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ABSTRACT 

 
EU water policy is at a critical crossroad. Following more than two decades of environmental 
water policy a new framework directive is being discussed in the EU institutions that will shape 
both the Commission’s and national efforts in the field of water for years to come. 
 
Past EU water directives have had momentous effects in transforming organisations/institutions 
and approaches in Member States and promoting technological progress in pollution control. 
Europe’s water bodies, however, steadily deteriorate mainly due to pollution from diffuse 
sources. The long-term sustainability of water uses for human and environmental purposes is 
threatened.  
 
The new EU water framework directive aims to integrate action for water management both at an 
EU – legislation - level and at a national level, by asking for the establishment of river basin 
authorities and plans. The general objective is to achieve within a set time an acceptable 
environmental quality for all waters within the Union’s territory. The costs entailed are high and 
difficult to estimate in advance given the lack of adequate monitoring. These costs come in an 
era when improvements in drinking and waste water treatment capacities are increasingly 
reflected in water prices. 
 
The study reviews the implementation of past EU water policy and raises the challenges for EU 
water policy in the 21st century. The proposal for a framework directive on water is critically 
discussed and its strengths and weaknesses are identified. The problems with calculating the 
costs and benefits of EU water policy are highlighted and empirical evidence from national 
information and two case studies in the U.K are used to give an indication of the magnitude of 
the costs. The effects on water prices are subsequently analysed. The issue of integrating 
quantitative and qualitative aspects in EU water policy is raised and it is demonstrated that the 
directive fails to recognise the emerging importance of water conservation approaches as part of 
sustainable water management. The important driving force of EU legislation in technological 
progress is also discussed and related to the latest challenges in pollution control technology. The 
findings of the study are expressed in terms of specific policy conclusions and options for action 
for the European Parliament, with reference to the discussion of the proposal for the water 
framework directive.     
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INTRODUCTION 
 
Water is an elementary source of life. Its availability in sufficient quantities of 
sufficient quality are necessary for the very existence of human beings, and their 
economic development, as well as for the survival of animals and ecosystems. 
Humankind affects the natural cycle and condition of water in many ways - either 
directly by abstractions, modifications, discharges, etc., or indirectly by impacts on 
the atmosphere, adjacent land or biology, that in turn affect the state of the aquatic 
environment.   
 
The environmental and public health importance of water is reflected in the numerous 
existing European Directives. Water is the sector with the most comprehensive 
coverage in EU environmental regulation and for some it is the “jewel in the crown” 
of European environmental policy [Economist Intelligence Unit, 1989].   
 
Nevertheless, reports on the state of Europe’s environment point to a continuous 
degradation of the Union’s coastal, surface and ground waters. This is occurring  
despite all legislation-driven improvements, mainly in the control of pollution from 
point sources. Climate change and increased demand also threaten the long-term 
sustainability of satisfying all users’ needs for water. Over-exploitation of water 
resources coupled with pollution pressure may render them unusable in the long-term 
both for human and environmental (ecosystem) purposes.    
 
The need to take integrated action for protecting the Union’s waters, both for human 
and environmental uses, has been raised at various European fora. The inadequacy of 
the existing legislative framework to address the emerging challenges has been 
recognised. This has led to a major re-think of the Union’s water policy as reflected in 
the preparation of the new framework directive for water. The approval of the new 
framework directive, a piece of legislation that will determine European action in the 
field of water for the decades to come, is in its last stages. Even now however, 
conflicting information, opinions and calls for action are still on the policy agenda. 
The quest for more environmental protection and integrated quantity and quality 
management has to be coupled with that for a more decentralised approach and the 
need to control the implicated costs for the public and production sectors. 
 
In the project-scoping meeting in Brussels on the 20th of May 1999, it was recognised 
by the STOA unit and the Research Committee of the European Parliament that the 
present study should address the following issues: 
 
��The effects of new EU water policy on the cost of water; 
��The adequacy of the framework directive in addressing “quantity-related” and 

resource management problems; 
��The effects of EU policy on new water pollution control technologies. 
 
The objective of the present study is to provide to the Members of the European 
Parliament a comprehensive, balanced and informative analysis as a sound basis for 
understanding and assessing the developments and the implications of the emerging 
changes in the EU water policy domain. 
 
The study is structured with respect to the standard STOA format. In Part I (“Policy 
Options”) the policy relevance of the study is established and the options that policy 
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makers can consider are identified and related to the evidence provided in the rest of 
the report. In Part II (“Arguments and Evidence”), the core of the report is presented 
and the rationale and relevant information for the identified policy options are fully 
established. More specifically Chapters 2 and 3 of Part II set up an understanding of 
the characteristics of water management, and the different uses and users and costs 
and benefits involved leading to an identification of the main concerns and policy 
challenges in the EU. In Chapter 4 the evolution of EU water policy is overviewed 
and discussed and in Chapter 5 the new framework directive is presented and its 
implications for the cost of water analysed. Chapter 6 focuses on an analysis and 
evaluation of the implications of the new directive for quantitative water management. 
Finally, Chapter 7 discusses some state of the art water technologies and relates them 
to developments in EU water policy. Part III (“Technical File”) provides information 
on pollution control technologies and provides a glossary for the technical terms used 
throughout the report. It was considered also appropriate, in addition to the general 
European-level analysis, to provide European policy makers with a more practical, 
“down to the local level” assessment of the potential effects of the new framework 
directive. The annex to the report provides two case studies on the effects of EU 
legislation on two river basins in the United Kingdom.   
 
The added value of the present study is that it may be read as a whole or as a number 
of sub-studies on which particular questions with respect to EU water policy are 
addressed. Therefore the interested reader may refer to:  
 
��Chapter 3 for a review of the state of the aquatic environment 
��Chapter 4 for a critical review of existing water legislation 
��Chapter 5 for an assessment of the content of the proposed framework directive 
��Section 5.3 for a discussion of the effects of EU water policy on the cost of water 
��Chapter 6 for a review of the latest approaches in quantitative water resource 

management 
��Section 6.6 for a critical assessment of the proposed framework directive with 

respect to quantitative issues 
��Chapters 7 and 8 for a state of the art review of pollution control technologies and 

the effects of EU legislation on the development of the technologies 
��The annex for a “local level” examination of the practical implications of EU 

water policy.  
 
In total the study aims to provide a complete and comprehensive presentation of the 
key issues for EU water policy in the 21st century.                     
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EXECUTIVE SUMMARY 
 
The water sector has the widest coverage in Community’s environmental policy. It 
was one of the first sectors of environmental concern to which the European 
Community directed its attention. The earliest measures date from the Community’s 
first action programme on the environment including directives for the quality of 
waters intended for drinking and bathing and the directive on the discharge of 
dangerous substances to the aquatic environment. These were followed by directives 
on the quality of water for fish and shellfish, the quality of drinking water and the 
discharge of substances to ground water. Finally, the most recent legislative rules in 
the early 90’s include directives on pollution from nitrates in agriculture and urban 
waste water. 
 
In general, Community’s legislation on water has provided a momentous advance 
over previous national legislation under and has drastically changed and improved 
approaches. The bathing and drinking water directives with their monitoring 
requirements have provided a very important force for re-organising and opening-up 
administrative structures. The effect has been to increase the awareness of the 
European public pushing for further and effective action. In contrast, the effects of the 
substances’ discharges and nitrates directives have been to date much less profound; 
their framework character and the impacts they entail for industry and agriculture 
have made their adoption and implementation more difficult. 
 
The bathing, drinking and waste water directives have asked for considerable 
investments in water and wastewater treatment plants and processes. These three 
directives have provided an important driver for the improvement of water treatment 
and pollution-control technologies. 
 
Reforming institutions and pushing technological progress have been the two main 
beneficial outcomes of EU water policy. At the ground level, these have been 
translated into a reduction of pollution from point sources and reduced concentration 
of the regulated pollutants in European lakes, rivers and coastal waters. On the other 
hand, Europe’s aquatic environment continues to degrade mainly due to diffuse 
pollution from agricultural activities and urban areas. Whilst the quality of the most 
polluted water bodies has been improved, the quality of previously unaffected bodies 
is deteriorating fast. 
 
Pollution concerns can not be disentangled from quantitative problems and the 
management of water as a resource needs to be viewed holistically. Catchment 
activities and water resource development projects affect considerably the 
environmental state of aquatic bodies. Users’ demand for water continues to increase 
pressing for new resource projects and/or intensified abstraction. Groundwater over-
exploitation followed by salt water intrusion and/or pollutant diffusion, rendering 
aquifers practically un-useable for drinking or environmental uses, has been reported 
in many cases.  
 
Integration is the key word for the approach to managing water resources in a 
sustainable manner for future generations. It refers to the management of water for 
multiple purposes (public and industrial water supply, irrigation, fishery, wildlife, 
etc.), for multiple objectives (economic productivity, environmental quality, social 
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equity and human health) and through the use of multiple means (e.g. physical 
structures, legislation, economic instruments, etc.). As the success of the Rhine 
Convention has demonstrated, the river basin is the geographical division most 
appropriate through which to integrate water management. Controlling diffuse 
pollution and satisfying the various, often conflicting, uses of water in an acceptable 
manner needs an integrated river basin management approach.  
 
The driving forces for restructuring the EU’s water policy as reflected in the proposal 
for a framework directive on water have been: the recognition that Europe’s aquatic 
improvement is degrading; the need to clarify and integrate existing Community 
action for water; the realisation of the high costs related to compliance with EU water 
directives.  
 
The framework directive for water is a major piece of legislation that will guide the 
efforts for a sustainable aquatic environment for years to come. It is based on a 
“framework philosophy” in line with the principle of subsidiarity. It sets at an EU 
level only the general goals (i.e. “good” status for all waters), together with the 
mechanisms and the processes to achieve them (i.e. river basin management) and 
leaves to the Member States the translation of the goals to specific standards and the 
selection of the measures. The framework approach comes with its pros and cons. On 
the positive side, unrealistic EU-wide prescriptive rules are avoided and action may 
become more effective being tailored to local situations and realities. On the other 
hand, there is the danger that the broad prescription of the requirements and the goals 
may lead in practice to ineffective implementation, especially in view of the high 
costs involved and the national productive sectors’ interests at stake.  
 
Costs are a crucial element to consider when assessing the prospects of the new 
framework directive as it comes in an era where the high costs of the drinking and 
waste water directives are increasingly reflected in water prices. The burden from the 
framework directive “per se” will be mainly to the production sector, especially 
agriculture, through the removal of subsidies for water supply in line with the 
principle of “full-cost pricing”. The public supply sector (domestic and part of 
industrial use) is already typically charged at full (operational and capital) cost and 
the directive will result in a higher cost only in cases where extra action will be 
required for urban waste water pollution control on top of existing provisions (i.e. 
from the waste water directive). Incorporation of environmental costs may also lead to 
higher prices though how such costs can be incorporated is still vague. Administrative 
and monitoring costs may also be significant, especially in countries without such 
schemes established; these costs may be covered by public expenditure or reflected in 
the price of water (e.g. by water abstraction charges, charges in water bills, etc.).  
Monetary benefits from the directive relate to improved quality of drinking water 
resources (i.e. reducing treatment costs) and better conditions for the fisheries and 
tourism sectors, but these are more difficult to calculate.   
 
The assessment of the total costs of meeting the objectives of the emerging new EU 
water policy, i.e. reaching “good” water status for all waters, is crucial in order to 
evaluate the cost-effectiveness of measures and foresee the feasibility of 
implementation. Estimating these costs, however, is a highly speculative exercise, 
especially as the monitoring schemes to assess the state of the environment are not in 
place. Case study research on the costs of EU water policy for two river basins in the 
U.K. demonstrates that even in the case of the U.K., where some of the most 
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developed administrative and monitoring mechanisms are in place, the extra costs for 
reaching the “good” water status are high. This raises serious concerns about the 
feasibility of the implementation of the directive, especially in the poorer Member 
States where even basic administrative and monitoring schemes are lacking.     
 
Another serious deficiency of EU water policy is the reduced scope of integration 
which emerges from the “legal/technical” division between “qualitative” 
(environmental) aspects and “quantitative” (resource management) ones. This 
division is actually built on the text of the Treaty of the Union; decisions on 
quantitative – resource - management require unanimous Council voting, whereas 
qualitative, environmental, directives need majority voting and follow the co-
operation procedure with the European parliament. The division reflects a political 
reality and indeed the importance that the Member States attach to water resource 
management which still remains largely a national responsibility.  
 
This division however creates an important barrier to any integrated policy initiative 
for water. The effects of water resource development projects and abstractions on the 
state of aquatic bodies are profound. Experience from around the world, and mainly 
the U.S. and the U.K., has demonstrated the important role that water conservation 
strategies (i.e. demand management) can play in alleviating these impacts in a cost-
efficient way. This, however, is not built into the philosophy of the new directive. 
Various options exist for incorporating the objective of efficient water use in the 
present directive without being in conflict with its primarily environment-oriented 
objectives. At a minimum, a clearer and stricter authorisation procedure for new 
resource development and catchment activity projects must be set up and integrated 
planning and accurate demand-supply forecasting built in the river basin authorities’ 
responsibilities.             
 
The new framework directive as it stands in its proposed form, is expected to push for 
the establishment of operational water management structures (i.e. river basin 
authorities), institutionalise rational water management in all EU regions (i.e. through 
river basin plans), and improve considerably both knowledge on the state of water 
bodies and the important uses that effect it (i.e. through monitoring, authorisation 
processes, abstractions’ registration, etc.). The directive therefore builds on the past 
successful experience of EU water policy on “transforming institutions” and 
“triggering” action. When implemented, the directive should gradually change the 
way water is managed in the EU. Whether all these efforts however, will be translated 
to actual better environmental quality is left in the hands of the Member States and 
remains to be seen. The high costs implicit in achieving the objectives of the directive 
in an era of austere budgets and inflation control do not allow for much optimism.    
 
 
 
 



    
  vi
  
  
 

OPTIONS BRIEF 
 
The new framework directive for water is a major piece of legislation that will shape 
EU and national action in the field of water for years to come. 
 
The directive, in accordance with the latest international experience, asks for the 
organisation of water management at the hydrographic division of the river basin. 
Member States should be allowed enough flexibility in allocating the basins and the 
relevant authorities within their territory, without this to mean however, that 
administrative boundaries can be maintained over hydrographic. 
 
The directive introduces new institutions for water management and may further 
open-up procedures to the public and improve the information base on the state of the 
environment. It is important to establish public participation at all stages of the river 
basin plan formulation and not only at the approval stage. Moreover, minimum 
performance criteria for the public participation procedure should be established in 
order to avoid “mock” participatory processes. 
 
The costs of setting up the necessary structures and achieving the objectives of the  
directive are expected to be high, posing a barrier to effective implementation. 
Calculating the monetary costs and benefits of the directive is an impossible task 
given the lack of knowledge with respect to the present state of water bodies. It is 
necessary, however, to have at least baseline information at a European level of the 
costs of past EU water legislation to date and the amount of investments underway. 
The Commission could undertake the responsibility for such a study.     
 
The effect of EU legislation in driving developments in pollution control technology 
has been momentous. It would help if clear and operational links were established 
between the Commission and the river basin authorities for the maximum exploitation 
of research results, especially from the Community’s Research Framework 
Programmes and relevant national research programmes. An inventory/database of 
results from such water-related research projects accessible to river basin authorities 
would help in this respect.    
 
The directive satisfies the principle of subsidiarity and sets only objectives and 
processes, leaving standards and means to Member States. Given that Member States 
are allowed proper flexibility to achieve the objectives in the way they judge most 
appropriate, full and explicit guidance and description of the factors to be taken into 
account, the processes to be followed and the rules to comply with, should be given. 
In this respect, imprecise, incomplete and unclear wordings cannot be taken as a 
demonstration of the principle of subsidiarity. Whereas the annex provided in the 
revised version of the directive on how to define the status of waters and the quality 
standards is extremely welcome, similarly clear processes and definitions are also 
needed in other parts of the directive. More specifically: 
 
��As the directive stands, the regime upon which authorisations for new catchment 

activities and water supply projects will be based and the processes to carry the 
relevant assessments are vague; 

��Derogations granted are broadly worded and may provide a pretext for poor 
implementation. Expressions such as “when improvements are impossible or 
prohibitively expensive”, “to allow a basic level of water use for domestic 
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purposes”, “issue that relates to other policy areas over which the competent 
authority has no control” need clarification and practical referencing. 

 
A re-drafting of the sequence of the articles of the directive in order to avoid cross-
referencing and make clearer the logical sequence between goals – processes – 
measures may also be helpful.  
 
Given that Member States will be allowed to set their own standards, it is crucial that 
at least the monitoring processes and systems at place across the Union are 
comparable. In this respect it would be relevant if Member States could be held liable 
not only when the river basin plan does not satisfy the standards of the directive but 
also when the monitoring schemes and procedures used in practice do not conform 
with pre-established “good practice” standards. 
 
Given the framework nature of the directive, which allows much freedom during 
implementation, and the lack of performance standards upon which the Member 
States will be held liable, it is crucial that there is continuous monitoring and 
reporting on the progress of the directive. It might be the case that the call of the 
European Parliament for a biannual conference would put too heavy an 
adminsistrative burden on the Commission, but in all cases similar reporting 
requirements both for Member States and the Commission should be envisaged to 
allow continuous control of the progress of the process. For the same reasons,  the 
implementation work plan should be “tighter” rather than “looser” in order to focus 
action. Time allowance for the establishment of river basin authorities, plans and 
monitoring schemes should be as strict as possible, while a more “relaxed” time-table 
could be allowed for reaching the “status” objectives, in order to reduce the cost 
burden of the necessary investments. 
 
Real integration of water management is at stake given that quantity (resource) 
management and flood / drought planning are not an integral part of the directive. A 
directive aiming to organise and co-ordinate action for water can not be “technically” 
restrained only to environmental, i.e. “qualitative”, issues. The water cycle has no 
borders and a holistic approach is necessary in order to achieve goals in the most 
efficient manner. Safeguarding adequate quantities of water for human and 
environmental uses should be a basic objective of EU’s water policy. A 
reconsideration of the traditional division between “quantitative” and “qualitative” 
water management in the Union’s Treaty and subsequent policies should be put 
forward for the future. 
 
Integrated resource planning based on an equal consideration and comparison of 
supply and demand options for water resource planning has been demonstrated 
internationally to be the way forward for sustainable use of water resources. Accurate 
supply-demand forecasting has a very important role to play in this respect as it 
provides a sound basis upon which alternative options can be compared. Moreover, 
good knowledge of the actual cost of water and related services and the way they are 
distributed among users, allows society to pursue such options with more efficient 
allocation within given societal constraints. These however are very difficult 
analytical tasks and politically delicate as their results shape important decisions. In 
this respect, it would be very useful if the Environment Agency would resume the 
responsibility of preparing detailed guidelines on how river basin authorities should 
conduct such analyses. The “economic analyses” framework should be the same 
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around the EU in order to allow for maximum comparability and to minimise the risk 
of mis-information used to avoid the impacts of the implementation of the directive.  
 
Opting for a “stronger” water resource management environmental approach, possible 
measures include:  
��Establishment of a general rule that would allow river basin authorities to develop 

new resources only within their district. Long-scale transfers could then be 
allowed only when it is manifested that all other options have been exhausted and 
that the proposed is the only viable option. A standard methodology to 
demonstrate that this is the case (i.e. that other demand and supply options have 
been considered) could be integrated in the “economic analyses” task and river 
basin plans.  

��Sustainable yields could be asked to be set for all surface waters, as is already 
practised in the U.K.  

��The abstraction registration regime could be asked to conform to the 
environmental objectives of the directive and a regular renewal procedure be set 
up for the licenses. 

 
The principle of “full cost recovery” will promote the rational allocation of water 
resources and efficient end-use, and will re-distribute the costs of water according to 
the “user pays” principle. Nevertheless, water is a common good and society may opt 
to act collectively to safeguard water for certain uses and users. The “philosophy” of 
granting derogations to the full cost recovery principle is right but the exact scope of 
the derogations provided in the proposal’s text puts at risk the attainment of the 
directive’s and the principle’s objectives. In this respect:  
��It could be made explicit that even in cases where derogations from full cost 

recovery are granted all information about the extent of use subsidisation and the 
origins of these subsidies should be made publicly available; this would foster 
internal debate within the society about the right or wrong of continuing such 
subsidisation; 

��Derogations could be granted on a “case by case” and not “de facto” basis. The 
proposal of the European Parliament is that less developed EU regions eligible for 
structural funds should not be left altogether out of the mandate for full cost 
recovery; instead, in cases where the extra cost is too high to be covered by users 
they should be eligible for additional Community funding. In all cases, subsidies 
and European funding is already foreseen for additional costs that stem as a result 
of the provisions of the framework directive. 

��It could be made explicit that, in all cases subsidisation of water supply projects 
with environmental impacts is not acceptable, unless convincingly “proven” that 
there is no other way to ensure supply of water at a reasonable cost. The “proof” 
could be again linked to a standard methodology for considering all viable supply 
and demand options under the “umbrella” of the “economic analyses” and the 
river basin plans. 

��In addition to infrastructure projects that relate to the “achievement of  the 
environmental objectives of the directive”, allowance for subsidisation could be 
foreseen for water conservation / demand management projects. These are not 
necessarily of an infrastructural nature and do not relate directly to the objectives 
of the directive but are very important in terms of a sustainable and 
environmentally-responsible resource management approach.  

 
Environmental water policy cannot be successful unless adequately integrated in the 
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objectives of other sectoral policies that affect water resource management. This 
integration should take place both at the EU policy level and at the level of the river 
basins. At the EU level, it is crucial to determine the mechanism under which the 
objectives of the directive will be incorporated in Structural and Cohesion funding 
decisions (especially with respect to the financing of new water supply projects) and 
in the Union’s agricultural policy. At the river basin level, it could become a reporting 
obligation of river basin authorities to trace all other policies that are in conflict with 
objectives of their plans and then the responsibility of the Member States to the 
Commission to resolve such conflicts.     
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PART I – POLICY OPTIONS 
 
 

1. POLICY CHALLENGES AND OPTIONS 
 
1.1 The Policy Problem  
 
(ref. arguments chapter 3) 
 
Reports on the state of Europe’s aquatic environment highlight that despite of 
improvements in the control of pollution from point sources, Europe’s waters are 
continuously degrading and unless action is taken now the well-being of future 
generations is at stake. Concerns focus on: 
 
��Over-abstraction of ground water aquifers coupled with increasing deterioration of 

their quality due to saline water intrusion and/or diffusion of agriculture by-
products (pesticides, etc.); 

��Pollution of rivers and lakes from diffuse activities (e.g. agriculture) and from 
point sources emitting hazardous pollutants (e.g. industry); 

��Intensifying deterioration of drinking water reserves’ quality increasing the cost of 
treatment and the price of water; 

��Regional deficiencies between quantities of water available and demanded. 
��Detrimental effects of catchment activities (e.g. drainage for agriculture) and 

water resource development projects (e.g. dams construction) on the overall state 
of water bodies.     

 
More than one of these problems may be present in a given area with the effect of 
reducing the quantities of water of adequate quality available for human’s 
physiological and economical needs and for the maintenance of ecosystems.    
 
 
1.2 The Policy Challenge 
 
(ref. arguments Chapter 2) 
 
With respect to the aforementioned problems the objectives are to: 
 
��Maintain, protect and where necessary improve the quality of the aquatic 

environment by controlling pollution at a level adequate for the maintenance of 
ecosystems; 

��Balance in the long-term and under a scenario of climatic change needs and 
availability of water resources; 

��Secure drinking water of adequate quality at a reasonable cost for all segments of 
the society; 

��Maintain the value of water in all its different uses (i.e. fisheries, tourism, 
recreation, etc.) 

 
In many cases, action to achieve one of the above goals may not be compatible with 
other objectives. For example, development of resources by construction work to 
satisfy population needs may damage irreversibly resource-dependant ecosystems; 
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improvement of the treatment capacity of drinking water plants may result in price 
increases that will be unsustainable for the weakest groups of the society, etc. 
Moreover, any action with respect to the above goals carries a certain cost that has to 
be borne by the society or the productive sector. Reducing pollution entails costs but 
also brings benefits, economical and non-economical. 
 
There are different uses and users of water. Water bodies may be used as drinking 
water reserves but also as pollutant receivers. Water is a primer source of survival for 
ecosystems and species but also a critical production input for agricultural and 
industrial production. Good quality of waters and undisturbed landscape is critical for 
the fisheries and tourism industries and on the other hand, interventions may be 
necessary to allow waterway transport and hydro-electrical production. 
 
What is therefore needed is an integrated structure upon which the various and often 
conflicting uses and users of water will be assessed and the best cost-benefit action 
with respect to the aspirations of the society as a whole will be pursued. Integrated 
resource management at the level of a hydrographic division (i.e. river basin) under 
the auspices of one agency (river basin agency) has this objective.          
 
 
1.3 Policy Relevance – the Role of the EU 
 
(ref. arguments Chapter 4) 
 
Water policy is the environmental field with the most extensive coverage by EU 
legislation. EU directives have provided a momentous force for improvements in 
water management in the Member States. They have led to an opening of 
administrative structures, improvement of monitoring efforts and have led to 
increasing public awareness and calls for action. This has reinforced the efforts for 
attainment of the directives’ objectives, which included the improvement of drinking 
and bathing water quality and the control of waste water pollution from urban and 
industrial uses. 
 
The Council of EU Ministers repeatedly since 1987 has recognised the need to extend 
action in the field of water policy to account for the challenges identified in 1.1 and 
1.2 above, and especially protection of the environment. On the other hand, the 
realisation of the costs coming with the directives and the increasing importance of 
subsidiarity have questioned the scope, degree and nature of EU action in the field. 
 
Further intervention on water policy at an EU level is justified in view of: 
 
��The important results of past legislation and the built up of expectations on the 

European public for further action; 
��The maintenance of a “level playing field” across the Union; 
��The potential for transfer of knowledge and experience in water management from 

more to less progressed Member States; 
��The need to resolve transboundary issues at a higher level.    
 
On the other hand, any EU action should pass the following tests, with respect to the 
principle of subsidiarity: 
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��Costs of action should be justified in terms of the benefits expected; 
��It should be in line with specific local realities and not try to implement EU wide 

rules that overlook regional and local differences and priorities; 
 
The main challenge for the European institutions has been the preparation of a piece 
of legislation in line with the above constraints and able to satisfy the desired goals. A 
framework type of action has been selected with the objective of integrating 
management structures for water management which will then be responsible to 
ensure and achieve a good status of water bodies. The new framework directive asks 
for the institutionalisation of river basin authorities and the preparation of plans and 
implementation of action to achieve good “environmental” status of all Union’s 
waters. It is based on the philosophy of setting objectives at an EU level and 
translating them into action at a local level, however through common established 
management structures and procedures.     
 
 
1.4 The role of the European Parliament 
 
(reference Chapter 5) 
 
The discussion of the proposed framework directive is at its late stages and the 
European Parliament has already proposed a detailed list of amendments to the initial 
text which were adopted to a considerable degree in the common position of the 
Council of Ministers. As the approval of the directive will probably fall under the co-
decision procedure the role of the European Parliament will be critical. The European 
Parliament has traditionally kept in the water policy process a tough stance in favor of 
specific pro-active standards being set at an EU level for the protection of citizen’s 
safety and the environment.     
 
With respect to the content of the directive as presented in the proposal text the main 
challenges are: 
 
��Clarification of the inter-relatedness and differences between goals, targets,  tools 

and measures. A re-organisation of the text and of the sequence of articles may be 
necessary. 

��Clarification of some goals and derogations. Some unclear points in the legislative 
text need re-drafting in order to avoid poor implementation. Given that the 
directive is drafted as a framework type of action with subsidiarity at its core, 
provisions should be as clear and specific as possible; unclear definitions and 
requirements should not be taken as an expression of the principle of subsidiarity. 

��The extent of action could be reconsidered. The list of basic measures envisaged 
as part of the river basin plans expresses a definite policy to implement action that 
targets the environmental quality of waters. Other potential options include 
extending action or planning to flood and drought management, biodiversity 
protection and quantitative resource management, but in the present text these are 
only provisional. Fully integrated action would need incorporation of all these 
elements in the river basin plans and activities. The mandate of EU legislation, 
however, is limited to environmental quality oriented action. Ways to extend and 
integrate action without passing the mandate boundaries could be considered. 

��The processes for controlling the impacts of large scale projects and catchment 
activities that affect the water bodies through river basin authorities’ capacities are 
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vague. Various options exist on how to make such provisions clearer within the 
philosophy of the present directive. 

��Public information and participation in the decision making process is crucial. The 
European Parliament has called for a “strong” approach of regular reporting, 
regular reviews and informative conferences and public participation at all stages 
of preparation and implementation of the river basin plans. Limits to such options 
relate to the related administrative (“bureaucratic”) burden and cost they entail. 

��The time table for execution of the requirements of the directive is crucial. A short 
period would focus targets and intensify efforts but in practice, unrealistic or very 
expensive targets may simply be neglected. A longer period would reduce 
implementation costs and would enable a staged approach of achieving objectives 
but may also result to a “relaxed” approach where achievement of goals will be 
delayed and irreversible damage may take place.            

 
1.5 Quantitative Management of Water Resources 
 
(ref. arguments Chapter 6) 
 
In many regions of Europe acute problems of water availability are faced, especially 
as a result of changing climatic conditions, increasing demands and deterioration of 
the state of the utilised resources (from pollution, over-use, etc.). Traditional resource 
development approaches are no longer sustainable in terms of the increasing costs for 
developing new resources, the considerable environmental impacts and the social 
conflict they generate. In most cases, there is a great potential for water-saving 
especially in agricultural and industrial use and in some urban areas. Integrated 
resource planning based on an equal consideration of water conservation and water 
supply options based on a societal assessment of costs and benefits is the way 
forward. 
 
Quantitative standards are not addressed in the proposed directive, apart for ground 
water where a good “quantitative status” is set as an objective. The reason for this 
stems from the traditional division between “qualitative” (i.e. environmental) water 
policy and “quantitative” water resource policy; the mandate of the Commission has 
been restrained in the first one. “Quantitative” water resource management falls under 
a different article of the Treaty than “qualitative” (environmental) water management 
and Council Member States retain the right of veto in decisions. Measures therefore 
that affect the “quantitative” dimension of water management in the present directive 
are justified only to the extent that they directly demonstrate environment-related 
benefits.   
 
This political limitation of the directive’s scope, however, threatens real integration 
and may pose a barrier to the pursue of environmental improvements. Options to 
strengthen the quantitative component of the directive with respect to sustainability 
and environmental protection objectives include: 
 
��The establishment of sustainability yields as part of a “quantitative status’ 

definition both for surface and ground waters; 
��The development of the requirement for an economic analysis as part of river 

basin plans to a comprehensive demand – supply forecast (and plan, if judged 
appropriate); 

��The clarification of the requirements for the authorisation and subsidisation of 
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new resource development projects; 
��The introduction of the integrated resource planning approach as part of the river 

basin planning process.     
 
1.6 Cost of Water 
 
(ref. arguments – Section 5.3) 
 
The costs of EU water policy have been significant though it is difficult to delineate 
them from the costs of action that would be achieved anyway under Member States’ 
initiatives. The infrastructure related costs of the waste water and drinking water 
directives are progressively reflected into prices with a consequent increase of 
household bills. The framework directive is not expected to contribute per se in this 
increase, with the exception of cases where extra treatment may be necessary in order 
to achieve a good status of water. The cost of water however, for the agricultural 
sector, which is currently heavily subsidised, is expected to increase considerably 
upon proper implementation of the full cost recovery principle. Costs to the industrial 
sector relate mainly to pollution treatment costs. 
 
The accurate calculation of costs and benefits of the new framework directive is an 
impossible task in view of the lack of adequate, site specific information on the state 
of the water resources. This limits considerably any accurate comparative prediction 
of different measures; as these will come to be realised in practice they may provide a 
major drawback for the proper implementation of the directive. A review of the costs 
of the EU water legislation to date and a projection of expected costs is also lacking 
although feasible and necessary in terms of assessing the expected burden on water 
users.    
 
1.7 New Technologies 
 
(ref. arguments Chapter 7) 
 
Development of technologies is a major element of improvement in water pollution 
control. EU legislation, and especially the bathing and waste water treatment 
directives, has provided an important driver for progress in the research and 
implementation of pollution control technologies. Development of technologies 
triggered by the legislative standards means that the costs of the directive in time 
should not be viewed statically but dynamically as improvements in technologies may 
make pollution control “cheaper” in the future. Specific standards (e.g. phosphorous 
removal) drive problem-specific technologies.   
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PART II – ARGUMENTS AND EVIDENCE  
 
 

2. INTEGRATING THE DIFFERENT USES OF WATER 
 
  
2.1 Introduction  
 
In Europe there are millions of kilometres of rivers, streams, and groundwater 
aquifers and hundreds thousands of natural and artificial lakes. These bodies support 
life in all its forms. Human activities, industrialisation, development, and rapid 
population growth have led to a considerable deterioration, and often degradation, of 
the state of many of these bodies. Discharges of waste to waters, diffusion of by-
products from agricultural production, changes of natural water courses to facilitate 
off-stream or on-stream uses of water and other indirect effects (e.g. by changes in 
land-uses, deposition of acidic substances from industrial air emissions, etc.) have all 
contributed to this situation. In turn, this deteriorating situation in many cases 
jeopardises the long-term sustainability of dependant human activities, the many 
important non-economic uses of water and the well-being of the dependant flora, 
fauna and ecosystems.  
 
The objective of the present chapter is the following. First, to perform an 
identification of all the different uses water serves and then to present the related 
human activities and their benefits for some uses and costs for others. In this way, a 
conceptual framework will be built upon which the costs and benefits of different 
decisions for different uses and users can be understood. For example, if one wants to 
assess the costs of stinger pollution control requirements to the industry the 
framework will demonstrate that the focus should not be only on the related costs to 
the industry, but also on the monetary benefits from lower drinking water 
requirements, increased amenity value of waters, etc, and the non-monetary benefits 
relating to the improvement of the natural environment. Having developed a clear 
understanding of the different uses and users of water and the respective cost and 
benefits from interventions, the discussion will focus on the merits of integrated 
resource management. 
 
 
2.2  Uses and users of water 
 
There is a large number and diversity of uses of water which have complementary and 
conflicting effects on each other. Uses of water for human purposes can be classified 
in three basic categories:  
 
• Off-stream uses, where water is physically removed from its original site to serve 

a certain purpose; these purposes include public/domestic and industrial supply 
(including mining and thermal power production) and irrigation. 

• In-situ uses, where water remains and is used in its original site; these include 
hydro-power production, navigation, fisheries and in a wider sense, recreation; 

• Environmental uses where water serves functions such as the maintenance of  
ecosystems, plants and animal species; these refer primarily to the value of 
environment per se. In addition, environmental use has certain benefits for 
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humans, both economic as many human activities depend on the maintenance of 
natural systems, (e.g. food production (fisheries), recreation, etc.) and non-
economic and difficult to monetarise relating to the importance of natural systems 
as parts of cultural and historical heritage, for the "psychological well-being" of 
the society, etc.  

 
Table 1 presents these different uses of water stating the purpose they serve, the 
beneficiaries from the use and the type of benefits involved. In general and for human,  
economic, uses of water (off-stream and in-situ) the following categories of 
beneficiaries are identified: 
 
• The wider public and society which benefits from the direct use of water, the 

consumption of products and/or services that depend on water and from the 
overall benefits the development of these products brings to society at large (e.g. 
increased employment, increased public income from taxes, export-related 
benefits, etc.) 

• The producer of the water-dependant goods, who benefits directly by related 
revenue. As water may be an input or a supportive factor in a production process, 
increased costs of water supply (e.g. from increased requirements for raw water 
treatment, etc.) may pass to production costs and in a wide sense, affect revenue 
and/or competitiveness of the products. In turn, these effects may be passed to the 
employees. 

• Local activities and populations which provide services to the main water-
dependant production activity (e.g. as employees in supportive or "supply" 
activities) , and which in turn may be affected by changes in it; 

• Providers of water related services and infra-structure; these are the water utilities 
and the construction and technology companies responsible for the provision of 
abstraction, treatment, conveyance and distribution systems. Changes in the 
revenue of water utilities have important implications, as they are passed on to 
water prices.           

 
At the local level of analysis one could break these beneficiaries and the benefits 
involved into smaller and in more detail defined categories. For example, Burrill 
(1997), examining the societal value of water in its uses divides the beneficiaries from 
the use of water for paper manufacture into: water and infra-structure providers, paper 
manufacturers, employees of paper manufacturer and of water / infra-structure 
providers, newspaper printers and their employees, stores which sell goods to the 
personnel of the paper plant and finally, the society at large. Similarly for the use of 
water for recreational boating, as beneficiaries are identified the "water park" 
employees, the adjacent hotels, restaurants and tourism goods sellers and their 
employees, the makers of boats and related equipment, the boaters, the boaters' 
employers, and the society at large. At a local level, case-specific type of analysis 
therefore,  actors can be identified at a relatively detailed level. For the purposes of a 
general analysis, however, the categories of beneficiaries indicated in Table 1 give an 
adequate indication.     
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Use Purpose of Water Beneficiaries Type of Benefits 

Public / society Health/sanitation-related 
Services (e.g. tourism sector) Health/sanitation-related 

Small scale activities Production-related 

Water utility and its employees Revenue from water provision 

 
Public 
Supply 

 
 
 
 

 
Drinking 

 
Sanitation 

 
Input to small-scale / service activities Water infra-structure “providers” 

and their employees  
Revenue from provision of 

infrastructure (e.g. construction of 
reservoirs / treatment plants, etc.)  

Public / society Food-related 
National Economy/ Exports – related 

Producers and their employees Revenue from food production  

Agriculture-dependant activities 
and population 

Income and local economy 
development 

 
 

Irrigation / 
Agriculture 

 
 

 
Crops production 

 
Livestock growth 

Irrigation infra-structure 
“providers” and their employees 

Revenue from provision of irrigation 
infra-structure 

Public / Society Product – related 
National Economy/ Exports – related 

Industries (incl. mining and 
thermal power plants) and their 

employees 

Revenues from production  
 

Industry – dependant activities 
and local population  

Income and local economy 
development 

 
Industrial 

Supply 
 

 
Input to manufacturing process 

 
Product input (e.g. food industry) 

 
Cooling (incl. thermal power plants) 

 
Extraction (e.g. mining) 

Water utility (if providing water 
to industry) and its employees 

Revenue from water provision 

Public/society Electricity supply – related 
(individual and national economy 

costs of electricity) 
Environment-related from clean 

energy production 

Hydro 
Power  

Production 

 
Production of energy 

Power producers and their 
employees 

Revenue from electricity production 

Public / society Related to improved  transport 
(individual and national economy 

benefits)  
Leisure –related 

Transport providers and 
employees  

Revenue from provision of transport 
services  

Navigation Medium for transport of goods 
 

Medium for transport / leisure of people 

Transport infra-structure 
providers and their employees 

Revenue from provision of transport 
infra-structure (boats, construction 

of marinas, etc.) 
Public / society Food-related 

National Economy/ Exports – related 
Producers and their employees Revenue from food production  

Fisheries Host of commercial fishing 
 

Host of aquaculture 

Fisheries - dependant activities 
and local population 

Income and local economic 
development 

Public / Society 
 

 National Economy/ " Exports" – 
related 

“Psychological  well-being”  
Recreation/Tourism industry and 

employees 
Revenue from provision of services 

Recreation / Tourism – 
dependant activities and local 

population 

Income and local economic 
development 

Recreation / 
Tourism 

Medium for recreational / tourism 
activities 

 
Component of the aesthetic value of the 

area 
 
 

Nearby property owners Land value-related 

Natural systems and species 
(wetlands, etc.) 

Normal function 
 

Public / society Maintenance of cultural heritage 
“Psychological” / ethical pleasure 

Related to benefits from dependant 
activities 

Fisheries industry and employees Income-related from maintenance of 
fish sprawling / aquaculture areas 

Recreation/ Tourism industry and 
employees 

Income-related from maintenance of 
“aesthetic” / recreational value  

Environment Life support of flora and fauna 
 

Habitat for flora and fauna 
 
 

Nearby property owners Land value – related from 
maintenance of “aesthetic”/ 

recreational value 

 
Table 2.1: Uses and Users of Water 
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2.3  Human Activities and their effects on waters 
 
To satisfy the uses of water described in the previous section humans have to 
intervene in the natural water cycle and modify the course of water in order to make it 
available for off-stream or in-situ purposes. Moreover, humans perform a number of 
activities around water catchment areas; they build houses, drain land for cultivation, 
construct infra-structure for transport, etc. These changes and modifications of the 
catchment area have consequences for the water cycle and balance. Finally, water is 
also on purpose or not, a major recipient of discharged pollutants from urban, 
industrial and agricultural activities.  
 
All these human activities have profound effects on water resources quantity, water 
quality and aquatic and riparian ecology. In turn these effects threaten the long-term 
sustainability of water-dependant uses and the survival of natural ecosystems, animals 
and plants. The inter-relationship between activities and effects is therefore critical to 
understand in order to assess the benefits and costs of alternative interventions. 
Quantitative and qualitative issues, surface and ground waters, are “physically” 
interconnected and problems are not confined to one activity or one use, but have 
multiple, interrelated and combined effects. Over-exploitation of ground-waters to 
serve public supplies, for example, may lead to salt water intrusion which in turn may 
render the water unusable both for drinking and irrigation purposes. Similarly, 
reduction of the natural flow of a river coupled with pollution from an agricultural 
activity may change the condition of a downstream reservoir used for public supply 
and/or destroy a dependant wetland.    
 
In Table 2 a systematic presentation is given of the main human activities that affect 
the water bodies. On the first column the activity is described and on the second 
column the reason for this activity is given. The use responsible for the activity (i.e. 
the use served or the use causing it in case of pollution) is provided in the third 
column. This gives an indication of the benefits related to the activities. The fourth 
and fifth columns give an indication of the potential costs, in a wider and not only 
monetary sense, resulting from these activities. Column 4 presents the negative effects 
(mainly environmental) of the activities and column five the uses that in a given 
context, can potentially be impacted negatively by these effects. With reference to 
Table 1, this provides a framework for comparing, at the beginning qualitatively and 
at a specific local level quantitatively, the benefits versus the costs implicit in any 
water-related human activity. Similarly the costs and benefits of environmental or 
other managerial interventions (e.g. pollution standards, prohibition of dam 
construction, etc.) can be assessed by looking at the uses and benefits affected versus 
the uses and costs affected. Human activities that affect water bodies are divided in 
the following categories: 
• regulation of water courses to satisfy in-situ and off-stream uses; 
• abstraction of water for off-stream use; 
• catchment-related activities that impact on the water resource; 
• water pollution from point discharges; 
• water pollution from diffuse sources; 
• atmospheric emissions and pollution  that affect water bodies. 
 
Most of the information in Table 2.2 is drawn from the research of the European 
Environment Agency on “Human Interventions in the Hydrological Cycle” (EEA, 
1996).            
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Human Activity Reason Responsible Use Negative Effects Uses potentially Impacted 

 
Damming, building and 
management of river 
reservoirs 

Increased storage of water / security of supply 
Generation of energy 
Habitats for fish production  
Control of floods 
 

Public supply 
Irrigation / Agriculture  

Industrial supply 
Hydropower production 

Fish farming 
Flood control 

(Flow enhancement)1 
(Environment – new habitat 

areas) 
(Navigation/Tourism) 

Construction-related impacts (displacement of  human populations, species, 
pollution, etc.) 
Change of environmental conditions in standing and flowing water / increased 
oxygen concentration – reduced nutrients 
Impoverished downstream habitats 
Reduced amount of nutrients reaching downstream agricultural land 
Interruption of natural river continuum hindering downstream migration of 
fish and nutrients and stream metabolism 
Downstream erosion due to reduced sediment transport 
Reduced ability of the river to serve as a corridor 
Modification of the filtering capacity of the riparian zone  
Downstream flow fluctuations ( in some cases) – stabilised downstream flows 
(in other cases)   

Environment 
Fisheries 

Recreation (downstream) /Tourism 
(also on coastal areas) 

Agriculture (downstream) 
Navigation (downstream) 
Hydro-power (in cases of 

downstream flow fluctuations) 

 
River Channelisation 

Land drainage  
Flow change for navigation purposes 
Control of  floods 

Navigation 
Flood control 

Constructions on drained land 
Agriculture on drained land 

Widening of river / reduced flows / homogenisation of conditions 
Affected habitat structures – no still waters/ “resting sites” 
Reduction of bank-dependant species 
Water physico-chemical quality deterioration – reduced temperature / 
increased algae growth 
Reduced river species composition and biodiversity 
Impoverished animal and fish communities 

Public/industrial supply (quality) 
Fisheries 

Recreation / Tourism 
Environment 

Building of weirs 
 

Improving fish habitats and fishing abundance Fisheries 
(Recreation) 

Reduced downstream water flows and discharges Environment 

Dredging of river channels Land drainage 
Mining of river bed 

Agriculture on drained land 
Mining  

Impoverished animal and fish communities 
Less variable physical environment 
Changed river flows 
Increased risk of downstream floods 

Flood-related impacts 
Fisheries 

Recreation/Tourism 
Environment 

Lake regulation Conditions for recreation / tourism Recreation / Tourism Reduced biodiversity (bird, fish, animal species) Environment 
Lagoon / wetland 
regulation 

Agricultural use of fertile plain Agriculture Desertification 
Loss of natural wetland area – “estuarisation” 

Environment 
Fisheries 

Recreation / Tourism 

 
Surface water abstraction 
(incl. long-distance inter-
basin transfers) 

Supply of water for off-stream uses (incl. off-
stream fish-farming) 
 
 

Public supply 
Industrial supply 

Irrigation 
Fish farming 

Infrastructure-related impacts (displacement of populations and species, 
pollution, etc.) 
Damming/reservoir related impacts (see above)  (similar impacts from long-
distance transfer and river diversions due to dramatic change of natural 
conditions) 

Navigation (downstream) 
Fisheries (downstream) 

Recreation (downstream) /Tourism 
Environment 

Groundwater abstraction Supply of water for off-stream uses Public supply 
Industrial supply 

Irrigation 
 

Reduced groundwater and river base levels and related environmental impacts 
(see damming and surface water abstraction above) 
Effects on groundwater-related  wetlands and terrestrial ecosystems 
Reduced flows to small surface waters in dry periods  
Reduced crop production 
Risk of salt water intrusion (coastal areas) 
Risk of ground subsidence beneath urbanised areas  

Environment 
Public / industrial supply 

Irrigation / Agriculture (crop 
production) 

Urban infrastructure 
Recreation / Tourism 

Fisheries 
Navigation 

 
Table 2.2: Human Activities and their Effects on Waters (regulation and abstraction) 

                                                           
1 Uses within brackets benefited by activity, though not original purpose of intervention  
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Land drainage 
 

Land reclamation for cultivation 
Land reclamation for building transport infrastructure 
 
 

Agriculture 
Land transport 

Flood protection 

Landscape deterioration 
Loss of wetlands / biodiversity 
Increased risk of downstream floods 
Reduced ground water levels and renewal rates  

Flood-related impacts 
Groundwater supply – dependant 

Recreation / Tourism 
Environment 

 
Land Sealing Land reclaimed for infra-structure and building 

construction 
Urbanisation 

Land Transport 
Tourism (buildings, skiing 

grounds etc) 

Increased and accelerated water run-off / increased flood risk 
Reduced groundwater recharge 
Contamination of groundwater supplies  

Flood-related impacts 
Groundwater supply – dependant 

(quality and quantity affected) 
Fisheries 

Environment 
Deforestation Timber production 

Land for cultivation, urbanisation and tourism 
Fires 
 
 
 

Pulp and Furniture industries 
(or other industries based on 

timber products) 
Urbanisation 
Agriculture 

Tourism (e.g. skiing) 

Increased and accelerated water run-off / increased flood risk 
 
 

Flood-related impacts 
Environment 

Agricultural –related 
interventions to land 

Change of land for increased intensity of agriculture 
Changes in type  of crop farming 

Agriculture Increased and accelerated water run-off / increased flood risk 
Reduced ground water levels and renewal rates 
Soil erosion 
Surrounding waters eutrophication 

Flood-related impacts 
Groundwater supply – dependant 

(quality and quantity affected) 
Environment 

 
 

Table 2.2 (cont’d): Human Activities and their Effects on Waters (catchment activities) 
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Point sources pollution 
 
 
 
 
 

Discharges from municipalities 
Discharges from tourist areas and facilities 
Discharges from rural homes served by sewer lines 
Discharges from industrial processing and 
manufacturing 
Discharges from mining 
Discharges from cropland and animal feeding 
operations 
Discharges from thermal power generation 
Discharges from maritime transportation 

Domestic Activities 
Agriculture 

Industry  
Mining 

Thermal power 
Water transport 

 

Negative changes in aquatic biota 
Eutrophication of surface waters   
Deteriorated physico-chemical and ecological quality of water (incl. drinking) 
Pollution of groundwater 
Contamination / detrimental effects (from toxic substances,  heavy metals, 
micropollutants, etc.) 

Public / industrial supply (quality) 
Irrigation (quality) 

Fisheries 
Recreation / Tourism 

Environment 

Diffuse sources pollution 
 
 

Run-off and seepage from urban and suburban areas 
Run-off  and seepage from construction activities 
Run-off and seepage from protection of cropland and 
pasture land 
Run-off and seepage from mining 
Run-off and seepage from other recreational activities 
Run-off and seepage from individual disposal 
systems such as septic tanks 
Run-off and seepage from industrial storage tanks 
Pollution from leaking sanitary sewers  
Run-off and seepage from landfills and other waste 
disposal sites 

Domestic Activities 
Agriculture 

Industry 
Mining 

Negative changes in aquatic biota 
Eutrophication of surface waters   
Deteriorated physico-chemical and ecological quality of water (incl. drinking) 
Pollution  of groundwater 
Contamination / detrimental effects (from toxic substances,  heavy metals, 
micropollutants, etc.) 

Public / industrial supply (quality) 
Irrigation (quality) 

Industrial supply (quality) 
Fisheries 

Recreation / Tourism 
Environment 

 
 

Air emission of acidifying 
substances 
 

Emission of combustion products of fossil fuels from 
industrial production 

Industry Decrease in fish population and diversity from toxification and loss of “prey 
species” 

Fisheries 
Recreation / Tourism 

Air emission of greenhouse 
gases 

Emission of greenhouse gases from domestic, 
industrial, agricultural and transport activities 

Domestic Activities 
Industry 

Agriculture 
Transport 

Climate change leading to increase flood and drought risk  
Other effects related to responses to drought and flood risk (e.g. damming, 
regulation, increased water abstractions, etc.)  

Public / industrial supply (quantity) 
Irrigation (quantity) 

Fisheries 
Recreation / Tourism 

Environment 
 
 
 
 

Table 2.2 (cont’d): Human Activities and their Effects on Waters (pollution and global effects) 
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2.4 Integrated Water Resource Management 
 
It was illustrated in the previous two sections that water serves many purposes, economic and 
environmental, and at the same time is affected by human activities, related or unrelated to these 
purposes. In this respect, uses and activities of the same water resource may be competing and/or 
conflicting, as one use of water may reduce its appropriateness for another. The concept of 
integrated water resource management implies the management of water for multiple purposes 
(public and industrial water supply, irrigation, fishery, wildlife, etc.), for multiple objectives 
(economic productivity, environmental quality, social equity and human health) and through the 
use of multiple means (e.g. physical structures, legislation, economic instruments, etc.) 
(Hufschmidt and Tejwani, 1993). In this respect, integrated water resource management is the 
way to approach the objective of sustainability. As the term integrated indicates, such an 
approach is holistic; the problem at hand is solved by considering all aspects of a situation and 
not just what seems to be a problem at the moment. This “systems” view contrasts to the 
traditional water resource development planning approach whereby water problems are resolved 
one at the time, through new engineering interventions to augment supply, control interventions 
to reduce pollution, etc. Figure 1 illustrates schematically the nature of integrated water resource 
management (based on MAP, 1997 and Margeta, 1994). 
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Figure 2.1: Schematic representation of integrated water resource management 
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In general the integrated water resource management process consists of two phases (after 
Hufschmidt and Kindler, 1991): the planning phase (i.e. definition of objectives, collection of 
data, formulation of options, assessment of options) where a master plan of actions results and 
the implementation phase, where the measures outlined in the plan are implemented. Implicated 
stakeholders should participate and consent with the relevant decisions. It is beyond the scope of 
the present study to go into more detail in the process of integrated water resource management. 
 
Integrated water resource management is in essence an organised  and systematic approach to 
tackle water management problems and it enables the strengthening of complementary effects 
and the critical examination of conflicting uses. At the decision and implementation phase 
however, certain tradeoffs will be necessary in order to arrive at the most acceptable solution 
which contains not only direct economic profit, but also overall societal benefits which can not 
be monetarised (MAP, 1997). For example, applying stricter control for the use of pesticides in 
agriculture may have a certain impact on the cost of food production and the development of the 
plant-protection industry. On the other hand, this will bring multiple societal benefits such as 
reduced requirements and costs for treating water, improved public health, aversion of the need 
to abandon polluted groundwater resources and develop new ones, maintenance of groundwater-
dependant ecosystems (such as wetlands), etc. Environmental and some social benefits (even 
public health ones) are difficult to quantify financially or numerically, which complicates the 
valorisation and comparison of alternative options. Improvements therefore in environmental 
costing and the use of multi-criteria and multi-objective techniques, where different objectives 
can be weighed and compared, are important in this respect. 
 
As the nature of the integrated process suggests, there is the need for one co-ordinating agency 
with the authority to carry out and implement it. Also, evidently the spatial level of management 
should be one where all inter-connected waters and human activities are taken into account. 
Therefore integrated water resource management should be implemented at the level of a 
hydrographic (i.e. “catchment” or “river” basin) under the auspices of an agency assuming all 
responsibility (data collection, negotiation between different users, implementation of measures, 
etc.). 
 
The above principles of integrated water resource management as the way to approach 
sustainability are reflected in the new framework directive for water which asks for the 
establishment of river basin authorities in all EU member states and the preparation and 
implementation of river basin management plans in order to achieve the objectives of Union’s 
water legislation. This will be discussed in more detail in Chapter 5. The next chapter of the 
present report looks into more detail in the main concerns with respect to the state and 
management of waters in the EU.  
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3.  STATE OF EUROPE’S WATERS: CONCERNS AND PROGRESS 
 
 
3.1 Introduction 
 
An accurate assessment of the state of Europe’s water bodies is difficult due to the relative limits 
in the availability of data, shortcomings and deficiencies in monitoring systems, lack of historical 
records,  limited comparability of reported data, etc. Nevertheless, the work of the European 
Environment Agency has considerably improved the situation. The data presented in this chapter 
is drawn from the Agency’s assessment of Europe’s environment (EEA, 1995)  and from the 
report of the OECD on the state of water management in its member states (OECD, 1998). The 
presentation follows a logical sequence in accordance with the analysis of uses, users and 
activities of chapter 2. First, the different uses of water are given and the effects of human 
interventions to regulate supply discussed. Then the effects of catchment activities and pollution 
are presented.  
 
3.2 Europe’s waters: concerns and progress 
 
In total, as Table 3.1 illustrates there is no water availability problem in Europe. Aggregate 
figures, however, often hide considerable regional deficits between available and demanded 
supplies, mainly in areas of the arid south and around large urban and industrial centres. For 
example in Greece, although the overall intensity of water use is only 8% of total available 
supplies many of the country’s islands face acute water scarcity problems. In the early 90s also, 
and following a prolonged period of drought, even the metropolitan area of Athens experienced 
an intense water shortage crisis. Similar problems are faced in many parts of southern Spain and 
Italy.  
 
 

COUNTRY ABSTRACTIONS 
(% of available resources) 

ABSTRACTIONS PER CAPITA 
(in m3/cap/yr)) 

Austria 2.7 280 
Belgium 42.5 690 
Denmark 14.8 170 
Finland 2.2 480 
France 21.3 700 
Germany 25.3 550 
Greece 8.3 520 
Ireland 2.3 330 
Italy 32.2 990 
Luxembourg 3.4 140 
Netherlands 8.6 520 
Portugal 11.9 870 
Spain 28.7 850 
Sweden 1.5 310 
United Kingdom 13.7 180 
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Table 3.1: Intensity of water use in EU countries (after OECD, 1998) 
 
On average, in Europe 70% of water abstraction is drawn from surface sources, ground water 
being by far the next most important source. Water for domestic uses is primarily served by 
ground water, due to its higher quality; ground water accounts for 65% of all public supplies in 
Europe. 
 
For Europe as a whole, 53% of the abstracted water (surface and ground water) is used for 
industrial purposes, 26% in agriculture, and only 19% for domestic purposes (WRI, 1990). 
Again, there are significant sectoral variations between countries and regions. For example, in 
Spain, irrigation accounts for almost 80% of total water use, and in Denmark and the 
Netherlands it also has the highest share of water use. The quest for agricultural competitiveness 
after the GATT agreement is expected to increase further the pressure on the water resources for 
irrigation purposes (Council of Europe, 1998). Water abstraction for public use shows less 
variability between European countries than other sectoral abstractions. The share of public 
water use ranges between 15-25% in the majority of the EU countries to more than 40% in 
Luxembourg and the U.K. Only a small percentage of the water resources is used for drinking 
purposes. Water abstraction for industrial purposes has stabilised in recent years, and in many 
cases shows decreasing tendencies, partly as a result of de-industrialisation processes and 
improved efficiency in industrial practices (e.g. recycling, etc) but water abstraction for domestic 
and agricultural purposes is continually increasing in the EU as a whole.  
 
Cases where deficiencies in the supply-demand balance are encountered are typically in areas 
characterised by a high percentage of water-use for irrigation coupled with low precipitation 
levels and drought conditions (e.g. Andalucia in Spain) or in large metropolitan centres, with 
insufficient resource systems (e.g. Athens). Reservoir construction and/or transfer of water from 
water-rich areas is still the predominant approach in addressing such situations (Council of 
Europe, 1998), but as presented in Table 2 these come with a heavy environmental cost and with 
an increasingly high economic cost. In Italy, for example, more than one hundred new major 
dams were constructed in the past thirty years; thousands of kilometres of river channelisation 
have led to a reduction of the sediment load reaching the coast and in effect have “sentenced to 
death most of the sandy shores of the peninsula” (Council of Europe, 1998). Almost 80% of the 
6,000 km of low coasts show dramatic processes of erosion. Even in the countries of the north, 
such as Denmark and Germany, man-made interventions and regulation of river flows for water 
supply or energy production, have had detrimental ecological effects. On the other hand, water is 
still used very inefficiently, especially for irrigation purposes in the countries of the south, and 
the calls are mounting for channeling of water into the most productive uses, more so as there is 
an increasingly growing public opinion against the construction of dams and reservoirs (EEA, 
1995). 
 
There is no data to suggest a consistent upward or downward pattern of rivers’ flow 
characteristics. Agricultural production is often coupled with intense river regulation. In 
Denmark for example 85 to 98 % of the total river network has been straightened. In Austria land 
drainage for reclamation of land for agricultural purposes has led to the destruction of more than 
37% of the county’s wetlands from 1980 to 1990. In Germany about 200 plant species are in 
danger of extinction due to drainage of wetlands (STOA, 1995). 
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Human effects have been even more pronounced on ground water levels and flows. Reported 
cases of over-exploitation include abstractions for drinking, industrial and irrigation water 
supply, and drainage of mines. Most of the overexploited areas are found in or near large urban 
and industrial centres and pose a serious long-term threat to a reliable public water supply. 
Available data shows that about 60% of the European cities with more than 100,000 inhabitants 
are located in or near areas with ground water over-exploitation. An estimated 6% of the area of 
aquifers suitable for abstractions in the EU is presently overexploited. In the vicinity of the city 
of Frankfurt overexploitation of groundwater aquifers has caused damages to ecosystems on the 
surface as well as to the settlements of city’s buildings. Wetlands are particularly vulnerable to 
changes in groundwater levels. It is estimated that as a result of groundwater overexploitation 
about 25% of European wetlands are potentially threatened. These problems are even more 
pronounced in coastal areas where groundwater overexploitation may be followed by saltwater 
intrusion and render groundwater unusable for any purpose. 
 
Change in global climate as a result of the emission of “greenhouse” substances is expected to 
have profound effects on the natural water cycle with an increase in the incidence of extreme 
events such as floods and droughts. A temperature rise of 1 to 2 0C and a 10% drop in rainfall 
would reduce river run-off in arid regions by 4 to 70% (Shiklomanov, 1991). In the 
Mediterranean basin the effect of such a change is estimated to be a more than 40% reduction of 
the annual volume of run-off (Council of Europe, 1998).    
 
The risks to the security of water supplies are not only related to water quantities but also to the 
quality of the available water supply. In the Rhine basin groundwater aquifers are overexploited, 
with the effect of saline water intrusion which renders the resources unusable (Council of 
Europe, 1998). In some parts of the basin such effects are exacerbated from saline discharges of 
the French potash industry. Moreover, upstream industrial activities pollute the river with low 
degrading substances (such as pharmaceuticals, sulfonated aromatic substances from the 
production of dyestuffs, plasticisers, ion exchangers, etc.), that are difficult to treat in sewage 
treatment plants. As a result, forecasts show that if water utilisation carries on according to 
today’s patterns, in the future the purification of water from the Rhine valley for drinking and 
also for industrial water purposes will have to be radically stepped up, above all in the Lower 
Rhine area. The costs for treating water for drinking purposes and for controlling pollution can 
become immense with considerable implications for water prices. As the report of the Council of 
Europe (1998) states “in future it is conceivable even for Europe that not everybody will still be 
able to afford the cost of basic water consumption”. 
 
On the “bright side”, one should point to the improvements that have been accomplished with 
respect to the control of pollution from point sources. In general, the last few years 
improvements have been accomplished with respect to the state of the conspicuously polluted 
waters that caused great concern in the 1970s. In western-EU countries about half of monitored 
sites demonstrated a decrease of organic matter of more than 25%; this has been mainly the 
result of the practicing of waste water treatment.  Efforts to control pollution from point sources 
have led to a reduction of industrial discharges of heavy metals and persistent chemicals by 70-
90% or more in most cases (OECD, 1998). Nevertheless, few European countries can claim that 
they have achieved the baseline quality standards for inland waters (i.e. suitability for fishing and 
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swimming); moreover, as the most polluted waters have been cleaned up to an extent, the 
condition of previously “natural” waters has deteriorated considerably, so that a country’s waters 
all tend to be of an “average” quality (OECD, 1998).  
 
Eutrophication (enrichment of waters with organic matter and nitrogen, phosphorus nutrients 
leading to excessive phytoplankton growth) has been contained to an extent due to improved 
sewage treatment and substitution of phosphorus in detergents and contamination of large rivers 
with organic matter, ammonia and phosphorus has generally decreased over the last 10 to 15 
years in European countries within the EU (EEA, 1999).   
 
With respect to heavy metals, micro-pollutants and toxic substances any conclusions based on 
available data are difficult due to the limited measurement of such substances in most monitoring 
sites and the technical difficulties in tracing such pollutants. In general, the concentration of 
heavy metals in European rivers is well below drinking standards and metals in rivers which had 
important problems in the past, such as the Rhine, no longer exceeds the norms (EEA, 1999), 
though aquatic biota are usually affected at much lower concentrations. “Hot spots” of heavy 
metal pollution are typically in the vicinity of mining areas. The ban of use of toxic substances 
such as DDT and PCB has led to a marked reduction of their presence in surface waters, though 
PCBs were still traced in the late 80s in some rivers (Chevreuil et al, 1987). Nevertheless, 
standards for a variety of hazardous substances controlled by EU legislation were found to be 
exceeded in all of a 16 major European rivers sample (CEC, 1996). Limited data exists for the 
concentration of radioactive substances in surface waters. Sporadic high levels have been 
reported (e.g. in the Rhone) and are attributed to discharges from nuclear installations.     
 
The overall improvements accomplished through the control of pollution from urban and 
industrial wastewater are neutralised by increase of diffuse pollution from agricultural practices, 
traffic, urbanisation, erosion from earthworks or deposition from the air of heavy metals and 
persistent organic pollutants (OECD, 1998). Nitrates concentrations in most rivers continue to 
increase and to cause a great concern in view of their contribution to eutrophication and their 
harmful health effects through diffusion in drinking water reserves.  
 
Concerns are particularly stressed in relation to the diffusion of pollutants to groundwater. 
Groundwater has typically very low flow and replenishment rates and contamination is 
cumulative and persistent in the long term threatening drinking water reserves and dependant 
ecosystems. 87% of Europe’s agricultural area has levels of nitrates above the EU target value of 
25 mg/lt, whereas 22% exceeds the drinking water standard of 50 mg/lt. A study in the 
Netherlands of 100 agricultural holdings showed that in 50% of all cases more than 200 mg/lt of 
nitrates were measured in the upper soil layers (Council of Europe, 1998). The EU standard for 
pesticides is exceeded in 65% of the total arable and permanent crop land in the EU and in 
approximately 25% of the areas the standard is exceeded by more than 10 times (EEA, 1995). 
Policy interventions have achieved in some cases success in reverting this situation; in the 
Netherlands a strict procedure of market authorisation of pesticide products has led to a reduction 
of total pesticide use in agriculture of 44% by 1984 to 1994, although the environmental standard 
of 0.1 mg/lt is still exceeded in a “massive way” (Council of Europe, 1998). 
 
The concentration of persistant pollutants of industrial origin in groundwater is mostly well 
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below the permissible level, but detectable presence is an indication of the risk of further 
contamination (OECD, 1998).  
 
Acidification of ground and surface water supplies is an important problem in the Nordic 
countries; in Sweden, damage has occurred in 2,500 lakes, whereas in Norway 1750 lakes are 
completely devoid of fish, the Atlantic salmon being extinct in 25 rivers (Council of Europe, 
1998). Also in Norway of 13,600 surveyed fish stocks in lakes , 2,600 had become extinct and 
3,000 experience reduced number of individuals (Hesthagen and Hansen, 1991). Groundwater 
acidification following deposition of acidic substances in soil has also been reported in a number 
of Nordic cases. More than 50% of surveyed wells in 14 Swedish municipalities showed very 
strong or strong acidification effects in the mid-80s (Bernes and Grundsten, 1992). If alkalinity 
of deeper groundwater under agricultural land in Denmark continues to decrease at the present 
rate (not only due to deposition of acidifying substances but also through other processes such as 
oxidation of ammonia to nitrate), it is expected that groundwater will become unsuitable for 
drinking or any other purpose, unless expensive water treatment processes are introduced (EEA, 
1995). 
 
In conclusion, although in general some improvements have been accomplished at a European 
level in the control of organic, phosphorous and metals pollution from point urban and industrial 
sources through improved treatment of discharges, the sustainability of Europe’s waters is 
increasingly at stake due to: 
 
��Pollution from diffuse sources, such as agricultural production, urban activities and run-off, 

etc. 
��Pollution of groundwater from agricultural protection products and fertilisers and/or 

overexploitation (in coastal areas followed by salt water intrusion) for public and production 
use; 

��Regional imbalances between supply and demand, expected to exacerbate by potential 
climate change effects; 

��Human interventions that change water courses with detrimental ecological effects and 
further intensification of quality problems. 
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4.  OVERVIEW OF EU WATER POLICY 2 
 
4.1  Introduction 
 
27 years ago, at a conference of the Heads of State and Government of the European 
Community, it was decided to extend the common policy action to the field of environment. This 
resulted in the First Action Program for the Environment in 1973 followed by subsequent action 
programs (1977 to 1981, 1982 to 1986, 1987 to 1992) up to the current Fifth Framework 
Program (1993 to 2000). During this time, environmental and public health issues gained a prime 
position in the concerns of the European public. Moreover, scientific information on problems 
and solutions became increasingly available and new issues kept arising at the forefront of the 
policy agenda. 
  
The initial emphasis of the Community’s policy on the harmonisation of environmental rules in 
the common market and the protection of public health in the Member States gradually expanded 
so as to include the objectives of environmental protection and sustainable development. 
Environmental policy was built into the Single European Act of 1987 and finally became part of 
the Treaty of the European Union of 1992 (Maastricht Treaty). According to the treaty (Article 
130r), the EU should preserve, protect and improve the quality of the environment at a high 
level, protecting human health, leading to rational utilisation of resources and promoting 
measures at an international level to deal with regional or worldwide environmental problems.  
 
Water was one of the first sectors to receive attention in the first two Action Programmes. A first 
wave of directives targeting key issues such as the quality of waters used for drinking and 
bathing and the discharge of hazardous substances to the aquatic environment were followed by 
environmental-oriented action aiming to control urban waste water discharges and diffuse 
pollution of nitrates from agricultural uses.       
 
However, European environmental policy has been an integrated part of the evolution of 
European integration processes and European politics. Changes in the prevailing perceptions and 
approaches to the “European project” have also had implications for the development of the 
common environmental and water policies. Notions such as decentralisation and subsidiarity, 
coupled with the call for “deregulation”, have meant that the limits of the EU in setting 
environmental rules for the Member States are under dispute. The principle of subsidiarity 
(Article 3b of the Treaty) restricts EU competence to those activities “that can not be sufficiently 
achieved by the Member States and can therefore, by reason of the scale or effects of the 
proposed action, be better achieved by the Community”. The search for a formula to achieve 
both EU-wide environmental protection and decentralisation is still on and best reflected in the 
debate on the reshuffling of the Union’s water policy.    
 
The quest for the reform of EU water policy has been the result of two distinct, and sometimes in 
practice incompatible, forces: the need to extend the scope of action in order to improve 
environmental protection and water resource management, and the need to reduce the implicated 
costs and decentralise action in doing so. In the new framework water policy, the European 
                                                           
2 This section draws its information from the paper of Kallis G. and P.Nijkamp (to be published), “Evolution of EU 
Water Policy: A Critical Assessment and a Hopeful Perspective”. 
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Commission has tried to reconcile and balance these forces. There is of course an intense debate 
about the scope of the action, and the desired benefits versus the implied costs. In order however, 
to gain an understanding of the relevant costs and benefits implied in the reformulation of EU 
water policy, it is important to assess retrospectively the effects of the existing legislation, and to 
develop an understanding of legislation-related effects. The present section gives first a historic 
overview of the development of EU water policy and then goes on to discuss the results and the 
costs of the directives.  
     
 
4.2  A Historic Evolution of EU Water Policy 
 
Early European water legislation (1975 – 1980) began in a “first wave” of directives which set 
standards for waters intended for particular uses and aimed to control the discharge of particular 
harmful substances to the aquatic environment (surface and ground water). The basic driving 
forces behind this “first wave” of legislation were in principle twofold: firstly, the harmonisation 
of environmental law to remove trade barriers and to avoid distortion of competition, and 
secondly, the protection of public health. As no specific competence was assigned by the first 
European Treaty of Rome to the Commission to develop legislation for environmental or public 
health issues, all directives until 1987 were based either on Article 100 of the Treaty on the 
harmonisation of member States’ laws to allow the functioning of the common market and/or 
Article 235 which justifies intervention in policy areas where competence is not designated, if 
necessary to achieve the other objectives of the Community. The Commission used successfully 
this provisions to develop its competency in public health and environmental policy, areas of 
concern increasingly important at the time for the European public.    
 
European water legislation was initiated with two key directives, issued in 1975 and 1976. The 
first one dealt with the principles and the standards necessary to improve and sustain the 
environmental quality of waters intended for abstraction as drinking water (COM 75 440)3. The 
second one regulated the discharge of dangerous substances into the aquatic environment (COM 
76 464). A number of other directives emerged from these two key directives, based on their two 
distinctive philosophies: water use directives which are concerned with the quality of water 
intended for particular uses and which set Europe-wide standards to be complied in all member 
States; and water pollutant directives which are concerned with the control of emissions of 
particular pollutants to water, setting emission standards to be respected in all Member States 
[Somsen, 1990].  
 
The water-use legislation includes the directive on the quality of surface water intended for the 
abstraction of drinking water (COM 75 440), the directive relating to the quality of water 
intended for human consumption, i.e. after it has been abstracted and is in the distribution system 
(COM 80 778) - recently revised by COM 98 83 (water standards “at the tap”), the directive 
concerning the quality of waters used for bathing (COM 76 160), and the directives (COM 78 
659 and COM 79 923) on the quality of waters for fish and shellfish, respectively. All these 
legislative rules are based on “quality objectives”, referring to a set of requirements which must 
be fulfilled by a given time in a given environment (or particular part thereof). In order to attain 
                                                           
3 The first number denotes year of publication; the relevant legislative texts can be searched with reference to the 
full code. 
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the quality objectives, environmental quality standards are fixed which, with legally binding 
force, prescribe the levels of pollution not to be exceeded in the relevant environment. These are 
set in annexes and divided into parameters related to G (guide) values and I (imperative) values, 
so that Member States are to establish parameters for the waters concerned which are to be no 
less stringent than the mandatory I values, and must endeavour to respect the stricter G values 
(Howarth, 1992). The Member States are required to identify or designate the waters within their 
area to which the directives apply and states have a considerable degree of discretion in this 
respect. The directives also incorporate a general non-degradation principle whereby 
implementation of the directives may not directly or indirectly lead to deterioration of the waters 
at stake. In some exceptional circumstances (extreme events, etc.) the directives allow for 
derogation from their requirements. The competent authorities in the Member States are made 
responsible for sampling, analysis and inspection in accordance with the provisions of each 
directive. The rules and procedures for the monitoring of the standards and the reporting on their 
implementation were subsequently laid down in a number of separate directives.  The directives 
could also be adapted in the light of technical progress through a simplified procedure based on 
the setting-up of a committee of experts.  
 
In contrast to this first class, the water pollutant directives do not relate so much to the state of 
the receiving waters as to the quality of permissible levels of discharges of particular pollutants 
and therefore, tend to concentrate upon emission standards. This legislation includes the directive 
on the pollution caused by discharges of certain dangerous chemicals into the aquatic 
environment (COM 76 464), as well as a number of “daughter” directives for specific substances 
and a directive for discharges to the ground water (COM 80 68). The directive on the discharges 
of dangerous substances has been a framework directive designed, with the aid of the subsequent 
“daughter” directives, to control discharges of substances from defined lists of pollutants that 
must be eliminated (List I) and pollutants which must be reduced (List II). For List I substances, 
the European Council of Environment Ministers must set “daughter” directives stating emission 
limit values, or alternatively quality standards in the receiving waters that must be respected 
prior to authorisation of discharges. For List II substances the Member States should come up 
with integrated programmes for the reduction of their emissions. The same philosophy is 
followed in the “ground water” directive. The “groundwater” directive is more “strict” as it deals 
with a more vulnerable source of water, and in this sense List I substances are to be prevented 
(prohibited) from reaching ground water, whereas for List II substances integrated programs 
should be introduced to restrict their access to ground waters.  
 
The effects of this first wave of quality/public health and pollutant directives were still to be 
evaluated in the mid-80s, though there was a general feeling that the European public responded 
positively to the initiatives of the Community for public health and environmental protection and 
asked for even further action to reverse the fast deterioration of Europe’s waters. 
 
In the Maastricht Treaty of 1987, the assignment of a European competence for a common 
environmental policy was formalised, and environmental protection became the focus of relevant 
action. Environment Ministers meeting in 1988 in Frankfurt identified a number of gaps in the 
Community action with respect to water-environment issues. Concerns evolved mainly around 
the deterioration of the environmental quality of coastal, surface and ground waters. The 
eutrophication of waters (from organic sewage pollution and diffusion of nitrates and phosphates 
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from agricultural use) received prominence. Nitrate pollution raised also further concerns in view 
of the potential diffusion and contamination of drinking water supplies and the costs implicated 
for its treatment. “Prevention at source” was the key strategy declared in the Fourth Framework 
Program for the Environment, and guided the development of the two subsequent directives for 
the control of pollution form urban waste water disposal and the control of diffuse nitrate 
pollution from agricultural uses.        
The directive concerning urban waste water treatment aimed at the collection, treatment and 
discharge of sewage from urban centres and specified industrial sectors (COM 91 271). Rules are 
set in the directive for the development of collection and treatment systems; the time-limits 
depend on the size of the communities and range from 1998 to 2005. As a general rule the 
directive requires all agglomerations above 2,000 population to have sewerage systems and 
secondary, biological waste water treatment. More advanced treatment is required for so-called 
sensitive areas (i.e. water bodies in danger of eutrophication). For certain marine waters primary, 
mechanical treatment may be sufficient, if it can be demonstrated that the water quality of the 
receiving body is not adversely effected.    
 
The directive on the protection of waters by pollution from agricultural nitrates followed a 
different approach. The target was diffuse pollution and agricultural production is a much more 
difficult sector to control than the easily identifiable and clear in competency sources of urban 
waste water pollution. The approach chosen was more “structural” and of a framework character, 
setting the general elements of programmes to be implemented in the Member States to control 
agricultural nitrates pollution. The nitrates directive called for the identification of all waters 
affected by pollution and those at risk, and the designation of these areas as “vulnerable zones”. 
A monitoring and evaluation programme is provided in the directive intending to assist the 
Member States in choosing these zones. Once identified, action programmes are to be 
established for the zones introducing good agricultural practices, the principles of which are 
described in the Annexes of the Directive, including mandatory restrictions on the activities of 
farmers (e.g. through maximum annual levels for the spreading of animal manure on land). The 
Member States are also required to draw up codes of good farming practice to be implemented 
voluntarily outside these zones, and imperatively within them. Finally, nitrate concentrations in 
water are to be monitored to assess the efficacy of measures adopted.  
 
As the huge investment costs implicated in the directives, for improving and monitoring the 
quality of drinking water, controlling urban waste water pollution and protecting bathing waters, 
etc., started to be realised, reactions from the Member States to European water legislation 
augmented, expressing to an extent also the cost-related discontent of the industry, the 
agricultural sector, and in many cases, the public. Moreover, this climate coincided with a 
growing influence in the political domain of the call for subsidiarity (i.e. decentralisation) and 
the predominance in the political and economic sphere of the principles of  liberalisation and 
deregulation. EU water policy was therefore caught in an important cross-road whereby the quest 
for protecting Community’s waters from the continuous environmental deterioration had also to 
be coupled with calls for deregulation and subsidiarity, the latter also expressed as a prime 
Community objective in the new Treaty of Maastricht.  
 
Following the process of adoption of the urban waste water and the nitrates directives, three new 
proposals were put forward by the European Commission. These included revisions of the 
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standards for the bathing and drinking water directives (1994), a new directive on the ecological 
quality of water (1993) and a revision of the process for the deadlocked discharges directive. 
These new proposals were caught in an atmosphere of heated debate on the merits of 
environmental protection, subsidiarity and deregulation and “shaded” by the high costs required 
for the implementation of the waste water directive. Serious calls emerged for an end to 
Community’s legislation for water and a repatriation of many of the existing measures.             
 
The call for a relaxation of EU water regulation were particularly evident in the process of 
revising the drinking and bathing water standards. Many Member States (and most notably the 
U.K and France) expressed their position to relax standards and “repatriate” measures in order to 
reduce the related costs (i.e. in improving water quality and/or treating waste waters to bathing 
zones). The Commission however took up these calls in a considerably different manner. Taking 
as a starting point that public health protection should in no way be compromised, the idea was 
to revise the scientific validity of the standards and to re-assess the costs of enforcement versus 
the public health risks involved, repealing the parameters that did not pass the test and 
simplifying the regulatory picture. According to the Commission, only those parameters of 
significance to public health were to be retained, their values adjusted in the light of current 
scientific knowledge. The key revisions in the drinking water (i.e. water at the tap) directive, for 
example, were the maximum authorised levels for lead (10 microgrammes/litre of water instead 
or previously 50) which meant that in many countries long used lead pipes would have to be 
substituted, nitrites (0.5 milligrammes/litre) and pesticides (0.5 microgrammes / litre for all 
pesticides and 0.1 microgramme / litre per pesticide); in total in the new revised directive, 
standards are set for 48 chemical and microbiological parameters including limits for Zinc, 
Copper and Nickel. An important controversy has been around the standards for pesticides, as 
the values set in the directive affect the market authorisation of pesticide products. The industry 
opted for separate standards for each type of pesticide based on toxicity tests. The Commission 
however adopted the so-called “precautionary principle”; in the absence of sufficient scientific 
data to back specific standards a precautionary “zero tolerance” approach is preferred. The limits 
for individual pesticides in water are set at the minimum detectable level of 0.1 microgramms per 
lt for individual pesticides and 0.5 microgramms per lt for the total concentration of pesticides. 
In practice this means that if a pesticide is detected in drinking water reserves, its authorisation is 
at stake. Environmentalists would like to see the “precautionary principle” extended to other 
substances suspected of carcinogenic or teratogenic effects. 
 
While for the drinking water directive, a wide consensus on the revised parameters was reached 
(the directive was finally adopted in 1998), for the bathing water directive there has been an 
intense scientific debate around the validity of revised micro-biological parameters. Ironically 
enough, many commentators suggest that having repealed in the directives parameters that in 
practice were not targeted by the Member States and having introduced other new, stricter 
standards, the total costs of implementation once again increased instead of decreased, as was the 
initial purpose of the revision. The final adoption of the directive is expected to be delayed as the 
revised parameters are highly disputed, scientifically and politically. 
 
The key directive however, for Community’a action for the aquatic environment was to be the 
directive for the ecological quality of water. The directive was a “child” of the water use 
directives’ philosophy, the use in that case in a more abstract way being related to the ecological 
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value of water. Member States were asked to come up with specific programs for achieving a 
good ecological status for all their surface waters, “good ecological” quality broadly defined in 
descriptive terms in the directive though left to the discretion of the Member States to define the 
exact standards; one can see in this approach elements of the quest for subsidiarity. The directive 
generated a wide debate around EU water policy, as it was realised that it would decide the 
future of the Union’s water policy for many years to come. The agreement in the wider “water 
policy community” was that the directive fell well short of expectations, as it confused instead of 
clarifying the overall legislative picture. As all the proposed directives started to be discussed in 
the European bodies, Member States felt “flushed” with a number of confusing and incoherent 
regulatory measures for water, at a moment when what they most wanted was a simplification of 
the picture and a reduction of the implicated costs. The same questions, debates and dilemmas 
between environmental protection, standard setting, subsidiarity and cost kept re-surfacing in all 
discussions and it became evident that a major and integrated re-thinking of Community’s water 
policy was necessary. Proponents of less environmental regulation at a European level were 
pointing to the increasing complexity of the legislation and the introduction of unnecessary 
additional standards. The directive on the ecological quality of water was obviously limited in 
scope to account for all these issues. First, it did not account for the call for integrated water 
management at the river basin level, which was successfully exercised in the management 
programs of the Maas, Schelde and Rhine rivers. Secondly, it was not clear how its objectives 
and instruments related to the rest of the legislation. Finally, there was a shortcoming in 
accounting for quantitative issues, which are a prime concern for many Member States.  
  
Calls for a new policy were echoed in European Parliament’s public hearing in June 1995, and 
the Commission accepting requests, initiated an open consultation process, inviting comments 
from all “actors” for a fundamental reshape of the policy. As a response in mid-1995 the 
Commission issued a communication for a new water policy and opened a consultation 
procedure to all interested parties which culminated on a two day Water Conference in May 
1996. The outcome of this consultation process was the agreement on the general principles and 
goals for the new framework water directive, which appeared in draft form in November 1997, 
coming to substitute the directive on the ecological quality of water and the directives for the 
quality of surface drinking waters and fish and shellfish waters and to incorporate a new system 
for the regulation of the discharges of dangerous substances to the aquatic environment.   
 
The discussions on the new framework directive are caught in a web of arguments around the 
merits of environmental protection, integrated water resource management, costs of 
environmental and public health standards and decentralisation / subsidiarity. In all these 
discussions, experience and interpretation of the implementation of the existing directives holds 
a central position, as it defines both the requirements and the limits for action.      
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4.3 Impacts of existing legislation 
 
There is much discussion going on about the effects of the first wave of water directives. First, 
one has to distinguish between the intense activity triggered around the implementation of the 
drinking and bathing water directives and contrast this to the poor impact of the fish, shellfish 
and pollution–control directives. The extent to which the directives have in total generated a 
direct improvement in the quality of the Union’s surface and bathing waters is very difficult to 
assess. Reduced concentrations of regulated point-source pollutants have been observed in 
European lakes, rivers and coastal waters, whereas an increase has been observed for pollutants 
from unregulated diffuse sources [EEA, 1995]. To some extent such improvements could be 
attributed to increasingly stringent controls initiated by European legislation. The improvement 
of bathing water quality from 1986 to 1993, for example, can be partly attributed to the proper 
enforcement of the relevant EU legislation by Member States and partly attributed to additional 
measures taken by competent authorities.  
 
More important however, are the additional, beneficial structural “side-effects” that the bathing 
and drinking water directives induced, which in some countries caused a “chain reaction” that 
completely reshaped the landscape of environmental policy, eventually promoting the general 
objectives of the directives and setting the basis for future efforts for protection of the aquatic 
environment. Howarth (1992) states that “the general operation of the Community’s 
environmental policy in the aquatic sphere has provided a momentous advance over previous 
legislation under our various national laws”. The implementation of the water use directives has 
asked for the reform, if not complete change, of administrative structures in many Member 
States, redefining also the nature of environmental politics. Governments who previously were 
accustomed to run environmental manners in a "closed" and discretionary manner, were now 
obliged to report for their activities to a "higher", European  "arbiter". Moreover, the setting of 
legally-enforceable water quality standards and the public availability of information on the 
compliance with such standards have "opened" the administrative structures, leading to a greater 
flow of information regarding pollution and quality of the aquatic environment [Centre for Rural 
Economy, 1996]. Pesticide contamination of drinking water, for example, probably would not 
have received such widespread public and political attention had it not been for European 
Directives. 
 
In this way the directives re-enforced themselves through a “domino” mechanism of regulation, 
public attention, public pressure and finally local action for compliance. Hassan (1995) looking 
at the case of the U.K, the most reluctant Member State to agree with the EU water directives, 
confirms the above analysis; he argues that the contribution of EU directives has been 
momentous in opening up the British administrative structures, establishing “open” monitoring 
and reporting schemes and consequently raising new issues and creating more public pressure for 
action. In turn, this effect has made governments more sensitive to environmental issues and 
more eager to comply with their formal obligations. 
 
Although the effects of the directives have been more profound in countries such as the U.K, 
where implementation and compliance became serious public policy issues, Ward et al (1997) 
suggest that the impacts of EU water legislation on the administrative and monitoring structures 
of the poorer, Southern Member States have also been very important. Starting from a “lower” 
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level of existing institutional and organisational structures for water management than the 
northern Member States, the effects of the directives in establishing new agencies, running 
monitoring and sampling schemes and making governments accountable to the EU, have 
provided a massive force for reform, although the impacts and the investments down at the local 
level have been less impressive.  
 
A related “side-benefit” of the legislation has been also the fostering of further research for 
technologies to comply with standards and for improving the scientific validity of the standards, 
which in turn have highlighted new issues and approaches and have pressed for the revision of 
existing outdated standards [IPTS, 1997]. The effects of the urban waste water directive on new 
technologies are discussed in more detail in chapter 7.  
 
The costs from the implementation of the first-wave of water-use directives relate to the: 
 
��investments to improve treatment of water for drinking purposes to comply with the new 

standards; 
��investments to reduce (“treat”) pollution to water bodies used for bathing, drinking, and 

(more rarely), fish or shellfish; 
��re-organisation of administrative structures to carry out effectively the implementation of the 

directives; 
��establishment of monitoring programmes and infra-structures to follow progress in 

compliance with the directives. 
 
As different Member States commenced from different “starting points” and existing capacities, 
it is very difficult to have an indication of the magnitude of the costs. Moreover, it is even more 
difficult to assess separately the added costs emerging from EU legislation, as certainly some 
improvements, e.g. for better water and waste water treatment, would take place any way in the 
Member States, with or without a European legislative initiative. To date, no study has been 
conducted at a European level (from the Commission or other related body), to assess the costs 
from the implementation of the directives (for public authorities and/or the productive sector).  
 
The most beneficial effects of the water use directives were discussed above but their 
implementation too was not an easy task, in view of the considerable costs involved. The 
discretion allowed to the Member States in designating the waters to fall under the provisions of 
the directives was exploited in many cases in order to allow a relaxation of the directives’ 
requirements. Research on  the implementation of the water directives showed that where a great 
re-organisation of legislative structures or high public costs were involved, Member States, even 
the ones with the more developed environmental protection structures, exploited less clear 
clausures, or imprecise definitions of standards to “relax” the impacts of legislation [STOA, 
1995]. In the U.K for example, initially only 27 bathing areas were designated for protection and 
monitoring in the whole of the country, fewer than the total declared by “landlocked” 
Luxembourg. Implementation problems have been more striking in the case of the fish and 
shellfish directives. The vagueness on whether the directives served an environmental or public 
health purpose and the ambiguity in the duty of the Member States to designate waters for 
protection, have limited their effectiveness. Member States have preferred to focus on public 
health quality control of the fish and shellfish than trying to introduce general protection of their 
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waters. As a result the two directives, highly unsuccessful in meeting their goals, are to be 
repealed in the new water policy.  
   
The effects of the pollution-control directives have been considerably less profound and limited 
than those of the drinking and bathing water ones and this was principally the consequence of 
problems in the mechanism of implementing the framework “discharges” directive through 
specific “daughter” directives. The aim of the discharges directives was to introduce an 
emission-control approach to water pollution. The inherent advantages of this approach include 
the administrative simplicity of setting the standards, the prevention of cross-frontier pollution, 
and the equal sharing of the burdens of the measures to all industries. However, some Member 
States, and most notably the U.K, preferred a quality-based approach on setting emission 
standards which is more in-line with their decentralised pollution control policy and which also 
allows them to take advantage of the higher assimilative capacity of their waters. In practice the 
directive allows Member States to base their entire water policy on emission limit values 
calculated from quality standards that they have themselves established, with the sole exception 
of the substances for which standards have been set in daughter directives. As a result progress in 
the adoption of daughter directives has been disappointing due to the requirement of unanimity 
for Council decisions and to the re-surfacing of the debate over the appropriateness of quality 
standards for List I substances each time a new “daughter” directive was proposed. Behind the 
“surface” of disagreements has been the effort of Member States to reduce the implicated costs 
for the local industries; coupled with the cumbersome mechanism for the approval of new 
regulation, this has lead to disappointing progress. Only 18 List I substances out of a total of  
some 130 have been agreed to be regulated by the Council after a period of 20 years. For List II 
substances a few comprehensive integrated programs have been implemented by the Member 
States. Furthermore, despite the fact that amendments of the directive asked for Member States 
to draw up programmes for eliminating pollution of List I substances arising from diffuse 
sources, no such efforts have been reported to date. A study of 16 major EU rivers found that 
none of the Member States is completely in accordance with the requirements of the Directive 
[CEC, 1996]. The introduction of a new directive for the Integrated Pollution Prevention and 
Control from industrial installations means that many of the substances will be now regulated 
through this instrument, while for the rest of the substances (i.e. those that are discharged from 
installations that fall beyond the coverage of the IPPC directive) a new mechanism for regulation 
is foreseen in the new framework water directive (see Chapter 5). 
 
For the urban waste water directive, less information is available on the costs of  implementation, 
as most investment and construction works are still under way, while others had already started 
before the introduction of the directive and can not be therefore considered to result from it. 
Initial concerns about the implementation of the directive were intense in view of the high public 
costs involved. The EU wide costs of the implementation have been estimated to Euro 150 
billion (1994/95 value) during the period 1993-2005 (financing from the structural and cohesion 
funds is available for regions lacking in development). Meeting the requirements of the waste 
water directive has been estimated to require an investment of 10 billion pounds in England and 
Wales and 8 billion pounds in France [Haddon, 1994]. Costs relate mainly to the construction 
and operation of sewage treatment plants.  
 
The latest report on the implementation of the directive by the European Commission (with 
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respect to the relevant deadline of December 31, 1998 for providing collection and advanced 
treatment systems in all urban centres with more than 10,000 population discharging to sensitive 
waters) found the progress satisfactory, with the notable exceptions of the cities of Brussels and 
Milan which have announced to be unable to meet the deadline [CEC, 1999]. In the rest of the 
Member States, the directive has been transposed to national legislation and implementation 
programs have been established identifying the sensitive areas; the serious intentions 
demonstrated by all countries remain to be tested though in practice, as the full costs of 
implementation will have to be faced.  
 
The improvements necessary to cope with the requirements of the drinking water and urban 
waste water directives have asked for huge public investments related to the construction and/or 
upgrading of water and sewage treatment systems and plants. These investments have in some 
countries, and notably the U.K and Italy, led to significant institutional reforms in water 
management (i.e. privatisation of the service, establishment of new monitoring bodies, etc.). 
Hassan (1995) argues that the high investment costs related to the standards of the European 
water directives have been a major driving force for the re-organisation of the U.K. water 
industry, whereby in order to expand financial capacity for conforming with the directives’ 
requirements the water service was passed from the public to the private sector (extending the 
financial base through shareholders). Moreover, a mechanism of “re-enforcement” of 
environmental protection through this process is apparent, as governments having transferred the 
water industry’s assets and investment costs to private hands are less reluctant to accession of  
more strict standards. Public water companies which had developed in advance sufficient water 
treatment and sewage control systems were found in a comparatively better position than those 
with no developed structures. In an era of austere national budgets, it is difficult to see how 
national or municipal public water companies which have not developed the necessary 
structures, can cope with the huge investments required, other than extending their financial base 
to shareholders. Even in the cases of Cohesion Fund Objective 1 and 2 regions (i.e. the poorer 
regions of the EU) where the necessary improvements are partly financed by European funds, 
water companies face cosniderable problems in finding the finances necessary to maintain infra-
structure and the desired level of service  In this respect, EU water policy has in a way also acted 
as a ‘catalyst’ for the partial or full privatisation of water services, and the gradual 
commodification of water as a resource.         
 
The nitrates directive followed a considerably different path from the urban waste water directive 
both in approach and in success. The directive provided a first attempt of coupling environmental 
protection with decentralisation through framework action and its extremely poor performance 
gives a worrying “signal” for the effectiveness of framework-based action [European Parliament, 
1998]. A recent report revising the implementation of the directive states that no country fully 
complies with it. Thirteen countries have been subject to infringement proceedings for non-
compliance; five countries have even failed to designate vulnerable zones at all, while only 
Austria, Denmark, Luxembourg and Germany and Sweden have established “genuine” action 
programs [CEC, 1997]. The European Commissioner for the environment has described the 
situation as “totally unacceptable”.  
 
One may draw at this point a general conclusion about the relationship between the nature and 
the degree of success of the water directives: directives which tackled sensitive and easily 
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“understandable” public uses (i.e. bathing and drinking water) and where the burden of the cost 
fell to the public domain or the water industry, had an important impact, more so because of the 
public attention they generated. Directives with less clear objectives, such as the fish and 
shellfish ones, where it was not clear whether they served public health purposes (that could in 
any way be better controlled by checking the quality of the final product in the fish market) or 
wider environmental purposes, and directives more difficult to be conceptualised by the public 
(e.g. the discharges directive with the complex mechanism of the “daughter” directives) and 
where the costs passed to the productive sector (i.e. the industry), did not create the intended 
impact. The “public awareness triggering” dimension of the directives and the responsibility of 
financing were therefore critical factors for the eventual successful implementation. 
 
The reported differences in the success of the implementation of the nitrates and urban waste 
water directives also support this conclusion. Urban waste water is a more identifiable and 
“public related” source of pollution; the implementation of the directive has drawn much media 
attention and has figured high in the public policy agenda. Treating the sewage to protect the 
polluted coastal waters or rivers, that often constitute landmarks of the city was a clear and 
common shared “goal” for the predominantly urban European public. Moreover, the “price tag” 
of the directive is dispersed among the many urban dewellers and reflected in smaller, or larger, 
but on the whole acceptable changes in sewerage charges. Diffuse agricultural pollution is, 
however a much more difficult and politically delicate issue. In an atmosphere of a heated debate 
over the Common Agricultural Policy and the cut of subsidies, especially to the poorer 
predominantly rural regions, it has been difficult to ask the farmers and producers to carry an 
extra, “environment-related” cost and the implementation of the directive has been very poor. 
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4.4 Conclusions 
 
Accurate information on costs and benefits resulting from the implementation of existing water 
legislation is not available at a European level and this poses a serious barrier to any attempt for 
concrete conclusions. A discussion of relevant effects identifies on the “benefit side” the 
following elements: 
 
• An improvement on the control of pollutants from point sources (urban and industrial) in 

Europe’s water bodies; 
• An improvement of the “public health” value of drinking and bathing water (though it is 

difficult to assess the extent to which these changes were the result of European initiated 
action or followed their own national momentum) 

• Establishment of new and/or opening of old water-related administrative structures; 
• Improved monitoring of waters, especially in the poorer Member States, which had very 

limited monitoring infrastructure capacities.   
 
On the “cost side”, the following factors emerge: 
 
• Investments necessary for the construction and/or up-grading of water and waste-water 

treatment capacities (though again it is difficult to state to which degree these changes would 
not take place if not for EU legislation); 

• Costs for establishment and/or improvement of monitoring programmes and infrastructures 
and the reform of administrative structures. 

 
The  magnitude and responsibility for the costs vs. the magnitude and recipients of the expected 
benefits has been the most important factor in deciding the degree of success in implementation. 
Crucial public health issues (such as drinking water and waste water treatment) where costs were 
passed to the public domain and/or the water utility, were more easily implemented. 
Implementation of measures targeting the productive sector (industry, and especially agriculture) 
have been considerably less successful.  
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5. ASSESSMENT OF THE NEW FRAMEWORK DIRECTIVE 
 
5.1  Presentation of the proposed directive 
 
The new framework water directive coming to replace the proposal for a directive on the 
ecological quality of water reflects a number of objectives: 
 
��To improve  and extend the protection of Europe’s waters to all groundwater and surface 

bodies and to achieve a “good status” of all of them within a set deadline; 
��To re-organise and integrate water management at the river basin level; 
��To improve pollution control of discharges to the aquatic environment through a combined 

approach of emission limit values and water quality standards; 
��To reflect in prices the true costs of water services and to the extent possible, incorporate 

environmental and resource depletion costs; 
��To streamline and integrate legislation.    
 
The directive incorporates all requirements for water management into one single system. The 
river basin (a natural geographic and hydrological unit) is set up as this system and Member 
States are asked to come up with river basin district authorities (new or re-organised older 
structures) and management plans from each one that will aim to achieve the goals of the 
directive. The key guiding goal of the directive is the achievement of a “good” status of ground 
and surface waters by 2010, “good’ meaning that water meets the standards established in 
existing environmental protection directives and in addition, the new ecological quality 
standards. A surface water is defined as of good ecological quality if there is only slight 
departure from the biological community that would be expected in conditions of minimal 
anthropogenic impact; a detailed common procedure to define “good ecological status” criteria in 
the different basins is provided together with a system for ensuring that each Member State 
interprets the procedure in a consistent way. “Good chemical status” is defined in terms of 
compliance with all the quality standards established for chemical substances at European level; 
a procedure for renewing these standards and establishing new ones, i.e. a new mechanism for 
controlling the discharge of dangerous substances, is provided and it comes to replace the 
“deadlocked” discharges directive. In the question of emission limit values vs. environmental 
quality standards for the discharge of pollutant substances, the Commission adopted a “pro-
environmental” stance welcomed by the European Parliament, based on the “combined 
approach” where both limit values and quality standards would be legally binding and would 
have to be respected. For groundwater an extra requirement is that of good “quantitative status”, 
in principle ensuring that abstraction does not surpass natural replenishment rates.  
 
Water for other uses, such as bathing, should conform with the more specific standards of the 
relevant directives. The river basin authorities are asked to designate all specific protection zones 
within their area (i.e. bathing, drinking water or protected natural areas) where the standards in 
the respective EU directives apply. Therefore, good ecological and chemical status is the 
minimum for all waters but where more stringent requirements are needed for particular uses, 
zones should be established and higher objectives set within them. Other existing legislation, 
such as the urban waste water directive and the nitrates directive, are considered as tools to 
achieve the objectives of the river basin management plans. If however, objectives can not be 
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achieved by existing legislation, authorities should design whatever necessary additional 
measures. 
 
The directive also sets new rules for ground water. All direct discharges to ground water are 
prohibited and a requirement is introduced to monitor ground water bodies so as to detect 
changes in composition due to diffuse pollution and take measures to reverse them. Moreover, a 
“quantitative” dimension is introduced by asking for a good “quantitative status” of all 
groundwater and setting the principle that ground water should not be abstracted at higher rates 
than its natural replenishment rate; in line with the philosophy of the directive a procedure to 
define these rates in different basins is given.  
 
A “quantitative” dimension to the directive is introduced by measures that ask for the register 
and licensing of all water abstractions and the mandate for “full cost recovery pricing”, by which 
Member States are asked to ensure that the price charged to all water users reflects the true costs 
of the service (at least operational and capital expenses and potentially environmental and 
resource-depletion costs). Important derogations are reserved for certain cases and especially for 
the poorer regions of the Union which receive structural funds. The Commission seems to 
recognise the limits in implementing such a measure, but believes that even at a minimum the 
transparency that will result as Member States will have to declare the water-charging subsidies 
granted to different sectors, will be a serious impetus for rethinking practice and redistribution of 
costs, eventually leading to more efficient use of water. 
 
The methodology for the attainment of the objectives of the directive is based on the preparation 
of river basin plans by the competent authorities where a number of analyses and a plan of 
measures will be provided. The analyses should include a description of the characteristics of the 
river basin district, a review of the environmental impact of human activities and an economic 
analysis of water use; the elements to be included in such analyses are generally defined in the 
directive. The programme of measures should be designed so as to achieve the environmental 
objectives of the directive. “Basic” (i.e. mandatory) measures include: all those required to 
implement existing Community, national or local water legislation; measures to implement 
charges for water use; measures to ensure that the quality of waters used for drinking purposes 
conforms with the requirements of the drinking water directive under the existing level of 
treatment; registration and authorisation scheme for all significant abstractions; for waters below 
a “good” status establishment of pollution standards, intensive monitoring and review of all 
authorisations and discharge permits; requirement for authorisation or “bound” registration of all 
activities that may have a significantly adverse impact upon the status of water; and finally, the 
prohibition of direct discharge to groundwater of a number of substances and the setting of 
emission limit values or quality standards for the identified “dangerous substances”. In addition, 
a number of additional, “supplementary” water management-related measures may be included if 
judged that they can contribute in reaching the objectives.  
 
The time table in the proposal foresaw an establishment of the relevant authorities and 
completion of all descriptive and analytical work by the end of 2001. River basin plans were 
planned to be in force by the end of 2004 with all measures operational by the end of 2007. All 
waters, as appropriate, should achieve a “good” status by the end of 2010. Similarly, the full 
recovery for all costs for water services should be in place by the end of 2010. Six year periods 
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are foreseen for the review of measures and plans and the commission has the duty to publish a 
report on the implementation of the directive by the end of 2006 and every six years thereafter.  
 
Less stringent objectives than the ones foreseen in the directive are allowed when the body of 
water is severely polluted and very expensive to improve; the reasons for this should be 
explicitly explained in the river basin plan and the new objectives should ensure that no further 
deterioration takes place and that existing Community environmental legislation is respected. A 
river basin authority can also claim that an issue falls outside its competence (if the source of the 
problem lies outside its limits, if the issue can only be dealt by legislation at a higher level and if 
the issue relates to other policy areas over which it has not control) and ask for the Commission 
to intervene and resolve it. Derogation from the full cost recovery principle is foreseen in order 
to allow a “basic level of service” for domestic users, in order to allow the subisdisation of 
infrastructure projects that receive Community funding and conform with the objectives of the 
directive and for specific geographical or climatic situations in Objective 1, 5b and 6 regions.               
 
Public consultation procedures for the approval of the plan are also foreseen. Reporting 
requirements are also strengthened and the plans plus the reviews of progress should be sent to 
the Commission and the Environment Agency as well as being available to the public. 
 
 
5.2 Discussion of the proposal 
 
The objective of the present study is not to examine the directive down to the level of specific 
articles and amendments, but rather to provide a wider but targeted assessment of specific issues. 
In the present section some of the debate that is going on around the strong and weak points of 
the directive will be presented; for more specific comments on the provisions and articles of the 
directive one can consult the comprehensive report of the U.K House of Lords which includes 
positions from a wide range of interests (House of Lords, 1997), the report of the Environment 
Committee of the European Parliament (PE 225.965/fin. A4-0261/98) or various positions and 
statements by implicated stakeholders such as EUREAU (association of water suppliers), UNICE 
(association of industries), WWF, etc. In the next chapter of the present report a deeper 
assessment in the provisions of the directive for “quantitative management” are provided. In this 
respect the present section will not go into detail in assessing the abstraction control scheme, the 
“full cost recovery principle” and the quantity-related objectives of the directive.          
 
In general, the directive is guided by the principle of “subsidiarity” and comes to set only the 
objectives to be fulfilled by Member States (i.e. good quality of all waters), defining the 
organisational structure (river basin agencies) and mechanisms (existing legislation and further 
measures) to achieve them. As such the directive best exemplifies the new approach in Union’s 
approach to environmental policy, where environmental protection is “married” with subsidiarity 
through the division of “objectives at a European level – standards/measures at a national”. 
Moreover, past water directives, such as that for surface waters intended for drinking or the fish 
and shellfish ones, are to be repealed by the existing framework directive. This satisfies the call 
for “simplification / de-regulation” of the existing legislative picture which proved in many 
Member States difficult to comprehend and expensive to implement. On the other hand, the 
Commission considered that public health related standards (such as those of the drinking and 
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bathing water directives) should not be affected and rejected calls for deregulation and 
repatriation of measures, continuing to set standards at a European level. One can see in this 
approach elements from all different “forces” that guided the reform of EU water policy, i.e. 
environmental protection, de-regulation and subsidiarity. Moreover, elements of the economic 
instruments approach (i.e. introducing the full cost recovery principle), quantitative concerns (in 
setting minimum flow objectives for rivers and abstraction limits for ground waters) and the 
quest for integration (i.e. river basin management with representation of all stakeholders) are all 
reflected in the directive.  
 
Criticism to the directive is of course abundant from all sides. The proponents of a more 
centralised “pro-environmental” approach argue for more precisely defined standards pointing to 
the exploitation by the Member States of unclear points, obligations or room for derogation in 
past legislation as a way to decrease implementation costs and/or support local economic 
activities. The emerging failure of the nitrates directive which is based on a framework type of 
action is thought to justify their concerns. The solution, it is argued, is tighter legislation at a 
European level and greater enforcement and implementation competencies and capacities for EU 
institutions, perhaps even through the establishment of an environment inspectorate that could 
carry “in-situ” visits to the Member States. On the other end of the spectrum stand the 
proponents of “decentralisation”; they argue that responsibility for all water legislation, apart 
from that dealing with transboundary problems or that setting minimum public health standards, 
should be returned to the hands of national governments. There had been for example, even talks 
of a “multi-speed” Europe on drinking water standards, where some Member States would be 
allowed to derogate from the requirements for some chemical parameters. 
 
These two “opposite” positions re-surface in all discussions and in arguments about even the 
more minute details / articles of the directive. The perspective taken in the present analysis is in 
full agreement with the position of the U.K House of Lords that “provided Member States are 
allowed proper flexibility to implement the directive in the way best suited to local 
environmental conditions and administrative structures, no harm would be done – and indeed 
there would be positive benefits – in offering fuller and more explicit guidance on the factors to 
be taken into account”. In this respect, analysis of the directive in the present and next sections is 
based on the acceptance that imprecise wordings, measures, provisions, etc., can not be taken as 
demonstration of the principle of subsidiarity; instead they should be highlighted and improved 
in order to ensure that the objectives, goals and measures are clear when it comes to 
implementation so that they are not used as a pretext for poor implementation. 
 
In general, most commentators to the directive and European water-management stakeholders 
have widely welcomed the introduction of the river basin as the administrative unit of integrated 
water management. Some concerns are expressed with the degree of freedom that will be 
allowed to Member States on how to designate such authorities, as very diverse but often 
effective arrangements are already in place. Also in many cases the designation of a few 
“aggregate” river basins may be misleading as many countries have a number of small catchment 
basins that their summation in a larger organisational unit would be purely technical. A balance 
would have therefore to be reached between allowing a certain flexibility in designation that will 
utilise existing operational schemes and hydrological characteristics without, however, going too 
far the other way and allow the “disguise” of existing (non-hydrological) administrative units 
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under the name of river basin districts. 
 
The directive is based on a logical sequence of objectives, analyses, plans, implementation of 
measures. Many commentators, however, have argued that the way the directive is presented and 
drafted this logical sequence often is lost, definitions are “cyclical” and the links between 
objectives and tools/measures are lost. The European Parliament and the EUREAU have made 
concrete proposals on how to re-draft the existing proposal in order to make it clearer even for 
the non-expert.  
 
Various bodies also, depending on their field of interest, have identified areas where the directive 
should have been more active given that it is planned to be the major piece of water legislation 
for years to come and has the overall objective of integrating water management action. For 
example, the Commission has refrained from introducing any specific requirements, even at the 
level of reporting, for drought and flood management although in the initial Communication 
proceeding the directive these were identified as key areas of concern with respect to 
sustainability. The position is that action in these areas should be left to the Member States in 
accordance with the principle of subsidiarity, though the counter-argument runs that at a 
minimum provisions could be in place for the preparation and integration of contigency / 
emergency plans within the structure of the river basin authorities and their plans. 
 
Environmental groups have also highlighted the limited explicit reference to catchment activities 
that do not directly use water (e.g. dredging for agriculture, housing developments, road 
construction, etc.), but which often cause the greatest impacts to ecosystems and biodiversity. It 
is proposed to list explicitly all types of human activities that are going to be controlled by the 
directive and clarify whether these should be controlled by river basin authorisation schemes (as 
foreseen in the directive) or  whether the existing environmental impact assessment procedure 
suffices (as one may infer from the wording of article 13.3.f). Moreover environmental groups 
have come forward with several proposals that aim to strengthen the “ecosystem approach” of 
the directive. These include: a mandate for biodiversity protection plans as part of the river basin 
plans; extension of the descriptive part of the analyses to give information on environmental and 
ecosystem characteristics; incorporation in the plans not only of currently protected areas but 
also candidate ones (as defined in the Habitats directive); and full reference to Community’s 
wetland policy as it will be formulated  in the “Communication on Wise Use and Conservation 
of Wetlands” (COM 95 189 final)          
 
Other arguments focus on the distinction between “basic” and “supplementary” measures. 
Supplementary measures refer to very important measures such as demand management, use of 
economic instruments, codes of good practice, etc., which bear much relevance to the objectives 
of the directive but which the Commission felt that either fall beyond its range of intervention or 
that may not be applicable to all cases. It is important however that such measures are 
implemented in cases where they are relevant otherwise river basin plans will be limited plans, 
focussing only on one aspect of water management and missing the overall integration that is the 
objective of the framework directive. At a first level the Commission could work more 
extensively on preparing an exhaustive list of supplementary measures and link those to specific 
objectives, “basic” measures and typical problematic situations around the Union. At a next 
level, river basin plan authorities may be asked to give a statement / report (included within the 



    

   
    
  37 

   
 

river basin plan) on the merits of such options and the extent to which they are considered, and if 
not why. This is not to ask the Member States to implement these measures but at least to 
actively consider them as part of the river basin plans. 
 
Another major concern evolves around the monitoring requirements of the directive. It is argued 
that as the detailed standards will be defined by each Member State, it is crucial that at least 
similar monitoring schemes of the same level of quality and reliability are in place to ensure 
comparability of efforts and compliance among Member States. It is also argued that the burden 
of comparing the state of the water resources in the different river basins and the monitoring 
reports  and examining critically the plans, their analyses and their report on measures is too high 
for the Commission. In this respect it is proposed that the Environment Agency undertakes a 
very specific role as part of evaluating the reporting obligations of the directive, and if necessary 
set up a specific unit / body to carry out this task. 
 
The directive is also criticised in terms of its potential to enforce proper implementation and 
achievement of objectives. The European Parliament in its amendments to the proposal 
highlights that “there is no obligation to achieve the status objectives. The obligation imposed on 
Member States is to ensure that the plans drawn up are capable of achieving the status objectives. 
The obligation  is therefore to do a plan rather than to achieve the status objectives”. Moreover, 
the derogations granted are often very generally worded (e.g. “ when improvements are 
impossible or prohibitively expensive”, “to allow a basic level of water use for domestic 
purposes”, “issue that relates to other policy areas over which the competent authority has no 
control”) with the potential danger of being used as “escape vehicles” or issues of Member States 
political confrontation and/or bargaining. A solution would be to define in more detail such 
derogation situations and to set up a specific mechanism with relevant time limits under which 
the Commission will judge on the validity of Member States claims. Commission officials (in 
personal communication) stated that most of the activity of the water unit of the Directorate 
following the implementation of the directive will be to monitor closely the progress and proper 
implementation of the directive, given that no new legislation is expected in the foreseeable 
future. This might include direct contacts and guidance to Member States. Nevertheless, even 
such an active approach can not be a replacement for clear and strict legislative provisions under 
which non-compliance may be held liable. 
 
Public participation and transparency have also been an another major objective of the directive. 
The provision however to consult the public after a draft is prepared by the authorities has been 
judged as inadequate. International experience demonstrates that open planning processes should 
be based on public consultation at the stage of formulating (as well as finalising) the plans, as it 
is at this stage when objectives, criteria and measures are assessed, scrutinised and selected. The 
European Parliament has also asked for more frequent reporting periods plus a major biannual 
conference to ensure regular information and discussion on the progress of the directive in order 
to keep the “fire alight” and the European public informed; this concern arises also from the fact 
the past experience from the implementation of framework-type directives points that the general 
nature of their provisions does not suffice to initiate immediate action. On the other hand, the 
Commission does not share this concern and points to the increasing administrative and 
bureaucratic burden and cost that such requirements would bring with. 
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The debate around the timetable of the directive has been central. Opponents of the proposed 
work programme argued that it is too demanding and over-optimistic and in practice it may 
discourage Member States to try serious improvements. A more realistic approach, they argued, 
should extend the time limits and provide a mechanism for prioritisation of action and relevant 
investments. Moreover, an extended period will allow for the realisation of the results of existing 
legislation in order not to plan for unnecessary, additional measures. Proponents of the “tougher” 
approach argued that it will focus action and maintain the momentum without allowing for 
relaxed implementation, always a threat in view of the framework nature of the directive. The 
targets are hard but possible to achieve if vigorously followed. In the discussion of the directive 
the Member States have taken care to leave the room as much “open” as possible for 
implementation and have opted for a more relaxed timetable.  Amendments in the first common 
position of the Council (11th of March 1999) relaxed the time-scale of the directive, increasing 
the initial period of implementation from 13 to 16 years (10 years to prepare plans and 6 years 
more to achieve specific targets) and adding an additional deferment up to three times of 6 years, 
Commission’s authorisation needed only for the third period. The Commission has been 
unsatisfied with these developments; the Commissioner characterised the directive as “watered 
down too far” and sought unsuccessfully to reduce the 16 years of implementation to the planned 
13 and the additional 18 years deferment time-scale to 12.       
 
Concluding, the new model of environmental policy developed by the European Commission in 
the new framework directive, at least on paper, provides an innovative and “intelligent” reshape 
of EU’s role. The EU resumes the responsibility to set the general objectives to be fulfilled by 
the Member States and sets the common mechanisms to achieve them, refraining from setting 
exact standards unless these concerns are critical for public health uses. This approach couples 
successfully subsidiarity and environmental protection, through “tailor-made” decentralised 
action at the local level. Nevertheless, experience from past implementation does not allow one 
to be optimistic about the actual results of such an approach, given the reluctance, especially of 
the poorer Member States, to face the full costs of the necessary environmental improvement 
when the time comes. The framework directive however through the establishment of new 
organisational structures and mechanisms for water management, in principle “open” to the 
public  provides also the  means to attract once again public attention to environmental water 
issues, open-up and create new administrative structures, initiating a new policy and action cycle 
and bringing a new spirit of changes in water management. To achieve this goal certain unclear 
points of the directive need re-drafting and a clarification on how exactly certain activities will 
be affected by its provisions (e.g. catchment activities, new resource development projects, etc.). 
Potentially also certain changes may be introduced to expand the scope of river basin planing 
and action and make it indeed “integrated”, as the objective is, rather than limiting it only to 
questions of environmental quality. 
 
In the following section a structured analysis of the costs and benefits implicit in the proposed 
directive will take place and the effects on the cost and price of water discussed.    
 
5.3  The framework directive and cost of water  

 
As discussed in Chapter 4, the realisation of the increasing cost burden attached to EU-initiated 
improvements in drinking and waste water treatment has led to various reactions in the Member 
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States. As relevant infrastructural improvements are the responsibility of water utilities, costs are 
passing to the consumers and there are increasing social concerns with respect to increasing 
prices of water and the effects on the weakest, low-income groups of the society.  
 
High costs are also an important practical barrier to effective and successful implementation of 
legislation, either through reluctance at “top” level to bear the necessary costs and a consequent 
“loosening” of the legislation or through resistance of the “bottom” actors to pay the cost when 
time comes. It is therefore very important that any piece of EU water legislation passes the cost 
benefit test and that proportionality is ensured between the measures in the proposal, their costs 
and their impact on the environment.  
 
Two different notions that are often confused should be clarified at this stage as they will guide 
the presentation throughout the rest of this section. First, “the cost of the framework water 
directive” is the cost that proper implementation of the directive entails (on top of existing 
legislation) minus the benefits. This however will not necessarily be reflected as an equal or 
proportional increase on the “cost of water”, i.e. the price paid by end users to receive the desired 
water service. Only those costs that are passed to the water utilities / providers will (most 
probably, but not in cases where part of the public supply is subsidised) be directly reflected in 
water bills. Also, increase of existing or introduction of new abstraction charges for users also 
increase the actual cost of water. The analysis in the present section focuses first on an 
assessment of the costs and benefits of the framework directive and then attempts to foresee the 
effects from its implementation on the cost of water.  
 
The costs implicit in the proposed directive can be categorised in three broad categories: 
 
1. Administrative costs 
 
These include the costs necessary to set-up the river basin authorities with respect to the 
requirements of the directive, the annual standard and operation costs, and the costs for preparing 
the plans. Extra administrative costs with respect to the provisions of the directive may result 
from the running of the authorisation and abstraction registration processes and the 
implementation of the full-cost recovery principle. In total, however, we can distinguish two 
classes of administrative costs: 
 
��Setting up the agencies 
��Operating the agencies (i.e. planning, authorisation procedures, etc.) 

 
The Commission has estimated the annual costs for a river basin authority at 0.5 MECU (1997 
values) though it is recognised that these might be significantly higher for areas without prior 
systems in place. The countries that have river basin management structures in place and could 
accommodate the requirements of the framework directive with little administrative change are 
France and England & Wales. River basin management takes place in some German states (such 
as the Ruhr), but changes will be needed in others. Portugal has enacted a comprehensive river 
basin management legislation which is at the phase of implementation (Betlem, 1998). Spain 
also has hydrographic basin authorities. In other countries, such as the Netherlands, Denmark, 
Scotland and Sweden advanced regional-local water management water planning mechanisms 
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exist but might need some reform to be re-organised at the river basin level. In Greece, river 
basin legislation has been enacted since 1987 but has not been implemented yet and so there are 
no relevant authorities or planning instruments.                      
   
2. Monitoring 
 
Monitoring requirements which will be the responsibility of the river basin authority are 
expected to constitute a significant portion of the overall costs of the directive, especially in 
countries with limited current monitoring capacity. Costs for ecological monitoring of surface 
water were estimated in the mid 1990’s as 350 MECU per year for ecological monitoring under 
the Ecological Quality Directive but the Commission estimate that adding chemical and quantity 
aspects could double this figure. Groundwater monitoring alone is estimated to be 30 MECU for 
the whole EC, however some of these costs would already be incurred under existing legislation. 
(European Commission, COM 97 49). There is still much work to be done on comparability 
between existing monitoring regimes in Member States. Member States, The Commission and 
the EEA are meeting in the near future to discuss the monitoring network of Member States and 
the Eurowaternet to see how they fit together.(H Bloch, personal communication).  
 
3. Achieving the targets of the directive 
 
These relate to implementing the improvements necessary (e.g. new and/or advanced infra-
structure systems, application of pollution control technologies, change of economic practices, 
etc.) in order to achieve the targets of the directive, i.e. “good” status of all waters. The specific 
cost of the directive relates only to those improvements that are additional to existing and 
projected action under present legislation; therefore improvement in drinking and waste water 
treatment should not be included in the cost implications of the framework directive. Particular 
concerns may arise with respect to the high costs for restoring polluted waters.  
 
Benefits from the implementation of the directive may result from(see also chapter 2): 
 
��Improved raw water quality leading to reduced treatment costs for drinking purposes; 
��Reduced health costs due to improved drinking and recreational waters; 
��Increased tourism/recreation revenue due to increased amenity value; 
��Averted infra-structure costs for resource development as a result of better water resource 

management practices (e.g. improved quality of raw water may postpone the need for 
developing new resources). 

��Improvement in fish and shellfish habitat and potential for increase in sustainable harvesting. 
 
These benefits can in principle be monetarised (though based on many assumptions) and 
compared to costs. Moreover, improvements in the intrinsic value of the environment and 
species per se will also result as ecological “status” is a main objective of the directive but these 
are very difficult to express in monetary terms as there are important limits to environmental 
costing instruments (such as contingent valuation, etc.) which try to assign a price to the value of 
the environment. 
 
Conceptually, a cost vs. benefits methodology for assessing the framework directive should 
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proceed as follows: 
 
1. estimate the extra administrative costs necessary to implement the new management structure 

(i.e. river basin authority) with respect to existing ones; 
2. estimate costs for operation of river basin authorities and fulfillment of their formal 

obligations to the Commission; 
3. estimate cost for developing and operating monitoring system; 
4. decide present and projected (under existing legislation and policy) degree of action and 

effects on the state of the environment and estimate the costs associated with the extra 
measures that will be needed to achieve the “status” objectives; 

5. estimate monetarised benefits and subtract from costs.      
 
Evidently, such a task at a European or national level is very difficult to carry out in an accurate 
and meaningful way because of the following factors (in decreasing order of importance): 
 
��there is little information on the present “status” of the aquatic environment, less so of 

forecasts on how will it look after full implementation of present and planned action. Then it 
is very difficult to set the baseline against which extra action will be assessed. Moreover, 
even if the extra action necessary could be identified, estimating its costs in some time in the 
future would also be based on broad assumptions. Even more importantly, it is not clear how 
each River Basin Authority will define the status standards for its area and therefore an 
assessment of present status vs. necessary action is largely speculative. 

��As the status definitions are not evident, it is difficult to envisage the requirements for the 
monitoring system and more so, the different levels of quality of monitoring systems, infra-
structure and processes that will be adopted in different situations; 

��Calculating the benefits is also a highly stochastic exercise as explained above and many 
assumptions might be necessary; the results obtained can vary considerably depending upon 
the assumptions made. For example, assessing the potential benefits from reduced health 
costs due to improved bathing and recreational waters quality as a result of extra efforts of 
the framework directive (i.e. not through the bathing water directive) is evidently a hard task. 

��Estimating accurately the administrative costs is also difficult though uncertainty is 
considerably lower than in the above cases. 

 
Indeed the Commission in the Explanatory Memorandum to the first draft of the proposal (COM 
97 49), recognised the “irony” that the information needed to establish costs was not available 
and that it would be actually set up under the directive. Nevertheless, some broad estimations 
looking for the general trends and a broad indication of costs may be performed; of course such 
studies should be treated with extreme caution as the stating of assumptions and generalisations 
is extremely critical for the final results. Box 5.1 provides a summary of the results of a cost 
assessment study carried for the U.K. (after Mills, 1999) and raises the uncertainty, necessary 
“reductionism” and wide range of results inherent in any such analysis. 
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Box 5.1 
 

Cost and Benefit Assessment of the EU water framework directive in the U.K. (after Mills, 1999) 

It is possible to anticipate the main costs and benefits of the Directive for the UK but it is harder to quantify them. Cost
benefits methods are still in development and there is continuing controversy over valuation of environmental externalities.
The U.K government has commissioned consultants WRc, Oxera and the Institute of Hydrology to estimate broad costs and
benefits for the UK of the Directive. The summary report (DETR, 1999) and the costs are discussed  below. The report
begins by trying to establish the condition of UK waters at the time of implementation. The consultants have looked at broad
rather than location specific measures required and do not take into account possible derogations at this stage. 

The summary study does not specify benefits but estimates that overall benefits evaluation for the UK would be between
£1.8-6.8 billion. This figure must be treated with caution however due to the fact that assumptions had to be used as well as
using local data to perform top-down assessment in line with techniques established by the Foundation for Water Research.
(Foundation for Water Research, 1996) The benefits associated with groundwater and better planning and management were
also not able to be quantified and included in this figure. 

The total estimated costs of complying with the WFD in UK range between £3.2 billion and 11.2 billion. This figure is
calculated on the basis of full implementation by 2010 and represents the total one-off implementation costs and recurring
expenditure over the period to 2040, given at current prices. The deadline now has been extended to be 16 years after the
directive comes into force and allows postponement of compliance under certain circumstances (up to a total of 34 years).
This could have a considerable effect on the cost of compliance. Figures suggest that extending the deadline an additional 10
years to 2020 could reduce costs by 25% at current prices. 

The costs of the Directive fall into four categories, administration, planning, additional monitoring and assessment, measures
to improve water status. The bulk of increased monitoring and administration costs will fall on government and their
agencies. Costs for administration are estimated at £5-6 million, the planning process at £37-54 million, and additional
monitoring and assessment at £144 million up to 2040. Currently monitoring costs for the UK rivers per year is £32 million,
under the Directive an additional £4.9 million would be needed. Estimates suggest that it would require £6.4 million to set up
a UK lake monitoring scheme. Although compared to other costs these are less significant it is vital that significant funds are
allocated to meet these costs. Government Agencies are already struggling to resource current workload and if budgets are
not increased appropriately then a meaningful assessment of the improvement of water quality will not be possible. 

The major impact and therefore cost of the Directive will be improvement of water bodies to reach a “good status”. The total
cost of this is estimated as £3-£11 billion. Cost for point source reductions will fall between industry (£0.4-1.5 billion) and
water services/ companies (£1-5 billion). It is difficult to assess costs to particular sectors or businesses as measures required
will depend on location specific criteria. Many sectors will need to install secondary treatment to improve discharges to meet
“good water status”. Long run annual incremental costs of BOD, ammonia, nitrogen, and phosphorus removal costs per
annum for a “typical” UK firm could range from £200 to £7,000 depending on the sector. 

 Pollution from diffuse sources is a growing problem for the UK and one that could be more difficult to resolve. The report
estimates it will cost £1-3.5 billion to reduce through implementation and/or extension of best management practices on
agricultural holdings. The average compliance cost to the farmer has been calculated as approximately £175 per hectare per
annum for arable land and £117 per hectare per annum for grassland. Farms growing rape, peas, potatoes, turnips and
vegetables would be most likely to need to use Best Management practices to reduce diffuse pollution followed by those
growing wheat, barley, oats and mixed grains, soft fruit and crops for stockfeeding. The lowest risk of diffuse pollution is
from intensive grassland and other grass. The cost of compliance for average UK farms has been calculated based on the risk
category above and the percentage of area affected. An average English farm of 64 hectares with 60% of its land growing
high risk areas of rape, peas, potatoes, turnips and vegetables would face a cost of £7,000 per annum to reduce diffuse
pollution.  

Other measures to achieve “good status” include remediation of water bodies. This would involve a variety of organisations
such as competent authorities, land owners or water operators. Costs have been estimated as £100-700 million for
improvements to river habitats, £25-250 million for alleviation of low flows and £24 million for other costs. 

Costs for improvements in water quality under the principle of full cost recovery will impact on charges to the domestic,
agricultural and industrial customer. In the early years of the Directive a steady rise in bills for all sectors must be expected
as Water Companies and Services need to meet higher standards. Agriculture may face larger charges if environmental costs
are reflected in the charging system. Customers particularly domestic in Northern Ireland may be facing significant increases
due to the fact that full cost recovery has not been implemented at present.  
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EU legislation can affect the cost of water in two ways. First, by introducing requirements for 
action the costs of which are passed to prices. Secondly, by asking to change charging regimes 
and to reflect better the true cost of water, at a minimum the capital and operational cost (i.e. by 
removing any subsidies) and at a further level by incorporating environmental and/or resource 
depletion costs. The analysis therefore on the effects of the new framework directive on water 
prices has two dimensions: first, which of the extra costs it entails will pass to the users and 
second, what subsidies will be removed and what extra costs may be added to existing charging 
systems.   
 
As discussed above, the costs of the directive may be administrative / monitoring or 
infrastructure/process improvement related. Administrative and monitoring costs from the 
directive may or may not be passed to water prices. If a policy such as that of England & Wales 
is followed where the operational costs of the Environment Agency with respect to river 
management are funded by abstraction charges, then additional administrative and monitoring 
costs will lead to analogous increases on the cost of using (i.e. abstracting) water. In more state-
run types of governance, however, the costs may be covered directly by the public administration 
and the relevant ministries and  therefore not pass to the cost of water. 
 
Improvements in pollution control and wastewater treatment in order to comply with EU water 
policy have provided a major driving force for increases in the cost of water the last few years. 
Table 5.1 (after the memorandum of the OFWAT National Customers Council to the U.K. House 
of Lords), shows that implementation of the EU directives in the U.K. has had significant 
impacts on household bills (though it is difficult to delineate EU impacts from action that would 
anyway take place and have also to avoid “double counting” of same measures for different 
directives – i.e. urban waste water treatment and bathing water quality). 
 
 

Increase in bills  Directive Cost 
(pounds) Pounds % year 

Urban w/w Treatment 6 billion 20 9 2004-2005 
Bathing Water 1.5 billion 5 2 2004-2005 
Revised drinking Water Up to 3 billion 7 3 2014-2015 
Revised bathing Up to 4.2 billion 14 6 2014-2015 
Total Up to 14.7 billion 21 20  

        
Table 5.1: The Impact of EU legislation on Customers Bills in England&Wales 

 
The effects of the new framework directive “per se” on water prices will relate to additional 
environmental improvement costs reflected in abstraction charges and/or water bills. Water 
prices are set by water utilities for public users and through abstraction charges for all other users 
who do not receive from the public system. A number of users in some countries may have 
private control of their supplies and therefore not being charged. Therefore only those 
improvements that will be funded by increases in prices or abstraction charges will affect the 
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cost of water (i.e. the cost to the industry and the agriculture producers to treat their waste water 
does not lead to an increase of the cost of water). Expenses for waste water treatment are 
typically covered through water and sewerage bills; infrastructure improvement therefore in 
cases where existing action does not satisfy the “status” objectives will have an impact on prices. 
However, two clausures in the directive may limit the impacts of such action on water prices. 
First, derogation is foreseen in cases where improvements in status may be proven to be 
impossible or prohibitively expensive, whereas Article 12 (“full cost recovery principle”) allows 
subsidisation of water cost for allowing “an affordable price .. for a basic level of water use” and 
subsidisation of water infrastructure projects (typically waste water treatment plants) where 
Community funding is provided and which are designed to assist the environmental objectives of 
the directive.  
 
The question of what is reflected in prices is crucial. Currently, in many cases the paid cost of 
water does not reflect the full capital and operational costs of providing the service, less so the 
resource-depletion and environmental cost. The rationale behind the subsidisation of certain uses 
of water has been that the society should pay collectively for some crucial common benefits (e.g. 
hygiene and health protection, food production, etc.). In an era, however, where hygiene and 
food production are no longer major concerns for EU society while water resource management 
and its sustainability are, there are calls for a proper pricing of the service and re-distribution / 
allocation of the costs among the users that actually use the resource (i.e. “user pays principle”). 
Proper allocation according to classical economics will also maximise efficiency in use and will 
turn water to its most productive uses. Including also environmental costs, the users will come to 
pay the impacts of their present use to ecosystems and future generations. Table 5.2. (after 
OECD, 1998) presents the status of some EU member states with respect to the pricing of the 
public water service. 
 

Charge Base Charges Cover 
Supply Sewerage / 

Treatment 

Country 

Households Firms 
 

Households Firms 

Supply Sewerage / 
Treatment 

Austria  Fixed + volume 
based 

   Full cost 

Belgium  Fixed + volume 
based 

Upon water use 
Flat + volume rate 

 Full Cost Full cost 

Denmark Volume-based Connection + 
fixed + volume 

based  

Upon water use with 
flat rate 

Upon water use + 
extra for excess 
pollution load 

Full cost Full cost 

Finland  Connection + 
fixed 

Upon water use Upon water use Full cost Full cost 

France Volume-based Connection+fixed
+volume 

decreasing blocks 

Upon water use Upon water use Full-cost  

Germany  Fixed+ volume 
based 

Upon water use Upon water use and 
pollution load 

Full cost Full cost 

Greece Volume-based Connection + 
volume based 

Upon water use  Not full cost Not full cost 

Italy  Fixed + volume 
based 

Upon water use 
(80% of drinking 

water consumption) 

   

Netherlands Connection 
+volume-based 

Connection + 
fixed + volume 

based 

Upon nr of persons 
in house 

According to 
pollution criteria 

Full cost  Full cost 

Spain Volume based Various Upon water use Upon water use  Full cost 
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UK Fixed  Connection + 
fixed + volume 

based 

  Full cost Full cost 

            
Table 5.2: Service charged for public water supply, sewerage and sewerage treatment in 

selected EU countries 
 
As the table suggests, with a few exceptions public water service is fully priced and reflects all 
operational and capital costs (i.e. of the company responsible for the service). Important 
subsidies, however, are taking place in the agricultural sector; unless abstraction charges are in 
place, producers take water for free, through individual or common supply works. Even in cases 
where abstraction charges are set, only rarely do they reflect full costs and most commonly they 
are set at fixed rates (e.g. upon size of agricultural land or other similar fixed criteria). 
 
Implementing therefore the full cost recovery principle around the EU will have a limited impact 
on household bills; bills, however, may increase as the costs of waste and drinking water 
treatment improvements may become increasingly reflected in prices. If the principle is fully and 
properly implemented, the cost of water for economic production will raise considerably; this, 
however, will not be an increase in the “true” cost of water but a transfer of the cost from the 
society as a whole to the specific producers that use water in their processes. 
 
The Commission states that a “number of Member States (Denmark, Germany, the Netherlands, 
Sweden and the U.K.) have already implemented the full cost recovery principle for waste water 
collection and treatment as well as for fresh water abstraction and distribution throughout their 
economy while other Member States impose partial cost recovery including Belgium, France, 
Italy, Austria, Portugal and Finland” (COM 97 49). 
 
What may increase the cost and price of water is also the incorporation of environmental and 
resource-depletion costs. As there is little guidance on how to do that and how to calculate 
environmental costs, it is difficult to foresee the extent to which Member States will apply 
environmental pricing and even more to get an idea on the level of such costs. Valuation 
methods to estimate environmental costs are various and with a wide range of estimations of the 
costs; a standard and consistent methodology to calculate the costs is lacking. At a moderate 
scenario, environmental costing-oriented prices and charges could be developed to fund 
environment-related action (e.g. the costs of the operation of the Environment Agency in the U.K 
are covered by abstraction charges, in Germany revenues from water charges are used as 
subsidies to farmers to set aside in stressed regions, etc.). The Commission identifies that 
Belgium, Denmark, France, the Netherlands, and Finland already recover some environmental 
and resource costs by taxes or charges on water pollution or abstraction. Another way to 
approach environmental and resource pricing is through conservation pricing (see chapter 6), 
where the price of water could be adjusted so as to reduce final use and in a wide sense conserve 
water for the environment, protect the environment for future resource development works and 
safeguard supplies for future generations; this is however more a question of how to price water 
use (i.e. progressively, penalising excessive use, etc.) rather a decision of what costs are included 
in the price.            
Full incorporation of costs (including environmental ones) coupled with the increasing cost of 
environmental improvements means that the cost of the water service may increase considerably 
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for water consumers. Nevertheless, social safeguards are not contradicting the application of the 
full-costing principle. Water use of low-income groups in an increasing price scenario may be 
“subsidised” by other users. Moreover, in terms of both equity and efficiency it makes sense to 
allow at a cheap price a basic level of water use for all people and progressively penalise with 
higher rates, excessive luxury uses (e.g. gardening, car washing, swimming pools, etc.). In this 
way, marginal cost pricing can allow water to be charged both as a basic good and as a product 
(which it has turned out to be in modern society). Social instruments (such as special pricing 
arrangements for low income or multi-member families) may also be implemented to alleviate 
negative social effects from increasing prices. The overall objective of full-cost recovery does 
not contradict any special arrangement for redistribution of costs among users of the same 
category.       
 
5.4 Conclusions 

The framework directive for water is a major piece of legislation with environment at its core; it 
will guide the efforts for a sustainable aquatic environment for years to come. The directive is 
based on a “framework philosophy” in line with the principle of subsidiarity. It sets at an EU 
level only the general goals, together with the mechanisms and the processes to achieve them and 
leaves to the Member States the translation of the goals to specific standards and the selection of 
the specific measures. The framework approach comes with its pros and cons. On the positive 
side, unrealistic EU-wide prescriptive rules are avoided and action may become more effective 
being tailored to local situations and realities. On the other hand, there is the danger that the 
broad prescription of the requirements and the goals may lead in practice to ineffective 
implementation especially given the high costs entailed. The other main concern with respect to 
the success of the directive has to do with the limited provisions for integrated resource 
management foreseen for river basin authorities and plans; the mandate to the Commission to 
introduce legislation only in the domain of environmental quality has been particularly limiting 
in this respect. 
 
Costs are a crucial element to consider when assessing the new framework directive as it comes 
in an era where the high costs of the drinking and waste water directives are increasingly 
reflected in water prices. The burden from the framework directive in theory will be mainly to 
the productive sector, and especially agriculture, through the removal of subsidies in water 
supply in line with the principle of “full-cost pricing”. The public supply sector (domestic and 
part of industrial use) is typically charged already at full cost and the directive will result in a 
higher cost only in cases where extra action will be required for urban waste water pollution 
control on top of existing provisions (i.e. from the waste water directive). Incorporation of 
environmental costs may also lead to higher prices though how such costs can be incorporated is 
still vague. 
 
To envisage the effects of the directive at the “ground level” in the Member States is a highly 
speculative exercise. The high costs, one way or another, implicit in reaching (at least) a good 
status for all water bodies causes serious concerns about what will happen when the time for 
actual implementation comes; in view of the general character of some requirements and 
derogations serious problems may emerge in the implementation phase. Nevertheless, at a 
minimum the directive will push for the establishment of operational water management 
structures (i.e. river basin authorities), institutionalise rational water management in all regions 
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(i.e. through river basin plans), and should improve considerably both knowledge on the state of 
water bodies and the important uses that effect it (i.e. through monitoring, authorisation 
processes, abstractions’ registration, etc.). Whether all these will be translated to actual better 
environmental quality is on the hands of the Member States and remains to be seen. The limited 
scope for integration, however, with other important aspects of water management does not let 
one to be optimistic.                   
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6. MANAGEMENT OF WATER QUANTITIES: NEW APPROACHES AND EU WATER 
POLICY 
 
6.1 Introduction 
 
Throughout history the well-being and prosperity of populations has been always associated with 
the safeguarding of large-scale water supplies for drinking and health purposes and for the 
development of economic activities such as agriculture, material processing, etc. The industrial 
revolution in the 19th century and the sanitary revolution of the late 19th and early 20th centuries 
increased even further the necessity for large and reliable water supply systems. Historically, 
water supply has been approached as a “fight to harness nature”. Developments in engineering 
and technology in the 20th century facilitated large-scale projects such as the diversion of rivers, 
the construction of large dams and conveyance and distribution systems, which safeguarded for 
the European public and producers reliable water supplies upon request, eventually shifting 
water into the background of society’s concerns. Traditional water supply planning has been 
based on the objective to satisfy water demands, whatever these might be and allowing for 
excess capacity, with the development of new resources and the continuous expansion of  
infrastructure systems. 
 
However as water resources became more widely and intensively exploited, the limits of this 
traditional approach were reached basically due to the following reasons: 
 
��The costs of satisfying increasing demands are increasingly high. As the “easier” options 

were developed first, it is increasingly costly to develop new resources especially in areas 
facing acute natural water availability problems. In addition, some existing resources are 
facing increasing pollution pressure which reduces their natural quality, increasing treatment 
requirements and costs, in some cases even rendering them practically unusable for public 
purposes. The costs of water conveyance projects for long distance water transport are also 
very high, in many reported cases often 2-3 times higher than that of previous realisations 
(IAURIF, 1997). Also the efficiency and long-term usefulness of controlling equipment 
(dams, etc) can not be taken as granted as it may decrease considerably with time (UNEP, 
1995). Therefore resource development and system expansion are no longer the technically 
and financially straightforward options that were some decades ago.  

��Supply projects of a large scale have to face social and ecological constraints to an increasing 
extent. Displacing a local population or destroying a natural ecosystem for a new dam is no 
longer easily acceptable by local “source-populations” and environmental-aware citizens. 
New supply projects face increasingly limiting environmental legislation, impact assessment 
procedures and political scrutinising. 

��Most importantly, there is an increasing competition of uses and users for the same resources. 
Cities intending to divert far-lying resources to satisfy their needs may have to face a fierce 
opposition from agricultural users whose production depends on a reliable supply of water 
and/or local and regional “source-populations” who want to ensure an adequate supply for 
the development of their communities and for their future generations.  

 
As a consequence the efficiency with which the developed resources are being used becomes a 
critical concern and notions and approaches such as water conservation and demand management 
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receive increasing prominence 4. The essence of water conservation is reduced use of existing 
resources, be it through reduced demand and final use, reduced losses, increased recycling or 
improved protection and multi-purpose use of existing resources. The beneficial effects of water 
conservation for the overall social welfare must clearly be greater than the overall costs (e.g. in 
demands for other resources, etc.) and therefore water conservation approaches must be always 
subject to a cost-benefit assessment test.  
 
Conservation is a key approach to sustainability in its broadest sense not only satisfying in the 
long term human needs through technical means, but also of safeguarding supplies for future 
generations and environmental uses in a socially and geographically equitable manner. However, 
water conservation is not necessarily alone a viable approach to sustainable water management. 
In some cases, water conservation may be too expensive to implement or existing efficiency in 
use may already be very high. Moreover in cases where a situation of increasing population and 
intensifying economic activity exists, conservation can only postpone the inevitable need for the 
development of new resources. Conservation is therefore an alternative which can be used in an 
integrated fashion with traditional water supply approaches in order to yield the greater benefits 
(economic, social and environmental) for the society as a whole. 
 
As it will be illustrated in the present chapter, there are great, often unrealised opportunities for 
savings in water use. In many cases water conservation provides a cost competitive alternative to 
traditional water resource development projects, even in “water rich” areas. Given also the 
increasing importance attached to environmental protection by western societies, water 
conservation is expected to be the key approach to water quantity management in the next 
century. 
 
The present chapter aims to bring out the latest information in alternative, conservation-related 
water management approaches (e.g. demand management, leakage control, waste water 
recycling, etc.) illustrated through the provision of a number of best case examples from around 
the world. This comes as a response to the request of the Research Committee of the European 
Parliament to the STOA unit for the study to assess the opportunities for EU-level interventions 
in water quantity management in accordance with the latest international experience. In this 
respect, the provisions of the new framework directive that will affect the management of water 
quantities will be closely analysed and assessed with respect to the degree to which they face the 
challenges for sustainable water management based on an integrated approach of water 
conservation and water resource development. 
 
In the next sections a review of alternative water management approaches is given first for public 
water supply, then for irrigation and finally for industrial water use. The balance of the analysis 
leans more heavily to public water supply systems, as most reported cases of successful water 
conservation programs come from urban areas. This should not lead to an underestimation of the 
importance of water conservation in agriculture, where most wastage of water takes place 
                                                           
4 In international literature there is a confusing use of the terms “water conservation” and “demand management”, often used in 
the same sense in U.S and European literature respectively. For the purposes of this study the term “water conservation” will be 
mainly employed, referring to all actions that reduce the use of water, reduce the loss/ wastage of water or improve the use of 
existing and alternative (e.g. recycled) sources of water, so that supply is conserved or made partially available for future or 
alternate uses (Baumann, 1998). Demand management will be used in a wider sense, as an alternative approach to supply 
management, whereby a supply-demand balance is reached by reducing the use of water than by increasing supply.  
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following a tradition of a heavily subsidised supply. The last two sections of the chapter focus on 
potential policy interventions to support alternative water management approaches and a relevant 
assessment of the new framework water directive. 
 
6.2 Alternative approaches to sustainable public water supply 
 
Urban and smaller settlements are typically served by central water supply and distribution 
systems run by one agency (utility/company under private, public or mixed control). Water 
supply has been traditionally considered as an essential service for the public and water supply 
agencies are expected to deliver the demanded quantities of drinking-quality water at adequate 
pressure. Planning approaches have been centered upon maximising reliability of the system and 
allowing for excess capacity; continuous supply augmentation through resource development and 
system expansion has been the evident option. As urban areas grew in population, economies 
developed and the population adopted more “water-consuming” life-styles, urban water 
authorities had to resort to further and further distant resources to satisfy increasing demand. The 
rationale for the satisfaction of urban demands through the development of hinterland resources 
has been based on advantages such as (Planning and Management Consultants Ltd., 1995): 
 
��the abundance of water of high quality in relatively undeveloped hinterland/upstream 

catchment areas which were also cheap to develop; 
��the permission of gravity-flow transmission in view of the typically higher elevation of 

hinterland storage reservoirs; 
��the ease for urban governments and water authorities to acquire water abstraction rights and 

the lack of resistance from local population to water transfers; 
��the economies of scale offered  through central management of the water system.  
 
Moreover, the construction of large-scale projects, such as dams, reservoirs and conveyance 
systems was often perceived as fostering development and certainly created jobs and drew 
attention to politicians (Platt, 1995). Urban supply systems were built with sufficient extra 
capacity to ensure maximum reliability and demand forecasts were rough and often 
overestimated.  
 
The last 30 years however, in many parts of the western world the viability of traditional supply-
side approaches has begun to decline gradually as a result of local groups resistance to large-
scale projects and water transfers, environmental legislation and interests and an increased 
competition for water between the urban and the agricultural sectors (Planning and Management 
Consultants Ltd., 1995). In the U.S a virtual end to the era of supply-side management due to 
environmental, fiscal and local resistance constraints was signaled by the cancellation or 
indefinite postponement of planned projects such as the Two Forks dam in Colorado, the multi-
purpose Auburn dam in California, the Connecticut river diversion in Massachusetts and the 
plans to transfer water from Alaska and western Canada to arid regions of North America (Platt, 
1997). Similarly, in the U.K the latest policy documents on water management foresee 
development projects only when all other options are limited (see for example House of 
Commons, 1996 and Environment Agency, 1997). In such an environment, and following the 
successful experience of many utilities in the U.S and the U.K with demand management 
programs as responses to drought events in the mid-70s and late 80s, water conservation and 
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demand management emerged as viable and cost competitive alternatives to supply-led options. 
Benefits of demand-side and efficiency-oriented alternatives include: energy savings; reduced 
operation costs; deferred infrastructure costs from avoided resource development, avoided 
expansion of water treatment units and avoided expansion of distribution and waste water 
facilities; environmental benefits from conserving water for alternative uses and avoiding the 
adverse impacts of dams, diversions, etc. Slowly but steadily water conservation has been 
adopted to some extent in the planning process of many water utilities and great improvements 
have been realised in the know-how for planning and evaluation of water conservation and 
demand management alternatives. The “portfolio” of water suppliers includes now a number of 
options (Table 6.1), both for augmenting available supply and for restraining system losses and 
final use. 
 
 

Category Measures 
 
 

Supply development-led 

Fresh water abstraction from local resources (aquifers, surface waters) - including pumps 
installation, reservoir construction, etc.  
Fresh water abstraction from distant resources – including dams/reservoirs and conveyance 
systems construction 
Long-distance inter-basin water transfers 

 
 
 

Multi-purpose utilisation 
of various resources 

Better “co-ordination” of use of existing resources (computerised systems, improved 
modeling and forecasting, etc.) 
Protection of raw water quality – catchment management 
Use of abandoned/polluted secondary quality resources 
Use of lower quality water sources through dual supply / local collection systems 
Re-use of waste water (direct/indirect into urban or other uses) 
Aquifer recharge with water of secondary quality / recycled water 
Desalination of sea water 
Capture of atmospheric water through cloud seeding 

 
 
 

Losses 5 control 

Reservoir, storage and  conveyance systems coatings / covers 
Compartmented reservoirs / use of aquifers as reservoirs 
Lining of reservoirs/ pipes 
Leakage detection and repair 6 
Distribution mains renewal 
Pressure control of distribution system to reduce losses 
In-house audits for leakage detection and repair 
Improved modeling and metering of flows  

 
 

End-Use 
Reduction 

Metering 7 and conservation pricing 8 
Use of more efficient end-use appliances (retrofitting of existing domestic applaiances, 
penetration in market of efficient products, programs to improve efficiency of industrial 
processes,  etc.) 
Awareness – Information campaigns 
Outdoor water use restrictions 
Landscaping 

 
Table 6.1. Options for balancing public water supply and demand 

 

                                                           
5 leakage and evaporation 
6 leakage may occur from reservoir, conveyance pipes (from reservoir to treatment plant), distribution mains (more 
typical) and supply pipes (from distribution system to end-user)  
7 on a per household basis, if not applied 
8 marginal cost pricing, seasonal rates, increasing block rates, etc. 
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Four classes of measures are identified in Table 6.1. The first category refers to traditional 
supply-led approaches of developing new resources, typically by resorting to more distant 
locations, as local resources were tapped first. Such projects are based on the construction of 
dams and reservoirs (or wells/pumps for the case of groundwater) to capture undeveloped 
resources and the building of large conveyance pipes to transfer water to the treatment plants and 
the distribution system. Lately there has been much talk about the merits of long-distance inter-
basin water transfers from water-rich to water-poor areas. The issue has been discussed 
extensively in STOA, 1996; the main constraints to such projects are financial, as they need 
considerable financing and possibly governmental subsidisation, and environmental as impacts 
to dependant ecosystems can be considerable, as discussed in Chapters 2 and 3.    
 
In some cases, improved utilisation of existing resources may provide a viable alternative to 
development of new ones. Progress in information technology allows for the optimal use of the 
different resources in the typically complex urban resource and network systems reducing 
wasteful use to minimum.  
 
In the past, in many cases polluted local resources (surface and ground water) which carried 
increasing treatment costs for the production of drinking water were often abandoned in favour 
of developing new “hinterland” (i.e. farther away) resources of more “virgin” raw water quality. 
In such cases and as limits in the capture of new resources may have been reached, “re-
developing” the abandoned resources for primer or secondary uses by applying more stringent 
pollution control or more advanced raw water treatment may prove a competitive option. Water 
bodies of secondary (non-drinking) quality may also exist anyway providing potential supplies 
for non-drinking urban uses. Also many small localities within the wider urban/metropolitan 
areas may have historically used their own resources instead of the public supply system; in an 
overall sustainability framework it is important to maintain and encourage this diversity of 
utilised resources and to control the continuous expansion of the public supply system and the 
pressure this expansion exerts on new resources. Moreover, protection of existing drinking water 
resources from pollution so that their long-term viability is ensured is a pre-requisite for the 
sustainable management of water resources.  
 
In some cases also, utilising non-conventional water, e.g. recycled waste water, saline water / sea 
water, etc., may prove a cost and environmentally competitive option. Recycled waste water may 
be employed for irrigation, secondary public uses (e.g. irrigation of public spaces, parks, etc.) or 
even secondary domestic uses through the provision of dual piping systems (i.e. one pipe for 
drinking water and one pipe for water for all other uses). The city of St Petersburg, the fourth 
largest of Florida, U.S., with a population of over a quarter of a million, upgraded in the 70s its 
wastewater treatment facilities to provide tertiary treatment. Reclaimed water is injected into 
deep well aquifers or used for many purposes such as air-conditioning, toilet flushing, cooling 
towers of the city’s power plant, vehicle washing, watering of golf and baseball courses, etc. 
(Okun, 1997). The cost avoidance from deferred developments in water supply and wastewater 
disposal infrastructure has been in the range of 25-30 million U.S$ while St Petersburg is the 
only city in the region whose pressure on the groundwater field has decreased (due to stabilised 
raw water demand and injected treated wastewater supplies). Wastewater recycling is more easy 
to implement in newly developed communities where dual supply systems and opportunities for 
use of reclaimed water in secondary uses, can be incorporated in the initial planning and design 
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of the settlements. The Irvin Ranch Water District in California, for example, has gradually 
expanded its dual pipes distribution system from supplying secondary quality water to 
agriculture in the late 70s to include golf courses and parks, school grounds, greenbelts, street 
medians, decorative fountains, industrial and construction sites, etc. In the early 90s the system 
was extended to supply secondary quality water to commercial buildings for use in toilets, 
urinals and landscape irrigation (EPA, 1992). Use of recycled water in potable supplies is limited 
due to health concerns though some pilot schemes in Denver and San Diego in the U.S. have 
demonstrated that water of adequate quality can be available after advance treatment processes 
(such as reverse osmosis and ultrafiltration) with no adverse health effects and with an adequate 
reliability of respecting the quality standards (ICTAF, 1999).             
 
Losses from the public water supply system typically form a significant proportion of total water 
utilised for the system, in many cases of aged public supply systems un-accounted for water may 
be responsible for as much as 30-40% of total water abstractions. Losses can be due to 
evaporation in storage or transport of water (i.e. in reservoirs, open conveyance systems, etc.) or 
through leakage. Much attention has been focussed lately on improving efficiency of water 
delivery by detecting and repairing leakage in the urban water distribution systems. These can be 
acute leakages from fractures, etc. or background losses through the pipes; the extent of leakage 
is closely related to the age of the system, the rate of renewal and the extent of inspection. Table 
6.2 gives data on leakage through the distribution system for various cities (after various articles 
in the Bulletin of the U.K Demand Management Centre).       
 

Area Total losses as % of distribution input 
Dusseldorf 3 
Hamburg 4 
Rotterdam 11 
Calgary 12 
Amsterdam 15 
Tokyo 10 
Zurich 6 
Cambridge  21 
Thames (incl. London area) 29 

  
Table 6.2: Distribution losses in various urban areas 

 
Leakage may also be significant in supply pipes (i.e. from the distribution network to the 
property meters) and within the properties. 
 
Leakage detection and control programs of the distribution system can contribute significantly in 
augmenting the amount of water delivered per unit of water abstracted. The contribution of 
leakage control programs in reducing total water use can be in the order of 1-9% (Grisham and 
Fleming, 1989). Detecting leakages in advance helps to avoid latter burst-repair costs. The 
Denver Water Department reported in 1983 that its leakage control program that cost 67,000 
U.S$ saved 93,000 U.S$ in avoided repair costs. Water utilities opt for an economic level of 
leakage that could be allowed (i.e. a level of leakage which is not economically beneficial to try 
to reduce) at around 7,000 lt per day per km of pipe (or around 10% of total distribution input).   
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Measures to reduce final water use are what is often termed “demand management”. Metering of 
water use and conservation-oriented pricing penalising high use are very important in this 
respect, as otherwise there are no economic incentives for end-users to save water. As OECD 
data shows metering of individual properties is not the case in many OECD cities (OECD, 1998) 
providing thus a major barrier for water conservation. The U.K trials for the effects of water 
metering demonstrated that a reduction of 11% in water use can follow the introduction of 
household meters; the isle of Wight, where 90% of all households are metered in contrast to the 
rest of the U.K where un-metered supplies are the case, reports the lowest levels of water use and 
leakage than any other U.K. water company (Howarth and Herbertson, 1996 and OFWAT, 
1996). The Denver Water Department also reported that metered households use 20% less than 
unmetered ones, ranging from 2% in the winter to 25% in the spring. In Spain, an initial study 
conducted by the water company of the city of Seville on the effects of substitution of collective 
“building meters” by individual “flat-by-flat” meters identified reductions in the order of 25%. 
Metering installation and replacement programs are typically expensive, especially with respect 
to labour and construction-related costs. 
 
Some results from the effects of prices on water use are also available. A 1984 survey in the U.S. 
of more than 50 studies followed by a number of studies since then has demonstrated that an 
increase in water price always leads to a reduction in water use, though to variable extents 
(Baumann and Boland, 1998). This is confirmed by a review of more than a 100 price elasticity 9 
studies from the Free University of Amsterdam, which shows that although elasticity may vary a 
lot (from negligible to direct effects of price change on water use), there is always an effect of 
price change on water demand (Dalhuisen, de Groot and Nijkamp,  forthcoming 2000). The city 
of Tuscon from 1976 onwards gradually increased its water rates; water use decreased from 1974 
to 1979 by 28% and remained stable through to 1985 (Grisham and Fleming, 1989 and Planning 
and Management Consultants, 1995). Conservation pricing refers to the introduction of pricing 
systems that penalise high and increasing uses of water; the city of Athens after the drought of 
the early 1990’s changed water price structure to penalise high and excessive uses led to a 
reduction in total water use of more than 20%.  Seasonal rates can be useful to control peak 
demand; the city of Seattle has introduced a seasonal summer rate 1.5-2.6 times more expensive 
than the normal one reducing peak season demand from 1060 lt per person per day to 760 lt.        
 
Domestic water use has an indoor and outdoor component. Toilet flushing, showering and 
clothes washing account for over 75% of indoor usage across Europe (IPTS, 1999). 
Improvements in the efficiency of relevant domestic appliances are an important instrument for 
water conservation. Improvements can be accomplished by retrofitting existing inefficient 
appliances and by ensuring that new products in the market satisfy desirable efficiency standards. 
It is estimated that on average in EU a reduction of 30% in indoor water demand could be 
accomplished by the substitution of existing appliances by low-flush toilets, economy washing 
machines and flow limiting showerheads and faucets (IPTS, 1999). In France it was estimated 
that by the introduction of these measures per capita daily domestic water demand could be 
reduced from 136 to 106 litres (IPTS, 1999). Table 6.3. (after Planning and Management 
Consultants, 1995) summarises the experience from a number of programmes for the retrofitting 
of domestic appliances in the U.S. The differences in the cost have to do with the type of the 
program (i.e. direct replacement, free or not installation, type and cost of efficient appliance, etc.) 
                                                           
9 ratio of price change to change in water use 
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Area Participants Cost ($ per unit) Savings 
Edmonton, Canada 148,420 15.83 8% of previous use 
Phoenix, Arizona 161,616 32 – 44 34 lt per person per day 
San Diego, California 50,219 19 40 lt per household per day 
La Mesa, California 7,821 100 11% of previous use 
Los Angeles, California 310,000 100.65 130 lt per household per day 
Tampa, Florida 85 453  51% of previous use 

 
Table 6.3: Results of retrofitting programs in the U.S. 

 
The case of Los Angeles has been a unique example of active community participation in water 
conservation efforts. The water authority awarded to community groups 25$ for every old toilet 
replaced in households by ultra low flush toilets (available free of charge). In one of the poorest 
areas of east Los Angeles, an active community group replaced some 50,000 toilet and the 
revenue raised paid 25 full time and 3 part time staff with the remaining cash funding a variety of 
community programs. Operation now of the group has extended to neighboring regions (IPTS, 
1999). 
 
Retrofitting programs can also target specific users. In the U.K. many utilities and voluntary 
schemes have targeted water use in schools. Reports show that for a total of 13 schools 
retrofitted with urinal controls, flow restrictors, cistern dams, shower valves, sub-meters and self-
closing taps / sprays, accompanied by relevant information/awareness campaigns, 26,150 litres 
of water are saved per day at a total cost of installation of 31,000 British pounds (Demand 
Management Bulletin, issue 31).  
 
Outdoor usage in Europe, mainly for gardening, is only a small proportion of total domestic 
demand; in Germany it was shown to account for 9 out of 124 litres per capita per day and in the 
U.K for not more than 10% of total domestic demand (IPTS, 1999). However, in many cases 
increasing introduction of outdoor hosepipes means that outdoor use may increase substantially 
in the future. In sharp contrast in the U.S, outdoor water use may be as high as 95 – 160 
lt/cap/day (for gardening, car washing, driveway cleaning and swimming pools) and account for 
over 50% of total summer residential demand (IPTS, 1999). This difference, together with the 
use of more inefficient domestic appliances in the U.S, can be to an extent responsible for the 
reported difference in per capita domestic water demand between Europe and the U.S. (120-200 
lt/cap/day vs. 400 lt/cap/day). Outdoor water use is highly elastic (i.e. is sensitive to price 
changes) and is often the first target of demand management measures in drought crisis; relevant 
measures are orders for restriction of outdoor use or hosepipe bans, incentives to shift to less 
water-demanding garden landscapes, guidance for irrigation scheduling, etc.  
 
Public awareness and information campaigns are very important in assisting the success of 
measures for water saving. Moreover, especially in crisis (drought) periods and also in cases of 
non-metered supplies where the incentives to users to economise on water are limited, awareness 
campaigns provide an indispensable tool for controlling demand. In the long-term increased 
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public awareness on water use provides a solid basis for water conservation efforts, public 
acceptance of conservation pricing, etc. Reports from most public information programs identify 
4-5% water savings as direct results of their implementation; it is difficult however to isolate the 
effects of conservation campaigns alone as typically they are accompanied by a range of other 
measures (e.g. retrofitting, pricing, bans, etc.). In Seville, following a severe drought in 1991, an 
intensive campaign of the water company centering mainly around awareness messages led to a 
reduction of total water use in the city by 25% (EMASESA, 1999). Such impressive savings 
however can only be expected in acute drought periods where the message is clear and easily 
acceptable by the public.    
 
Tables 6.4 and 6.5 give some indicatory benchmark savings (per user) for some key water 
conservation measures, as reported in the U.S and the U.K. All data and case studies reporting 
from the U.S should be treated with caution as regards the transfer of lessons to Europe. The 
significantly important difference in the level of domestic water use between Europe and the U.S 
implies that in the latter there are greater opportunities for end-use water saving. 
 
 

Measure Reduction in use 
(Grisham and Fleming, 1989) 

Reduction in use 
(EPA, 1998) 

Metering Up to 25% in previously unmetered 
areas 

20% 

Pricing 10% for shift to increasing block rates 2-4% for a 10% price increase 
5% for shift to increasing block rates 

Leak detection 
and repair 

10%  

Education / 
Awareness 

5% for education / awareness alone 2-5% 

Landscaping Shift to alternative “lawns” – 25% Lawn watering guides  15-20%  
Efficient  
Devices 

At least 10% for retrofitting 
About 10% for codes/regulations for 
more efficient appliances in market   

 

 
Table 6.4: Benchmark savings for water conservation measures in the U.S 

 
 

Measure Cost 
(p/m3) 

Ratio to resource 
development costs  

Savings 
(Mlt/day and % of 
distribution input)  

Leakage control 19.7 0.3-0.5 3151 Ml/day (18.5%) 
Compulsory metering  94 1.4 – 2.5 1233 Ml/day (7.2%) 
Compulsory metering 
of sprinkler users 

51 0.8 – 1.3 240 Ml/day (1.4%) 

Converting 9-lt WCs to 
7.5-lt 

27.2 0.4-0.7 543 Ml/day (3.2%) 

Converting 9-lt WCs to 
dual-flush 

17.2 0.3 – 0.5 858 Ml/day (5%) 

Offer of 100 pounds 
subsidy to replace pre-
1981 WCs with 6-lt 

74.5 1.1 – 2.0 268 Ml/day (2.1%) 

 
Table 6.5: Estimated costs and benefits of water conservation options for the U.K (source: 

“Saving Water: Taking Action”, Environment Agency, 1997)  
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The uptake of water conservation options in water supply planning is not an easy case, not least 
for the expectable trust of planners to traditional engineering approaches, which are based on 
providing excess capacity and safeguarding a maximum reliability of the system. For many water 
suppliers, “getting involved in the business of water conservation has been seen as evidence of 
poor management” (Journal of AWWA, March 1989). Perceived disadvantages of water 
conservation, which although not always based on real grounds in practice often lead to a 
reluctant or limited uptake and implementation of the measures, include: 
 
��lack of reliability in estimates of water savings and cost effectiveness of conservation 

programs because of uncertainty in forecasting users’ response; 
��the view that water conserved from the urban supply will only make it available for a 

competing use (e.g. agriculture, etc.); 
��the potentially reduced revenue for the water utility as a result of reduced water “sales”; 
��the reduction of a “safety headroom” of excess demand, making it difficult to find additional 

savings during a drought crisis.  
 
Proponents of water conservation, argue on the other hand that: 
 
��reliable methods for the estimation and evaluation of the results of conservation programs are 

now available (see for example Opitz and Dziegelewski, 1998); 
��a central, regional authority for water management (such as a river basin agency, etc.) may 

ensure that water conserved is conserved for urban purposes; 
��the benefits from lower operating costs and deferred facility costs as a result of water 

conservation are expected to exceed the costs over time; careful long-term financial planning 
and appropriate design and timing of changing water rates may alleviate negative fiscal 
impacts to the water utility (Baumann, 1998 and  Planning and Management Consultants 
Ltd., 1995); 

��drought management may benefit from long-term water conservation as a result of reduced 
need for emergency reductions, enhanced reservoir storage,  increasing user awareness and 
co-operation, experienced “conservation staff” and readily operational procedures (Flory and 
Panella, 1994).  

    
Recently, in the U.S and following the relevant experience of the electricity and natural gas 
utilities, the idea of a comprehensive planning approach for water supply has gained ground. 
Integrated resource planning or IRP is a comprehensive form of water utility planning that 
encompasses least-cost analysis of demand and supply management options (i.e. selection of the 
combination of measures with the least cost), as well as open and participatory decision-making, 
explicit consideration of risk and uncertainty, and recognition of the multiple institutions 
concerned with water resources and the competing policy goals among them (Beecher, 1998). In 
simple terms, integrated resource planning is the formulation and implementation of a 
comprehensive water plan by the utility with the optimum cost-benefit combination of water 
management options (from a list of measures such as this presented in table 6.1) with the 
objective of balancing supply and demand in the long term. Table 6.4 contrasts the traditional 
supply-led planning approach with integrated resource planning. 
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Criteria Traditional Planning  Integrated Resource Planning 

Planning orientation 
Resource options 
 
Resource ownership and control 
Planning scope 
 
Evaluation criteria 
 
 
Resource selection 
 
Planning issues 
Supply reliability 
Environmental quality 
Cost considerations 
 
Role of pricing 
Efficiency 
Trade-offs 
Risk and uncertainty 

 
Supply options – little diversity 
 
Centralised and utility-owned 
Single objective – capacity expansion 
 
Maximisation of reliability and 
minimisation of price 
 
Commitment to specific option 
 
 
A high priority 
A planning constraint 
Direct utility system costs 
 
A mechanism to recover costs 
An operational concern 
Hidden or ignored 
Should be avoided or reduced 

 
Supply and demand management options 
– efficiency and diversity encouraged 
Decentralised – utilities, users, others 
Multi-objective as determined in planning 
process 
Multi-criteria – cost control, risk 
management, environmental protection 
and community well-being 
Mix of options 
 
 
A decision variable 
A planning objective 
Direct and indirect costs, including 
environmental and social externalities 
An economic signal to guide consumption 
A resource option 
Openly addressed 
Should be analysed and managed 
 

   
Table 6.6: Comparison of traditional and integrated resource planning (from Beecher, 

1995) 
 

In the IRP process a central role is held for the accurate long term evaluation of water 
availability and demand, the careful identification of alternative options, and critically, the cost-
benefit comparison of different mixes of options. Table 6.5 summarises with examples the costs 
and benefits of water conservation options. At the core of the IRP process is the identification 
and quantification of external costs and benefits of alternative options and the incorporation of a 
careful consideration of the uncertainties inherent in each of the alternatives. Evidently this 
might be a subjective and highly contested process; in this respect, IRP should be conducted 
using open and participatory procedures, involving within it the community.  
 

Benefits Examples Costs Examples 
Reduced short-term 
operational costs 
 
 
Reduced long-run capital costs 
 
 
Energy savings 
 
Other economic effects 
 
 
 
Environmental 
 
 

Lower costs of treatment 
chemicals, energy, labor and 
materials 
 
Deferred costs for water supply 
and waste water facilities 
 
Reduced use of heated water 
 
Reduced costs of lawn 
maintenance in efficient garden 
irrigation 
 
Reduced damage to natural 
water sources and dependant 
ecosystems  

Utility program costs 
 
 
 
Customer program 
costs 
 
 
Reduced aesthetic 
value and convenience 
 
Reduced utility 
revenues 

Labor, materials, economic 
incentives for implementation 
of program 
 
Materials, installation, 
operations and maintenance 
costs for implementation 
 
Related mainly to changes in 
outdoor water use patterns 
 
Less revenue from water sales, 
given that no rate adjustment 
takes place 
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Table 6.7: Costs and Benefits of water conservation measures (from Planning and 

Management Consultants Ltd, 1995) 
 
As water utilities are not acting alone, IRP needs to be developed also in co-operation with the 
multiple regulatory and planning institutions active in water policy. Integrated water resource 
management at the level of the river basin is a good framework within which water utilities can 
be encouraged and supported to develop integrated planning processes. 
 
For the rest of this section, a number of case studies will be presented mainly from the U.S, but 
also from Europe on specific integrated resource planning and water conservation programs.  
 
Case Studies 
               
The case of metropolitan Boston is a unique example of a successful implementation of a 
comprehensive water conservation strategy as the way to approach a forecasted long-term 
supply-demand deficit; the Worldwatch Institute cited it as a model of international significance 
10. Although Boston’s final water management strategy bears all the elements of a 
comprehensive integrated resource planning process it did not develop as such, but through a 
complex and confrontational political process. Metropolitan Boston with a population of 2.8 
million, is drawing water from a number of hinterland resources developed in the late 19th and 
early 20th centuries. The Quabbin reservoir, one of U.S’s largest, supplies about 50-60% of the 
water provided by Boston’s metropolitan water resources authority to 2.4 million people in 46 
cities and towns. Following an early 60’s drought in the northeast region, and the reduction of 
Quabbin’s reserves to half, water planners put forward a project for a major diversion of the 
Connecticut river to supplement the reservoir. Strong opposition from local citizen and 
environmental groups on environmental and cultural/historical grounds challenged seriously the 
plans for the diversion; opponents of the Connecticut diversion centered their technical 
arguments on the fact that as much as one third of the water withdrawn from metropolitan 
Boston’s reservoirs was un-accounted for. Following an intense politicised process (see Platt, 
1995 for detailed information), a citizen’s committee was established to review procedures and 
come up with recommendations to the water authorities’ preparation of an environmental impact 
study for the diversion project. The limited impact study turned out into a comprehensive long 
range water supply study where all available options were put on the table; a number of water 
conservation and resource protection options were considered that opponents of the diversion 
argued could ensure the long term viability of the metropolitan water supply system. Following a 
change of administration and organisation of the metropolitan water authority, a gradual 
introduction of legislation that rendered the approval of major water resource development 
projects very difficult, and the persistent and scientifically-based “lobbying” by the citizen 
committee, plans for the river’s diversion were abandoned in 1987 in favor of an integrated 
resource planning approach. 
 
The integrated strategy was based on the following elements: 
 
��An aggressive leakage control program which resulted in a reduction of un-accounted for” 

water in the metropolitan area to half from 1987 to 1992. User communities were assisted by 
                                                           
10 All information for metropolitan Boston’s case is drawn from Platt, 1995 and Platt and Morrill, 1997.  
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the water authority to inspect their own systems and more than 2,000 leaks were fixed. The 
city of Boston, for example, in 1976 used 150 million gallons/day (mgd) 11 , of which half 
was un-accounted while in 1992 it required only 99 mgd, with un-accounted water reduced 
by 50%. 

 
��Reduction of final end use by providing free plumbing retrofit programs, building laws for 

the use of efficient appliances in new houses and through the use of higher water and sewer 
rates. From 1990 to 1994, the water authority had installed water saving devices in 362,000 
homes; it was estimated that the retrofit program  resulted in savings of 6-8 mgd for the 
whole of the metropolitan area of Boston. Leakage audits were also performed to institutional 
and industrial users followed by subsequent retrofit programs. The average annual household 
cost for water and sewer charges almost quadrupled from 1986 to 1997 (not only as part of 
conservation policy, but also to cover the costs of the construction of a waste water treatment 
plant). As a result of these collective efforts, per capita demand for metropolitan Boston 
dropped by over 16% from 1985 to 1992 (note that this is a direct comparison of 1985 and 
1992 end-use; percentage reduction would be higher if actual 1992 water use was compared 
to prospective 1992 water use without water conservation). 

 
��A commitment to a multi-use of existing resources. Metropolitan communities which were 

not supplied by the public supply system were encouraged to protect and maintain their own 
supplies, so that no extra burden was put on the system. Abandoned local resources were re-
utilised. Comprehensive watershed resource protection programs for the area’s reservoirs 
were also developed to protect the raw water quality of the reservoirs, in response to the 
federal drinking water Act. Moreover, in 1990 17.9 million U.S$ were allocated for the 
development of a central computer system and associated monitoring equipment which 
utilising a number of weather, supply and demand variables can indicate in real time an 
appropriate mix of water management strategies in response to actual or potential situations 
(“trigger planning”). 

 
While a 1986 report favoring the diversion predicted water demand to reach 390 mgd in 1990 
and 450 mgd by 2020 with the overall safe yield of the system being at 300 mgd, following the 
intense conservation program total metropolitan water use in 1991 was 284 mgd and 220 mgd by 
January 1993, i.e. well within the safety limits of the system. Of the 85 mgd of demand reduction 
since 1985, 35 mgd was attributed to leak repairs, 10 mgd to the economic recession in the 
region and the rest to water saving devices and increased water and sewerage prices. The total 
cost of the conservation program was 22.1 million U.S $ (according to the 1986 budget) in 
comparison to a predicted cost for capacity expansion of 89-396 million U.S $ (Amy Vickers and 
Associates Inc, 1996). 
                         
A similar success story under way is that of the city of New York. Like Boston, New York 
developed a number of hinterland reservoirs to satisfy the demand of its increasing population 
extending as far as 240 km from the city to the Catskill mountains and the Delaware river. The 

                                                           
11 Useful conversions: 
1 U.S gallon = 3.78 lt 
1 m3 = 1000 lt 
1million m3/year = 2.7 millions lt/day (mld) 
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responsibility of the metropolitan water supply system lies to the municipality of the city of New 
York serving 11-12 million people in the metropolitan region. With the safe yield of the system 
at 4,920 mld (million litres a day) and a demand in the service area in the range of 5,700 – 6,200 
mld by the late 80s, the system was technically deficient and particularly vulnerable to drought 
situations (Platt and Morrill, 1997). The only available supply option was a high-flow diversion 
of the Hudson river estimated to cost 5.3 billion U.S $ (1986 currency) (Amy Vickers and 
Associates Inc, 1996). Economically and politically the decision to proceed with such a major 
and expensive work was difficult; the cost of water and sewer services was already expected to 
increase over 200% by 1993 as a result of measures to comply with the Safe Drinking Water Act, 
and the extra burden of financing the new diversion would be too much for New York’s citizens. 
Moreover, any major diversion project was expected to be blocked legally by opposition groups.  
 
Instead city’s authorities opted for an alternative approach and initiated in 1991 a comprehensive 
set of conservation initiatives including education, metering, leak detection and water use 
regulation. A universal metering program started (water supplies in New York were previously 
not metered); from 1986 to 1996 a program for the installation of 630,000 meters was run with a 
cost of 350 million U.S $ and potential savings of 380-570 mld (Beecher, 1997). A toilet rebate 
program to replace 33% of all toilets (about 1.5 million high-volume fixtures with water efficient 
ones), was expected to cost 160 million U.S $ and yield savings of approximately 340 mld. Also 
regulation asked for 6-litre toilet fixtures in new buildings was expected also to reduce indoor 
domestic demand between 30 - 50%. A residential water leakage survey and repair (by the 
owner) program was expected to achieve savings of 20-75 mld. Sonar leak detection in the 
distribution system and subsequent repair could also yield 110 mld of saved water. Finally 
hydrant locking devices could result in savings of as much as 370 mld in hot summer days 
(Beecher, 1997). In total from 1991 to 1996 total use of water in the metropolitan area of New 
York has fallen by 7.4% and further reductions are expected as the results of full-scale metering 
will become to be realised (Amy Vickers and Associates Inc, 1996). The reduction has resulted 
in an indefinite delay of water supply programs and a 10 year delay in expansion of a wastewater 
treatment facility. The avoided operational costs were in the order of 33 million $ per year and 
the deferred capital costs of 1.3-2 million $ per mld.  
 
The recently revised U.S. drinking water Act asked all states to process their public water 
supplies with filtration, unless they can prove that a watershed protection programme is 
implemented which protects the quality of the resource to a level that filtration may not be 
necessary. As the costs for filtration treatment are high and are to be covered fully by cities’ 
funds, the city of New York opted for the alternative watershed management approach. New 
York signed agreements with all watershed localities for the implementation of a comprehensive 
and intensive watershed protection programme; provisions of the agreements involve financial 
assistance by the city to the localities even in the form of wider development grants [Platt and 
Morrill, 1997 and Platt, personal comm.].  
 
Some general conclusions can be drawn from the cases of Boston and New York, which are also 
valuable for European policy makers. First, water availability problems are not only the legacy of 
the typically “arid” regions; large metropolitan areas in wet regions have problems of coping 
with the increasing demands on the system in view of the increasing costs involved and the 
strong opposition to the development of new resources. Secondly, water conservation can 
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radically reduce water use if actively pursued and if significant resources are devoted; 
considerable benefits may result from deferred expansion costs and reduced operational 
expenses. Demand forecasts are often overestimated in order to justify the need for certain 
devlopment projects. Thirdly, there is an increasing scope for watershed (catchment) protection 
strategies as part of sustainable water management. Quantity and quality issues can not be 
separated and safeguarding the quality of water ensures the long term sustainability of drinking 
water supplies.  
 
Useful lessons can also be drawn from the long established experience of California in integrated 
water management and water conservation. One of the most innovative efforts to support water 
conservation activities has been the Memorandum of Understanding (MOU) Regarding Urban 
Water Conservation (Planning and Management Consultants Ltd, 1995). This is a voluntary 
statewide effort in California; 170 bodies of which 111 water agencies, signed the MOU for the 
implementation of a number of best management practices in water conservation. By signing the 
MOU water suppliers agreed to “develop comprehensive conservation best management 
programs using sound economic criteria” and to “consider water conservation on an equal basis 
with other water management options”. Also the Metropolitan Water District of Southern 
California has developed its own integrated resource planning program. Its diversified resource 
portfolio for the year 2020 includes conservation (22%), water from the resource of the “state 
project” (22%), water from the Colorado river aqueduct (18%), storage and transfers (16%), 
groundwater storage (13%) and recycling and re-use (10%). Analysts estimated that integrated 
planning would reduce costs of capital improvement by 30% (from 6 billion U.S $ to 4.3 billion 
U.S $) (Beecher, 1997). 
 
Another much celebrated story of integrated resource planning is that of the city of Seattle. The 
city’s regional water supply plan spanning a horizon of 30 years was published in 1992 and 
approved by the city council in 1993. Seattle’s plan includes a comprehensive approach to 
conservation, including retrofits, audits, regulations and seasonal pricing to suppress peak-season 
demand. According to the plan 15.9 million U.S $ will be devoted to end-use water saving 
(audits, retrofitting, outdoor water regulations, irrigation audits and evapotranspiration data 
stations, etc.) yielding 12 mgd by 2002. Pricing could also reduce water use by 11 mgd by 2002 
and 21 mgd by 2020, while the plumbing code for new domestic appliances would result in 
savings of 9 mgd by 2002. In addition, two new supply projects at a total cost of 100 – 180 
million U.S $ would be necessary to increase available supply by almost 100 mgd (Beecher, 
1997). The integrated planning process has not been without problems. Planners mis-trusted the 
long-term viability of water saving measures. Moreover, involving practically the public in the 
planning process was difficult. The various interests and motivations present resulted in a 
lengthy period of reaching results. Although the results of the program are to be seen, still 
Seattle’s plan is one of the first in the world patterned after the model integrated approach. 
 
In Europe there are no reported cases of integrated resource planning as a model approach. 
Nonetheless in many cases conservation programs or isolated measures of smaller scale have 
been implemented as short term responses to drought events or as long term approaches to 
improve system efficiency. One of the most interesting comprehensive water conservation 
programs in Europe has been that of the city of Copenhagen in Denmark (Agency of 
Environmental Protection of the City of Copenhagen, 1993). The geographical location of the 
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city in the “wet” north may appear curious, but to an extent it may be justified by the traditional 
concern of Denmark to environmental protection and resource use efficiency. The municipal 
water supply company of the city in 1989 initiated a program consisting of an increase in water 
charges (by over 200% between 1989-1994 plus the introduction of a special water tax), an 
aggressive awareness and advertisement campaign in mass media and public spaces which was 
further intensified after 1994, targeted information campaigns (e.g. to schools, housing 
associations, plumbers, firms, etc.), and the establishment of a water saving consultancy within 
the utility to provide advice and assisting material to users (IPTS, 1999). Moreover, leakage 
control has traditionally formed a significant dimension of utility’s strategy; since 1977 a 
standard replacement rate of the 90 years old and aging iron pipes was set which reduced 
distribution leakage from 10.68 m3/km of pipes per day in 1977 to 3.77 m3 per km of pipes per 
day nowadays (IPTS, 1999). Total urban water use in Copenhagen was reduced more than 50 
lt/cap/day from 1989 to 1994, domestic water use showing a reduction of about 25 lt/cap/day. 
The intensification of the campaign in 1994 led to a further reduction of domestic water use by 4 
lt/cap/day by 1995, the long-term target being to reduce it to 110 lt/cap/day by the year 2000 (as 
compared to 175 lt/cap/day in 1989).  
 
Another interesting case is that of the city of Frankfurt in Germany. Falling groundwater levels 
leading to the need for major water transfers and the consequent damage of groundwater 
dependant wetlands led the city to the adoption of its water conservation program in 1991. This 
consisted of an intensive awareness and information campaign on how to save water (mass 
media, posters, leaflets, provision of phone-lines, etc.), the provision of free or subsidised 
domestic water saving kits, the obligation by regulation of plumbing companies to replace old 
tap fittings for a certain price and the increased penetration of individual metering, becoming 
compulsory for all new/renovated buildings. Water demand has been reported to fall by 16% 
since 1992, though this is partly attributed to the departure of the U.S army from the area (IPTS, 
1999).                                         
  
The above examples demonstrate that urban water conservation measures can work, at least as 
equal options to traditional supply-led approaches. Efficiency of urban water use is particularly 
important in view of the limits many urban areas are facing in satisfying the demands of their 
populations by further development of resources.  Certainly different conditions exist in different 
cities and the great “room” for water saving in Boston or New York may not be available in 
cities that have historically used their water more efficiently. Water conservation measures must 
always stand to the cost-benefit test of an integrated resource planning process; environmental 
and social externalities however, must also be included in the calculation to demonstrate the full 
advantages offered by conservation options. In the next sections water conservation in 
agriculture and the industry will be discussed.  
 
6.3 Conservation in agricultural water use 
 
Water use in agriculture accounts for a significant portion of total water abstractions in most 
countries of the western world with the exception of some northern European countries. In 
England and Germany it accounts for only 1 and 4% respectively of total water abstractions, but 
in France for 15%, Netherlands 35%, Spain 62% and in the U.S.A for as much as 83% 
(Herbertson and Howarth, 1996). It is evident then that any sustainable water management 
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strategy must have agricultural water use at its core. In many cases it has been argued that given 
the considerably higher contribution of agriculture to total water use, it is futile to talk about 
urban water conservation given the high inefficiency with which water is applied in agricultural 
purposes. Although this argument in some cases has value in general it is weak on the following 
grounds: first, in many cases urban and agricultural users draw from different reservoirs and 
hydrological systems, so that any savings in urban water use will benefit it directly. Secondly, in 
cases where both uses draw from the same resource integrating mechanisms can be established to 
ensure that the user who saves is also entitled for the conserved water. Thirdly, in all cases urban 
water conservation entails extra benefits, such as reduced operation and energy costs and 
deferred capacity expansion (for treatment, supply, distribution, sewerage and waste water 
treatment). 
 
Water is a critical input for agricultural production, especially for production under arid 
conditions where a stable water supply is necessary to ensure both the reliability of production 
and the quality of goods. Water in agriculture is used for irrigation, livestock watering, dilution 
of pesticides, domestic needs and other applications to land and glass-house watering. 
Restrictions in water supply can be particularly damaging; “where a manufacturer prevented 
from using water for two weeks, would suffer the loss of two weeks’ production, a farmer faced 
with the same restriction could, given the timing of the ban, risk losing a full year’s production” 
(oral evidence to the Environment Committee of the British Parliament -  House of Commons, 
1996). Whereas environmentalists concerns focus on the source from which water is abstracted 
for agriculture and the adverse environmental effects from over-abstraction, producers justifiably 
are concerned for the precarious nature of their supplies.  
 
In comparison to public (urban) water supply, water use in agriculture differs importantly with 
respect to the following characteristics:  
 
��it is a highly consumptive use as water used is uptaken by plants, crops, etc, and not returned 

to the system; 
��excessive water run-off is not necessarily lost by the system. Downstream users may depend 

on this irrigation run-off and also other agriculture users may benefit from deep percolation 
of excess water to aquifers. In this respect, improving irrigation efficiency is a much more 
delicate and scientifically complex question than in the case of urban supply, as upstream 
efficiency may hamper downstream uses (Grigg, 1996 - p.373).  

��water of secondary quality may be used for certain agricultural uses provided that it satisfies 
the necessary public health criteria. In this respect there are great opportunities for the 
utilisation of sources of water of secondary quality (i.e. polluted – abandoned urban 
resources expensive to treat for public supply) and the employment of recycled / reclaimed 
water.  

 
Security in food production had been traditionally a primer concern in the development process 
of society. Water was traditionally seen as a “free good” and a critical input for food production 
so that its provision has been to a large extent the responsibility of the society at large. As a 
result the costs of water supply for agricultural purposes have been heavily subsidised, providing 
no incentive to farmers for careful use. In most cultivated areas water is very inefficiently used, 
especially in less developed economies with less capacity for investment in efficient machinery. 
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To demonstrate the extent to which improvements in irrigation efficiency can contribute to water 
management consider for example the case of the lower Colorado river basin in the U.S, where 
great environmental problems are faced and the agriculture sector uses almost two thirds of the 
water. It is estimated that in total by using more efficient micro-irrigation techniques and by 
shifting one quarter of the area’s production from cotton to higher value citrus and vegetable 
crops some 1.5 billion m3 of water could be saved per year – (an amount almost equal to the 
annual demand of the city of New York), enough to eliminate groundwater overdraft in the state 
and to provide a substantial amount for environmental restoration in the sensitive river delta 
(Morrison et al, 1997).  
 
The philosophy of conservation in agricultural water use is the same as in urban water 
conservation though attention should be given to the side effects from improvements in water 
efficiency to run-off receiving uses; this highlights the need for institutional arrangements that 
are able to oversee and co-ordinate action. Improvements in efficiency can be accomplished by 
better water delivery and by reduced final water use. Final water use can be effected by more 
efficient water application technologies or by shifting to more efficient practices and/or products 
(i.e. crops of higher value per unit of water). The available options differ according to the mode 
of water use. Irrigation systems can be divided into surface and pressure systems (OECD, 1990). 
In surface systems irrigation occurs by water flowing across the soil’s surface; the majority of 
irrigated land is watered in this way (e.g. 80% in California and 72% in Australia as in 1980) 
(OECD, 1990). Water is allowed to flow or is turned into a field by gravity and/or furrows. Such 
systems are often old and inefficient resulting in large wastage of water as also the soil between 
plants is watered, surplus water collected at the bottom of the field is wasted after flooding or 
flowing and as some water may flow down through the crop’s root zone and wasted to deep 
percolation. Seepage from delivery canals may result to loss of one fourth to one third of total 
water diverted. Evidently major improvements can be achieved by lining feeder canals and by 
various technical and managerial improvements that permit a closer control of flow of water into 
furrows and across fields, e.g. by replacing a head ditch with a gated pipe (OECD, 1990). 
Irrigation scheduling can also help to match water application with weather (evapo-transpiration) 
conditions and reduce excessive application of water. Labour costs for such processes are high 
though lately computerised systems have been developed for on-line real-time scheduling; such 
systems are however very difficult to acquire from small-scale farmers. Potentially,  farmers 
associations can co-ordinate such scheduling efforts. 
 
A serious problem is the seasonal stress of agricultural water use in the summer period. Much 
discussion has taken place in the U.K about the merits of small scale reservoirs that would enable 
farmers to save winter surpluses for summer use; currently most farmers abstract directly water 
for irrigation (House of Commons, 1996). Such on-site small scale reservoirs are believed to be 
expensive for individual farmers to construct (20,000 – 150,000 British pounds) but can be 
promoted by co-operative efforts. In the Mediterranean, service reservoirs for agricultural use 
have been developed in many cases to account for the variable and arid climate.  
 
Pressure systems distribute water across a field via pipes or hoses rather than a soil surface flow. 
Traditional sprinklers are movable by hand or mechanically and are high on energy consumption. 
The next generation of sprinklers is automated and may cover an area of 1km wide while running 
a 2 km course (OECD, 1990). Low-volume sprinklers and drip and trickle irrigation methods are 
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widely available and provide better control of water application (in the order of 95% efficiency 
as compared to 35% for spray irrigation) but are relatively expensive and financially worthwhile 
only to farmers with high value crops or in cases where water supply is expensive. 
 
Shifting production patterns to higher value crops is perhaps the most important approach to 
water saving in agriculture as it results not only in reduction of the surplus run-off (which may 
be valuable to other users), but of the actual consumptive use of water. The late 80s drought 
which affected France caused many producers to shift from high water using crops such as maize 
to low water using crops such as oilseed. Moreover, irrigation bans were introduced certain days 
of the week (Herbertson and Howarth, 1996).  
 
As most water conservation practices need considerable investments, it is evident that the cost of 
water is the most important variable in determining whether producers are induced to use water 
more efficiently. In most cases the price of agricultural water is very low, if not taken for free by 
the farmers (e.g. from their own boreholes which require no license renewal, etc.). In cases 
where farmers receive water from central system, prices typically cover only administration 
and/or operational, maintenance costs (OECD 1990 and OECD, 1999). Costs are passed to the 
producers either through abstraction charges or through relevant fees in regularly granted 
licenses for abstraction. Only in a very few cases do costs include capital expenses and even in 
fewer, resource depletion and/or environmental damage costs. 
 
Agriculture is a “politically sensitive” sector. Although preserving food security is no longer a 
major concern in industrialised western countries, maintaining viable rural communities is 
(OECD, 1998). In this respect decisions that aim to introduce full-cost pricing to agricultural 
users are difficult to implement, may be damaging for the local economy and social cohesion and 
in many cases historically and culturally unacceptable, or even legally limited, in the sense of 
removing or re-examining long-acquired abstraction rights in which many farmers may have 
invested considerably. In Spain for example, the introduction of an abstraction licensing system 
met strong opposition as water is traditionally considered by farmers as a “free good”. 
 
The way forward for agricultural water conservation can be through innovative “win-win” 
approaches; a basic dimension of such approaches is that farmers are entitled to at least some of 
the benefits emerging from their water conservation efforts, either in water or in “investments”. 
  
For example, the revenue from higher water prices could be returned to the managers of 
irrigation schemes; the improved cash flow would permit the rehabilitation and upgrading of the 
many antiquidated and run-down irrigation systems still in operation in many cases (OECD, 
1998). In France, the Netherlands and Germany for example the abstraction charges are set to 
allow some of the proceeds to promote environmental objectives such as promotion of low water 
use technologies by abstractors and to pay farmers to set aside. In Germany there are examples 
of water charges being used to compensate farmers who follow pre-defined “water-friendly” 
agricultural practices (Herbertson and Howarth, 1996).                                 
 
Many innovative approaches to water management can also be traced in California. Faced with 
cutbacks in its entitlements from the Colorado river, the Metropolitan Water District (responsible 
for the public supply system) undertook major joint funding schemes with agriculture users. 
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MWD paid the capital, annual and indirect costs of water conservation projects such as lining 
existing irrigation canals. This then entitled the MWD to divert into its system an amount of 
Colorado river water equal to the amount saved. In this system the farmers receive the same 
amount of water at field but the savings in distribution accrue to the funder (Haughton ,1996). 
Similar schemes can be used for the reduction of pollution from agriculture; water utilities for 
example may pay to the farmers the necessary amounts to control their application in fertilisers 
and pesticides if this offers them benefits in comparison to the relevant treatment costs (OECD, 
1998).  
 
The State Drought Bank of California, introduced in 1991 and made permanent in 1992, is 
another example of innovation. Under this system those with water rights for which they had no 
critical need could sell them to the bank, which in turn could sell these rights on to those in 
greater need. The main sources were temporary surpluses in reservoirs, surface supplies released 
by use of groundwater and surface supplies released by leaving agricultural land fallow 
(Haughton, 1996).  
 
In addition, a system was established for the market transfer of water use rights, mainly from 
agricultural and mining uses to urban and environmental uses. The preconditions to the success 
of such systems are that they are voluntary and that a good infrastructure exists to allow water to 
be shifted around. The potential merits of tradable water rights and water markets have been 
discussed extensively in the past and the role they can play in allowing water use to move 
towards higher-value applications, but progress in the last decade has not been as expected 
mainly due to experienced droughts in the arid areas where most scope for such changes existed. 
Limiting factors are also the proper creation and operation of the transfer scheme (protection 
from monopolistic situations, etc.) and the need for the creation of suitable conveyance systems 
that can meter and control the flow of water among users. 
 
Integrated programs, based on a voluntary “spirit”, with the participation of individual farmers 
and co-operatives are also an appropriate way to promote the implementation of water 
conservation approaches. Water authorities and/or national governments can also ask for the 
implementation of water conservation measures typically in the framework of overall programs 
for sustainable agricultural practices (through legislation or not).   
 
The Lower Colorado River Water Authority in the U.S has developed an aggressive water 
conservation program which has given substantial water savings (Vickers, 1991). LCRA owns 
and operates two irrigation schemes for 60,000 acres of rice production. In 1987, LCRA initiated 
a conservation program consisting of four major activities: canal rehabilitation, on-farm 
conservation research, farmer education and farm water measurement. These measures reduced 
until 1991 total water use by about 95 million m3 a year, enough to serve the demands of a city 
of 300,000 people. Other benefits from the program included reducing pumping costs; lessened 
risk of water shortages in drought periods which could jeopardise rice production; higher lake 
levels for recreation and improved farm productivity and profitability (Vickers, 1991). 
 
Significant improvements in the overall efficiency of the water management system can be 
accomplished by the re-use of waste water for agricultural purposes. Given the low price of 
primary quality water, farmers can be induced to use recycled water only if it is supplied at lower 
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prices and/or provides advantages in view of its nutrient contents. Waste water utilities may yield 
advantages from avoided treatment and discharge  requirements and costs. In Orange County, 
California for example, the Irvine Ranch Water District currently provides reclaimed water to 
irrigate urban landscape and mixed agricultural lands (Parson, 1990). In Israel as in 1987 some 
230 reclaimed water projects operated, producing about 260,000 m3 of water per day; 70% of all 
waste water reclaimed was used for irrigation purposes. 10% of all water supply in Israel comes 
from recycled water and it is projected that this will rise to 20% by 2010 (Oron, 1998). The main 
limits to the re-use of waste water for agricultural purposes relate to the quality of the effluent 
and the treatment requirements and costs to produce water that satisfies public health standards 
for application in food production. 
 
 
6.4 Conservation in industrial water use 
 
Industry accounts for a large proportion of total water abstraction; excluding water used for 
power production it accounts for 65% in Germany, 68% in France, 61% in the Netherlands, 26% 
in Spain and 50% in England and Wales (Herbertson and Howarth, 1996). Industry draws mainly 
from own abstractions (surface water and own drillings) and to a lesser extent from public 
supplies. In the OECD countries on average 77% of total industrial supplies comes from direct 
abstractions, 64% of which is from surface resources (OECD, 1998).  
 
Of all industrial water use, cooling water accounts for more than half providing thus a great 
potential for efficiency improvements through continuous recycling rather than a “once-through” 
use. Replacement of once-through systems with re-circulating ones has been shown to provide 
some of the largest water savings and the most rapid investment payback (Vickers, 1991). 
Moreover, cooling water is uncontaminated and can easily be re-used in other applications such 
as garden and agriculture irrigation, clean up processes, etc. Also in view of the low quality 
requirements for cooling water, reclaimed/recycled waste water can be potentially used for such 
purposes.  
 
The main incentives to industries to improve the efficiency of their processes are through 
regulatory and water cost mechanisms. For industries receiving their supplies from the public 
network, the price of water can be a major incentive for auditing and “re-engineering” of water 
wasteful processes and practices. However, water charges typically represent less than 1% of 
total business costs so “they are not an obvious candidate for industry efficiency drives” 
(Herbertson and Howarth, 1996). Although many utilities have introduced incremental pricing 
affecting large scale users, in many cases still decreasing block tariffs are in place for industrial 
water use as part of utilities strategy to increase water sales and reliability of revenues. Such 
pricing regimes provide a major dis-incentive for industrial water use efficiency. 
 
In all cases, only a small portion of industrial water use is served by the public network. Water 
for cooling purposes which does not need to be of drinking water quality is most often drawn 
from own-abstraction and accounts for a significant portion of industries’ water use. Tools to 
induce savings in such cases are the issuing and regular review of abstraction licenses along the 
same lines as for agricultural water use (e.g. setting water use limits, conservation targets, etc.) 
and/or the use of abstraction charges dependant on water use (or efficiency of water use). 
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Industries can also participate in schemes of tradable water permits such as those described in the 
previous section. 
 
Another major incentive for improvements in efficiency in water use can be provided by waste 
water discharge regulation. If pollution charges are levied upon the amount of waste water 
discharged, industries are induced to improve the water efficiency of their processes. In Germany 
the 1981 Effluent Charge Law imposed a volumetric charge on effluents which influenced the 
adoption of water efficient practices (Herbertson and Howarth, 1996). 
 
Volunteer or utility-sponsored/initiated schemes for industrial water conservation can also 
provide a major drive for efficiency improvements. In an era of increased public attention to 
environmental issues industries are keen to display their efforts for improvements in 
environmental performance. One example of a successful industrial water conservation program 
is that of the city of San Jose in California (Vickers, 1991). As part of the city’s efforts to reduce 
waste water flows and to delay a 180 million U.S $ expansion of its waste water treatment plant, 
the water utility initiated a program of water conservation with the participation of 15 companies 
in the electronics manufacturing, metal finishing, paper and food processing industries. 
Following an audit of processes, conservation measures were applied by the companies that 
reduced water consumption by more than 3.7 million m3 per year, with the water savings per 
company ranging from 0.007  millions m3 per year (7 million litres) to 2 million m3 per year. 
Typical reductions of water use ranged between 30 – 40% and economic benefits from the 
combined conservation steps (including savings in energy and materials usage) amounted 
typically to 2 million U.S$ per year. The most common conservation measures taken included 
water-use monitoring, recycling, re-use, cooling tower use, equipment modification, improved 
landscape irrigation and employee education. In total for the program it was estimated that if the 
initial target of reducing waste water flows by 45 millions litres per day from all industries was 
achieved it would amount in savings of 40 million U.S$ in gas, electricity, chemical treatment 
and other system operation requirements.  
 
In the U.K the “Aire and Calder” industrial waste minimisation “pilot” project ran successfully 
under the auspices of the Environment Agency with the participation of 11 firms including three 
large companies such as Coca Cola, Horsell and Hickson (Demand Management Bulletin, issue 
3, December 1993). Reductions in costs from improved efficiency in water usage amounted to 
18.8% of running water supply costs and 32.3% of effluent discharge costs. Raw materials and 
energy requirements could also be reduced by 22 and 12% respectively yielding potential 
benefits of 2 million British pounds per year (for the group of the 11 firms participating in the 
project). Coca Cola demonstrated through the program that a small reduction in water use from 
1.4 to 1.3 litres per can saves 100 million litres of water a year and applied across 5 U.K sites 
could result in savings of 200,000 British pounds a year. The requirements for the successful 
operation of the programs within the industries were identified to be: the support by the senior 
management; a consultant input with industry type knowledge; a “champion” in the company; 
and a “club” of firms where ideas and experiences could be exchanged. 
 
Great opportunities also exist for the use of reclaimed water in industrial cooling purposes. The 
Paolo Verde Nuclear Plant in Arizona, U.S., having to face acute problems in satisfying its 
initially estimated demand of 500,000 m3 of water per day through the Colorado river, decided to 



    

   
    
  70 

   
 

use cooling towers which would reduce the estimated demand to 200,000 m3/d. The combined 
sewage effluent from two municipal waste water treatment plants in the cities of Phoenix and 
Tolleson was also transported to the plant and there treated tertiary and utilised. As a result the 
plant did not need to abstract water from the Colorado river (EPA, 1992). Similarly in Australia 
at the Port Kembla steelworks, up to 20,000 m3/d of reclaimed water is now being used for 
quenching at the coke ovens where fresh water was previously used. This has allowed the water 
authority to defer major water supply expansion works (Anderson, 1996). Finally, in the city of 
Salamanca in Mexico the local municipality and the city’s refinery combined forces to construct 
a common waste water treatment plant whose effluent after treatment is directly re-utilised by the 
refinery plant in its steam system allowing it to conserve water from its numerous drillings (Lisk, 
1998).            
 
  
6.5 Policy Instruments for water conservation 
 
In the previous three sections the characteristics, advantages, disadvantages and requirements for 
a shift of water use practices to more sustainable patterns based on conservation, integrated with 
supply-led approaches where necessary, were discussed. As the objective of the present report is 
the recommendation of policy options to the European Parliament it is important to identify the 
instruments available to effect a change to a more sustainable water management. In the present 
section the options available to promote the uptake of water conservation measures will be 
identified, providing a basis against which the proposal for the new framework directive on 
water  will be assessed in the next and last section of the chapter. 
 
Instruments to effect the actual consideration of water conservation options in water management 
can be classified into the following categories: regulation of the “command and control” type for 
abstraction and use setting “standards” and actions to comply with; regulation and/or policies 
that provide incentives for water conservation practices and/or dis-incentives for undesirable 
practices; wider initiatives (co-ordination, research, action programs, etc.) that help to promote 
water conservation at the “ground” level. As J.Beecher states in her paper on integrated resource 
planning “without a regulation requirement, it is assumed, investor-owned utilities are not likely 
to consider efficiency as a resource option because it reduces sales and profits”. However, she 
argues that “implementation of IRP does not necessarily require the command and control 
approach and the high transaction costs that go on with it..as it can stifle innovation and 
efficiency..whereas..incentive based systems and regulation provide encouragement and 
recognition to adapt and use IRP principles” (Beecher, 1995). In similar lines Ken Ball of the 
Denver Water Department in the paper of A.Vickers (Vickers, 1991) is quoted as saying that 
“Regulations do have a place in conservation. A conservation program built entirely on 
enforcement, however, produces negative feelings that alienate people”. In the present section a 
number of regulatory and policy interventions from the U.S and Europe will be discussed setting 
a framework of options for water conservation policy at the federal (or European) and the state 
(U.S.) / national (Europe) levels. 
 
First, one must recognise the driving force that regulation not directly asking for water 
conservation may provide. In the U.S., for example, a series of environmental Acts which were 
passed in the 60s and 70s, such as the Wild and Scenic Rivers Act of 1968, the National 
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Environmental Policy Act of 1970 and the Endangered Species Act of 1973, constrained 
considerably major new water resource developments. For example the construction of the 
Tellico dam in 1978 was halted by the Supreme court because it threatened the only known 
habitat of the Snail Darter, a 3 inch long perch (Herbertson and Howarth, 1996). Environmental 
impact assessment procedures provide also a potential tool to control the environmental effects 
of water resource development projects. Moreover, policies and legislation in the field of 
drinking water and waste water are also very important as the first can push forward action for 
watershed and water resource protection from pollution (a necessary element of any integrated 
resource planning strategy), whereas the latter through their provisions may provide indirect 
incentives for reduced waste water flows through water conservation. Decisions on agricultural 
policy (and the allocation of relevant subsidies) are also very important as they affect the type of 
crops, the intensity of production, etc., which all bear relevance to the patterns of water use. One 
last area of policy that affects indirectly water management is spatial and regional planning; 
development and population allocation decisions decide the degree of pressure on the water 
resource system. In the U.K the document on the “Future of Regional Planning Guidance” asks 
for views on “how best guidelines should advise on the location and level of new development in 
relation to water supply”. Relevant options are the statutory inclusion of river basin management 
plans and/or water utilities resource plans objectives on regional land-use and development plans 
and the participation of water authorities and agencies as active agents, and perhaps with a 
statutory role, in planning procedures.           
 
In many cases legislation which asks directly for the implementation of water conservation has 
been enacted in states of the U.S.A. The Massachusetts Act of 1983 for Interbasin Transfers 
asked that minimum streamflow would be preserved in the “donor” basin and that the applicant 
(i.e. for transfer) area would first have to prove it had used every reasonable method to develop 
and “conserve” its own inter-basin sources before looking outward (Platt, 1995). In essence this 
act prioritised water conservation over any long-distance water transfer project.  
 
The California Water Management Planning Act of 1984 requires directly that “every urban 
water supplier providing water for municipal purposes to more than 3,000 customers or 
supplying more than 3.7 millions m3 of water annually to prepare and adopt an urban water 
management plan” (Planning and Management Consultants, 1995). Recent amendments require 
that water conservation plans must be incorporated into the overall water management plan; the 
plans are required to be updated every 5 years.    
        
Another potential instrument to implement water conservation strategies is through various 
authorisation procedures and the regulation of a mandate for water conservation before the 
authorisation is given. Areas where approval procedures can be used as an instrument to mandate 
conservation planning include: applications for water withdrawal permits; water suppliers 
petitioning for a price change; wastewater discharge permit applicants; applicants for some form 
of water-related loan, grant or financing. In the state of New Mexico in the U.S. legislation 
requires the state engineer to consider water conservation when granting a municipal or other 
water right application. Environmental groups in the U.S lobbied unsuccessfully also for the 
inclusion of conservation as part of authorisation procedures under the Clean Water Act; in 
particular they asked for a conservation measures checklist (including metering, conservation 
pricing, leakage control, use of least cost planning, etc.) to be met before any new water or waste 
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water plant or expansion could be built.  
 
The licensing system provides a critical instrument for the control of the efficiency of water use 
in all its uses. At least 6 states in the U.S. as in 1991 had the submittal of water conservation 
plans tied to water withdrawal permit allocations. Similarly in the U.K the Environment Agency 
is assigned with approving applications for water abstractions and is setting specific 
environmental conditions that must be respected before licenses are granted or renewed. 
 
In the U.K the Environment Act amended the Water Industry Act of 1991 with a special section 
for a “duty to promote the efficient use of water”. In practice the provision gave the mandate to 
the director of the economic regulator of the privatised water industry to overview the water 
efficiency of the companies. Following a tough policy of the government on efficiency and 
leakages, the regulator has asked companies to prepare water efficiency plans, accurate demand 
forecasting reports, achieve mandatory leakage targets (which will be set in due time) and to 
provide free leakage detection and repair services to the supply pipes of customers. The regulator 
can question conformity with such targets when reviewing the performance of the companies and 
revising the prices.        
 
Moreover, very important for urban water conservation as discussed in section 6.2 are building 
and plumbing codes and regulation. In the U.S the Energy Policy Act of 1992 set national 
standards that set maximum water use levels for toilets, urinals, showerheads and taps, while 
national efficiency standards for washing machines and dishwashers are currently developed. All 
new products should conform with the  standards and therefore the market availability of these 
higher efficiency plumbing fixtures will increase although it is anticipated that it may take 
several years before existing stocks of lower efficiency plumbing fixtures are exhausted. In many 
U.S. states new buildings are required to employ only efficient appliances. In the U.K national 
regulation is pending for efficiency standards to replace the existing “bylaws”, where powers 
were granted to water companies (then public) to set standards for domestic installations. The 
question is whether such national standards conform with EU trade laws. Eco-label schemes for 
all water-using domestic appliances are also very important in increasing the market 
competitiveness of such products.   
 
Economic instruments provide some of the best and most efficient approaches for the promotion 
of water conservation, though in many cases there is political reluctance for their 
implementation. As water projects typically require considerable financing, policy objectives can 
be forwarded by the appropriate allocation of public funds; financing for any kind of water 
management project, for example, could be tied to a demonstration of “sincere” water 
conservation activities, compliance with a set of pre-defined measures, etc. In the U.S. for 
example, the new Safe Drinking Water Act states explicitly that for the approval of any form of 
state funding to water agencies, the applicant must demonstrate that there is a comprehensive 
water conservation plan in place. The U.S Environmental Protection Agency was given the task 
to publish a comprehensive set of Water Conservation Plan Guidelines upon which the 
prospective applicants should be judged.  
 
In similar lines, financing decisions, subsidies, tax exemptions, etc. are all useful tools for the 
support of water conservation. If it remains the case, as in many European countries, that it is 
much easier for development projects to ensure the necessary funds (e.g. through European 
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structural, cohesion funds) than for water conservation initiatives (which tend to be of a “softer” 
character and more difficult to justify developmental financing), this will provide a major 
bottleneck for any progress in water conservation.  
 
The proper costing of water supply, as discussed in the previous sections, is a critical 
requirement if water conservation is to take place. Low, subsidised water prices provide a major 
dis-incentive for users to save water. At a first level, water prices must at least reflect full 
operational and capital costs, i.e. the full cost of water provision. As part of a “strong” 
conservation strategy prices could evolve to include environmental damages and resource 
depletion costs. If users pay water at its real price and are charged with respect to the volume 
they consume and the extra burden this consumption puts on the system, then a major incentive 
will exist for efficient use and will make the adoption of efficient practices and technologies 
financially beneficial. In agriculture where water has been traditionally provided at very low, 
subsidised prices, there is a need for carefully designed systems whereby the revenues from 
increased water prices will not be taken away from the sector but properly returned to it in the 
form of rewards for conservation, appropriate investments, etc. Water markets as discussed in 
section 6.3 are very relevant in this respect. In industry abstraction charges should at a minimum 
provide an incentive for the recycling of cooling and other non-process water, which is typically 
technically easy and cheap to do. Governmental policies can also provide the rules for the pricing 
of public water services. In Greece where the water industry is public and under the control of 
the state, the national government can determine directly water prices and charging regimes; to 
date use of the power for conservation purposes has been limited, especially in view of a tough 
inflationary policy. In privatised water industry environments, the economic regulator 
responsible for the allocation of prices to companies may use efficiency objectives in the 
allocation of prices.  
 
Voluntary schemes such as the California Memorandum of Understanding (see section 6.2), joint 
water utilities – users schemes, etc., can play a great role in water conservation. Especially in the 
agricultural sector best management programs are perceived as the best approach for 
improvements in environmental performance and often initiated by legislation. A typical 
example is the EU nitrates directive (see chapter 3); such framework, environmental 
management approaches can also be used for the implementation of water conservation measures 
in agriculture. For example, the Food, Agriculture, Conservation and Trade Act of 1990 in the 
U.S includes a number of soil and water conservation programs and new initiatives. For example 
the conservation stewardship program, through the use of conservation easements and other 
financial incentives promotes farming practices that conserve soil and water resources. In 
addition, the Act includes measures for providing technical assistance in implementing irrigation 
improvement practices (Martin et al, 1994).  
 
The establishment of co-ordinating bodies and/or “action centres” for the promotion of water 
conservation is a very important “soft” structural measure which can provide a momentous force 
for the development and implementation of water conservation measures (e.g. through 
organisation of voluntary schemes, provision of technical assistance, research and demonstration 
of results, dissemination of knowledge, guidance to policy makers, co-ordination of activities, 
etc.). The Urban Water Conservation Council of the state of California is one such example, 
which has demonstrated far-ranged and some of the most innovative results in the field of water 
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conservation. In the U.K in 1993 the Environment Agency launched an “information-clearing” 
house, the Water Demand Management Centre. The centre prepares a monthly bulletin (referred 
to in this chapter), has an excellent help desk, keeps a database of all research projects on 
demand management and in general, provides a great momentum for demand management 
initiatives in the U.K.  
 
Products such as conservation plan guidelines, demand forecasting standard procedures / 
guidelines, lists of best management practices, manuals for the conduct of cost benefit analyses, 
etc., are all very important supporting products to build water conservation programs. The 
knowledge of the water industry and final users in  related practices may be limited; 
standardisation of water conservation practices and evaluation of results is necessary in order to 
increase reliance of technical managers on them and render them equal options in water 
management planning. The responsibility for the preparation of such products could typically fall 
under a relevant body, such as those discussed in the previous paragraph, or assigned to an 
appropriate existing agency (the national environmental agency, etc.). 
 
Finally, it should be mentioned that an institutional pre-requisite for the successful adoption and 
implementation of water conservation strategies is some form of integrated water management 
structure at a higher level, preferably upon a hydrographic division. As discussed in section 6.2, 
for example, the scope of integrated resource planning extends beyond the narrow performance 
limits of urban water utilities and extends to the regional level of water management where 
multiple stakeholders are involved. Similarly, abstraction licensing schemes, water markets, 
transfers of water from excess to deficient users, etc., can only be co-ordinated by a higher body 
than one at the level of the individual user. Such a co-ordination would also ensure the wider 
cost-benefit assessment of different options for the whole of the society and not from the narrow 
perspective of one (predominant or more powerful) user. Moreover, co-ordination at a higher 
level is necessary to ensure that conserved water from efficiency improvements of one user are 
not used to augment the available supplies of another, inefficient, user.     
 
Concluding, a list of potential policy interventions at a high level (national or “federal”)  may 
effect the adoption of water conservation practices at the “ground” level. These include: 
 
��Environmental legislation controlling the impacts of certain water management interventions. 

Setting of strict environmental impact assessment procedures, minimum flow requirements, 
protection of ecosystems and species, etc., can all indirectly promote water conservation 
approaches for water management in view of the environmental benefits they provide; 

��Agricultural policies asking for “best environmental management” programs. 
��Integration of water management plans and authorities in the land-use and development 

planning process; 
��Measures for the protection of water resources from pollution pressure; 
��Waste water discharge requirements based on reduction of final discharge volumes;   
��Direct mandates to users for water conservation; 
��Request for preparation and implementation of water conservation plans tied to authorisation 

and funding procedures; 
��Licensing systems for water abstractions and their use for compliance with water efficiency / 

conservation objectives, minimum flows and/or for the application of appropriate charges; 
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��Full-cost and/or conservation pricing of water supply; Removal of subsidies to inefficient 
users; 

��Financial support to water conservation (and/or integrated resource planning) programs and 
measures, in favor of traditional approaches; 

��Establishment of water markets and small-scale water transfer schemes (e.g. based on water 
“banks”) between excessive and deficient users;  

��Regulation for efficient domestic appliances in the market and in new installations; 
��Initiation and guidance of volunteer water conservation schemes; 
��Establishment of water conservation co-ordinating agencies, or action/information centres 

with the responsibility of co-ordinating action and research, improving diffusion of 
knowledge and providing necessary supportive and guidance material to users. 

 
The presence of a water management co-ordinating agency at a higher, quasi-regional but 
hydrographicaly-defined level can contribute greatly to the successful implementation of the 
above options. 
 
 
6.6 Sustainable management of water quantities and the proposed framework directive 
 
In the previous sections of this chapter the latest approaches in water resource management were 
discussed and several examples were given to illustrate the potential contribution of water 
conservation measures and policies for the sustainable management of water resources. 
Integrated resource planning was identified as the most appropriate strategy for the sustainable 
long-term management of supply and demand. Finally, a number of possible policy interventions 
towards these goals were identified and illustrated with relevant examples, mainly from the U.S, 
but also the U.K. The present section culminates the analysis of the chapter by assessing how the 
new framework directive addresses such issues and suggests potential improvements to widen 
the scope of the directive into sustainable management of water quantities, in addition to its 
present focus on environmental quality. The analysis proceeds as follows: the measures of the 
directive that carry implications for the management of water quantities are identified and 
discussed. As this is a framework type of legislation, many questions emerge with respect to the 
practical implementation of the directive; all these are discussed and an effort is made to best 
envisage the implications in practice of the directive’s provisions. Unclear points are raised and 
critisised. At a second level of analysis, ideas are put forward on how to best introduce 
approaches that will promote water conservation and integrated resource planning with reference 
to the strategies outlined in the previous section; these are of a specific character though not 
down to the level of amendments to the legislative text, which are beyond the purposes of the 
present study. All proposals are designed keeping in mind the main (environmental) objectives 
and the framework nature of the directive.   
 
A general comment is that although the Commission recognises that water quality and quantity 
management can not be viewed separately, nevertheless it tries to restrict the scope of the 
directive to management of water quantities only to the extent that it bears implications for the 
environmental (i.e. “ecological”) quality of waters. Point 2 in the preamble of the proposal states 
clearly that “control of quantity is one element in securing good water quality and therefore 
measures on quantity, serving the objective of ensuring good quality, should be established”. On 
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the other hand, in point 24 the focus on quantitative aspects seems to be stronger as it is stated 
that “there is a need for a greater integration of qualitative and quantitative aspects of protection 
and management of both surface and groundwaters within one administrative structure, taking 
into account the natural flow of water within the hydrogeological cycle”. These two statements 
together best illustrate the approach the Commission has followed with respect to quantitative 
management in the present directive: on the one hand, specific provisions for quantity aspects are 
provided to the extent that they “touch” environmental quality issues, and on the other there is a 
general aspiration that the river basin plans turn out to be comprehensive water management 
plans whereby demand-supply, drought, and even flood planning are also incorporated. The 
provisions however to ensure this incorporation are rather weak as it will be discussed in more 
detail below. 
 
The proposal for the framework directive has been critisised by many as being weak on its 
quantitative provisions. The Research Committee of the European Parliament on its comments to 
the proposal (EP A4-0261/98) states that it is “difficult to understand why the Commission 
should word its proposal in such a way as to make the issue of the quantity of water subordinate 
to qualitative aspects”. Moreover “it is not very encouraging .. in a framework directive .. to 
refrain from trying to prevent and alleviate the impact of floods and droughts .. as the 
Community has .. an obligation to improve the standard and quality of life of its citizens and to 
ensure a high level of environmental protection” (p. 73). Similar opinions were echoed in the 
discussion of the proposal in the U.K House of Lords where the opinion of the Committee was 
that “questions of competing demands to control flows .. by definition have to be tackled at a 
level above that of Member States. There may be a need for the framework directive to address 
them more explicitly, to ensure a consistent approach throughout the European Union” (House of 
Lords, 1997, p. 13). In the same lines, in the examination of experts for the framework directive 
that took place in the House of Lords, Mr J.Sherrif (Head of Water Resources, Environment 
Agency) stated that “this is .. the first directive .. that brings water quantity into it .. but it has 
been done in a fairly nervous way”. Similar opinions were expressed by many other experts, who 
based on U.K’s experience judged that water conservation and demand management measures 
should have been an integrated part of a piece of legislation that aims to provide a framework for 
the sustainable management of water.   
 
The “scattered” approach in addressing quantity issues in the framework directive is certainly not 
an omission on the part of the Commission nor without a reason. The justification for 
environmental legislation falls under article 130r of the Treaty; this requires majority decisions 
in the Council of Ministers and from 2000 will also follow the co-decision procedure between 
EU institutions and the European Parliament who will reserve the right to reject a Council’s 
decision. On the other hand, management of water resources falls under article 130s(2), where 
the Council must act by unanimity and Member States have in fact a veto. The role of the 
European Parliament in this case is restricted only to proposing amendments to the text that may 
or may not be adopted by the Council. This has led to a technical division of water policy 
between quality / environment oriented (article 130r) and quantity / resource oriented (130s) as 
member States have considered that unless for environmental purposes, management of 
resources should remain mainly a national responsibility. In this respect the Commission must 
try hard in its water-related proposals to “prove” that they are only quality and not quantity 
oriented. However, as discussed in chapter 2 any action on water management in order to protect 
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its environmental value can only be successful if it is holistic and integrated. This “legalistic” 
division between quantity and quality legislation poses a significant barrier to the 
implementation of real integrated action. On the other hand, one can not under-estimate the 
importance of water resource for sovereign nations and as factors of economic developments and 
the political difficulties that the establishment of action at an EU level would face.   
 
 This however does not mean that the Commission can not be justified to play a more active role 
in quantitative, water resource management through its environmental powers, than the one 
foreseen in the present form of the directive. First, quantitative-oriented approaches such as 
water conservation bear important environmental benefits; reversely, water resource and 
catchment development projects carry great implications for water and environmental quality. 
Secondly, transboundary water resource management can not overlook supply, demand, 
abstraction and flow issues. Thirdly, the responsibility for “quality of life” and “environmental 
protection” can not technically avoid the question of droughts and its major implications both for 
populations and for the environment. In short, limited and unstructured provisions for the 
management of water as a resource may hamper significantly any efforts for improvements of 
environmental quality. The subsequent discussion of the proposal and the relevant suggestions 
are based on this perspective and try to introduce ideas on how to improve the proposal with 
respect to promoting sustainable (quantitative) water resource use practices without being in 
conflict with the objectives and purpose of the directive and the mandate of the Commission.  
 
First, the introduction of river basin management and river basin plans, which is at the centre of 
the present proposal is expected to provide a major driving force for improvements in the 
management and planning of quantity aspects of water resources and it provides a great 
opportunity for water conservation and integrated resource planning strategies and approaches. 
As it was discussed in the previous section, integrated organisational and institutional structures 
are a major pre-requisite for the implementation of any such approach. However, the directive 
lacks any explicit statement on the utlilisation of the river basin management structures for the 
promotion of sustainable water resource use patterns. In agreement with the overall purpose and 
environmental dimension of the directive it is proposed to extend the references in the preamble 
of the directive to ask for the promotion of long term integrated supply – demand measures (with 
potential reference to the “model” of integrated resource planning) that will bear the best cost-
benefit results in terms of environmental, economic and social objectives and will ensure the 
“long term availability of sufficient amounts of good quality fresh water” (as already stated in 
point 17 of the preamble). Moreover, a specific mention could be made to the need to assess 
potential resource development projects under such a framework with a close “eye” on their 
environmental impacts; as it will be discussed below it is not quite clear in the directive how the 
environmental impacts of large-scale resource development projects are to be controlled. 
Another potential addition, that seems to be an objective of the directive but is not explicitly 
stated at any point, could be that all (future) water needs should be satisfied within the “borders” 
of the basin unless proven (and here the notion of cost-benefit integrated resource planning can 
be introduced as the methodology of “proof”) that resorting to another basin is the only viable 
solution or if there is an “emergency” (i.e. drought) temporal need to do so.     
 
Making such objectives clear would both recognise that the environmental impacts of resource 
development are a major concern and should be controlled by giving priority to water 
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conservation, but also that this is not done in an arbitrary, mandatory fashion but under a 
structured cost-benefit assessment of supply and demand options and the appropriate design of 
mixed strategies. As experience from the U.S has shown (see section 6.2) such assessments if 
properly carried out will reveal the great potential for cost and environmental benefits from water 
conservation approaches.  
 
As discussed in the previous section one of the major forces for water conservation in the U.S. 
has been the enforcement of strict environmental legislation which has significantly limited the 
“room” for resource development projects and has consequently shifted interest to conservation 
and integrated resource planning approaches. The question is: will the proposed directive as it 
stands put in practice barriers to new resource development projects based on environmental 
grounds? Commission officials have stated in personal communication that the directive 
implemented would allow physical modifications only if they are of an “overriding public 
interest and all other options are exhausted” and that large scale transfers could be allowed only 
if “long-term ecological effects comply with the directive and construction effects are minimal”. 
For protected / habitat areas, it was argued, resource development projects will be practically 
prohibited as their protection is an “overriding imperative interest”.  
 
Looking closely at the legislative text it looks indeed that developments in protected areas will 
be severely limited; Article 4.1c states that a main objective of the directive that should be 
respected by river basin programs, measures and authorisation procedures is compliance “with 
all standards and objectives relating to protected areas”. However, for resource development 
projects, in general, the rules are not so clear. Article 13.3f on the basic measures in each river 
basin states that a requirement should be in place “for prior authorisation, prior regulation or 
registration based on general binding rules of all other activities or groups of activities having a 
potentially significant adverse impact upon the status of water, where such prior authorisation, 
regulation or registration is not otherwise provided for under other Community legislation. The 
provision of the authorisation, regulation or general binding rules shall be such as to ensure that 
the obligations of this Directive are satisfied”. Does this provision limit new resource 
development projects to the extent that alternative conservation approaches could be put in the 
picture? If one considers that new water infrastructure projects up to now were in principle 
controlled by impact assessment authorisation procedures, but rarely put to real tests especially 
in southern Member States, this means that Member States can argue that, a new reservoir for 
example, is subject to the impact assessment legislation and therefore should not be limited by 
river basin authorisation procedures. Assuming that a new project does not fall under existing 
Community legislation and that authorisation procedures are put in place through the river basin 
plans, then the binding rules should be such as to ensure compliance with the objectives of the 
directive (i.e. for surface waters that good water status is maintained and for groundwaters that a 
“balance between abstraction and recharge is ensured”). Good surface water status should in 
principle be translated to biological standards and if relevant for the water body in question, 
include also physical characteristics (such as a minimum acceptable flow, etc.); in all cases it is 
assumed that physical modifications would impact on the biological elements. Therefore in 
theory  a new project (such as a reservoir or a river diversion) is limited in terms of its 
prospective impacts on the status of the affected body of water. A first question is therefore how 
accurately and subjectively can the potential impacts of a new project on surface waters can be 
forecasted in order to assess whether it will comply with standards and decide on its 
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authorisation or not. Given the experience with the impacts of resource development projects 
(see chapters 2 and 3) in principle it would be extremely difficult, if not impossible, for any 
project to pass such a strict test. This, however, would not be acceptable as in many regions 
projected shortages of water are acute and solutions must be found; a derogation should therefore 
have been provided in cases of “overriding” public interest but it is difficult to locate such 
provisions in the legislative text. The allowances for less stringent environmental objectives 
(article 4.4) do not seem to account for such a case.  
 
A second question refers to liability: in a situation where a river basin authority grants a license 
for a project based on evidence that the status of water will remain good and then after the 
project the status has deteriorated, will it be liable or not, and if yes how can it conform with its 
commitments now that the project has taken place and is not reversible?  
 
This analysis highlights an unclear point in the legislative text which in practice could limit its 
validity and lead to its neglect when coming to decisions about new resource development 
projects. Why not then define better the relevant provisions and make the rules clearer for 
planners and water managers? For example, it could be stated that for the authorisation of any 
kind of major supply-related project that would bear changes to the physical regime of a surface 
or ground water: i) the objectives of the directive should be respected and ii) it should be 
“proven” that the project is necessary and all other options have been exhausted; this could then 
again be cross-referred to a certain methodology for deciding on the costs and benefits of all 
alternative approaches. The model integrated resource planning could be used as this “cross-
reference” and incorporated within the river basin plans and the economic analysis exercise (see 
below). Such linkages between project approval and water conservation / integrated resource 
planning have been legally established in many U.S. states as discussed in sections 6.2 and 6.5.   
 
Alternatively, and opting for a “stronger” and more “quantitative objectives- oriented” approach, 
sustainable resource yields could be set for surface waters as environmental objectives on an 
equal basis with the other physical, physico-chemical and biological characteristics. 
Methodologies for deciding sustainable yields for surface waters are not perfect but could also be 
worked on under a framework approach and in the same lines as foreseen for other “quality 
status” standards and for groundwater quantitative standards. In the U.K, the Environment 
Agency has done much work on sustainable yields and could help a lot in providing a 
methodology for deciding sustainable yields in different European contexts. Under such a policy 
scenario the objective for groundwater balance of recharge and abstraction could also be 
incorporated under the notion of sustainable yield.       
 
As mentioned above the mandate for an “economic analysis of water use within the river basin 
district" (article 7) to be included in the river basin plans provides the ideal framework for 
introducing the idea of integrated resource planning. As article 7 stands there is a provision for 
abstraction and use estimates and "long term forecasts of supply and demand". However, as 
many commentators have stated there is a lack of guidance on the nature and degree of detail that 
such analyses should entail. Experience, as discussed in sections 6.2, shows that inaccurate 
"rough" demand forecasts provide a typical pretext for the justification of resource development 
projects. More accurate studies where demand is forecasted carefully and under different 
scenarios and where all available options are scrutinised and compared usually reveal the 
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considerable benefits entailed in the implementation of water conservation options. A proposal is 
therefore to redraft the article on the "economic analysis of water use" and expand its scope into 
a detailed integrated resource planning study for the river basin. Such a study could include all 
the information required under the article in its present form but also ask for a detailed 
forecasting of supply and demand and a cost-benefit analysis of alternative supply and 
conservation options (including environmental and social costs). It would also be appropriate for 
the Commission to provide common framework-guidelines on how to conduct such analyses. In 
the U.S., for example, the Environmental Protection Agency has produced a number of manuals 
on the evaluation of water conservation programs, guidelines for conservation or integrated 
resource plans, etc. A similar role could also be foreseen for the European Environment Agency; 
as the definition of "status" is cross-referred to guidelines on how to define relevant standards, 
similarly the conduct of the analyses could be cross-referred to a manual to be produced by the 
Environment Agency in due time. Note that these extra requirements would not provide a 
significant extra burden to the Member States with respect to the current provisions of the 
directive. As most of the background work would be carried out anyway as part of the economic 
analysis of article 7 it is a waste of resources and potential economies of scale if the analysis is 
not extended to an assessment of future resource options. The Commission seems to suppose that 
Member States would anyway grasp the opportunity to carry such analyses as part of river basin 
plan activities but this may be questionable especially for the case of southern Member States 
where the degree of knowledge in demand forecasting and conservation options is often limited. 
The new directive has therefore a very important role to play not by imposing water conservation 
as an option (that would be unacceptable) but by "triggering" the knowledge and analysis 
mechanisms that could make inevitable the equal consideration of conservation and supply 
options. At a minimum the new framework directive should elaborate the provisions for detailed 
supply-demand forecasts. It is fairly meaningless to ask river basin plans to carry out demand-
supply forecasts without also asking for a "scientific" estimation of demand; the Demand 
Management Centre of the Environment Agency of England and Wales has developed an 
extremely useful standard methodology for reporting on demand forecasts which potentially and 
if appropriately elaborated could provide useful guidelines for the river basin plans too.      
 
Many commentators have also argued that demand management and water conservation 
measures should be "basic" program measures (under article 13) and not "supplementary" as they 
stand under the current proposal. The counter-argument is however that a variety of situations 
exist across Europe and water conservation is not by definition necessary, e.g. in cases of 
abundant supplies. However, as sections 6.2-6.4 have demonstrated water availability problems 
are no longer the legacy of the typically perceived arid and dry areas and most successful water 
conservation programs come from places such as the U.K. and the eastern U.S.; in contrast in 
southern Europe water resource problems are still widely approached under the traditional 
developmental approach. Moreover water conservation options have additional cost and 
environmental benefits to offer in terms of deferred expansions and reduced energy/wastewater 
treatment requirements even in case of abundant resource supplies. It would therefore make 
sense to ask for the preparation (and if relevant implementation) of an “integrated resource plan” 
as a “basic” measure; this would enable to develop water conservation options hand in hand with 
supply options where relevant and where cost effective. 
 
Also if it is decided that the directive could extend its scope to organise action for drought and/or 
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flood management, drought and/or flood contigency plans could be asked as part of the river 
basin plans and as "basic" measures. The Commission could refrain from judging these plans (in 
lines with the principle of subsidiarity), but a requirement to prepare such plans would make 
clear to national and regional authorities that flood/drought management should be integrated 
within the structure of river basin management,  whichever way they judge appropriate.   
 
The control of "abstraction of surface water and groundwater" and the requirement for a "register 
of water abstractors" and a "prior authorisation for abstraction except in areas where ..there is .. 
no significant impact on water status" as a basic measure (article 13.3e) provides a potentially 
great contribution to improvements in management of water quantities. What is not clear 
however is whether the requirement for authorisation extends also to existing abstractions or 
only to new ones and also whether private abstractions, possibly "historically" established fall 
under these provisions. This would be an extremely difficult task given that many farmers have 
acquired their water use rights long time in the past, "officially" or "un-officially", and may have 
invested considerably on them so that any attempts for control of these supplies would face 
fierce resistance.  
 
The requirement for abstraction control could also be improved by stating what the objectives of 
such schemes should be. As the article stands now, Member States facing difficult situations 
such as the one described above, may opt for granting new "free" water-use rights to existing and 
new abstractions simply to conform with the directive. A valuable addition would be then to state 
that the abstraction scheme and the authorisation of abstractions should not contradict (or in a 
“tougher’ approach, should contribute to) the objectives of the directive. This provision would 
strengthen sustainable quantitative management, even more so if the objectives were expanded to 
include quantity considerations and/or sustainable yields for surface waters in addition to 
groundwater. Finally a further improvement, which perhaps is far-fetched with respect to 
subsidiarity concerns, would be to ask abstraction authorisation schemes to be regularly 
reviewed as this is the best way to ensure sustainable practices (see section 6.3).  
 
Perhaps, the most important requirement of the directive with respect to quantitative 
management is the "full cost recovery for all costs for services provided for water uses overall 
and by economic sectors" (Article 12 - Charges for the use of water). This together with the 
requirement for water abstraction permits should have a significant impact on water use 
efficiency. Indeed as discussed in sections 6.1-6.5, proper pricing of water is a major pre-
requisite for any water conservation efforts. It allows the monetary benefits of water saving to be 
realised by users, something not possible if the cost of their supplies is subsidised by the state 
and "diffused" to the wider society. Member States are also given the option, where appropriate 
to include environmental and resource depletion costs in the pricing of the services. Two changes 
could also improve this provision: first it could be provided for that the revenue from the 
inclusion of environmental costs should be used for environmental improvements; secondly, a 
clear reference should be made that, where appropriate, pricing of water services could be used 
for water conservation purposes even when this is not directly linked to estimated environmental 
and/or resource depletion costs. As is the case in most water utilities, an increase of price or a 
new pricing regime is designed with respect to the objective of achieving a certain reduction in 
water demand and not with full reference to the avoided environmental or resource depletion 
costs. 
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The success of implementation of the "full cost recovery principle" is openly questioned in terms 
of the wide allowances for derogation. First, article 12.3a states that exemption may be granted 
"in order to allow a basic level of water use for domestic purposes at an affordable price"; "basic 
level of use" is defined as the "[minimum] amount of water used by the individual person for .. 
human health and hygiene". In essence what the full cost pricing principle asks for is at least the 
removal of all subsidies from water services; the aforementioned exemption may be exploited by 
Member States to continue the subsidisation of traditional resource development projects under 
the argument that otherwise a basic level of water services would be at risk. However, the 
problem is not on the cost of the service but how the final domestic users are priced for this cost; 
the exemption could therefore be redrafted to allow for appropriate pricing and/or other state 
interventions that would allow that the basic level of water is affordable to all users. This, 
however, should explicitly not be through subsidisation of the whole cost of the water service but 
through its appropriate allocation among users, the subsidisation of the costs of certain users or 
cross-subsidisation among users by pricing instruments. 
 
Exemption 12.3b refers to "capital projects where Community funding is provided .. and which .. 
assist in the achievement of  the environmental objectives .. of the directive", i.e. water treatment 
and wastewater treatment - related (though it is not clear whether water treatment supports 
directly the environmental objectives of the directive and therefore would be eligible for 
subsidisation). It would be a valuable addition to allow an exemption namely for water 
conservation initiatives; these are not infrastructure projects and are not currently covered by 
Community funding but certainly can contribute greatly to the environmental objectives of the 
directive. Moreover, it should be maintained that subsidisation of resource development projects 
with adverse environmental impacts that contradict the objectives of the directive  should not be 
allowed in any case; if the river basin plan is expanded to include a detailed supply-demand and 
integrated resource plan, then subsidisation could cross-refer to those. This is also valid to 
exemption 12.3c for "specific geographical or climatic situation of an [Objective 1, 5b and 6] 
region". In practice this exemption leaves out of the obligation for full cost recovery almost all 
southern Europe. A better perhaps approach than this “de facto” derogation could be based on a 
case by case examination. The European Parliament, for example, has proposed that a basic 
charging scheme is established in these areas and then, if appropriate, Community assistance 
used to meet these charges. Also, allowance for subsidisation of the cost of new water 
infrastructure projects (e.g. for irrigation, urban areas, etc.) could be allowed but tied to a proof 
that water conservation efforts are taking place (again cross-reference to the preparation and 
implementation of an integrated resource plan would be suitable). In any case, it should be 
ensured that the level of the costs covered by the state or other should be very clear; currently the 
directive asks that “exemptions shall be explained in detail”. It could be added that the exact 
level of costs and the source of providing them are explicitly declared.   
 
One other, more general, but  major concern is how the objectives of the directive will be 
integrated into other policy areas. As discussed in sections 6.2 - 6.4, developments in agricultural 
policy, decisions for allocation of funds to certain projects, housing and spatial planning 
decisions, etc., all bear great relevance to the sustainability of water resource use. Point 29 in the 
preamble states that "the directive will provide a basis for a continued dialogue .. and a further 
integration [with] ..agricultural, regional and fisheries policy". However, there seems to be a lack 
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of any provisions that would push further such an integration. Given, for example, that structural 
funds should respect Community legislation, a link could be established as discussed with the 
financing of resource development and conservation projects and sustainability objectives. 
Furthermore, a general requirement could be asked for from the river basin plans to present in 
detail plans for inclusion of their objectives in national and regional policies. For example, in 
some Member States where catchment management plans already exist, these are given legally 
precedence over all other spatial and development plans or there is a policy / legal mandate for 
inclusion of their objectives in other plans. Such policies should be promoted through the 
directive though it is beyond the powers of the Commission to ask explicitly for such measures; 
it could however ask for the consideration of such instruments. Furthermore, article 15c which  
allows river basin authorities to "identify issues that relate to other policy areas .. over which [the 
authority] .. has no control" and ask the Commission to intervene to resolve such issues, raises 
particular concerns about the actual powers that river basin authorities will have. River basin 
authorities could, for example, claim that groundwater over-abstraction is beyond their range of 
powers as it is a direct result of national and European agricultural policies (as certainly will be 
the case in many southern Member States) or, in an extreme scenario, that the construction of a 
new dam for hydroelectric purposes is also beyond its range of influence as it is part of the 
national energy policy. Such problems should be foreseen in advance and adequately addressed 
in the legislative text, otherwise significant shortcoming may emerge in the practical 
implementation of the directive. 
 
A final provision that bears relevance to the sustainable management of the quantity of water, 
though not directly, is that of article 8 on "waters used for the abstraction of drinking water". 
Protection of the raw quality of water intended for drinking is a major element of an integrated 
resource planning strategy; safeguarding the quality of present supplies means also reducing the 
possibility of having to abandon them some time in the future (as treatment costs may become 
uneconomic) having to develop new “virgin” resources. As mentioned in section 6.2, the effects 
of the U.S. safe drinking water Act have been profound in “pushing” for the implementation of 
tough catchment management in metropolitan areas such as Boston and New York. The 
framework directive is based on the same philosophy: environmental quality standards are asked 
for all waters used for drinking purposes designed to ensure that under the anticipated water 
treatment regime the standards of the drinking water directive will be met. The European 
Association of Water Suppliers in its memorandum to the proposal (EUREAU, 1997) asks for an 
even tougher approach where standards should be set to ensure that “within the definition of 
good status, water is normally suitable for the production of drinking water without the need for 
special treatment”. Basically such measures would mean a redistribution of drinking water – 
related costs from the water industry to the polluters in accordance with the “polluter – pays” 
principle. Perhaps also a special reference could be made in this part of the directive to ensure 
that use of reclaimed (recycled) water or water of secondary quality (from local or restored-
polluted resources) for secondary non-drinking public uses is welcomed and not limited by the 
provisions of article 8. 
 
In the U.K. there was also an expectation that the new framework directive could also provide 
guidance or rules for the setting of water efficiency standards for new domestic appliances (i.e. 
building/plumbing codes, see section 6.2), but such an intervention seems to be far from the 
scope of the directive.      
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6.7 Conclusions 
 
Sustainable management of water quantities requires a balanced approach between water 
resource conservation and development of new supplies, where necessary. Integrated resource 
planning is a model approach which allows for the development of "mixed" strategies where 
conservation and supply options are considered on an equal basis with the objective of an 
optimum cost - benefit result, in terms of economic, societal and environmental criteria. In most 
cases the potential for water conservation in domestic, industrial and agricultural water use is 
great. Even in cases of traditionally perceived wet, water-abundant areas, water conservation 
provides many benefits in terms of deferred costs for capacity expansion (i.e. for resource 
development, water treatment and distribution and wastewater treatment) and multiple 
environmental benefits from reduced energy consumption and avoided environmental impacts 
from infrastructure development. 
 
The new framework directive has for the first time introduced quantitative aspects in EU water 
policy though this has been done in a "reserved" way in view of the restricted mandate to issues 
of environmental concern but not “hydrological management” and the limits put by the principle 
of subsidiarity. Nevertheless, many important elements are put forward by the legislation. The 
integration of water management under the "umbrella" of river basins will certainly benefit 
resource management too and will provide a framework for action. The objective for balance 
between abstractions and recharge of groundwater provides an important intervention for the 
sustainable use of groundwater supplies. Furthermore, the requirement for control of abstractions 
coupled with full cost (and potentially, environmental) pricing of water services can provide a 
major driving force for improvements in water use efficiency. 
 
On the other hand, certain improvements could strengthen further the objectives of the directive 
and expand its scope to inclusion of quantity-related sustainability issues without being in 
conflict with its objectives and without carrying an extra burden to the Member States. Such are 
the following: 
 
��Sustainable use of surface as well as ground waters could be institutionalised clearly as an 

objective of the directive and sustainable yields used as the tool to  assess the achievement of 
the objective.  

��Integrated resource planning based on an equal holistic cost benefit assessment of 
conservation and supply options could also be institutionalised as the main approach to 
sustainable water quantity management. If an integrated resource plan is asked explicitly as 
part of an expanded “economic analysis” in the river basin plans, then river basin authorities 
may be asked to implement only such measures that are in compliance with the integrated 
resource plan. 

��Explicit guidelines for the demand forecasting exercise should be provided to ensure that the 
exercise is scientifically accurate, based on sound scenarios and not used as a pretext for the 
justification of new infrastructure projects. 

��The rules that govern the authorisation procedure for new water resource development 
projects need clarification. As the proposal stands neither the limits in terms of 
environmental impacts nor the exemptions are clear. Authorisation of new resource 
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development projects and inter-basin transfers could be linked to the integrated resource 
plans (i.e. that should establish their cost – benefit advantage over conservation options) or in 
a “tougher” approach, tied to the proof that all other options (including water conservation 
and improvements in efficiency) have been implemented and exhausted. 

��Clarification of the range of abstractions to fall under the requirements of the directive for 
registration and linkage of the abstraction authorisation scheme with the environmental 
objectives of the directive. A regular revision of the authorisations could also be asked, at 
least for all new abstractions authorised after the enactment of the directive.  

��It should be ensured that subsidies to water infra-structure projects are only for such projects 
that are in accordance with the objectives of the directive. European subsidies through the 
structural funds should in principle respect Community legislation so by definition they will 
have to comply with the objectives of the directive. National subsidies can be controlled by 
the full cost recovery principle; if a project is subsidised by the state then the principle is 
breached as the user does not pay for the full cost. The current exemptions to the principle 
may allow unacceptable environmentally infrastructure projects to continue to be subsidised, 
in cases where water supply becomes increasingly expensive and especially in the poorer 
regions of the south. The rules should become clearer and allow financing only for such 
projects that are in accordance with integrated resource plans or in cases where it is proven 
that all other options (including conservation) have been exhausted.  

��The exemptions from the full cost recovery principle should be redrafted to limit the space 
for breaching the “spirit” of the principle but maintaining the necessary social safeguards. A 
basic level of domestic water use should be safeguarded but not through subsidisation of the 
full cost of the water service, but either through indirect subsidisation or other provisions to 
affected low-income users  or by cross-subsidisation / appropriate pricing between users. 
Less developed EU regions eligible for structural funds should not be left altogether out of 
the mandate for full cost recovery – rather in cases where the extra cost is too high to be 
covered by users they should be eligible for additional Community funding. In all cases, 
subsidies and European funding should be foreseen for additional costs that stem as result of 
the provisions of the framework directive. 

��Integration with other policy areas should be strengthened. This can be done by asking river 
basin authorities to report on inclusion of their plans in other policy areas and national / 
regional plans and by making sure that breaching of river basin plans and directive’s 
objectives due to decisions in other policy areas (beyond the power of the river basin 
authorities) do not prevent that the Member States are held liable on the basis of the 
framework directive.                     

 
Some of the above proposals under certain perspectives may be considered far-fetched with 
respect to the scope (environmental) of the directive and the mandate of Article 130r of the 
Treaty or conflicting with the principle of subsidiarity and potentially non-acceptable politically 
by some Member States. A “softer” approach that would help considerably progress towards 
more sustainable approaches to quantitative water management could be based around:  
 
��an improvement of the provisions and the guidelines for demand forecasting and economic 

analysis; 
��a clarification of the rules for the authorisation of new infrastructure / resource development 

projects; 
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��clearer objectives for the abstraction authorisation scheme; 
��provisions that will ensure that subsidies to water-related projects that breach the objectives 

of the directive are over and allowance of financial assistance to conservation measures and 
other measures that help achieve the objectives of the directive.    
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7. NEW POLLUTION CONTROL TECHNOLOGIES AND EU WATER POLICY 
 
7.1 Introduction 
 
The objective of the present section is to discuss briefly how EU water policy provides a driver 
for development of new technologies in the critical field of municipal waste water treatment. 
Moreover, a full state of the art review of relevant technologies is provided in the technical file 
of the present report as a background to the discussion and as a reference to policy makers on the 
expected technological progress in the field for the years to come.     
 
7.2 Technological developments 
 
Water pollution control technology has been used for many years.  However, increasing concern 
for the environment, mirrored by more stringent environmental legislation has stimulated much 
research and development in the area.  
  
For end of pipe treatment, this has been manifested in the further development of the existing 
processes of biological filtration and activated sludge, and in the development and 
implementation of new process options focusing on: 
 
��performance improvement and consistency to meet higher or different effluent standards, 
��footprint reduction by process intensification, 
��process reliability, 
��lowering capital and operating costs. 
 
(reference: technical file) 
 
It is understood that there is no single method of wastewater treatment, sludge treatment or 
sludge disposal that is generally applicable to all circumstances.  The number of sludge disposal 
options is now very limited in Europe. 
 
State of the art pollution control practice now considers the urban wastewater system as a whole. 
It acknowledges that with improvements to end-of-pipe treatment that other environmental 
impacts (particularly intermittent sewerage discharges) need to be addressed. In the future in-
sewer wastewater transformations will be better understood and beneficially enhanced 
 
7.3 Implications of European legislation/standards on pollution control technology 
 
Existing directives 
 
Urban Waste Water Treatment Directive 
 
Of the existing water-related directives, the Urban Waste Water Treatment Directive: 
91/271/EEC (CEC, 1991) has probably had the most direct influence on water pollution control 
technologies.  The requirements of the directive and the time-scales for implementation are given 
in Table 7.1.  Minimum effluent standards have been set at a BOD of 25 mg/l, COD at 125 mg/l 
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and SS 35 mg/l, regardless of receiving water dilution.  Alternatively minimum percentage 
reductions need to be achieved. 
 

Population equivalent Receiving water Specified treatment Deadline  
(end of year) 

Less sensitive1 Secondary 2000 
Normal2 Secondary 2000 

> 150,000 

Sensitive3 Secondary + possible N & P 1998 
Less sensitive Primary 2000 
Normal Secondary 2000 

15,000 – 150, 000 

Sensitive Secondary + possible N & P 1998 
Less sensitive Primary 2005 
Normal Secondary 2005 

10,000 – 15,000 

Sensitive Secondary + possible N & P 1998 
Normal coastal water Appropriate 2005 
Less sensitive estuaries Primary 2005 

2,000 – 10,000 

Other estuaries Secondary 2005 
< 2,000 All receiving waters Appropriate 2005 

1 Less sensitive (High natural dispersion areas): marine waters in which discharge of wastewater does not adversely affect the environment 
2 Normal: Those areas not designated ‘sensitive’ or ‘less sensitive’. 
3 Sensitive: eutrophic waters, surface waters intended for abstraction, areas where treatment further than secondary is needed to meet other 

directives 
 
 
Table 7.1 Summary of treatment required under Urban Waste Water Treatment Directive 

(adapted form Bone, 1992) 
 
A major implication of the directive across much of Europe has been in making secondary 
treatment the de facto standard.  In particular, there are numerous small towns throughout Europe 
with no wastewater treatment, or just basic screening of sanitary debris, discharging to coastal 
waters via short or long sea outfalls.  These will be required to have full primary and (normally) 
secondary treatment over the coming years.  This has resulted in development work on compact 
technologies for primary (e.g. lamella separators and CAS) and secondary treatment (e.g. 
SBAFs).  
 
Receiving waters considered by Member States to be at risk from eutrophication are classified as 
sensitive.  Effluent discharged to these waters must have a total phosphorus concentration of less 
than 2 mg/l and a total nitrogen concentration not exceeding 15 mg /l (depending on population 
size).   
 
In terms of phosphorus removal, the UK position before the directive (for example) was one of 
little experience.  Only 23 treatment plants (all small) were required to remove phosphorus and 
all of them by chemical addition.  However, under the directive, a number of larger works are 
now required to remove phosphorus.  This triggered a good deal of R & D, particularly with 
respect to BNR plants (as described above). Elsewhere on mainland Europe, nitrogen standards 
are being adopted and this again has triggered treatment development.  Table 7.2 gives a 
summary of the process types that are capable of meeting the Directive requirements. 
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Process Total phosphorus concentration Total nitrogen 
concentration 

 1 mg/l 2 mg/l 10 mg/l 15 mg/l 
 0 + M + MF 0 + M + MF 0 + C 0 + C 
A/S single anoxic       DI  DI  
A/S two anoxic stepfeed       Y  Y  
SBF pre-denitrification       Y  Y  
B/F tertiary post-
denitrification 

       Y  Y 

Fluidised bed       Y Y Y Y 
PhoStrip Y   Y       
PhoStrip (N) Y   Y   Y  Y  
A/O DI Y Y DI Y Y N  N  
A2O DI Y Y DI Y Y DI  DI  
Bardenpho 3 & 5 stage DI Y Y DI Y Y Y  Y  
VIP (UCT) DI Y Y DI Y Y Y  Y  
BioDenipho DI Y Y DI Y Y Y  Y  
SBR DI Y Y DI Y Y DI  DI  
Metal salt precipitation  Y Y  Y Y N  N  

0 = alone     Y  = will meet efluent standard 
+ M = metal salt addition   N = will not meet standard 
+ MF = metal salt addition & tertiary filtration DI = will meet standard depending on influent  
+ C = methanol addition        concentration 

 
Table 7.2 : Nutrient removal – Processes able to meet Urban Waste Water Treatment 

Directive (after Cooper et al., 1994) 
 
The provision of more comprehensive wastewater treatment, under the Directive, is estimated to 
double the amount of wastewater sludge produced in Europe from 1993 to 2001 (Gray, 1999).  In 
addition, the Directive has phased out disposal of sludge to surface waters by the end of 1998. 
These two factors have resulted in intense effort in evaluating and developing technologies for 
sludge treatment and disposal. 
 
In fact, there are only limited disposal options, and the Directive recognises these as: 
• Avoidance 
• Minimisation 
• Recycling 
• Incineration (with energy recovery) 
• Landfill. 
 
For the majority of EU states, landfill accounts for the major disposal option (Davis, 1996) – the 
least favoured option.  In the UK, recycling of sludge to land has been the most common option 
followed by disposal to sea.  Despite the benefits of disposal to land, this option is under extreme 
pressure from environmentalists and retailers with public health concerns.  Great attention is 
being given to sludge quality and development of quality management practices.  In addition, 
sludge treatment options are being developed or re-evaluated (e.g., thermophilic digestion) to 
assure microbiological quality. 
 
Impact of loss of the sea disposal route has been particularly acute on coastal cities, which are 
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faced with very few disposal options.  For example, London’s sludge is now treated at two 
advanced fluidised bed incinerators (with energy recovery) operating at 860oC.  The incineration 
option is predicted to represent 20-30% of sludge disposal in the UK (Davis, 1996). 
 
Finally, the directive also requires Member States to ensure the design, construction and 
maintenance of collecting systems is undertaken in accordance with best technical knowledge 
not entailing excessive costs with respect to limitation of pollution of receiving waters due to 
overflows (among other things).  The Directive acknowledges the difficulties that arise during 
periods of unusually heavy rainfall, and allows Member States to decide on their own measures 
to limit pollution from overflows. These could be based on dilution rates, collection system 
capacity in relation to dry weather flow or a certain number of overflows per year.   
 
The UK (for example) initiated a programme of action in 1994 to improve the performance of 
unsatisfactory combined sewer overflows.  Guidelines were drawn up to provide advice on 
identifying unsatisfactory overflows and on consent requirements. A total of approximately 1700 
overflows are to be improved by 2000, with some 4500 others to be completed by 2005 (see 
table 7.3). 
 

Water company Combined sewer overflows Emergency overflows Storm tanks 
Anglian 96 18 7 
Welsh Water 675 102 60 
Northumbria 200 0 19 
North West 792 64 60 
Severn Trent 329 13 27 
Southern 152 7 21 
South West 257 6 46 
Thames 95 2 28 
Wessex 463 14 29 
Yorkshire 920 119 0 
Total 3979 345 297 

 
 

Table 7.3: Overflow types to be upgraded in period 2000-2005 (after Morris, 1999) 
 
On going research and development has focused on hardware and software.  The hardware 
development has mainly been in screen technology.  For example, mesh screens rather than 
conventional parallel bars have been developed, which use brushes or backwashing to clean 
them.  Another goal of recent developments is a self-cleansing screen - one with no requirement 
for power supply or maintenance of machinery. The results of research into comparative 
performance of overflows have been incorporated into a piece of software for CSO design, 
‘Aesthetisizer’, by UK Water Industry Research (UKWIR, 1998). 
 
Bathing Water Directive 
 
The other influential directive has been the Bathing Water Directive: 76/160/EEC (CEC, 1976).  
This has been introduced to maintain or improve bathing water quality for the protection of 
public health and amenity.  It covers those waters classified by Member States where (typically) 
bathing is explicitly authorised or where it is not prohibited and traditionally practised.  In order 
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to comply with the microbiological standards, serious consideration has had to be given to 
disinfection of wastewater effluents (discharging to controlled waters), a technique not 
commonly practised in Europe.  This has led to the development and subsequent implementation 
of a variety of disinfection techniques (e.g. CAS, UV and others). 
 
For example, in the south-west of England, the ‘clean sweep’ programme was developed to 
improve the sea water quality at eighty-one beaches and their surroundings.  This was based on 
thirty-two engineering schemes valued at £900 million (Brokenshire, 1995).  In Brighton and 
Hastings on England’s south coast, huge combined sewer storage tunnels were constructed to 
avoid CSO spills on to local beaches during storm events.  And in the north-east of England 
similar major investment was made along the route of the coastal interceptor sewer constructed 
in the 1970s (Firth and Staples, 1995). 
 
Other directives 
 
Other, as yet clearly defined influences, include: 
• Reviewing discharge consents to improve compliance with the Freshwater Fish Directive, 
• Possible stricter discharge standards in coastal areas to comply with future expansion of 

designations under the Shellfish Water Directive, 
• Compliance with the IPPC Directive including new BAT and energy efficiency standards for 

industrial wastewater treatment. 
 
 
Water framework directive 
 
Best available techniques  
 
The Directive recognises the need for technology in its implementation, but is not prescriptive 
concerning the specifics of technological type.  The Directive is specific regarding performance 
requirements, with regard to the setting of emission limit values, but these are set based on "best 
available techniques (BAT)".  BAT describes the most efficient and advanced state of the 
development of activities and respective operating methods that allows specific technologies to 
be regarded as a viable basis for achieving these specified emission values.  Factors determining 
which techniques may be described as “best available” are given in Table 7.4. 
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Factor Specific elements 
Performance • comparable processes, devices and operating methods which have been successfully tried 

and tested on an appropriate scale 
• type, effects and quantity of the respective emissions 
• the necessity to avoid or reduce as far as possible the overall incidence of emissions and 

the hazards facing the environment 
• the necessity to prevent accidents and mitigate their consequences 

Raw materials • use of less hazardous substances 
• a potentially more economical consumption of water and other raw materials as well as 

energy efficiency 
Residuals • use of low-waste techniques 

• promotion of recovery and recycling of substances produced and used in the individual 
processes and, where applicable, of waste 

Timeliness • starting dates for putting the new or the existing installations into operation 
• the time required for introducing an improved techniques 

Development  • progress in technology and in scientific knowledge 
 

Table 7.4: Factors determining Best Available Techniques 
 
Those techniques that are acknowledged as best available will develop over time.  It is the newer 
ideas that will evolve most quickly.  For example, the Urban Pollution Management procedures 
developed in the UK (see previous section) were first published in 1994, but a second edition, 
which consolidates knowledge and updates the detail, has already been published (1998).  On the 
other hand, the activated sludge process, which was invented in the early part of the twentieth 
century, is still undergoing incremental development. 
 
Specific aspects of the Directive may stimulate water pollution control technological 
development. 
 
Industrial wastewater 
 
Some 30 priority substances will be given environmental quality standards and emission limits 
under the Directive.  This will require a revision of national regulations and a review of all 
discharge consents to meet them.  It is likely that the main source of these materials will be 
industrial discharges. 
 
Control of the discharge of priority substances should follow the established waste hierarchy, 
based on sustainability principles.  Developments in technology will be needed to cope with their 
removal and possible recovery/reuse. 
 
Municipal wastewater treatment 
 
The Directive will require higher standards overall than those currently set, building mainly on 
parameters set in existing directives.  The key change is that all water bodies will need to be 
brought up to at least ‘good status’ (Grade II) as well as ‘protected areas’ meeting their defined 
standards.   
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The magnitude of the influence of the Directive on municipal wastewater treatment is location 
specific and will depend on the status of the particular water body.  The lower the status of the 
receiving body, the greater the potential changes required to the wastewater system. If river basin 
analysis (required under the Directive) identifies that a discharge is causing or contributing to 
causing a surface water to fail to meet ‘good ecological status’ and/or ‘good chemical status”, 
this will trigger the need to improve or replace the technology. 
 
It seems likely that more locations will be designated as ‘protected areas’, perhaps requiring 
further development and installation of tertiary processes.  If some of the priority substances are 
found to emanate from municipal systems, technological development may be required if source 
control is insufficient (e.g., adsorption of heavy metals). 
 
Treatment of coastal discharges has already been subject to considerable enhancement as a result 
of the UWWT Directive (see earlier section). Coastal waters are presented in the Water 
Framework Directive as particularly sensitive parts of the ecosystem requiring special protection, 
especially concerning nutrient enrichment and persistent/bioaccumuating substances.  It is likely 
that even higher standards of treatment will be required in the future for direct coastal discharges 
and for discharges into surface waters flowing into them. 
 
Urban drainage 
 
As described earlier in the report, one of the basic tenets of the Directive is to river basin 
planning and management.  This requires managing all aqueous discharges including intermittent 
ones from sewer networks.  It is likely that under the Directive, wet-weather discharges will be 
prioritised, as in the UK’s Urban Pollution Management procedures.  In particular, there will be 
increasing pressure to mange the wastewater system as an integrated whole. 
 
Improved performance for urban drainage and wastewater treatment may be gained by the 
development of real-time control systems.  Control is widely used in many industrial processes, 
but is mainly used only on a local basis in the water field.  Integrated and optimised control is 
likely to be stimulated, and may ultimately come to be seen as a best available technique. 
 
Local wastewater treatment 
 
In many of the most industrialised counties of Europe, a large percentage of domestic wastewater 
is collected and treated centrally.  However, in countries with more scattered communities, 
individual or small-scale wastewater disposal is more common.  The Directive requires that 
where groundwater is used for drinking water purposes, protection areas may be established.  
This could result in certain actions being prohibited or only permitted subject to limitations.  For 
example, in the UK it is currently not possible to use cesspools and septic tanks in certain 
designated areas.  This has increased the development of reliable and cost-effective small-scale 
treatment systems. 
 
Sludge disposal 
 
The Directive calls for diffuse inputs to groundwater or surface waters to be avoided wherever 



    

   
    
  94 

   
 

possible, or widely reduced.  The major approach to this will be by following (and further 
developing) “best environmental practice” such as appropriate farming methods. This may have 
implications on the disposal of wastewater sludge to land.  For example, new technology may be 
required in treating sludge with respect to the content and release of nutrients.  This issue will be 
particularly prevalent given the emphasis in the Directive on river basin planning and 
management 
 
Water body remediation 
 
The Directive advocates the protection of water bodies with acceptable quality and the 
remediation of previously contaminated sites.  Improving the quality of discharges into the water 
body may not be enough to achieve the levels required, thus some form of in-situ treatment may 
be needed.  This could stimulate the development of techniques to clean-up contaminated 
groundwaters as well as surface and coastal waters. 
 
7.4 Broader technology drivers from the Water Framework Directive 
 
As well as implications on water pollution control technology and its development, the Directive 
will stimulate development in a number of other areas. 
 
Classification and monitoring 
 
The Directive recognises four water body classes (rivers, lakes, transitional and coastal waters), 
four main biological parameters (phytoplankton, macrophytes and phytobenthos, benthic 
invertebrate fauna and fish fauna) and many European eco-regions.  A comprehensive and 
representative classification scheme is required which is capable of quantitative interpretation.  
New technology (e.g. software tools) is required to predict unaltered or natural state reference 
conditions to which ‘good status’ refers back to. 
 
Also, techniques to monitor new priority substances and the biological parameters  (particularly 
for groundwater and coastal waters) are not widely available and require much further 
development. 
 
Maximum ecological potential 
 
In highly modified water bodies, it is not appropriate to refer to the natural state but to the 
‘maximum ecological potential’.  Criteria to identify such highly modified bodies and a means to 
predict their ecological potential are required. 
 
Risk of pollution 
 
An important part of the river basin approach will be in establishing the risk from pollution.  
Quantitative indicators of risk and evaluation measures are needed.  In addition, prioritisation 
and risk assessment data is need for the dangerous priority substances mentioned earlier. 
 
Member States must also try to prevent ‘accidental pollution’.  This could drive development of 
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new technologies in emergency pollution control. 
 
Economic instruments 
 
The Directive advocates full cost-recovery.  This means the costs of pollution control (and water 
supply) need to passed on to the consumer with no cross-subsidies.  Work is required to assess 
the use of such approaches as a water resource policy, both in isolation and in combination with 
other instruments.  Also prediction tools are required of the effect of this policy at river basin 
scale. 
 
This policy, in principle, should encourage development of processes and methods to ensure the 
greatest efficiencies. For example, domestic water consumption reductions may be encouraged.  
This will required development in water-saving technology such as low-flow plumbing and grey-
water recycling. 
 
Agricultural water use 
 
Efficiency of water use in agriculture (particularly irrigation) may stimulate further reuse of 
wastewater.  This will require more development in appropriate treatment techniques, together 
with more effective monitoring and control options. 
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PART III – TECHNICAL FILE 
 
 
8. STATE OF THE ART REVIEW OF MUNICIPAL POLLUTION CONTROL 
TECHNOLOGIES 
 
8.1 Introduction  
 
This section reviews the state of the art and recent developments in technologies designed to 
minimise water pollution.  This begins with a description of management of discharges from the 
urban wastewater system as a whole and of the emerging realisation of the treatment potential of 
the sewer system.  The next sections focus of treatment methods associated with the liquid train: 
preliminary, primary, secondary, tertiary and advanced.  The final section reviews the treatment 
and disposal of sludge residuals. The section should serve as a reference to the discussion in 
chapter 7 of the relation between EU water policy and development of pollution control 
technologies. In section 9.2 a glossary is provided for all technical terms used in the present 
section.  
 
8.2  Sewerage system 
 
Urban Pollution Management 
 
Recent years have established that pollution of urban receiving waters is caused not only by 
continuous end-of-pipe discharges, but also intermittent overflows from the sewerage system.  
The UK has pioneered a practical approach for dealing with wet-weather discharges by 
consideration of the system as a whole.  This has been termed urban pollution management. 
 
The basis for the approach is contained in the UPM Manual, first released in 1994, and 
subsequently updated in a 2nd edition (Foundation for Water Research, 1998).  There are three 
recurring themes in the guidance.  The first is that analysis should be holistic, covering all 
elements in the system that determine the pollution impact of a sewer system: rainfall, the sewer 
system, the wastewater treatment works, and the receiving river.  The second is that the level of 
detail of any study, and in particular of the models used, should be appropriate, and that, in the 
right circumstances, a holistic approach may also be simple.  Thirdly, the approach should be 
underpinned by relevant environmental standards with models able to demonstrate compliance 
with those standards. 
 
For a detailed study, the UPM procedure recommends the creation, verification and application 
of physically based deterministic models of each of the main elements of the urban wastewater 
system.  Much of the original development work in the UPM programme was aimed at ensuring 
that modelling packages were in place to cover these elements.  The second edition provides 
generic advice on model requirements and capabilities. 
 
Treatment methods 
 
Historically, the sewer network has been conceived solely as a transportation device, and 
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designed in accordance with the principles of hydraulics. Today, the importance of the sewerage 
system as a reactor in which biochemical processes, aerobic or anaerobic, will occur has been 
fully acknowledged (Nielson et al., 1992).  It is clear that the prevailing conditions in many 
systems are suited to provide at least partial treatment of the flow.  This leads to the conclusion 
that systems might be deliberately designed not only to transport, but also to treat the wastewater 
they convey. 
 
The idea of utilising the sewer as a treatment system or part of the overall treatment of 
wastewater has been discussed and, to a limited extent, practised for several decades (e.g. 
Pomeroy, 1959; Boon et al., 1977; Raunkjaer et al., 1995).  The most feasible process option 
appears to be aerobic biological treatment and in an attempt to increase its efficiency three 
strategies have been adopted: air/oxygen addition, enhancement of the attached biomass and 
seeding with fresh wastewater or activated sludge. 
 
Oxygen addition 
 
Oxygen is normally transferred from the atmosphere to the wastewater in gravity sewers.  In 
small sewers, this natural aeration should be sufficient to maintain aerobic conditions.  However, 
in large trunk sewers with slack gradients, the wastewater micro-organisms are likely to become 
oxygen limited. Intensifying turbulence can enhance surface aeration, and hence biological 
activity.  This can be achieved either by increasing the mean flow velocity (requiring higher pipe 
gradients) or by introducing backdrops or other flow discontinuities (Almeida et al., 1999) 
 
Air or oxygen injection is a common way of reducing septicity problems associated with 
pressure mains and it has the positive by-product of enhancing the oxidation of biodegradable 
material.  For example, as early as 1959 Pomeroy found that air injected in a rising main for 
sulphide control reduced the BOD5 of the wastewater by 44%.  Reductions of 30-55% and 30-
75% for total and soluble BOD5 respectively were noted by Tanaka and Takaneka (1995) in a 6-
7 h detention time main.  Even higher removal rates have been noted for locations where pure 
oxygen addition is practised (e.g. Boon et al., 1977) 
 
Biofilm enhancement 
 
Cao & Alaerts (1995) have shown that the relative importance of suspended and attached 
biomass is dependent on the ratio of biofilm area to wastewater volume; biofilm being more 
important in small pipes. In gravity sewers, additional surfaces could be introduced into the flow 
to provide sites for biofilm growth.  The main drawback with this is the additional headlosses 
that would be generated. 
 
In rising mains, using several small pipes in place of one large one will increase biofilm area, but 
again more head loss will be generated.  The rate of biodegradation in pressure mains is lower 
due to the anaerobic conditions, but the biofilm plays a relatively bigger role than in gravity 
sewers and this can increase the overall conversion rates (Nielson et al., 1992). 
 
Biomass seeding 
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In this approach, a small activated sludge plant could be built at the head of a long outfall sewer. 
Surplus sludge could then be added to the sewer to increase the biomass concentration in the 
flow, and hence the process intensity in the system. Alternatively, the waste sludge from a 
downstream WTP could be recycled to the head of the sewer or the sewer itself could be used as 
a step-feed activated sludge reactor as suggested for Tel Aviv by Green et al. (1985).  Laboratory 
studies to model this latter approach showed dissolved COD removal efficiencies could be as 
high as 80-90%. 

 8.3 Preliminary treatment 
 
Hydrodynamic separators have been successfully applied to grit and more recently screenings 
removal from stormwater at combined sewer overflows.  These are now being used for grit 
separation at wastewater treatment plants. Incoming, screened wastewater is applied tangentially 
into the side of a cylinder so that the contents rotate about a vertical axis. This flow pattern, aided 
by the drag of the sidewalls, generates a complex 3-dimensional vortex that allows heavier grit 
particles to settle out by gravity. A screw classifier can be used to separate grit from the water 
and remaining organics. 
 
The process removes up to 95% of grit with a minimum of organic contamination.  The 
advantages of the process are the absence of mechanical equipment (except for washer unit) and 
hence low maintenance, low capital costs, low land requirement and effective solids removal.  
Disadvantages may include potential loss of performance with high variations in flow, and a 
significant head loss across the unit (Boon et al., 1996).  
 
8.4  Primary treatment 
 
The main developments in primary sedimentation concern intensification of the process, 
resulting in reduced footprints. 
 
Lamella separators 
 
Lamella separators consist of conventional sedimentation basins but include submerged, inclined 
parallel plates or tubes to enhance flocculation and separation.  In effect, the parallel 
compartments formed act as independent settlement chambers.  The lamella are inclined at a 
critical angle to encourage settlement and downward movement of the deposited sludge.  
Separation efficiency is improved permitting loading increases up to 25%. Such separators are 
now finding application in wastewater treatment, particularly at coastal sites treating flows prior 
to disposal via long sea outfalls, where space is at a premium. 
 
Chemically assisted sedimentation (CAS) 
 
The use of coagulants and flocculants to aid the sedimentation process has been practised for 
many years in water treatment but has not been common in wastewater treatment until recently.  
The aim is to enhance flocculation and therefore sedimentation efficiency.  The equipment 
required consists of storage tanks for the chemicals, dosing pumps with associated control 
system and mixing tanks.  Typical systems are: 
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• WETS process: chemical-dosing with aluminium sulphate plus two polyelectrolyte 
flocculation aids, followed by a conventional settlement tank. 

• Swirl-flo process: a separator for coagulant dosing, clarifier for solids/liquid separation and a 
sludge decanter with sludge return to the separator. 

 
As with lamella separators, this technology has found application at the heads of long sea 
outfalls. There are, however, a number of problems associated with the use of any CAS system. 
Inevitably, there will be an increase in the quantity of sludge produced compared to a 
conventional primary sedimentation process. An increase of between 50-100% might be typical. 
This sludge will require treatment and a final disposal route will have to be identified. Sludge 
from a CAS system can be difficult to treat. Specifically problems have been experienced with 
retardation of anaerobic digestion and sludge dewatering. In addition, CAS sludge has a 
reputation for causing odour problems. 

8.5 Secondary treatment 

Secondary treatment of municipal wastewater almost exclusively consists of biological 
processes.  All aerobic biological treatment processes are designed to increase the rate at which 
natural purification processes occur by bringing wastewater into contact with high concentrations 
of micro-organisms in the presence of adequate levels of dissolved oxygen. 
 
Developments in secondary treatment have consisted of optimisation of conventional suspended 
growth (activated sludge) and fixed film (biological filters) systems, process modifications of the 
existing systems, and introduction of new processes. 
 
Activated Sludge 
 
Process optimisation 
 
The prime variable in the successful operation of activated-sludge plants is the settleability of 
activated sludge.  It is now widely accepted that a key factor affecting settleability is the degree 
of longitudinal mixing in the aeration tank.  Plug-flow is preferred and this can be achieved in 
diffused air systems, with a tank length to width ratio of greater than about 10:1.  A more recent 
development is the incorporation of selector tanks or zones, which provide conditions favouring 
floc-forming organisms as opposed to filamentous organisms.  Successful operation relies upon 
the provision of high floc loading (50 to 150 mg COD/g mixed liquor suspended solids) within 
the selector tank, for a short time period (Boon et al., 1996). 
 
Efficient and effective aeration is also extremely important to the good overall performance of an 
AS plant. Research and practice have shown that bubble aeration systems can perform at a higher 
efficiency than other aeration devices (WPCF, 1988).    Moreover, the efficiency of a basic fine-
bubble diffused system can itself be increased by up to 50% using correctly designed, tapered 
aeration configurations. On balance, sludge loading conditions suggest that fine-bubble diffused-
air systems are more appropriate for low-rate treatment, whilst surface aeration is more suited to 
higher-rate non-nitrifying conditions (Boon et al., 1996). 
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A promising development is the hybrid aeration system, which aims to utilise the best features of 
both fine-bubble diffused air and mechanical surface aeration systems to optimise aeration 
efficiency (Thomas et al., 1989). The design incorporates mechanical surface aeration in the first 
part of the tank (following a selector or anoxic zone), followed by fine-bubble diffused air 
aeration in the second part of the tank. Overall, operating costs are claimed to be reduced 
because the hybrid system optimises energy usage. However, because of its complexity, it may 
only be applicable to large works (>250 000 population). 
 
Pure oxygen 
 
A process modification that finds some application in municipal wastewater treatment is addition 
of pure oxygen.  In pure oxygen systems, oxygen gas is introduced into the mixed liquor 
potentially increasing the oxygen levels in the mixed liquor by a factor of 5.  Two main systems 
are available; 
• Enclosed: these use covered tanks with surface aerators and recycled head-space gas (e.g. 

Unox).  These systems benefit from a reduced capacity (and therefore footprint), but have 
increased operating cost. 

• Open: these use conventional tanks with added diffusers.  These types of system are idela for 
uprating overloaded plants. 

 
Deep Shaft 
 
Another process modification is the deep shaft that consists of a 50m + deep well divided to 
allow the mixed liquor to be circulated.  The aim is to capitalise on the increased solubility of the 
oxygen at the increased pressures in the shaft, and to maximise contact time between oxygen 
bubbles and the micro-organism flocs.  No primary sedimentation is required and, for the degree 
of treatment afforded, the process has a very small footprint.   
 
Membrane bioreactors 
 
Membrane bioreactors represent an emerging process modification of the activated sludge 
system.  The main difference from conventional AS systems is in the solids separation phase, 
where instead of gravity sedimentation new physical separation processes such as cross-flow 
microfiltration are utilised.  These separation systems have several other applications, which will 
be described later in the review. 
 
This technology may offer significant process advantages provided capital and operating costs 
are not excessive. 
 
Sequencing Batch Reactors  
 
There has been a resurgence of interest in sequencing batch reactors in recent years.  The process 
is essentially an activated-sludge plant operated in batch mode, with effluent withdrawn after a 
period of quiescent settlement in the reactor.  These units have a number of advantages including 
(Boon et al., 1996): 
• ability to consistently achieve high quality effluent, 
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• no requirement for primary or secondary clarifiers, 
• biological nutrient removal can be achieved in a single reactor, 
• high substrate gradient promotes good sludge settleability. 
Careful sequencing is required to maintain control of the process. 
 
Biological Filtration  
 
The total mass of micro-organisms present in a biological filter, which is capable of 
biochemically oxidising the impurities present in settled wastewater, is directly proportional to 
the wetted surface area of the media on which it can grow.  Purification efficiency is therefore 
directly related to the specific surface area of the filter medium, which is inversely related to the 
size of the medium. Unfortunately, the mean size of the void space also decreases as the medium 
size decreases.  
 
Thus, coarse mineral media (50 to 100 mm nominal diameter) are more suited to high-rate 
filtration.  Smaller mineral media (20 to 40 mm nominal diameter, specific area 200 to 250 
m2/m3) are more appropriate for lightly-loaded treatment (about 0.07 kg BOD/m3d) such as for 
nitrification of relatively weak settled wastewater (BOD about 100 to 150 mg/l).  Typical media 
depth is 2.5 and 3 m (Boon et al., 1996).  
 
Recent developments in biological filtration include use of plastic media of very high surface 
area (300 to 400 m3/m2), which is applicable for tertiary nitrification with higher wetting rates 
(up to 30m3/m2d), and deeper filters (up to 8 m). 
 
Submerged Biological Aerated Filters  
 
Submerged biological aerated filters are a new development in wastewater treatment, 
representing a hybrid activated sludge/biological filter process.  These consist of continuously 
flooded, forcibly-aerated (co- or counter-current) filters that fall into two groups: high-rate units, 
using high-void plastic media to achieve partial treatment, and lower-rate units, using fine, 
usually sand or plastic media to achieve full treatment including nitrification. The high-rate, 
partial treatment systems are not widely used for municipal sewage treatment, but have found 
widespread use for industrial and mixed wastes.  These systems require a humus tank for 
clarification. Submerged filters utilising sand media to produce fully treated, high quality 
effluents, without the need for separate clarifiers, are having an increasing impact on municipal 
wastewater treatment.  Solids are generally removed from these systems through backwashing 
and/or air scour.  Typical examples are: 
• Biocarbone: vertical downflow system with counter-current coarse-bubble aeration through a 

2 m deep packed bed of expanded shale particles. Depending upon the organic loading 
applied, the process can be used for carbonaceous treatment, or complete treatment with 
nitrification (Dillon et al., 1990).  It can also be used for tertiary nitrification (Lilly et al., 
1991). 

• SAFE: development of the Biocarbone type process utilising similar shale media in a counter-
current configuration.  It has the advantage of being available in a prefabricated or package-
form, making it more attractive for small works 

• Biofor: employs co-current flow of air and sewage through a packed granular bed.  
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A more recent development is the use of floating plastic media as biomass support.  Processes 
available include (Boon et al., 1996): 
• Biobead: settled sewage and air flow cocurrently up through a bed of floating polyethylene or 

polypropylene beads that are retained by a wire mesh.  The beads act as both a biomass 
support and a solids filter. 

• Biostyr: upflow, cocurrent reactor packed with floating plastic media. Most work to date has 
been for tertiary nitrification and denitrification of secondary effluents, but it is claimed that 
the process is also suitable for secondary treatment. 

 
These processes are intensive and appear to be robust and reliable. A disadvantage of systems 
producing high quality effluents and requiring backwashing is their relatively high capital, and 
possibly high operating costs. 
 
8.6  Tertiary treatment 
 
Reed bed Systems 
 
Processes used for tertiary (polishing) treatment include microstrainers, sand-filters, cloth-filters, 
pebble-beds and lagoons.  They have been found be relatively expensive to install and to operate 
and to only achieve variable performance 
 
A more recent development across Europe has been the installation of constructed wetlands (reed 
beds) for tertiary (and sometimes secondary) treatment.  Reed bed systems are essentially simple 
to design (Cooper, 1990) and construct, particularly for tertiary treatment. They consist of a 
shallow, lined excavation (500 - 600 mm deep) with an inlet distribution system and an outlet 
collection system.  The excavated bed is filled with gravel or similar material (5 - 10 mm 
diameter) and commonly planted with Phragmites australis.  For tertiary treatment to remove 
suspended solids, the hydraulic loading rate will typically be in the range 0.2 to 0.5 m3/m2.d. 
(Green and Upton, 1994) 
 
Disinfection 
 
Disinfection of final effluents has not been as widely practised in Europe as in the United States, 
for example.  However, in recent years, a number of techniques have been introduced for 
discharges that may affect designated bathing beaches. 
 
Ultraviolet Irradiation 
 
Ultraviolet irradiation (UV) utilises the bactericidal effect of UV light, and has been used as a 
disinfection technology in water treatment for many years.  UV is now, however, an emerging 
tertiary treatment technique for the effective disinfection of secondary effluents. Increasing doses 
of UV results in increasing kill rates of faecal coliforms, corresponding to the elimination of the 
free swimming micro-organisms.  At approximately 30mWs/cm2, 3 to 4 log removal of TTCs 
can be expected, but further dose increases do not tend to increase kill rates further (Realey et al., 
1992).  This may be due to the scattering and shielding effects of suspended solids present.  In 
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such cases, total elimination of viable micro-organisms is not possible, irrespective of the dose 
rate applied. 
 
Medium-pressure UV lamps are more powerful than low pressure lamps, but are less energy 
efficient. Problems to be overcome are the fouling of lamps and the potential for some 
organisms, which have been irradiated with UV, to repair the damage caused to their nucleic 
acids using light-activated enzymes (Trengrove & Realey, 1996). 
 
Chlorination 
 
Chlorination is very widely used as a water disinfectant, and has been widely used in the United 
States to disinfect secondary effluents.  Chlorination has been most often carried out by dosing 
with sodium hypochlorite. Trengrove  & Realey (1996) has reported on tests on an installation 
that produced 17 mg/l of free chlorine and gave five orders of magnitude of indicator organism 
removal.  However, the chlorine demand exerted by sewage varies considerably with time and so 
a feed-back control system based on the measurement of chlorine residuals is required.  Even in 
large-scale applications this is difficult because of the hostile nature of the environment in which 
they are required to operate. 
 
Chemically Assisted Sedimentation (CAS) 
 
CAS has been described earlier in the text.  In addition to its suspended solids and BOD removal 
function, it has been shown to significantly improve the removal of micro-organisms compared 
with standard primary sedimentation. The process is also capable of removing up to 99% of 
indigenous viruses 
 
In the future, CAS processes might be used to treat wastewaters, prior to the application of 
another disinfection process.  Possible combinations might include CAS followed by a UV 
system or a microfiltration system (Trengrove & Realey, 1996) 
 
Microfiltration 
 
Microfiltration involves the filtration of wastewater through a membrane with pore sizes of 
approximately 0.2 µm. Example systems are: 
• Memcor CMF (continuous microfiltration): based on hollow polypropylene fibres, which are 

mounted in bundles of several thousand depending on the size of the plant. Each fibre is a few 
millimetres in diameter and is permeated with 0.2 µm pores. Wastewater is pumped to the 
outside of the fibre and filters into the centre. Solids are regularly removed from the outside of 
the fibre using a backwashing procedure that includes an air scour. The air is forced into the 
centre of each fibre and out through the pores.  

• Renovexx system: Primary or secondary effluent is dosed with a coagulant and is then 
pumped into a woven fabric tube. The tubes form a curtain that is typically over 20 m long 
and 50 tubes deep. Initially, the effluent passes through the wall of the tubes but within 
minutes a coating of solids builds up and acts as a membrane. The scouring action of the 
effluent being passed through the tubes prevents the solids from completely blocking the 
tubes. Effluent that has not passed through the walls of the tube is returned to the feed tanks.  
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Periodically, the dynamic membrane is removed by "deflating and squeezing" the tubes using 
automatic brushes on the outside of the curtains. The old dynamic membrane is then washed 
away using effluent. 

 
Both systems have been shown impressive removal of indicator bacteria, salmonella, 
staphylococcus aureus and pseudomonas aeriginosa, often to levels below the limit of detection 
(Trengrove & Realey, 1996).  The application of microfiltration technology for both tertiary 
treatment and/or disinfection will increase provided capital and operating costs can be lowered to 
compare favourably with the alternatives. 
 
 
8.7 Advanced treatment 
 
Nitrogen removal 
 
Activated sludge 
 
Almost all activated sludge plants are now designed with a denitrification (anoxic) zone as 
standard, often for the purpose of maintaining sludge condition and for energy recovery.   
However, a single anoxic zone can produce a reduction of 50% in the total N being discharged 
from the plant (Upton, 1996). 
 
An elaboration on this technique (Cooper et al., 1977) sees the use of two anoxic zones with 
settled sewage being step fed to the first anoxic zone (60 %) and second anoxic zone (40 %).  
This two-stage system has the potential for removing 80 % of the nitrate and should produce an 
effluent of 10 mg/l N. 
 
Nitrogen removal can be carried out in parallel with phosphorus removal (biological nutrient 
removal) and these plants are considered further in a later section. 

Deep bed filters 
 
Effective denitrification can also be carried out using fixed-film techniques.  These have proved 
to be suitable to treat well-nitrified effluents from conventional biological filters.  Denitrification 
can be promoted in submerged deep sand filters by the addition of an external carbon source.  An 
example is the DENITE filter consisting of a long, narrow and deep bed  (1.8m) of sand (2.0-3.0 
mm).  The high penetration of solids gives very satisfactory removal of suspended matter and it 
is this factor that contributes to the filter’s versatility as both an effluent solids removal unit and 
denitrification reactor (Upton, 1996). 
 
Phosphorus removal 
 
Activated sludge 
 
A number of process configurations are available for the simultaneous removal of nitrogen and 
phosphorus.  In these plants, phosphorus is removed by the luxury uptake of polyP bacteria in 
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aerobic conditions.  It is released again under anaerobic conditions, so such systems typically 
have aerobic, anoxic and anaerobic zones or reactors.  For the process to operate effectively, 
substantial concentrations of readily available organics are essential to accomplish storage of 
organic material with subsequent release of orthophosphates.  Typical examples are: 
• UCT 
• Bardenpho 
• Johannesburg 
• Phostrip: sidestream 
 
Early trials in the UK (Upton et al., 1993) looked at the comparative merits of mainstream and 
sidestream processes to attain 1 mg/l P effluent standards.  This work illustrated that successful 
N & P removal could only be maintained with the addition of a readily biodegradable component 
to the sewage, and sodium acetate was added to both mainstream and sidestream pilot plants.  
Recent advances have been to supply such VFAs from on-site sludge fermenters (Williams and 
Wilson, 1994).  Cooper et al. (1995) describes the principal operating problems associated with 
these processes namely:  
• wastewater quality and VFA addition. 
• stable Foams and sludge quality. 
• resolubilisation of P in sludge handling and processing streams. 
This result is not so surprising, as Ekama et al. (1993) showed that BOD:P ratios greater than 20 
were essential for good P removal, yet this is rarely found in combined systems common in 
many European cities. 
 
Recent experience indicates the sidestream Phostrip system is more stable in performance and 
does not appear to be dependent on the addition of SCFA (Upton, 1996)  
 
Chemical addition 
 
A common approach to phosphorous removal, particularly in smaller works, is by addition of 
chemical precipitants such as iron salts.  For existing sites where biological filters exist, this is an 
obvious retrofit choice.  For activated sludge sites, the choice is between reconfiguring/extending 
the existing reactors or adding salts to the existing nitrification reactor.  Despite 10-15% 
additional sludge generation, whole life comparisons indicate very little difference in costs 
between the two options (Upton, 1996).   
 
 
8.8  Sludge treatment  
 
Sludge Thickening/Dewatering 
 
Thickening and dewatering both involve the separation of solids from liquids with the aim of 
reducing the volume for subsequent treatment or transport.  The product from thickening is a 
slurry typically containing up to 6 to 10% DS from feeds of 3% DS or less.  The product from 
dewatering is a relatively dry cake containing about 25 to 35% DS and usually requires a 
thickened sludge feed. 
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Over recent years, significant developments have occurred in filter presses, belt-presses, 
centrifuges, wedge-wire thickeners and in gravity thickening, but few of these processes has 
successfully combined thickening and dewatering into a single unit.  New processes are being 
developed which are capable of combining thickening and dewatering into a single system with 
benefits of reduced operating costs and compact plant. These processes include cross-flow 
microfiltration and pressure filtration. 
 
Cross-flow microflltration  
 
As we have seen, in cross-flow filtration, flow is passed perpendicular to the passage of the 
filtrate through the membrane pores reducing membrane surface fouling.  This mode of operation 
significantly extends the period for which adequate filtration rates can be maintained, improving 
process economics.   
 
An example of this process is the Renovexx dewatering unit, which is similar in principle to the 
one describe earlier, using the principle of a dynamic membrane.  Sludge is pumped at low 
pressure through the tubes.  As the sludge membrane thickness increases, so the filtrate quality 
improves and the throughput capacity declines.  The filtrate is recycled to the inlet until the 
sludge has reached sufficient thickness to provide a filtrate of the required low solids content.  
The system shows potential to produce a cake with solids up to 20% from initial solids of 0.8 to 
4% DS in a compact plant (Boon et al., 1996). 
 
Pressure filtration  
 
A number of manufacturers have sought to update conventional straining and belt filtration 
systems by pressurising part or all of the equipment. The result is claimed to be a more reliable 
and dryer end-product and a more compact dewatering plant.  Examples are the Fournier Rotary 
Press and the Emo Pressure Belt-Filter Press. 
 
Sludge Treatment 
 
Composting  
 
Composting is relatively widespread in parts of the USA and Europe (Matthews and Border, 
1989).  Though not a new process, there have been recent improvements in aeration equipment, 
making it more applicable for larger installations and modular systems have been developed. 
 
Composting relies on the natural aerobic biological oxidation of sludge, producing a drier, more 
stable, less odorous material than the original feed.  The compost is mechanically aerated either 
in windrows, aerated piles or under controlled conditions in a large rotating drum, a tunnel 
reactor or a vertically-mixed in-vessel reactor.  Windrows or turned piles are vulnerable to 
adverse weather conditions, although most modem systems are enclosed in a building or reaction 
vessel in order to contain odours.  Air, drawn through static piles or injected into reaction 
vessels, normally requires scrubbing before release to the atmosphere.  Addition of a bulking 
agent such as straw, shredded paper or green waste is usually needed to achieve satisfactory 
composting of sludge cake.   



    

   
    
  107 

   
 

 
N-Viro  
 
The N-Viro process involves mixing cement kiln dust and lime with dewatered sludge cake in a 
pug-mill.  The resulting exothermic reaction raises the temperature of the product to 50°C for at 
least 12 hours.  After 'curing', the treated sludge is placed in windrows, which are intermittently 
turned to increase the solids content to 50 - 65% after 3 to 5 days.  It is claimed that dry storage 
for about one month produces a virtually pathogen and virus free, odourless and aesthetically 
acceptable end-product.  In practice, the release of ammonia during the exothermic reaction may 
cause an odour nuisance (Boon et al., 1996). 
 
Thermal drying  
 
Thermal drying of sludge cake (25 to 35% DS) may be a complete treatment (prior to disposal), 
or a precursor to other methods, such as incineration.  There are a number of different processes 
available, broadly classified into two types: direct or indirect (Vernick and Walker, 1981).  
Direct drying uses the hot-air generated from combustion of a fuel or a dried sludge to evaporate 
the water content of the sludge, typically carried out in a rotating drum.  Indirect drying involves 
the transfer of heat from a heating medium (steam or oil) via a suitable heat exchange system to 
the sludge.  Dryer types include flash, drum and fluidised bed.  An example is the Combi process 
which is a rotary drying process in which process air is heated to about 450°C in the combustion 
chamber and then contacted with the mixture in the drum.   
 
Most types are claimed to produce a granular stabilised sludge free from parasites and pathogens, 
which is dust free and sufficiently rigid to facilitate storage, transport and spreading on 
agricultural land (Boon et al., 1996).
 
Destruction of Organic Matter  
 
All sewage sludges contain a high proportion of organic material that can be oxidised (destroyed) 
to provide sufficient energy for the evaporation of the water content of the sludge, provided this 
does not exceed about 70% (Boon et al., 1996). Irrespective of the system used, an inert fraction 
of 20 to 30% of the original mass will always remain. 
 
Incineration 
 
Although incineration (thermal sludge oxidation at 800 to 900°C) is not a new technique, modern 
incinerators are quite different from earlier models.  Innovations have been made particularly in 
off-gas scrubbing and energy recovery.  Such recovery, when combined with improved feed 
dewatering, can be sufficiently efficient to negate the need for external heating and indeed may 
provide a surplus for electricity generation in some circumstances.  The recent trend is to use 
fluidised-bed incinerators rather than multiple-hearth systems. This is because modern 
dewatering techniques can produce the consistent quality of dewatered cake necessary for 
autothermic incineration in a fluidised bed. Incineration destroys the organic and volatile 
components of the sludge leaving a sterile fly-ash in which all the toxic metals are concentrated.  
The ash is a hazardous waste requiring careful disposal. 
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Incineration tends to be a favoured option where sludge is unsuitable for agricultural use or 
suitable land is not readily available, such as in or near to large urban areas.  Because of high 
costs (Hudson et al., 1990), complexity of equipment and the need for careful air-emission 
control procedures, sludge incineration systems are generally not considered competitive for 
populations below about 500,000.  
 
Burning of thermally dried sludge  
 
Integrated systems, in which sludge is initially thermally dried at low temperatures, and then 
burned in a boiler (rather than an incinerator) to recover energy efficiently, can provide a lower 
cost option than one-stage incineration.  In addition, the condensate from the dryer has a low 
organic content, a low proportion of fly-ash is produced from the boiler and the problems and 
costs associated with flue gas cleaning are minimised (Boon et al., 1996). 
 
Suitable equipment, such as bubbling fluidised-bed boilers (which are similar to fluidised-bed 
incinerators) or circulating fluidised-bed boilers are available and under continuous 
development.  
 
Vitrification  
 
Vitrification is a process in which operating temperatures are sufficiently high to melt the solid 
residue, which on cooling produces a solid end-product, in which metals are immobilised.  
Several vitrification methods are available world-wide, but all comprise furnaces operating at 
temperatures in the region of 1300 to 1800°C, and all rely on a combustion processes similar to 
that for sludge incineration (Takeda et al., 1989; Smith, 1992). 
 
The end-product is potentially has an economic value.  For example, vitrification products are 
undergoing trials in Japan for use as an aggregate for construction and road building.  Because of 
the very high temperatures involved and the need for sophisticated flue-gas scrubbing, capital 
costs are expected to be comparable with those for incineration.  Operating costs are expected to 
be greater.   
 
Oil from sludge  
 
The oil from sludge (OFS) process is a physical and chemical pyrolysis process that converts the 
organic compounds in thermally dried sludge to oil of similar quality to diesel fuel (Campbell 
and Bridle, 1985).  The process produces 200 - 300 litres of oil per tonne of dried raw sludge 
processed.  In addition, several by-products are produced that can be burned to provide most of 
the energy requirements of the process. 
 
Studies in the UK and elsewhere have shown significant potential benefits over other options 
with estimated pay back periods in the range 4 to 7 years.  Shorter pay back periods will result, if 
the product is accepted as appropriate substitute for fossil fuel based components of road 
construction. 
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VerTech process  
 
The VerTech process comprises a vertical-shaft reactor system 1200 - 1500 m deep, around 
which sludge with entrained oxygen or air is passed.  Under the high pressures and temperatures 
experienced, the organic matter in the sludge, including micro-organisms, is partially oxidised to 
produce an ash which is claimed to be sterile.  The total solid reductions of 95% are claimed, 
depending on the amount of inert debris present in the sludge initially. 
 
The main advantages of the system are that potentially toxic organic compounds are destroyed, 
residues are relatively inert and easily separated from the effluent, and pollution control of the 
off-gases is likely to be of low cost. The disadvantage is that the liquid waste resulting from the 
VerTech process will require considerable further treatment, possibly in an enlarged secondary 
treatment stage (Boon et al., 1996). 
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9. TECHNICAL TERMS 
 
The following water management – related technical and policy terms that were used throughout 
the text are clearly defined below. This serves the purpose to keep the content of the report clear 
and manageable by the non-expert. 
 
9.1 Policy-related terms 
 
Integrated water resource management implies the management of water for multiple 
purposes (public and industrial water supply, irrigation, fishery, wildlife, etc.), for multiple 
objectives (economic productivity, environmental quality, social equity and human health) and 
through the use of multiple means (e.g. physical structures, legislation, economic instruments, 
etc.) 
 
River Basin means the area of land from which all surface run-off flows through a sequence of 
streams, rivers and, possibly, lakes into the sea at a single river mouth, estuary or delta. 
 
River basin management refers to the implementation of integrated water resource 
management at the level of a river basin. 
 
Eutrophication is the enrichment of waters with nitrogen and phosphorus nutrients leading to 
excessive phytoplankton growth 
 
Ecological status is an expression of the quality of the structure and functioning of aquatic 
ecosystems associated with surface waters and takes into account physico-chemical and flow 
characteristics but concentrates on the condition of the biological elements of the ecosystem. 
Chemical status is an expression of the degree to which a body of water is polluted. 
Quantitative status is an expression of the degree to which a body of groundwater is 
permanently depleted by direct and indirect abstractions and alterations to its natural rate of 
recharge. A surface water body is of good status when both its ecological and chemical status 
are at least “good”, whereas a ground water is of good status when both its quantitative and 
chemical status are at least “good”. “Good” is defined with respect to the objectives of the 
framework directive and according to the procedures / standards given in COM 98 76. 
 
Water resource development refers to all actions that aim to increase the supply of water by 
new engineering works such as dams, reservoirs, new pumps, river diversions, etc. 
 
In the context of the present study the term water conservation refers to all actions that reduce 
the use of water, reduce the loss/ wastage of water or improve the use of existing and alternative 
(e.g. recycled) sources of water, so that supply is conserved or made partially available for future 
or alternate uses. 
 
Demand management refers to actions that aim to reduce the final use (i.e. demand) of water, 
e.g. through pricing mechanisms, efficient appliances, awareness building, etc. In this sense, 
demand management in the present study is taken as a subset of water conservation. In scientific 
literature the two terms are often used in the same sense, causing some confusion.  



    

   
    
  111 

   
 

 
Utilisation of non-conventional resources refers to the use of recycled/reclaimed water., 
collected rain water, storm water and other alternative waters for certain public and non-public 
uses. 
 
Leakage control refers to the activity of detecting and repairing leaking pipes in public water 
supply system and/or the preventative renewal of the existing network to improve its efficiency. 
 
Full cost pricing refers to the charging of water at prices that reflect at least its “service” cost 
(operational and capital) and in addition, its environmental and resource-depletion cost.  
 
Conservation pricing is the use of water tariff systems that penalise excessive users and that 
provide am incentive to users to use less water. 
 
Retrofitting refers to the replacement / repair of domestic water-using appliances to more 
efficient ones.  
 
Elasticity (price / income) is the change of water use per unit change of water price / income of 
user.        
 
Integrated Resource Planning is the formulation and implementation of a comprehensive water 
plan by a public supply utility with the optimum societal cost-benefit combination of water 
supply and conservation management options with the objective of balancing supply and demand 
in the long term.  
 
Water markets refer to systems of exchangeable water use rights. 
 
Plumbing Codes are regulations that set efficiency standards for new domestic water-using 
devices.   
 
9.2 Technology-related terms  
 
(from chapter 8) 
 
Activated sludge - Type of wastewater treatment process which uses concentrated biomass kept 

in suspension for purification. 
 
Aerobic - In the presence of free oxygen. 
 
Anaerobic - In the absence of free oxygen. 
 
Anoxic zone - Area of activated sludge system with conditions that favour denitrification. 
 
Backdrop - Vertical pipe adjacent to a sewer manhole. 
 
Backwashing - Back flow used to clean filters. 
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Biofilm - Biomass attached to a surface. 
 
Biological filtration - Type of wastewater treatment process which uses biomass attached to 

surfaces for purification. 
 
Biomass - Quantity of microbiological organisms. 
 
Carbonaceous oxidation - Conversion of polluting organic material to stable end products (e.g. 

water) 
 
Composting - Aerobic sludge treatment option. 
 
Deep bed filter - Especially deep sand filter used for wastewater denitrification. 
 
Deep shaft - Form of activated sludge system consisting of a very deep vertical shaft. 
 
Denitrification - Conversion of nitrate to nitrogen gas. 
 
Diffused air aeration - Activated sludge system where air is bubbled into the wastewater from the 

tank bottom. 
 
Faecal coliforms - Bacteria which usually occur in the human gut. 
 
Headloss - Loss of energy of flow. 
 
Hydrodynamic separator - Devices which separate solids from liquids using the energy in the 

liquid only. 
 
Incineration - Sludge treatment involving combustion of the sludge. 
 
Lamella separator - Sedimentation tank with added plates or tubes to enhance settlement. 
 
Membrane bioreactor - Type of activated sludge system, where separation of the solids is carried 

out using a membrane filter. 
 
Microfiltration - Filter with very small pore sizes. 
 
Nitrification - Conversion of ammonia to nitrate. 
 
Pressure filter - Sludge filtration process carried out under pressure. 
 
Reed bed - Artificially constructed wetland. 
 
Screw classifier - Device which separates solids from liquids using a slowly rotating screw 

arrangement. 
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Sedimentation tank - Devices which separate solids from liquids by settlement. 
 
Selector - Tank or zone of activated sludge added to enhance sludge settleability. 
 
Septicity - Anaerobic wastewater. 
 
Sequencing batch reactor - Type of activated sludge system where all the treatment is done in 

one tank. 
 
Sludge - Concentrated solids form wastewater. 
 
Submerged biological aerated filter - Type of wastewater treatment process which uses attached 

biomass for purification, but with added oxygen to intensify the process. 
 
Sulphide - Poisonous, corrosive gas. 
 
Surface aeration - Activated sludge system where mechanical aerators on the surface of the 

wastewater add the required air. 
 
Tapered aeration - Aeration system in activated sludge where oxygen addition is made 

proportional to oxygen demand. 
 
Thermal drying - Sludge treatment using hot, dry air. 
 
Ultraviolet irradiation - Disinfection technique. 
 
Urban pollution management - Practical approach to dealing with urban wet-weather discharges, 

considering the system as a whole. 
 
Vitrification - Treatment process which melts and solidifies sludge. 
 
VFA - Volatile fatty acids (carbon source). 
 
Windrows - Turned piles of sludge. 
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ANNEX – CASE STUDIES 
 
The aim of the case studies is to focus down to investigate how legislative drivers affect a 
particular location. Two river basins will be studied to see how existing legislation has been 
implemented, the effects of future legislation in particular the water framework directive (WFD) 
and any changes which may effect waste water treatment in the catchment. The river basins 
chosen have some contrasting and similar characteristics but are under two different 
administration systems.  
 
A.1 THE DEE RIVER AND ESTUARY 
 
Location and Overview of River Catchment 
The River Dee catchment is located predominantly in north Wales but crosses the English border 
in parts and joins the sea near Chester. The source of the river is in the Snowdonia National Park, 
it flows through high mountains and steep valleys before reaching the plains of Cheshire and 
North Shropshire. These plains are liable to flooding due to a very narrow outlet to the sea. The 
river then joins the sea at the extensive mud flats of the estuary.  

There is a large storage reservoir at Llyn Celyn in the upper catchment to regulate flooding 
between Bala and Corwen. This reservoir together with Llyn Brenig reservoir and Llyn Tegid 
lake is also used to store water which is then released in summer months to prevent low flows in 
the river. Water levels are maintained to keep a residual flow of 4.2 cumecs over the weir at 
Chester. (EA, 1999c) Some water is also transferred from the river to the Shropshire Union 
Canal to maintain navigation levels. 

The majority of land in the catchment is used for agriculture with mixed sheep and beef farming 
on higher ground and more intensive dairy farming on the low levels. There is also heavy 
industry and commercial developments situated around the estuary and at Ruabon and Wrexham. 
There is a refinery at Talacre and two electricity generating stations at Connah’s Quay and 
Shotton with a third planned. There are a total of 42 IPC Authorised Processes (Integrated 
Pollution Control law) in the catchment, (EA, 1999c) 14 of these situated on the Estuary. The 
only port is at Mostyn Docks near the mouth of the estuary which takes commercial shipping all 
year and is due to be upgraded for larger tankers. The Welsh Development Agency is working on 
attracting further industrial development. The catchment area has a history of mineral extraction 
and disused sites have been and are used for waste disposal. 
 
The catchment has a population of approximately 427,000 with the largest town being Chester 
followed by Wrexham. The Dee is used extensively for drinking water abstraction supplying 
water to over 2 million people. The catchment also has some ground water reserves in the 
Triassic sandstone and Carboniferous strata which are also used for drinking water abstraction.  

 

There are 110 Welsh Water Sewage Treatment Works (abbrev. STW’s) and 36 private STW’s 
discharging effluent into surface waters. Major discharges are around urban areas Mold, 
Buckley, Wrexham, Queensferry and Chester. (EA, 1999c) 
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The river has been modified in parts by overgrazing, land drainage, flood defence development 
and navigation improvements. The latest River Habitat Survey (abbrev. RHS) showed much of 
the bank edge is improved with relatively small areas of natural or semi natural habitats with 
little or no regeneration of trees. There has been significant loss of wetlands in the catchment 
mostly from drainage for agriculture in the uplands and river valleys. Drainage has altered 
catchment run-off, increasing flows and sediment release, contributing to flood and erosion 
problems downstream. Unspoilt wetland and river habitats remaining in the catchment support 
otters and water voles as well as diverse river plants. Agricultural improvements have severely 
affected wader populations, particularly snipe, redshank and lapwing. 

The most common habitat type is improved or semi-improved grassland giving way to heather 
moorland and acidic grassland as altitude increases. Upland tributaries support a wide variety of 
birds including  dippers, sandmartins, kingfishers, sawbills and wagtails. The river has large 
stocks of fish including salmon, trout and coarse fish. Llyn Tegid is the largest natural lake in 
Wales and supports the only welsh population of the white fish gwyniad. 

There are a variety of species of fish found in the estuary. Fishing takes place at Gronant Dunes, 
Constable and Hoyle banks. Species caught include thornback rays, cod, whiting, bream, 
gurnard, mackerel, pollack, dab, flounder and conger eel. In the outer estuary fluke, mullet and 
bass are caught. At Prestatyn and Rhyl there are codling, whiting, pout and dogfish. Prawns and 
shrimps are found in abundance in the outer estuary in certain seasons. 
 
Existing Legislation affecting the Catchment  
The Dee is one of the most regulated rivers in Europe due to it extensive abstraction for drinking 
water, need for flood protection and rich ecosystem. There are numerous pieces of legislation 
which apply to the catchment at present at European and National level. The catchment is 
already complying with the majority of the legislation in force but there are a few areas which 
require some improvement. 

The most comprehensive strategy for compliance with statutory standards is provided by the 
Environment Energy (EA) in the form of a Local Environment Agency Plan (LEAP) (EA, 
1999c) based on the river catchment. This section draws on this document to assess the state of 
the river basin and implementation of existing legislation. The document in itself is non-statutory 
but relies on the plan being incorporated into Unitary Development Plans, Borough Local Plans, 
District Local Plans, Structure Plans formed by County and Borough Councils which are legally 
binding. In addition to the LEAP there is a Shoreline Management Plan for the coast which is 
used to assist local planning authorities where they need to take account of coastal issues. 
Another important influence on the area is the Dee Estuary Forum made up of 90 organisations, 
they have produced a strategy for the estuary which links into the LEAP. The EA also started a 
survey of floodplain areas in 1996 required by the Water Resources Act (1991). When this is 
complete it will identify areas prone to flooding to aid Local Planning Agencies (LPA’s) in 
planning processes and resist development in these areas. 

The Dee has a comprehensive monitoring system due to the amount of water abstracted for 
drinking use. Systems have been put in place to ensure there is not a recurrence of pollution 
entering drinking supplies as happened in 1984. The river is monitored by automated bank-side 
monitoring and twice daily at nine key locations. Manley Hall is one of three River Protection 
Stations in Wales which monitors continuously for pH, temperature, dissolved oxygen, 
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conductivity, turbidity, ammonia, phenol and formaldehyde. The area has also been designated 
this year as the first UK Water Protection Zone (River Dee Catchment Designation Order, 1999) 
which allows the Environment Agency to issue licenses for the storage and use of dangerous 
chemicals. Risk assessments will have to be carried out for many sites in the area and appropriate 
measures taken. (ENDS, 1999f) In addition to quality monitoring the Agency also collect 
hydrometric data of river flows and levels from 28 sites and at 30 sites for rainfall. 

The EA set short and long term River Quality Objectives (RQO’s) for the classified river reaches 
of the Dee. The objectives are statutory standards which have to be met and are based on the 
Surface Waters (River Ecosystem) (Classification) Regulations (1994). There are also General 
Quality Assessment (GQA) surveys which take place approximately every five years to assess 
biological and chemical state. Water samples are taken from 70 river sites for laboratory 
chemical analysis and biological monitoring is undertaken at 78 sites in the area. 
 
There was a survey in 1996 of classified parts of the river  under the River Ecosystem (RE) 
classification scheme and the results were:  

 

Class Definition Percentage of 
classified 
river 

Classifie
d length 

RE Class 
1 

Water of very good quality suitable for all 
fish species 

72.4% 427.0 
km 

RE Class 
2 

Water of good quality suitable for all fish 
species 

9.6% 56.4 km 

RE Class 
3 

Water of fair quality suitable for high class 
coarse fish populations 

9.4%  55.6 km 

RE Class 
4 

Water of fair quality suitable for coarse fish 
populations 

3.4% 20.0 km 

RE Class 
5 

Water of poor quality which is likely to limit 
coarse fish populations 

4.2% 24.7 km 

RE Class 
X 

 1.0%  6.2 km 

Table A.1: Classification of the River Dee (EA, 1999c) 

Generally the river is of very high water quality supporting a healthy ecosystem with over 80% 
of the classified river stretches achieving good ecological status or higher. Some of the river 
stretches do fail to meet their targets set by the EA due diffuse pollution by agriculture, 
acidification, or STW discharges.  
 
Although there has been considerable improvements made to STW discharges under the Urban 
Waste Water Treatment Directive (UWWTD), there are still some stretches of river failing to 
meet Water Quality Objectives (WQO’s) due to STW’s. The EA is working with Welsh Water 



    

   
    
  117 

   
 

(WW) to agree discharges which need improvement in the next management period.  
Tattenhall STW has been improved to aid compliance of Golborne Brook with its target of RE4. 
Further improvements to STW’s are planned in the next management period up to 2000, these 
include Ty Gwyn STW at Black Brook which failed to meet its target of RE5. The discharge 
from Five Fords STW has been relocated from the Clywedog to the Dee which may have led to 
its deterioration since the 1990 GQA survey. (EA, 1999c) 

These point sources are relatively easy to rectify within water company management plans but 
failure of water quality objectives is also a result of the diffuse pollution from agriculture in the 
area. Dairy farming on the low land is a key source due to more intensive farming, high rainfall 
and insufficient upgrading of effluent containment and treatment systems when herds are 
increased. 

 

Aldford Brook suffers low Dissolved Oxygen levels due to diffuse agricultural pollution and low 
flows, recent monitoring shows levels of Bioxygen Demand (BOD) and ammonia seem to be 
improving. Caldy Brook fails to meet its RE2 target due to agricultural pollution and cross sewer 
connections. Reservoirs at Brithdir Mawr, Llyn Cyfynwy and Pendinas have elevated ammonia 
levels probably due to diffuse agricultural sources. The Agency is carrying out Farm Inspection 
programmes to reduce this and implementing the Nitrates Directive but it may take some time 
for trends to be reversed. The Agency is also concerned about the extent of diffuse pollution 
from agriculture caused by bad practice in sheep dipping. This has resulted in 8 km of Afon 
Twrch riverbank being severely impacted. The Agency is visiting sites in polluted areas to 
encourage better practice.  

There are also effects from diffuse pollution in the catchment in the form of acidification. This is 
evident in upland tributaries as poor biological and fish life in the catchments of the Alwen, 
Ceidiog, Tryweryn and Glyn. Over 30km of the main river, first and second order streams are 
affected, all of which are important as spawning habitat for salmonids. The agency is considering 
liming some watercourses as a temporary measure to protect fish populations. Improving these 
water bodies in the long term will be a difficult task due to the nature of the pollution source and 
despite falling emissions of sulphur to the atmosphere little resulting improvement is being seen 
in water bodies at present. The EA is funding R&D into acid effects, forestry practices, options 
for remediation. 
 
The Estuary was classed under the National Water Council (NWC) classification in 1995 as 
Class A (Good) for 63.0 km (96.2%) and Class B (Fair) for 2.5 km (3.8%). (EA, 1999c) The area 
in class B is due to a discharge from Heswall STW and associated Combines Sewer Outflows 
(CSO’s). WW has commissioned a new STW with ultra violet disinfection to resolve this and is 
improving the CSO under the requirements of the UWWTD. Intermittent discharges at Chester 
have been improved by WW with mechanical screening and extra storage for storm water. There 
are other unsatisfactory CSO’s at Mancot, Holywell, Neston, and Connah’s Quay. These are 
being improved and screened  under the current management plan by WW to meet requirements 
of the UWWTD. The estuary is also severely affected by discharges from Bagilt East and West 
STW’s, these are being upgraded by the year 2000. Llanasa STW also situated on the estuary 
will also be improved to treat sewage from Prestatyn. Past monitoring of the estuary by the 
National Monitoring Programme (NMP) does show however that Chlorophyll concentrations are 
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above the 10 microgram/l level. (MPMMG, 1998) This level is considered to be indicative of the 
presence of algal blooms. The EA is monitoring nutrient status over a minimum of four years to 
assess the trend. This may lead to the Estuary being designated as a Sensitive Area under the 
Urban Waste Water Treatment Directive in the future.  

There is a designated bathing water at West Kirby on the mouth of the estuary which has failed 
to comply with mandatory bacteriological standards in 5 out of the last 7 years. It has passed in 
the last two years but there is still concern about the source of bacteriological pollution. 
(European Commission, 1999) 

There are a large number of abstractions from surface and ground waters in the Dee catchment. 
These are all licensed by the Environment Agency using the “Surface Water Abstraction 
Licensing Policy” (SWALP) or “Policy and Practice for the Protection of Groundwater”.  A 
summary of all licensed abstractions is provided in the table below: 

 

 Surface Water Ground Water 

Purpose No of licensed 
abstractions 

Ml/a No of licensed 
abstractions 

Ml/a 

Public Water Supply 27 341,946 10 14,350 

Private Domestic 27 98 7 119 

Agricultural - general 16 43 269 1205 

Spray Irrigation 34 994 8 172 

Fisheries 10 25,166 - - 

Hydropower and Milling 5 146,887 - - 

Water Transfer 9 642,225 2 1687 

Industrial - general 26 48,448 23 5453 

TOTALS 154 1,205,837 319 22,986 
 

Table A.2: Licensed Water Abstractions in Dee Catchment (EA, 1999c) 
The abstraction licence system aims to promote Best Practice methods in companies including 
efficient water use and use of water saving devices. The EA also require that leakage and 
pressure control are operated at an economic level. The EA has the power to reduce to stop 
agricultural/ irrigation abstractions if flows are too low. 

There are three water companies abstracting for drinking water the large majority of which is 
supplied by North West Water to Merseyside and Cheshire. Welsh Water and Dee Valley Water 
also supply small amounts of drinking water. Nine of the abstractions are from the Dee the rest 
are from reservoir, stream or spring sources. Although the catchment can meet current demand 
for drinking water there are fears that demand in the future could outstrip supply. The EA is 
working with the water companies on predictions for future demand to set a sustainable strategy. 
(EA, 1999c) 
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A large amount of water is also licensed for abstraction for water transfer purposes in the Dee. 
99% of the licenses relate to the regulation of the Dee between Llyn Tegid and Chester Weir. 
The river is regulated to support drinking water abstraction, industrial abstraction and water 
transfer to the Shropshire Union Canal. Water is released from reservoirs Llyn Celyn and Llyn 
Brenig in low flows to ensure a residual flow of 4.2 cumecs over Chester Weir. Remaining 
surface water licence transfers are to refill surface water reservoirs in the catchment.  

Ground water abstractions are less significant than those from surface waters however there are 
two areas within the sandstone aquifer under Aldford Brook that are over licensed.  The current 
system means that over abstraction can occur legally due to over licensing in past years. The 
Agency monitors groundwater levels at 28 sites in the area. British Steel is the largest licensed 
groundwater abstractor and its licence to abstract from the Estuary also makes up 70% of all the 
industrial abstraction licences from surface water. This surface water licence although still in 
force is not by used by British Steel at present. 

Hydropower projects are also controlled by the abstraction licence system, there are four licenses 
granted in the area. The largest is for 136,380 ml /annum for Welsh Water for the release of 
water from Llyn Celyn for regulation of flows in the River Dee below Llyn Tegid. The Agency 
specifies the releases but WW use the releases passing them through a turbine generator at the 
foot of the dam. 

There is a substantial amount of industry in the area which is regulated by the IPC system at 
present. There are 14 sites on the Dee Estuary alone, industries are diverse ranging from 
Combined Cycle Gas Turbine power Stations, Gas refineries, Steel Strip Coating to Paper Mills 
and Chemical Works. (EA, 1999d) The industries around the estuary are making improvements 
to the effluent they discharge under the IPC regime with many installing new effluent treatment 
plants. There are also 11 other IPC regulated sites in the rest of the catchment. These include 
chemical works, secondary aluminium production, metal plating works, cement manufacturing, 
fibreglass and capacitor manufacturers, chocolate production. (EA, 1999d) These processes are 
all licensed and regulated by the EA under the IPC system. All existing IPC sites will come 
under the IPPC Directive from October this year. Although the catchment is in a good position to 
comply with the Directive due to the existing IPC regime it will still involve some changes. The 
Agency will need to handle increased administration from the change over to IPPC and regulate 
new energy efficiency and new BAT standards set under the Directive. 

 
There are three List II statutory monitoring sites for the Dangerous Substances Directive in the 
Dee Estuary. All sites were in compliance with the Directive in 1997. (EA, 1999a). Cadmium 
concentrations of 0.96 mg/kg have been found at two sites on the Welsh side of the estuary by 
the NMP but this is in the “lower level” band of guidelines set by the Joint Monitoring 
Programme of the Oslo Paris Commissions. The NMP survey of lead in mussels shows elevated 
levels of lead in the estuary but these are well below the ADRIS (Association of Directors of 
Rivers Inspectors in Scotland) recommended standard for shellfish growing waters at 50mg/kg 
dry weight. (MPMMG, 1998) NMP monitoring suggests that there is not a problem with 
compliance with legislation in regards to dangerous substances however low levels of 
contamination do occur.  

The catchment although there is a presence from heavy industry generally has a good water 
quality capable of supporting significant fisheries. 291.0 km of the river is designated under the 
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Freshwater Fish Directive as Salmonid and 28.5 km as Cyprinid. Despite large weirs at Chester, 
Erbistock, Manley Hall and Llangollen the river is accessible to salmon and sea trout along its 
entire length. Salmon are present from the tributaries of Llyn Tegid to Farndon on the Cheshire 
plain. Sea trout are found from the Llangollen area downstream although there is only a small 
stock of wild brown trout. Despite a healthy fish population in the whole catchment the coarse 
fish numbers in the lower Dee have been in decline since the 60’s. The Agency are beginning a 
targeted improvement scheme, mainly to restore habitats. There is also a general falling number 
of eels and elvers in rivers, the licence system run by the EA is being reviewed to protect 
numbers. 

There are some stretches of the river where pollution is affecting fish numbers. There have been 
periodic salmon kills downstream of Chester and Queensferry Sewage Treatment Works 
discharges. These have happened when flows have been low and temperatures relatively high. 
Afon Clywedog, Worthenbury Brook and Afon Alyn have poor instream habitat/ water quality 
due to high urbanisation or intense farming which is affecting salmonid numbers. Acidification 
of Llyn Tegid tributaries and Afon Alwen also has led to poorer populations of salmon and trout. 
The Agency runs a Salmon Management Plan to aid compliance with the Directive with a five 
year Salmon Action Plan just commenced. 

There are significant shellfish beds in the estuary which have been proposed for designation 
under the shellfish directive. At present shellfish from the estuary are controlled at the point of 
sale by the Shellfish Hygiene Directive. Cockles are found at six main locations in Class C 
waters in the outer estuary and must be extensively purified before being sold. There has been 
problems with over harvesting in the past and the EA is pushing for a regulatory order to control 
numbers of cockles harvested. A sustainable fishery would give 3,000 tonnes of cockles with a 
value of £1.5 million per year. (EA, 1999c) 

There are also mussel beds at Thurstaston which are only reaching Class C under the Shellfish 
Hygiene Directive. The contamination is by Escherichia coli bacteria, other beds (West Kirby 
and Greenfield) of mussel and cockles also periodically fail to meet Class B classification. This 
is effecting the income from the beds with estimates that an improvement to Class B would 
increase the value of the shellfishery 2.5 times at more than £1 million more per annum. (EA, 
1999c) The Agency is also reviewing the most appropriate takeable size limit for the expanding 
mussel fisheries.  

The area apart from its rich river and estuary ecosystem has numerous designated wildlife site 
and conservation areas. Sites range from uplands, wooded river valleys, to lowland river 
meanders, coastal dunes and the estuary. There are 42 “Sites of Special Scientific Interest”, 2 
“Special Areas of Conservation”, 1 Special Protected Area and 2 Ramsar sites. The SAC’s are at 
Berwyn and Fenns, Whixall, Bettisfield, Wem and Cadney Mosses. The lake Llyn Tegid is a 
Ramsar Site and SSSI but is suffering from blue green algal blooms due to an increase in 
nutrients. The Agency is currently investigating the sources. The Dee Estuary is one of the five 
most important breeding areas in Britain and is designated as an SPA and a Ramsar site. The 
estuary has been on the ‘Montreaux Record’ of Ramsar sites which have been ecologically 
damaged. (EA, 1999a) The Estuary is suffering from some industrial pollution, habitat loss, coast 
protection, cockling and recreational impacts. The Dee Estuary Strategy and Coastal 
Management Plan have been formed to protect the estuary habitat in the future. 

Under the Habitats and Birds Directive the EA are required to affirm, modify or revoke consents 
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or authorisations affecting sites as soon as possible after they are designated as SPA’s or SAC’s. 
This process is currently being undertaken in the Dee area along with monitoring programmes. 
 
Potential Impact of the Water Framework Directive on the Catchment 
The biggest driver to water regulation in the future for the Dee is undoubtedly again the Water 
Framework Directive. Although the implications are less far reaching for this catchment than the 
previous case study there will still be considerable changes required. Administratively the 
catchment is in a much stronger starting position due to the Environment Agency already taking 
a positive lead in co-ordinating environmental improvements and the comprehensive LEAP 
document (EA, 1999c) for the catchment area. The LEAP document would need a few 
adjustments to meet the needs of the WFD. It would need to include an economic analysis of the 
river basin and the programme of measures required would need to be made statutory for 
relevant parties. 

The catchment is heavily monitored, but increased frequency of biological monitoring of the 
river and more extensive biological monitoring of the estuary will be needed. The RE system and 
GQA, and NWC systems will need to be brought into line with monitoring specified in the 
Directive. A new monitoring system for lakes, including man-made reservoirs will need to be 
introduced into the catchment. This will require a significant amount of administration due to the 
size of lakes and reservoirs in the uplands.  

There is comprehensive discharge consent system in place for direct and indirect discharges of 
dangerous substances in the catchment. The Agency are responsible for this, however the WFD 
will set revised EQS’s and EL’s for a greater number of dangerous substances, this will require 
all current consent to be reviewed and modified to comply. This alone will require large 
administration resources from the Agency if standards are significantly different from those 
existing at EU and National level.  

The current abstraction licensing system would also need modification to give sustainable water 
levels for ground and surface water. The licence system will need to place even more emphasis 
on efficiency and demand management to curb growing water demand in the area. The over 
abstraction of ground water taking place currently would need to be brought back to sustainable 
levels. The catchment is heavily controlled by water transfer licenses at present, the WFD does 
not refer to this specifically although it does refer to the modification of the natural flow of a 
river. It is not clear under the Directive whether as long as water transfer did not deteriorate the 
quality of the ecosystem in the catchment and deviate far from natural flow patterns then it can 
continue. The river basin assessment would need to identify clearly how far artificial regulation 
of the river is affecting the river habitat and ecosystem. 

A similar gap in the Directive which relates to the catchment is that of controlling drainage of 
wetland areas. This occurs in the area due to both the regulation of water flow to prevent 
flooding and the drainage of low level flood plains for agricultural use. The Directive does 
require river habitats to be as close to natural conditions as possible, however much of the Dee 
has been fortified with flood defences or canalised, these areas would be seeking derogations 
under the Directive due to flood protection, prohibitive cost of remediation, or navigation 
requirements. Therefore unless these areas are already protected under the Habitats, Birds, or as 
SSSI’s the WFD it is unlikely that there will be a reversal of the extensive drainage that has 
already taken place.  
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Although approximately 80% of the river is already of a good quality the remaining 20% would 
need improvement. This would require a review of all existing discharge consents in the areas 
affected to assess the cause of the failure. This may involve better treatment standards being 
installed by water companies at STW’s/CSO’s and by industry for direct discharges. If the cause 
of the failure was due to diffuse pollution then this would need to be addressed. Agricultural 
pollution may require a review of the effectiveness of the Nitrates Directive and certainly an 
overhaul of the Common Agricultural Policy before local measures can really be considered. For 
acidification the problem is even harder to solve  due to the particular geography of the area and 
historical pollution. The Directive does not refer to how it will deal with pollution from 
contaminated sites, in the UK the revised contaminated land regulations may need to be assessed 
to see how they may interact with the future WFD. Contaminated sites causing waters to fail to 
meet good status would need to be remediated to meet the requirements for the Directive. 

Man-made modifications to the river including  weirs, hydropower schemes, bank modifications 
if they affect the ecology negatively may need to be remediated to restore the ecosystem. The 
implications of this on the Dee could be significant due to its highly modified flow. There is 
already evidence of river habitat modification in the lower reaches of the Dee leading to a steady 
decline in the numbers of coarse fish present 

The catchment contains a branch of the Shropshire Union Canal a man-made water body, the 
Directive requires that this should reach the best possible ecological state given its 
characteristics. This would require new assessment of the canal length and a possible need to 
improve water and habitat quality. 

The Dee catchment is in a relatively strong position in the UK to comply with the Directive but it 
can be seen that there is still a number of changes and costs that would be incurred by EA, Water 
Companies (and hence passed onto Domestic Customers) , Industry, Agriculture, and Land 
Owners. The benefits of the Directive cannot be overlooked though as they would effect many 
members of the local community. The most significant effects would include an improvement in 
the amenity value of the catchment leading to increased revenue through tourism; the 
improvement of water quality resulting in improved Shellfish stocks for a sustainable local 
industry; expanding fish stocks giving an income from sustainable fisheries and the increasing 
use of the river more angling competitions. The Directive as well as costing the water companies 
money in compliance will also benefit them. Improved water quality in parts of the river should 
result in abstractions from the river requiring less treatment to meet standards set under the 
Drinking Water Directive. Cost savings could be significant bearing in mind the large volume 
abstracted from the river and its reservoirs annually.  
 
 
A.2 RIVER LAGAN AND BELFAST LOUGH 
 
Location and Overview of River Catchment 
The river catchment is situated to the North East of Ireland covering an area of 609km sq, 
encompassing the city of Belfast. The Lagan river is 70 km in length with one main tributary of 
13km the River Ravernet. There are also smaller tributaries which join the river at Belfast known 
as the Belfast Streams. The river enters the sea at Belfast Lough which is a large intertidal sea 
with a series of small mud flats, and mainly rocky outer shores with a few sandy bays. (Acer 
Environmental, unpublished )  



    

   
    
  123 

   
 

Around 21% of the river catchment area is urban comprised mainly of Belfast and Lisburn. The 
majority of the rest of the catchment (75%) is in agricultural use. (W S Atkins, 1998) This is 
mainly improved pasture for dairy farming and a quarter used for “complex cultivation” a 
mixture of arable, sheep and dairy farming.  

Belfast has a history of industrial activity and although this is now in decline the harbour is the 
largest port in Ireland with a merchant tonnage of 80 million tonnes per year. The presence of 
such a large port does lead to oil spillages which affect water quality. Belfast Harbour Estate 
pools and adjacent areas have also been used in the past for dumping domestic refuse disposal 
and hard-core tipping.  

The river is not used as a source of drinking water but the sandstone aquifer beneath the 
catchment has twelve public supply boreholes which may be used during dry years. These may 
be used increasingly in the future as demand for water increases.  

The river Lagan contains cyprinids and pike, perch, eel, roach, bream, gudgeon as well as 
salmonids (salmon, trout, grayling and whitefish) though abundance varies in different stretches 
of the river. The tidal stretch of the river has visiting populations of mullet, salmon and sea trout. 

The river is heavily modified in parts with weirs and races formerly used to harness energy for 
industry. The river channel has been artificially enlarged between Moira to Lisburn creating low, 
almost stagnant summer flow rates. The river has also recently been impounded in the tidal 
stretch to increase navigation channels for small craft. This impounded part of the Lagan has 
aeration equipment installed in the river bed. 

There are some stretches of river with high conservation value, there is an Area of Outstanding 
Natural Beauty at the source of the Lagan and at a Lagan Valley Regional Park between Lisburn 
and Stranmillis. Other stretches of the river have potential for improvement of river habitat. 

The river receives a large amount of discharges from Sewage Treatment Works. There are 17 
Sewage Treatment Works serving over 250 population equivalent discharging to the river above 
Stranmillis and the Lisburn to Stranmillis stretch receives effluent from 150,000 people. There 
are also approximately  four or five STW’s discharging to the estuary at Belfast. The river 
(excluding estuarine waters) only receives direct discharges from six consented private sector 
effluent discharges of 50 cubic metres or more per day. (W S Atkins, 1998) 

 
Existing Legislation Affecting the Catchment 
 
There are increasing controls on the catchment as Northern Ireland catches up on implementing 
water legislation. At present the river basin is lagging behind in compliance with many EU 
Directives due to slow national implementation of regulations. There also seems to be a lack of 
direction and co-ordination in planning at river basin level. A Water Quality Management 
Strategy (W S Atkins, 1998) has been produced by Consultants WS Atkins for the Environment 
Heritage Service (EHS) due to lack of resources in the EHS. The report was completed in 1997 
with many recommendations which need to put into practice by the EHS if the catchment is to 
improve its status. 
 
At present general water quality objectives are not statutory but the EHS aim to manage rivers to 
a Fair (D) chemical classification under the General Quality Assessment (GQA) scheme. There 
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are 15 chemical and 12 biological monitoring stations on the Ravernet and Lagan. The table 
below shows the results of the last river quality survey for the Lagan from 1995. The results 
show that only 52% of the river reached the Fair (D) GQA status in 1995, but all stretches of the 
river reached a Fair Biological GQA status. (EHS, 1995) Map 5 on following pages shows the 
classes of stretches of river under the 1995 GQA scheme. 

 

Chemical GQA Biological GQA 

Class Length 
(km) *1 

Percentage Class Length 
(km) *1 

Percentage 

A 0.0 0.0 A 0.0 0.0 

B 13.5 16.8 B 19.6 24.4 

C 17.8 22.2 C 49.9 62.2 

D 10.6 13.2 D 10.7 13.3 

E 38.3 47.8 E 0.0 0.0 

F 0.0 0.0 F 0.0 0.0 

TOTAL 80.2 100.0 TOTAL 80.2 100.00 

*1 Lengths quoted are best estimates and subject to change as methods of measurement improve 
 

Table A.3 Classified River Lengths in 1995 in Lagan Catchment (EHS, 1995) 
 

The largest problem facing water quality in the catchment is that of nutrient enrichment of 
surface waters. Organic pollution is causing low dissolved oxygen levels which are made worse 
in low summer flows. Chemical GQA assessment shows from 1989-1996 that eleven out of 
seventeen monitoring stations on the Lagan and Ravernet show a deterioration in water quality 
and for the remaining six quality has remained the same. (W S Atkins, 1997) 

The upstream reaches are prone to spillages of organic matter from agricultural sources, leaking 
silage silos and slurry tanks, runoff of slurry and fertiliser from fields. These are the main source 
of nitrate and phosphate to the catchment with treated sewage adding to the enrichment further 
downstream. Phosphorus is the most important factor affecting enrichment of the river but even 
if phosphorus loadings to the river were dramatically reduced it may take a long time to alter 
status of the river due to nutrient enriched sediments. Nutrient recycling can occur in warmer 
months if the sediments become anoxic. (IRTU,1998) 

The stretch of river between Lisburn and Spencers Bridge where the channel is artificially 
widened is eutrophic/mesotrophic. The low flow rates and high nutrient levels in this stretch 
especially in summer have caused growths of macrophyte weeds which may completely choke 
parts of the channel. The Ravernet was classified as oligotrophic/mesotrophic for is whole length 
in 1997. However despite chemical GQA’s showing poor qualities, often the river is supporting 
considerable fish life and has a higher biological GQA rating than would be expected. (W S 
Atkins, 1998) 
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Extensive stretches of the Lagan are now designated under the Freshwater Fish Directive. The 
river above Youngs Bridge to Magheralin is designated as Cyprinid and the rest of the river 
above Magheralin is designated as Salmonid. The whole length of the River Ravernet is also 
designated as a Salmonid water. Compliance with the Freshwater Fish Directive (FFD) has 
gradually improved after a poor start in 1984. In 1997 all the designated areas for salmonids and 
cyprinids met the parameters set. 

The EHS sets targets that Salmonid waters must achieve a chemical GQA of Class A, Cyprinid 
waters must be Class B. These aims however show a different picture with Table 4 below 
showing designated waters failing to meet these standards by far. All stretches of the river below 
Spencers Bridge failed to meet even the Fair (D) chemical classification. GQA chemical 
monitoring suggests a steady deteriorating chemical quality of river water which may mean that 
requirements under the FFD are no longer met in the future. 

As well as poor water quality physical obstacles such as weirs in the river have contributed to 
reduction of fish including salmon in the river. Four fish passes have been constructed between 
Lisburn and Stranmillis to improve the movement of fish. There is a Salmon Enhancement 
Programme in operation which has helped to improve salmon numbers in recent years. 
Station name Target 

Class 
Designation 89-

91 
90-
92 

91-
93 

92-
94 

93-
95 

94-
96 

Trend 

Lagan at Youngs 
Bridge   

B Cyprinid E E E D E E No trend 

Lagan at 
Spencers Bridge 

B Cyprinid D D C C D E Deterioration 

Lagan at 
Magheralin 
(Closed) 

B Cyprinid D D * * * * No trend 

Lagan at Forge 
Bridge, 
Magheralin 

B Cyprinid * * B B B C Deterioration 

Lagan at Banoge A Salmonid B B B B B C Deterioration 

Lagan below 
Dromore STW 

A Salmonid C C C C C C No trend 

Lagan at 
Dromore 

A Salmonid C D C C C C No trend 

Lagan at Bulls 
Brook 

A Salmonid C C C C C C No trend 

Ravernet at 
Sprucefield 

A Salmonid C C C D E D Deterioration 

Ravernet at 
Legacurry Bridge 

A Salmonid * B B D E D Deterioration 



    

   
    
  126 

   
 

 
Table A.4: Chemical GQA classes for FFD waters in Lagan catchment 1989-96 

 

Estuaries and coastal areas are set the non statutory water quality objective of at least Class B 
(Good) under the ADRIS scheme. Under the previous classification scheme (National Water 
Council scheme) for estuaries the Belfast Lough was classified as C (Poor) in 1991. ( V Crone, 
EHS, personal communication) 

The NMP gives the most recent indication of contamination levels in the Belfast Lough Area. 
(MPMMG, 1998) The programme sampled Lough water for the following substances none of 
which exceeded the EQS’s stated here : cadmium (2.5micrograms per litre), copper (5), 
chromium (15), lead (25), mercury (0.3), nickel (30) and zinc (40). Metals and PCB’s were 
found in low concentrations in shellfish from the Lough but not in significant levels. Lead in dab 
liver in Belfast Lough was found at the highest levels in the UK up to 0.58mg/kg. Belfast Lough 
is one of only two sites where Endrin was detected in fish liver, with a median value of 6 
micrograms/ kilogram. (MPMMG, 1998) Monitoring shows that there does not appear to be a 
significant problem with pollution from dangerous substances in the Lough. New dangerous 
substances standards have recently been set under National regulations which has meant that all 
STW and direct discharges are in the process of being reviewed.  

The UWWTD has brought significant improvements in treatment levels in the catchment. The 
effects of the Directive have mainly been applicable in estuary/ coastal waters where treatment 
previously was often only primary. Upper Falls STW which used to discharge into Blackstaff 
Stream in Belfast causing high levels of pollution will now only treat storm flows and most 
effluent will now be treated at Duncrue St STW. Kinnegar STW is being upgraded to secondary 
treatment as the first Private Finance Initiative Project in Northern Ireland.  

The Lough will be designated as a Sensitive Area under the UWWTD in 2001. Belfast Lough is 
enriched by nutrients and is highly eutrophic due to nitrate levels. Chlorophyll concentrations of 
10 micrograms per litre are considered to be indicative of algal blooms. Levels of chlorophyll in 
Belfast Lough range from 1 - 72 micrograms/ litre in summer months with a median of 23 
micrograms per litre (MPMMG, 1998). The main cause of eutrophication is a large fertiliser 
manufacturer discharging nitrogen and ammonia into the Lough. In 1996 this industrial input 
accounted for 61% of the total load compared with 22% by sewage works (Service et al., 1996 
page 41 NMP). To combat this the consent for the fertiliser manufacturer is being reviewed ( V. 
Crone, personal communication) and new standards for nitrogen, ammonia and phosphates under 
the UWWTD will be statutory for STW’s discharging to the Lough. These new standards under 
the UWWTD will have to be met by the 1 January 2001. The new discharge consent for 
Kinnegar STW takes into account these parameters and the new dangerous substance limits set in 
Northern Ireland. The discharge consent has been tightened considerably to include parameters 
for BOD, Suspended Solids, Total Nitrogen, Mercury, Cadmium, Silver, Dissolved Copper, 
Total Copper, Dissolved Zinc, Total Zinc, Total Iron, Gamma Hexachlorohexane, Chloroform, 
Dichlorovos, Fenitrothion, Malathion, and Organotin. (J. Dolan, Hyder Industrial, personal 
communication) 
There are twelve major discharges from CSO’s in the greater Belfast area which have added to 
pollution problems in the Inner Lough and affected compliance of St Helen’s bay with the 
Bathing Water Directive. Some of these have been improved by the WS to comply with the 
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UWWTD by installing screening to reduce aesthetic impacts. 

There are five designated bathing waters in the area of the Lough, one of which, already 
mentioned at St Helen’s Bay is not meeting standards due to sewage from a nearby CSO. 

Part of Belfast Lough qualifies as a Special Protected Area (SPA) under the Birds Directive by 
regularly supporting internationally important numbers of Redshank and Turnstone, the Lough  
is also a Ramsar site due to its bird population. The SPA area also supports many other important 
bird species including wintering Redshank, Turnstone, Great Crested Grebe, Red Breasted 
Mergansers. The Inner Lough is designated as an ASSI and has a variety of species including 
Oystercatchers, Goldeneye, Scaup, Redshank, Wigeon, Mallard, Teal, Dunlin, Ringed Plover, 
and Bar-tailed Godwit. (Acer Environmental, unpublished) The Outer Belfast Lough is also 
designated as an ASSI with pockets of beach-head saltmarsh on the south east shore. 
Conservation plans have been drawn up to protect habitats in the Lough  but it is too early to 
establish if designated areas are being protected effectively from deterioration. 

There are no designated shellfish waters in the Lough but there is increasing pressure to change 
this. (A. Wilson, personal communication) However due to heavy industrial and mercantile use, 
and many discharges from STW’s, the Lough would need alot of improvement to meet standards 
required. 

There are some requirements to be met under the Nitrates Directive which Northern Ireland in 
general has been very slow to implement. Three Nitrate Vulnerable Zones have now been 
designated in the catchment, one at Ballynahinch and two at Comber. Action programmes have 
been made but it is too early to establish their effectiveness in reducing nitrate pollution. 
However the main problem with river nutrient enrichment arises from phosphorus pollution, this 
is an area which is not covered by a specific EU Directive. Although there are Codes of Practice 
for Agriculture set down by the Department of Agriculture for environmentally sensitive 
management of agricultural wastes produced by livestock which are housed indoors during 
winter there appears to be little improvement in nutrient status of the Lagan at this time. This 
diffuse pollution is the most difficult to regulate and urgent new National measures on 
phosphorus are required in the catchment. 

Monitoring of ground water status in relation to nutrients and dangerous substances is lacking in 
the catchment and is in non-compliance with the Groundwater and Nitrates Directive. 

Northern Ireland has begun to introduce an IPC process which will need to be converted to 
comply with the IPPC (Integrated Pollution Prevention and Control) directive when it comes into 
force in October 1999. Most industrial discharges in the catchment are discharged through the 
sewer so discharge consents will need to be reviewed by the IPRI and WS in relation to the 
directive. 
 
Potential Impact of the Water Framework Directive on the Catchment 
The most significant legislative driver in the future for the catchment will be the Water 
Framework Directive. The effects on the catchment will be considerable. The area does not start 
from a favourable position due to the amount of existing legislation which needs to be met as a 
starting point for the new Directive. The Lagan does not also have a fully operational river basin 
management strategy in place and this will have to be developed further. The largest impact will 
be the requirement to improve all surface water status to “good ecological and good chemical 
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status”. Under the present monitoring system none of the river meets a good chemical General 
Qulaity Assessment (GQA) status and only a few stretches meet good biological GQA status. 
There will need to be a vast improvement in water quality to meet the WFD. Some of the river 
may qualify for derogations due to substantial artificial adaption particularly at the port area. 
Stretches of the river channel that have been widened and have slow flow rates may qualify for 
an extension in the deadline for good status due to the amount of time it would take to improve 
their status. The major problem in improving chemical status of surface and groundwaters will 
be reducing levels of agricultural phosphate pollution. Investigation into more effective 
economic instruments to control this may be a solution. It certainly seems that Codes of Practice 
are having little effect so far in reversing trends. 

The river also has a number of weirs and obstructions to natural flows, these may need to be 
remediated under the Directive to improve ecological status.  

Monitoring of the river and estuary, particularly biological would need to be stepped up under 
the Directive. Time and resources would need to be put into harmonising the current GQA river 
system to make it compliant with the WFD. Although Coastal Water is also monitored under the 
ADRIS coastal and National Monitoring Programme the biological monitoring would also need 
to be increased and schemes harmonised with the requirements of the WFD. 

There is no Groundwater Monitoring system in the catchment at present although there are plans 
for one, this would need to be put in place and developed fully under the Directive in terms of 
chemical and quantitative monitoring. At present the catchment does not have a problem with 
over abstraction of groundwater but with growing demand this could change rapidly. Present 
abstractions would need to be licensed in the catchment to comply with the WFD. The Directive 
also requires that any negative trend in groundwater pollution needs to be reversed, this could 
affect the catchment particularly in terms of nitrate and phosphate concentrations. Due to no 
monitoring in place at present it is hard to determine a trend, but given the growing problems of 
nutrient enrichment of surface waters it would be safe to assume a similar situation in 
groundwater.  

Although significant improvements have been made under the UWWTD to STW discharges 
these discharges may need to be reviewed in light of the WFD. If water bodies are still failing to 
meet good chemical status at the time of implementation of the Directive, more stringent 
treatment levels may be required. Discharges will also need to be reviewed to comply with the 
new dangerous substances WQO’s set under the Directive.  

Administrative changes under the Directive will affect the EHS and Water Service. Although a 
Water Quality Management Strategy (W S Atkins, 1998) has been made for the catchment in 
1997 and updated in 1998 it does not cover all the items listed under the River Basin 
Management Plan requirements in the WFD. The river basin management document will need to 
include an economic analysis of the catchment and inclusion of human impacts on the 
catchment. The plan will also need to include measures to reduce and monitor accidental 
pollution especially in the port area. 

At present full cost recovery is not implemented in Northern Ireland, a major review of charging 
will need to be undertaken in all of the three sectors, industry , agriculture and domestic. Prices 
will undoubtedly need to rise in all areas to cover the full costs of water. This will involve co-
ordination between the Water Service, EHS, Department of Agriculture and the new Private 
Financing Incentive partners.  
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There are no shellfish waters designated in the catchment however under the Directive the Lough 
should reach a quality able to support shellfish unless it qualifies for a derogation. It may be that 
the Inner Lough is derogated but that the Outer Lough will need to meet standards to support 
shellfish. This will require a vast improvement in water quality from Poor to Good. The 
discharge of the Fertiliser manufacturer may need to be further reviewed under the terms of the 
Directive if eutrophication status is not reversed.  

The Lagan Catchment will be impacted substantially by the changes proposed in the WFD. This 
is due to the lack of developed administration systems in place and the shortage of financial 
resources in the EHS and other government agencies to regulate the area sufficiently at present. 
The backlog of regulations to be implemented will also mean that the catchment has a starting 
point behind the baseline expected at first implementation stage of the WFD. The WFD will 
bring benefits to the catchment but these are very long term. The main benefit will be to the 
ecology of the river with a slow improvement in the ecosystem. This will bring more amenity 
value and improved fish stocks to the area. There is potential for shellfisheries in the Lough but 
this is a very long term goal. It is unlikely that the river will be used for abstraction of drinking 
water in the future so water companies will not benefit directly from any reduced levels of 
treatment required. 
 
 
A.3 CONCLUSIONS  
The case studies discussed illustrate the potential impacts, strengths and weaknesses of applying 
the Water Framework Directive in the UK at the river basin level. Although the examples are 
from the UK many of the factors identified will be reflected and relevant to other parts of 
Europe.  

The UK is considered by the Commission to be fairly advanced in the field of water monitoring 
and administrative systems in comparison to many Member States. The case studies show that 
there will still need to be significant restructuring and change to comply with the Directive even 
in the UK. This raises the question of whether administrational compliance with the Directive 
can be achieved in less advanced Member States within the specified time-scales. 

The case studies give a good reflection of the issues that face water bodies in the whole of the 
UK. The river basins discussed suggest that point sources are coming under increasing control 
due to existing legislation but that diffuse pollution is becoming the biggest threat to UK waters. 
Although the quality of the most polluted waters is generally improving, the more pristine waters 
are beginning to decline due to diffuse pollution sources which are often unregulated at present. 
Agriculture is one of the largest contributors of diffuse pollution in the UK at present. The water 
framework however does not however clarify how enforcement of the Nitrates Directive, reform 
of the Common Agricultural Policy and Water Framework Directive will all interact to combat 
this in the future. Resolving this issue is vital to the successful control of diffuse pollution to 
water bodies in the throughout Europe. 

Water quantity is not a real problem in the case studies discussed and the UK as a whole. 
However although some water conservation and resource planning measures have been pursued 
there is much room for improvement in both catchments for water efficiency and conservation. 

It is impossible to ascertain the total extent of the improvement required in the two case studies 
discussed to achieve “good status” as defined in the Directive. This is due to the fact that 
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although biological and chemical monitoring schemes are in place for the majority of rivers, 
other water bodies such as lakes, ground water, coastal waters and estuaries have very limited 
systems set up with much more development needed on ecological assessment. There is a large 
gap in knowledge in terms of UK ground water quality and quantity with monitoring systems in 
some areas only recently established or non-existent. It is therefore impossible to begin to 
estimate costs or time-scales involved in reversal of negative trends in ground water as specified 
in the Directive. 

The case studies illustrate that full cost recovery will affect some parts of the UK more than 
others. Consumers in Scotland and Northern Ireland where the water services are still public 
bodies could face the greatest price rises. The administrative set up may need to be changed to 
avoid conflicts of interest where the UK Government is both supplier and regulator. The 
significant costs incurred in implementing the Directive could lead to compromise in the absence 
of an independent regulator.  

The catchments discussed also highlight areas of conflict in the application of the Water 
Framework Directive. The Directive seems to offer little protection or guidance to areas of 
wetlands already drained for agricultural use. There are many areas in the Dee basin where 
extensive drainage has occurred and the restoration of these areas is vital to the recovery of the 
ecosystem in the river catchment. Similarly the issue of water flow control by damming and 
harnessing for hydropower is also brought up in the Dee catchment. The river flow has been 
highly regulated to prevent flooding and to fill storage reservoirs for drinking water. Under the 
Directive water bodies are assessed in relation to pristine reference conditions, these may be 
difficult to establish due to the long history of flow control in the catchment and may cause 
conflict with the issue of supply of drinking water to 2 million people.  

The Directive will undoubtedly bring long term improvements in water management and quality 
to the river basins of the Dee and Lagan. However even for a relatively unpolluted catchment 
such as the Dee the impacts of the Directive both in cost and in actions needed should not be 
underestimated. The program for implementation needs to be staggered and realistic, collection 
of accurate and comparative data must be the basis for setting the timetable for compliance for 
Member States. 
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