water supply (including households), agriculture,
industry and tourism. The European Commission
(2010) likewise estimates that Europe could decrease
its overall water consumption by 40 %.

2.1.1 Water use efficiency in agriculture

Agriculture is a significant water user in Europe,
accounting for around 33 % of total water use. This
share varies markedly, however, and can reach up to
80 % in parts of southern Europe, where irrigation

of crops accounts for virtually all agricultural water
use. In many regions within southern Europe, crop
irrigation has been practised for centuries and is

the basis of economic and social activity. In arid

and semi-arid areas of Europe, including much of
southern France, Greece, Italy, Portugal, Cyprus and
Spain, irrigation enables crop production where
water would otherwise be a limiting factor. In more
humid and temperate areas, irrigation provides a
way of regulating the seasonal availability of water to
match agricultural needs, reducing the risks of crop
failures during periods of low rainfall or drought and
thereby stabilising farmer incomes.

While enhancing the yield and quality of crops,
irrigation can and does lead to a range of negative
environmental impacts, including water scarcity. The
detrimental effects of excessive agricultural water use
are exacerbated by its relatively high consumptive
use. Although some irrigation water is 'returned’

to groundwater via percolation, consumption
through plant growth and evapotranspiration is
typically significant and approximately 70 % of water
abstracted does not return to a water body (Molle and
Berkoff, 2007).

Traditionally, supply-orientated approaches have
ensured a regular supply of water for agriculture
through a combination of reservoirs, inter-basin
transfers and increasing abstraction of both surface
water and groundwater. Generally, however, such
practices are not sustainable in the longer term and
simply exacerbate the adverse impacts of agricultural
water use upon freshwater ecosystems. Fortunately, a

Towards efficient use of water resources in Europe
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number of technological and management measures
exist to improve the efficiency and sustainability of
agricultural water use. These are described below.

It should be noted, however, that the efficiency gain
associated with each approach is strongly dependent
upon a range of factors including crop and soil type
and climate, and this must be understood fully before
measures are implemented (Bio Intelligence Service,
2012).

Improving irrigation efficiency

Irrigation efficiency consists of conveyance efficiency
and field application efficiency. Conveyance efficiency
refers to the percentage of abstracted water that is
delivered to the field. There are large differences

in conveyance efficiency depending on the type of
irrigation network. In Greece, for example, average
conveyance efficiencies are estimated at 70 % for
earthen channels, 85 % for lined channels and 95 %
for pipes (Karamanos, 2005). The conversion from
open channels to pressurised pipe networks can,
therefore, be an important watersaving measure. In
the Cote d'Azur region in France, such a conversion
has helped save around 300 million m®annually
(Dworak et al., 2007). Across the EU, potential water
savings from improving conveyance efficiency are
estimated at 25 % of water abstracted (WssTP, 2010).

Field application efficiency is the ratio between

the water used by a crop and the total amount of
water delivered to that crop, indicating how well an
irrigation system performs in transporting water to
the plant roots. A strong contrast is apparent when
comparing furrows with sprinkler and drip systems,
with the former having an efficiency of around 55 %,
sprinklers 75 % and drip systems 90 % (Dworak

et al., 2007).

More efficient irrigation systems are gradually being
implemented within Europe. In Spain, between 2002
and 2008, the area irrigated by gravity (flooding)
methods decreased from around 1.4 million hectares
to just above 1 million. Over the same period, drip
irrigation increased from 1.1 million hectares to

1.6 million hectares (MARM/BPIA, 2009).

Increased irrigation efficiency can, however, result in
either no change or even an increase in water used

if the efficiency gains simply drive an expansion of
the irrigated area. For example, Garcia (2002) reports
that subsidised drip irrigation technologies in the
Valencia region of Spain did not lead to reduced
application rates, while Candela et al. (2008) report

a tripling of irrigation area following efficiency
improvements. Research in Crete has revealed

that the technical efficiency of some farmers

using drip irrigation systems is low and they are

Towards efficient use of water resources in Europe
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not fully exploiting the potential water-resource
savings (OECD, 2006). Any installation of
improved irrigation systems needs, therefore, to be
accompanied by advice to farmers.

Modification of agricultural practices

Crops vary in their resistance to drought and their
water requirements. Careful crop selection, together
with irrigation management and soil moisture
conservation can all reduce crop water use. Crop
tolerance to drought depends partly on the depth
of root systems. Crops with deep root systems such
as grapes, alfalfa and sorghum are able to draw on
moisture deeper in the soil than those with shallow
roots (e.g. maize and pea) and so cope better during
periods of water stress. Crops also vary in their
timing of peak water demand. Water demand for
maize, for example, is concentrated in the summer
months when water stress is at a maximum. In
contrast, the cropping calendar of rape, winter
wheat and winter barley is centred on the autumn
and winter months when there is more water
available. The timing of the cropping calendar can
also be used as a technique to reduce irrigated water
use. Early sowing, for example, can help capture
winter rains so that the need for supplementary
irrigation is reduced. Early sowing also helps avoid
the extreme evapotranspiration rates typical of
Mediterranean summers.

Aside from economic considerations, changing
from water intensive crops to those that demand
relatively little water (and are drought tolerant)
is an obvious option for reducing irrigation water
requirements. The success of such a change is,
however, highly dependent on market prices.

In addition to changing to less water intensive

crop types, there is also potential for returning
irrigated land back to traditional rain-fed practices,
particularly in regions where water stress is acute.
While such a wholesale change in the approach

to farming would clearly affect water use, it raises
socio-economic issues and, seen in the context of
global markets and prices for agricultural products,
may not be economically feasible in some locations.

Deficit irrigation is a technique that aims to reduce
the amount of water applied to below the 'theoretical
irrigation need' on the basis that the substantial
water savings realised outweighs any reduction in
crop yield. The approach takes advantage of the

fact that maximum production does not necessarily
lead to maximum profitability. Deficit irrigation has
been shown to have more success with tree crops

and vines than field crops (Fereres and Soriano,
2006). For grapevines, a reduction in water use
ranging from 16.5 % (rainy years) to 53 % (dry years)
produced no significant impact on the grape yield
or the quality of the must (Battilani et al., 2007).
Contrastingly, the water stress sensitivity of maize
means that it does not respond well to the practice
(Bio Intelligence Service, 2012). A number of factors
must be accounted for when considering deficit
irrigation, including the crop type, its phenological
phases, and monitoring of soil water content.

Improving the timing of irrigation so that it

closely follows crop water requirements can lead

to significant water savings. The approach does
require, however, that farmers are well trained and
familiar with issues such as temporal changes in
crop water demand and estimating soil moisture. In
Crete, for example, the irrigation advisory service
informs farmers by phone of when and how to
apply water to crops, based on estimates of daily
crop evaporation that account for crop type, growth
stage, soil type and rainfall. Water savings of 9-20 %
have been achieved (Bio Intelligence Service, 2012),
reducing costs to farmers.

Reusing wastewater

In areas where water is scarce, treated wastewater
provides an alternative source of water for
irrigating crops. The practice is growing within
Europe and is particularly well established in
Spain, Italy, Cyprus and Greece (MED-EUWI, 2007;
Aquarec, 2006).

For islands and coastal regions, water recycling
allows extended and thus more efficient use

of freshwater by avoiding discharge to the sea.
The contribution of water recycling to meeting
agricultural water demand can be substantial.

In Gran Canaria, for example, 20 % of water
used across all sectors is supplied from treated
wastewater, including the irrigation of 5 000
hectares of tomatoes and 2 500 hectares of banana
plantations (MED-EUWI, 2007). In Cyprus, the
reuse targets for 2014 equate to about 28 % of the
agricultural water demand in 2008 (WDD, 2008).

The quality of reclaimed water, in terms of
chemical and bacterial loads, must be considered
and properly managed. Regulations in force in
several EU Member States aim to achieve this

but more unified guidance on regulating and
implementing water recycling in agriculture would
support further uptake and intensification of the
practice.

Towards efficient use of water resources in Europe

13



14

Water-resource efficiency — measures and tools

Following a comparative analysis of desalinating
seawater, importing water and reclaiming
wastewater on the Aegean islands, Gikas and
Tchobanoglous (2009) concluded that the latter
imposes the lowest cost and energy requirements.
Reclaiming wastewater is recommended as part of
a longterm strategy for managing water resources
sustainably across the islands and has various
potential uses, including agricultural irrigation.

In 2010, the UN Food and Agriculture

Organization (FAO) launched a report about

an 'economic framework for the assessment of

the use of reclaimed water in agriculture, as

part of a comprehensive planning process in
water-resource allocation strategies to provide

for a more economically efficient and sustainable
water utilisation' (FAO, 2010).The Llobregat site
(Barcelona, Spain) has proven to be a 'win-win'
project, where farmers exchange their current
entitlements to freshwater against use of reclaimed
water thereby making the natural resource of
freshwater available for drinking water demand. The
project is delivering agricultural and environmental
benefits and demonstrates efficient water-resource
allocation in integrated water management.

Tackling illegal water use

While reliable quantitative information on the

issue is scarce, it is clear that illegal abstraction of
water, particularly from groundwater and often

for agricultural purposes, is widespread in certain
areas of Europe. Illegal water use may involve
drilling an unlicensed well or exceeding a consented

abstractable volume from wells that are licensed.

In addition, it can occur from surface waters using
transportable pumping devices. Addressing illegal
water use is crucial but represents a major political
and technical challenge. Monitoring is required

to detect illegal wells and authorities have to

follow up detected cases with fines or penalties
sufficiently severe to deter further illegal abstraction.
Surveillance is also required to ensure continued
compliance.

In Spain, for example, illegal water abstraction
represents a major threat, particularly at times of
drought. While Drought Management Plans curtail
irrigation in order to ensure that priority needs

are met, farmers resort to illegal groundwater
abstractions to protect their crop against drought.
Drought risk translates into groundwater depletion
risk (Gomez and Pérez, 2012).

2.1.2 Water use efficiency of public water systems
and industry

Approximately 20 % of water abstraction across
Europe supplies public water systems, although
significant variation exists between countries. Public
water not only includes the supply to households
but also to small businesses, hotels, offices, hospitals,
schools and some industries. The key drivers
influencing public water demand are population
and household size, income, consumer behaviour
and tourist activities. Technological developments,
including watersaving devices and measures to
address leakage in public water supply systems, also
play an important role.

Box 2.1 Zaragoza: watersaving city

Water quality also improved.

set.

Source: Shirley-Smith et al., 2008.

Zaragoza, a city in north-east Spain, provides an example of successful management of urban water demand. The city reduced
overall water use by 1 600 million litres on average each year between 1995 and 2008 despite significant population growth.

A local non-governmental organisation, Ecodes (Foundation for the Environment and Development), was founded specifically to
help reduce water usage in Zaragoza, and worked closely with the municipality to inspire and support watersaving initiatives.

Importantly Ecodes enjoyed the full support of the municipality and managed to secure the engagement and support of the public
through a clear and well structured publicity campaign. Water saving became a matter of civic pride disassociated from party
politics, and consequently survived several changes of government.

Successful measures included the adoption of a range of watersaving techniques by industry such as re-circulating cooling systems
and improvements in cleaning methods and maintenance regimes, combined with the introduction of water meters. In addition,
following public awareness campaigns, the behaviour of the general public changed.

The government also drew up a municipal order to save water, to be incorporated in the Municipal Building Code. Finally, a
workable water tariff system that aims to be fair to all consumers was introduced following a stakeholder consultation. The
campaign was so successful that initial targets were achieved two years ahead of time, allowing even more ambitious targets to be
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A number of measures can potentially reduce the
use of public water supplies. These can be broadly
grouped into the broad categories of watersaving
devices; greywater re-use and rainwater harvesting;
behavioural change through awareness-raising;
metering; and leakage reduction in distribution and
supply networks.

Watersaving devices and products

The water efficiency of modern large electrical
appliances such as washing machines and
dishwashers, and numerous other household
products including toilets, taps, showers and
general plumbing, has greatly improved over recent
decades. Even as these innovations become standard
in new buildings, considerable scope exists for a
greater uptake and use of these modern appliances
across much of Europe.

Toilet flushing accounts for about 25-30 % of total
domestic water use. As such, savings of 30 litres

per property per day (Waterwise, 2010) can be
achieved by using dual flush and low flush toilets.
Cistern replacement devices (for example 'hippos')
are a simple and cheap means of reducing flush
volumes, typically by about 1 litre per flush. They
are particularly useful in older toilets with large
cistern volumes. Water can also be conserved with
a delayed action inlet valve, which prevents the
cistern refilling during the flush. Without such a
valve, the water released is greater than the cistern's
capacity — by 17 % according to one study cited in a
UK Environment Agency report (EA, 2007).

Many older urinal installations do not have controls
and so flush continuously, wasting significant
volumes of water in public and commercial
buildings. A number of flush control devices are
now available that provide significant water savings.
These are typically timer-based or else detect the
presence of people using infrared sensors.

Installing water efficient showerheads can save about
25 litres per property per day (Waterwise, 2010).
Water use by showers can be reduced considerably
by aerating the water flow, which helps to simulate
the feel of a power shower but without requiring high
volumes of water. Such aeration can also be applied
to water flowing through taps. Thermostatic mixing
valves in both showers and taps maintain selected
temperatures and have been shown to result in
considerable savings of both water and energy. Taps
with infrared sensors provide water only when an
object is detected beneath them, resulting in water
savings of 70 % or more.

Photo: © Fleur Suijten, 2005

Bio Intelligence Service (2011) identified a potential
to reduce water use in buildings by 10 % using
horizontal measures such as metering and pricing
strategies. A further saving of more than 5 % was
possible using product and building-level policies
such as labelling and rating/auditing. Overall,
there is a need for improved incentives for broader
application of improved ecodesign.

Reuse of greywater and rainwater harvesting

'Greywater' refers to all household wastewater
other than that from toilets, i.e. wastewater from
baths, showers, washbasins, kitchens and washing
machines. In the most simple re-use systems,
greywater is stored and subsequently used,
untreated, for flushing toilets and watering gardens
(other than edible plants), thereby reducing the use
of potable water. Greywater from baths, showers
and washbasins is generally preferred to that

from kitchen sinks and dishwashers since it is less
contaminated. The microbial quality of greywater
raises public health concerns, however, particularly
when it has been stored for some time. Immediate
use of greywater is therefore preferred, although
approaches also exist to minimise the contamination
of stored water.

Rainwater flowing from a roof or other impermeable
surface can be transferred via guttering or piping

to a receiving container and subsequently used

for activities such as gardening and car washing.
Rainwater harvesting therefore reduces household
use of treated public water supplies where it is

used to supply, for example, washing machines and
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toilets. Perhaps even more important in countries
with abundant water resources, it can also reduce
the load on urban drainage systems during heavy
precipitation. Fiscal arrangements to compensate
those who install such arrangements may increase
incentives for the local management of storm water.

Harvesting systems can range markedly in scale and
complexity from a simple garden butt to community
systems. In Berlin, for example, rainwater falling

on 32 000 m? of roofing associated with a large

scale urban development — the Daimler Chrysler
Potsdamer Platz — is collected in a 3 500 m? tank
(UNEP, 2011b).

While harvesting and reuse yield water savings, for
some systems the energy used in manufacturing,
installing and maintaining the necessary
infrastructure yields a greater greenhouse gas
emission than using mains water. Scope exists,
however, to improve the design of such systems

to reduce their carbon footprints, including with
respect to storage tanks and pumps (EA, 2010a).

Box 2.2 Treated wastewater supports water
efficiency

The recently completed Olympic Park in London receives
non-potable water derived from the treatment of wastewater.
Londoner's wastewater from an outfall sewer is turned

into water suitable for irrigation, flushing toilets and as a
coolant in the Park's energy centre. This water is pumped
into the Park's network of pipes, which are separate from
those supplying drinking water to taps. This recycling of
'blackwater' produces 574 m? of water per day for the
Olympic Park.

Source: Defra, 2011b.

Reducing leakage

Leakage in public water systems is a common
problem, undermining water-resource efficiency.
Although eliminating leakage entirely is an
unrealistic goal because of the costs involved,
optimising leakage reduction is a crucial part of water
demand management.

Leakage in public water supply systems results in loss
of purified drinking water but also means wasting

the energy and material resources used in abstraction
and treatment. In cases where supply pressure drops,
leakage can also imply a potential risk of bacterial
contamination from surrounding ground.

Quantifying the combined 'distribution loss'in a
water supply network, which includes water used
for flushing pipes, unbilled consumption (e.g. fire
fighting) and illegal consumption, can only be
calculated indirectly as the difference between
drinking water produced and end-user metering
(or some other estimate of consumption).

Leakage is usually the largest component of
distribution loss, according to the European
Benchmarking Co-operation (EBC, 2011), which
reports distribution losses of about 5 m*/day/km of
mains in the supply network. There is considerable
variation, however, among the approximately

40 utilities participating, mainly from Europe.

Currently leakage rates are not subject to regulation
other than management decisions by utilities.

These are often based on considerations such as
consumer health and the economic return period for
investments in infrastructure maintenance. If such
cost calculations do not include externalities and
other consequences of expanding water supply using
energy intensive and material resource intensive
technologies, these decisions will produce suboptimal
outcomes for society.

Leakage in sewerage systems will result in either
infiltration or exfiltration depending on the local
groundwater tables. Exfiltration of wastewater

may result in contamination of groundwater and
thereby compromise groundwater resources in cities
for human consumption. Infiltration contributes

to diluting wastewater and leads to roughly
proportional increases in pollution loads into the
environment.

Large infrastructure maintenance projects in cities
aimed at reducing water leakage often have long
timespans and must be integrated with city planning
for projects in other sectors, such as transport,
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telecommunications, gas and heating. A forthcoming
European Commission study to be published in 2012
will provide more information on the feasibility of
further leakage reduction in Europe (EC, 2012a).

Raising awareness

Awareness-raising campaigns aimed at domestic
and business water consumers play an important
role in conserving water. Such campaigns encompass
anumber of different approaches, including
websites, education programmes in schools, local
authority and water company leaflets, advertising
stands at live events and the use of general media
outlets (i.e. television, radio and newspapers and,
increasingly, social media). Typically, the larger the
geographical reach of the campaign, the simpler its
content. Awareness-raising can address behaviour,
such as time spent showering or water use in
gardening, as well as focusing on the benefits of
installing water efficient appliances and products.

Metering

Metering is a very important tool for raising
awareness about water use, providing factual
information and feedback to every user. But fully
implementing metering for all users is also a key
control and governance measure. It is a precondition
for a volumetric pricing, which is an important
element in the water tariff structure (see Box 2.3).

Box 2.3 Water metering in England and Wales

Over recent decades, water stress has increased in England
and Wales, due both to an increase in water demand
resulting from population growth and changing lifestyles,
and reduced water supply (decreasing environmental base
flows).

To address this challenge, water companies are allowed

to replace current water charges based on the value of
residential property with volumetric water charges (Walker,
2009). Water meters are needed to implement volumetric
charges and their use has expanded hugely. According to
OFWAT (2010) 'Whereas only 3 % of residential customers
had meters in 1992-1993, by 2010 that proportion had risen
to 40 %.'

Customers were free to decide whether or not to install a
meter and be charged based on their actual water use. The
roll-out of meters was largely facilitated by public awareness
campaigns and discussions, and cooperation between
OFWAT, the Environment Agency and the water companies.
In areas that the Environment Agency declared to be 'water
stressed', water companies could require consumers to
install meters. So far, four out of the nine water companies
in water stressed areas have announced compulsory water
metering (EA, 2008a).

Source: Zetland and Weikard, 2011; OFWAT, 2010.

2.2 Water and energy sector linkages

In the sustainable development context, efficient
water use is closely linked to efficient use of other
resources such as energy, chemicals, materials and
land. Water is used in energy and food production;
energy and materials are needed for water
treatment; energy, food and industrial production
are important drivers for water pollution and
over-abstraction. Protecting water resources requires
a focus on both water quantity and quality.

2.2.1 Water used producing energy; energy used
producing water

The water-energy link is multifaceted. Energy
production can affect water quality, while energy
is used in water treatment and to reduce pollution.
Similarly, hydropower — producing energy from
water — and desalination — producing freshwater
using energy — both play a important role in
economic growth by supplying large and secure
amounts of 'green’ energy or water where it is a
scarce resource.

Hydropower

In 2010 hydropower provided 16 % of electricity

in Europe and 67 % of all renewable electricity
(Eurelectric, 2011). More than 85 % of hydropower
energy is produced by large hydropower plants.
The share of hydropower in electricity production is
generally high in the northern and Alpine countries.

In the context of the EU's Renewable Energy
Directive (EU, 2009a), hydropower is an important
measure for increasing the share of renewable
electricity. Depending on its management, however,
hydropower can impact water bodies and adjacent
wetlands.

The national renewable energy action plans
(NREAPs) elaborated pursuant to the Renewable
Energy Directive indicate that between 2005 and
2020 the largest predicted increases in annual
electricity output from renewable sources will
derive from wind (424 TWh), solid biomass

(99.8 TWh) and solar photovoltaics (81.9 TWh). As
Figure 2.1 illustrates, the anticipated expansion of
hydropower is comparatively small. Micro-hydro
(<1 MW capacity) is expected to produce an
additional 1.3 TWh in 2020, compared to 2005; small
hydro (1-10 MW) will produce another 6.3 TWh,
and large hydro (> 10 MW) will provide an extra
14.7 TWh (Beurskens et al., 2011). The pumped
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storage capacity is also expected to almost double,
from 23 400 MW in 2005 to 39 500 MW in 2020.

Although small hydropower schemes make up a
relatively small proportion of total capacity growth,
the number of installations will be far greater than
large hydropower schemes. Member State plans
indicate many thousands of new installations across
the EU. There is a risk of increased environmental
impacts from new small hydropower developments,
unless particular care is given to effective impact
mitigation.

Hydropower installations have potentially

large environmental impacts. Structures such

as hydropower dams or river-run hydropower
have resulted in significant hydromorphological
modifications — physical changes — to many of
Europe's rivers and lakes. Hydropower can affect
the hydrology of freshwater systems, obstruct
upstream and downstream migration, and change
the water flow and sediments. Hydropower plants
have altered the seasonal or daily flow regimes

in many European rivers, resulting in significant
impacts on ecosystems (EEA, 2010a; Jansson, 2006;
Serensen, 2000).

New hydropower installations could conflict with
the WFD objective of achieving good ecological
(including good hydromorphological) status.
Refurbishing and upgrading existing hydropower
installations might also conflict with good ecological

Figure 2.1 Potential growth in renewable
energy relative to 2005
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potential in cases where a water body is already
modified (EC, 2004). However, the potential
reduction of existing hydroelectric generation due
to WFD implementation is so far assumed to be only
around 1.5-5 % (Kampa et al., 2011).

Decisions that balance the goal of maximising
growth in renewable energy capacity against the
goal of minimising environmental impacts need to
be assessed case by case at the regional level, within
e.g. strategic planning (optimising the selection of
locations). The impact of existing small and large
hydropower schemes should be evaluated, and
hydropower's impacts should be compared to those
of other renewable energy technologies such as

solar and wind. Only then will resource efficiency
be understood in a manner that integrates energy,
water resources and the functioning of ecosystems.
It may be easier to expand the capacity of other
renewable energies with less environmental impacts.
Unfortunately, assessing the relative efficiency of
alternative energy sources in terms of their impacts
per unit of energy produced or stored is challenging.
So far there are no agreed methods and indicators

to evaluate this impact in a harmonised way

(Melin, 2010).
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Box 2.4 Subsidies for sustainable hydropower
in Germany

In Germany, the 2000 Renewable Energy Sources Act (EEG)
is the main instrument promoting renewable energy. It
guarantees a defined remuneration per kWh of electricity
produced from renewable sources, which exceeds market
prices.

Since its amendment in 2004, the EEG has also set
environmental requirements for hydropower plants to be
eligible for increased subsidies. These ecological conditions
are applicable for all of Germany's 7 500 hydroelectric power
stations. The most important measures required for water
bodies in the area of influence of hydropower plants relate

to establishing migration possibilities for fish upstream, fish
protection measures for migration downstream, and ensuring
minimum water flows (Naumann, 2011).

First assessments of implementation of the EEG report that
about 10 % of existing hydropower plants use equipment
that assists upstream migration of fishes and/or ensures
minimum flow conditions. About half of the upstream
migration provisions have been financed by the increased
subsidies available under the EEG (Anderer et al., 2011).

Source: MattheiB3, 2011.

Desalination

Desalination is widely discussed and increasingly
used to meet freshwater demand in water scarce
regions. The greatest desalination capacity
(including both installed and projected facilities) is
found in the Middle East and North Africa, which
account for more than 70 % of global capacity.
Europe holds some 10 % of global capacity, with
Spain the biggest user of desalination with a
capacity of 1.6 million m*/day. The capacities of

other EU Mediterranean countries are rather smaller,

with some 240 000 m?/day in Italy, 100 000 m*/day
in Cyprus and 30 000 m®/day in Greece. Turkey's
capacity is much less at about 10-15 m?/day
(Lattemann and Hopner, 2008). Spain is currently
discussing increasing its capacity dramatically, with
20 new installations planned.

The rapid expansion of desalination capacity is
focusing attention on its environmental impacts.
One key issue is the discharge of salt (either brine
or solid waste from the desalination process). Brine
effluents and waste also include other chemicals
used during pretreatment and membrane-cleaning
in the desalination process. Brine is heavier than
normal sea water and spreads along the sea bottom,
threatening organisms sensitive to salinity, for
example the sea grass Posidonia oceanica (USNRC,
2008; WWE, 2007; Lattemann and Hopner, 2008).

Another important concern is desalination's energy
consumption and carbon emissions. Southern

Europe's planned investments in desalination

to address water scarcity could jeopardise the
reductions in energy use planned under the EU's
climate and energy package (EC, 2009a). As has
been widely discussed (Elimelech and Philippe,
2011; Semiat, 2008; Lattemann and Hopner, 2008),
desalination plants have significant energy needs.
Separating water from salt demands theoretically
1.06 kWh/m?® and further energy is needed for
pretreatment and processing. Unless the energy
use is off-set by renewable energy sources directly
at the plant or in the region, the sustainability of
desalination has to be questioned when considering
the EU's combined targets for of water and energy
sustainably, and reducing carbon emissions.

One way to address the energy implications of
desalination might be to employ renewable energy
sources. In recent years research has sought to
identify technologies that allow water and energy
production at a reasonable price (Blanco et al., 2009;
Fernandez-Lopes et al., 2009). Spain has research
programmes to foster solar- and wind-powered
desalination (Fernandez-Lopes et al., 2009). In the
case of the solar technologies, there is some appeal
in the fact that the same climatic conditions that
cause water scarcity (in part by boosting agriculture
and tourism) also enable the provision of water to
meet the needs of these sectors.

A further innovative way to deal with the negative
environmental impact of desalination is to combine
the brine discharge of desalination plants with the
discharge of wastewater treatment plants, as is
currently done in Llobregat (Spain) (Box 2.5).

Box 2.5 Desalination in Barcelona — moving
towards environmentally friendly
practices

Barcelona constructed a 200 000 m3/day desalination plant
following an extended drought, which had forced the city to
import drinking water via boat. Fully operational since July
2009, the plant satisfies 20 % of Barcelona's drinking water
needs.

In 2010, the Barcelona Llobregat desalination plant was
recognised as 'Desalination plant of the year' at the

2010 Global Water Awards for its efforts to reduce the
environmental harm of desalination. Key measures have
included steps to decrease harmful environmental impacts
by diluting brine with wastewater from the nearby Baix-
Llobregat wastewater treatment plant before discharging it
into the sea. Energy recovery was also boosted by applying
PX Pressure Exchanger® (PX®) devices, enabling energy
recycling at up to 98 % efficiency.

The Barcelona (Llobregat) desalination plant is said to be
'one of the most well designed, modern desalination facilities
in the world' (Energy Recovery Inc., 2012).
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At present, the technologies for mitigating
desalination's impacts are still in their infancy. As

a result, desalination should only be considered an
option after all other water efficiency measures have
been implemented. The possibility of linking water
supply with renewable energies should be seen as a
chance for investments in innovative technologies,
driving further growth in often marginal areas.

2.2.2 Energy use in drinking water supply

Drinking water supply includes abstraction,
treatment and supply via the pressured network for
use by customers in households and industry. The
energy used depends greatly on local geographical
and hydrogeological conditions and raw water
quality. This ranges from clean water resources
transported by gravity from mountains to urban
areas or abstracted from deep aquifers by pumping,
to intake from rivers, which are affected by many
upstream pollutant discharges and therefore need
more advanced treatment to meet drinking water
quality standards.

The energy required per m® of drinking water is
very site specific. It may therefore be more useful
to evaluate energy efficiency trends over time at
individual utilities, rather than to compare the
efficiency of utilities in significantly differing local
conditions.

The European Benchmarking Co-operation (EBC)
records the power consumption at some 40 utilities,
mainly in Europe, with different water source

and supply conditions. According to EBC (2011),
the mean value for pumping water is 0.56 kWh

per m?®, varying between 0.3 kWh/m?at the 10th
percentile and 0.9 kWh/m? at the 90 percentile. This

corresponds to an estimated average energy use

of 0.64 kWh per m? for producing and distributing
drinking water to about 22 million people in the EU
(Suez Environnement, 2012).

From the demand management side, there may be
greater potentials for saving energy by reducing
water use and making infrastructural investments in
leakage control.

In considering the source of drinking water, the
most cost-effective and energy saving solution is

to obtain clean freshwater from a nearby source.

If nearby sources are heavily polluted, e.g. by
agricultural contamination with nitrates and
pesticides or industrial pollution by chemicals,
several possibilities exist to provide customers with
the expected quality. One option is to source fresh,
good quality water from more remote, mountainous
areas, although this implies higher costs and energy
demands for transport. If more distant freshwater
sources are also scarce or the transport distances
are too great then more intense treatment is
necessary, such as ion exchange to remove nitrates
and activated carbon to remove pesticides. Both are
relatively energy intensive.

In the situations where drinking water demands
cannot be met from available freshwater sources, a
final means of increasing supply is desalination but
this consumes more energy. Roughly speaking, the
electricity consumed in producing drinking water
with seawater desalination by reverse osmosis is
around 4 kWh per m? higher than the energy needed
for traditional treatment of freshwater from a river
or a lake Suez Environment, 2012), less is needed

if produced from brackish water. As noted above
the energy need for the traditional treatment even
including distribution is only 0.64 kWh per m?.

Box 2.6 Improving water quality at source reduces drinking water costs

Upstream catchment management is increasingly viewed as a sustainable approach to improving the quality of water abstracted
for drinking. By reducing the need for 'end-of-pipe' water treatment, it also cuts treatment costs.

In the United Kingdom successful implementation of this approach has involved partnerships between water companies, NGOs
such as rivers trusts, and local farmers. For example, South West Water's programme of environmental improvement, 'Upstream
thinking', helps farmers and land managers to keep peat, soils and natural fertilisers on the land, and improve slurry management.
Strong benefit-to-cost ratios are projected.

Similarly, Yorkshire Water is pursuing a land management solution to a growing raw-water colour problem arising from moorland.
Tackling the problem at source reduces the need for expensive carbon intensive treatment solutions and supports other ecosystem
services that the moor provides such as carbon storage and biodiversity.

Water discolouration is also the focus of a United Utilities sustainable catchment management programme in north-west England,
where a partnership approach is improving land management and water quality and restoring peat vegetation, thereby also
supporting carbon storage.

Sources: Defra, 2011a and 2011b; Rivers Trust, 2012.
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Kenway et al. (2008) report that in Australia, which
already faces widespread water scarcity and drought
problems, urban water supply and wastewater
services currently account for a small fraction of
total energy use in Australia but this is expected

to triple by 2030. Unfortunately, understanding of
the important linkages between water, energy and
the economy is currently limited but the concept of
urban metabolism potentially offers a framework for
analysis (Kenway et al., 2011a and 2011b).

2.2.3 Energy use and recovery in wastewater
treatment

Wastewater treatment consumes energy, mainly in
the form of electrical power. Suez Environnement
(2012) reports an annual weighted average power
consumption of 47 kWh/y/pe (based on 18 million
people served in the EU). Similarly, BMU (2011)
reports values of 32-75 kWh/y/pe for urban
wastewater plants in Germany serving populations
ranging from less than 1 000 persons to more than
100 000 with the lowest specific consumptions at the
bigger plants. In comparison, in 2008 the average
annual energy consumption of each European
citizen was about 5 000 kWh.

Usefully, the chemical composition of wastewater
and the heat it contains also enable energy recovery.
By converting organic matter into a methane-rich
'biogas' using sludge digestion, this renewable
energy source can generate power and thereby
reduce or eliminate a plant's dependence on
conventional electricity. Energy savings can also

be achieved by improving process performance

e.g. using up-to-date instrumentation, control

and automation (ICA). Wastewater collection also
consumes energy, although normally much less than
wastewater treatment.

Based on a review of some 40 utilities using different
forms of wastewater treatment, mainly in Europe,
the European Benchmarking Co-operation (EBC)
calculated a median energy recovery for those using
energy recovery technologies of around 7.5 kWh/y/
population equivalent (pe). In comparison to a
median power consumption of 33 kWh/y/pe this
represents a good efficiency gain (EBC, 2011).

Energy consumption and recovery data from
different sources are not always comparable due to
the use of different units and mixing of electricity
and heat energy without considering exergy
levels. This problem can be overcome by analysing
the carbon footprint for the energy balances, as

is practiced in, for example, Australia and New
Zealand (Kenway et al., 2008).

A zero carbon footprint can be obtained by carbon
off-setting and co-digestion of organic waste with
sewage sludge as a synergy between the two sectors.
The Amsterdam Westpoort (Netherlands) and
Hagen (Germany) wastewater treatment facilities,
for example, are today considered carbon neutral

in their infrastructure and operation. For future
comparisons, however, a clear terminology and
methodology for calculating carbon footprints from
wastewater treatment plants is needed.

As another example, biogas can be used as a fuel

for vehicles. Stockholm's Vatten sewage treatment
works, for example, is a net supplier of energy,
producing 4.1 million m? of biogas annually, which
is used as a fuel for several of the city's buses, taxis
and private cars. Additionally, heat is extracted from
the treated wastewater and used in Stockholm's
district heating systems (Stockholm Vatten, 2012).

Several plants have reduced electricity consumption
by more than 15 % without compromising effluent
quality by investing in instrumentation, control

and automation (Thomsen and Onnerth, 2009).
Reducing the number of mixers in the biological
treatment process can also deliver energy savings,
as demonstrated by the 0.75 GWh reduction in
annual energy consumption achieved at the Avedere
wastewater treatment plant in Denmark, which
serves 260 000 citizens plus industry (Sharma et al.,
2011). The latter study demonstrates the potential
benefits of reconsidering design standards based on
experimental investigations.
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Tertiary wastewater treatment is now the norm in
northern and central Europe (EEA, 2010d). However,
the 6th Implementation Report of the Urban Waste
Water Directive (EC, 2011b) states a implementation
gap which will require big investment in the future.
With the current development of wastewater
infrastructure e.g. in eastern and south-eastern
Europe, there is an opportunity to integrate modern
design and operation practices that achieve both
optimal energy use and higher treatment levels and
use those investments to increase efficiency.

2.3 Water quality and resource
efficiency

The water quantity/water quality link requires the
full consideration of the 'water-energy-food' nexus.
Where Section 2.2 focused on the water-energy
relation the following expands further to look in
addition to the aspects of pollution and efficient
use of land and material. An important aspect
here is to further reduce emissions to help protect
water resources (and the reduce energy for their
treatment), but also to use land and material more
efficiently.

2.3.1 Recovery of nutrients in wastewater
treatment

Technological innovation is helping to achieve a
more sustainable approach to wastewater treatment.
It is shifting the conventional view of municipal
sewage from a waste to be treated and disposed of,
to a resource that can be processed for the recovery
of energy, nutrients, and other constituents.

Regarding Nitrogen the European Nitrogen
Assessment (Sutton et al., 2011) advocates that

an ambitious long-term goal should be to recycle
Nitrogen from wastewaters, utilising new sewage
management technologies and by that means
reduce energy for producing new Nitrogen fertiliser.
In the case of Phosphorus, for example, another
essential plant nutrient, applied to agricultural land
worldwide in fertilisers derived from phosphate
rock the situation is even more urgent as phosphate
rock is a non-renewable resource, which is being
steadily depleted. Some estimates suggest that global
commercial phosphate reserves will be depleted
within 100 years at current rates of extraction (Smit
et al., 2009). Other studies indicate that the global
peak in rock phosphate reserves will occur around
2035 (Cordell et al., 2009) after which mining and
processing will become increasingly uneconomical.
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While the timing of such a peak and the lifetime of
remaining reserves is subject to continuing debate,
there is a general consensus that the quality of
remaining reserves is declining, phosphate layers
are becoming more difficult to access and costs

are increasing (Smit et al., 2009). Ultimately, cheap
phosphate fertilisers will become unavailable.
Unfortunately, phosphorus has no substitute in
food production and the European Union is almost
entirely dependent upon imports, with China,
Jordan, Morocco, South Africa and USA controlling
85 % of global phosphate reserves (Smit et al.,
2009).

The continued depletion of phosphate rock
reserves is likely to incentivise more efficient use of
phosphate fertiliser on agricultural land. However,
significant amounts will continue to enter water
bodies. Virtually all of the phosphorus that humans
consume in food is excreted in urine and faeces,
with an estimated 3 million tonnes produced
globally each year (Cordell et al., 2009). Phosphorus
in detergents is likewise disposed of via domestic
wastewater.

As part of an efficient solution, reducing phosphorus
used in detergents at source would help address

the increasing depletion of stocks, as well as the
disposal problem. The regulation restricting the use
of phosphates and other phosphorus compounds

in consumer laundry and automatic dishwasher
detergents recently adopted by the European
Council can be seen as a useful step forward in this
direction (EU, 2012).

Within Europe, domestic wastewater is typically
directed to an urban wastewater treatment plant.
Depending on the level of treatment, effluent
from such plants discharges some phosphorus
to receiving waters, increasing the risk of
eutrophication. The phosphorus not discharged
within effluent is retained within treated and
nutrient-rich sewage sludge (also known as
biosolid).

According to Milieu et al. (2012) about 40 % of the
about 10 million tonnes of dry solids of sewage
sludge produced in the EU-27 is recycled to
agriculture. The proportion could be even higher if
there were not major concerns about heavy metals,
organic micro-pollutants and emerging hazardous
substances accumulating in soils and in the food
chain. In the EU sewage sludge contributes less than
5 % of the total amount of organic manure used on
land (most of which is of farm animal origin), and
sludge is applied to less than 5 % of agricultural
land in the EU.

Milieu et al. (2012) anticipate that in the future there
will be a general phasing out of sending sludge

to landfill. Instead, there will be more treatment
of sludge, using anaerobic digestion and other
biological treatments such as composting, before
recycling to land. They also foresee a possible
increase in restrictions on the types of crops that
can be cultivated using treated sludge, increased
attention to recovering organic nutrients and, in
densely populated areas, incineration with energy
recovery.

The ability to recover phosphorus from sewage

to make fertiliser is a relatively new technological
breakthrough. Several technical, economic and
management approaches are available for recovering
nutrients from wastewater streams (IWA, 2009).
Phosphorus can be recovered from wastewater and
sewage sludge as well as from the ash of incinerated
sewage sludge, with recovery rates from the latter
two reaching up to 90 % (Cornel and Schaum, 2009).
Experimental trials have demonstrated the value of
a range of recovery techniques (Valsami-Jones, 2004)
including thermochemical technology developed
within the sustainable and safe re-use of municipal
sewage sludge for nutrient recovery project
(SUSAN, 2009).

In the Netherlands, a sewage sludge treatment
company delivers approximately 6 000 tonnes per
year of phosphorus-rich sludge ash to a phosphate
producer for further purification. The producer
integrates this into the output of pure phosphorus
to be sold for a wide range of applications (Schipper
and Korving, 2009).

Recovering the mineral struvite (ammonium
magnesium phosphate) from sludge offers a double
benefit. First, struvite is a high quality fertiliser; as
a crystalline product, struvite releases phosphorus
slowly, while avoiding the concerns about heavy
metals and organic micropollutants that arise

if applying sludge directly to agricultural land.
Second, struvite can form scaling in sewage pumps,
valves and pipes, so struvite recovery helps prevent
clogging (Marti et al., 2010).

Increasing phosphorus prices directly are affecting
the economic feasibility of struvite recovery
technologies. Dockhorn (2009) states that the cost of
recovering nutrients from wastewater for struvite
production is EUR 2-11 per kg of phosphate for

the precipitation step alone, depending on the
phospho