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Summary :





The paper presents a general description of urban water management in France : Organisation, Scientific and technical constraints linked with recent European directives, Investments scheduled for the 10 coming years. It also describes the role of Cemagref, the French environmental and engineering public research institute, in urban water management : Diagnostic and optimisation of water supply and sewage, Local public service management for water, sewage and solid waste, Waste water treatment: biological treatment of waste water and animal manure. The paper was written for the 6th Scientific and Technical review of EurAqua, the European network of freshwater research organisations, hold on 20-21 October 1999, Lisbon. 
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1.	General description of urban water management in France


1.1	Organisation of urban water management in France 


Decentralisation of management to municipalities


In France, organising water supply as well as storm and waste water collection and treatment is a competence of the 36,000 municipalities (communes, the most decentralised elected level). The duty is performed under the liability of the Mayor (maire, City Council Chairman). In case several municipalities decide on a voluntary basis to join their efforts, the task is delegated to syndicats intercommunaux or urban communities� and performed by a committee of delegates of all the municipalities involved, under the liability of the Mayors concerned. There are 15,000 water supply utilities and 12,000 waste water utilities throughout France. 88% of the population is supplied water through a syndicat, as well as 74% for waste water.


The municipalities and syndicats (referred hereinafter as local authorities) are fully free to choose between several modalities to manage water supply and waste water. There are two basic alternatives : either they directly carry out the duties of supplying water and treating waste water (direct management, régie) or they sub-contract the duty to private companies (delegated management, gestion déléguée). In all cases, the budget dedicated to water is separated from other municipal activities:


Direct management. The local authority is fully responsible for investments and operation of water systems, as well as relations with customers. Employees in charge of the utilities are municipal agents. Direct management is usual in small rural municipalities.


Delegated management. After a call for tenders local authorities fully or partly delegate their duty to a private company, through a long-term contract. Two kinds of contracts are currently in use : affermage (appr. leasing) and concession (appr. granting). Affermage means that the local authority makes the investments and only expects the private company to operate the facilities (average duration of affermage : 5 to 12 years). Concession means that the private company makes the investment and operates the facilities (average duration of concession : 12 years). 75% of the French population is supplied with water through delegated management, as well as 35% with waste water collection and treatment. Three large and international private water companies share the market : Compagnie Générale des Eaux (Vivendi), 40%), Suez-Lyonnaise des Eaux (25%) and SAUR (15%).


There are many intermediate possibilities between direct and delegated management. For example, in some cases, local authorities may decide to operate directly water production and delegate water supply. In other cases, local authorities may sub-contract only the relations with customers (invoicing and recovery).


In all cases, the facilities belong to local authorities. Investments are funded either by the private company (concession) or by local authorities (affermage, régie). Local authorities may be eligible to several kinds of public incentives allocated by water agencies or national funds (FNDAE), as well as other public authorities (districts or regions). Water costs are fully charged on consumers. Due to waste water European regulations, water prices have increased by 56% in average between 1991 and 1996.


Also in all cases, the Mayor is the person liable for any dispute with consumers, even if the management is delegated to a syndicat. He or she must inform yearly the population on contract details, invoicing, operation and improvements of water utilities.


Water supply and waste water treatment policies are fully integrated in an overall water management framework. They make part of a unique legislative frame, the French Water Act (Loi sur l’eau, 1992) aimed at a balanced management of water resources, whatever their uses.


Integration in the French framework for sustainable water resources management


Urban water policy is integrated in the overall framework for sustainable resources management. This chapter presents the other players which interfere with urban policy.


The 6 French water agencies (Agences de l’eau) divide the French territory into 6 major catchment areas, one for each French large river. Their role in water supply and waste water treatment is to encourage local authorities to fight against pollution and use water rationally. They are involved in investment programming and financing at the catchment area level. They also distribute incentives to local authorities who wish to develop new or improve existing water utilities�. Their income comes from a share of water invoices paid by the customers (redevances). Water agencies are public companies with a corporate body and financial autonomy. They report to the French ministries of Finance and the Environment.


Water agencies also have the competence of elaborating two major instruments of the French water policy which impact urban water policy : SDAGEs� and SAGEs�. SDAGEs define a framework for sustainable water management for 5 years at the level of each water agency and are the result of a collective agreement elaborated by the water parliaments (Comités de bassin). There are 6 SDAGEs in France. SAGEs will organise the local implementation of SDAGEs. Each SAGE is monitored by a Local water commission (Commission locale de l’eau) gathering representatives of local authorities, water users and of the Government services.


Consumers are organised in associations and represent consumers interests in the Water National Committee (Comité National de l’Eau), an advisory body. One of their major areas of interest is water pricing policies.


The French Government organises the relations between water players, namely through the 1992’s Water Act and through the Sapin Act (1993) aimed at preventing corruption and facilitating transparency in public duty delegation to the private sector. The Government also represents France at the EU level regulations, such as, in the recent years, on the directives on urban waste water and drinking water directives. The Government neither imposes water management rules, nor choose techniques nor determines water prices. It encourages transparency and the circulation of information coming from local levels. Water regulations are enforced by the 22 Regional Directorates (DIREN�) of the French ministry of the environment. The technical District Directorates involved in water policy implementation (DDAFs, DDEs�) play an important role of advice to rural municipalities, namely for implementing management control. They are also in charge of law enforcement at a local level.


To summarise, the French organisation of urban water management has two original features�:


A public authority is responsible for urban water management, usually owns the facilities and in many cases collaborates with a private company who is delegated the operation and monitoring of the duty. This relation between public and private sector is very different, for instance, from the late 80’s British privatisation of water companies. In Britain, Water and Sewerage Companies (WaSCs) and Water only  Companies (WoCs) own the facilities and there is not any more direct representation of customers nor links between water management and regional development�;


The French Water Act sets up an institutional frame on water resources that avoids dividing water management into compartments (urban, industrial, agricultural uses or surface and groundwater resources, for instance). Moreover, it organises the representation of stakeholders at all levels of implementation. The concept of water agencies is an illustration of this model.


Four keywords can describe the principles governing water supply and waste water treatment in France : integration (through the Water Act), solidarity (between municipalities and to some extent between public and private sectors), decentralisation (municipalities) and liability.


1.2	Scientific and technical constraints linked with European urban wastewater directive and drinking water directive


Drinking water directive


The final text of the new drinking water directive was adopted by the EU Council on 3 November 1998 (entry into force on 25 December 1998). Its major objective was to update the previous directive, dating 1980, taking into consideration scientific and technical progress in the field of drinking water. It aims at reinforcing consumer health protection and quality requirements for some previous or new parameters directly linked with health (metals such as Pb, Ni, Sn, As, pesticides, plastic used in some pipes). Most of the new requirements should be fulfilled by January 2004, except some parameters (e.g. lead) by late 2013.


Periodic studies carried out by the French health ministry show that between 1989 and 1991 almost 10 million people� were provided with drinking water not always in conformity with the regulations (bacteriology, nitrates, turbidity, iron, fluor, etc. ). In 1995, 2 to 3.5 million people were still concerned with bacteriological pollution and 700,000 by too high concentrations in nitrates.


According to the new directive, lead concentration, measured in everybody’s home (and not any more at the exit of drinking water plants), should not exceed 25 �SYMBOOL 109 \f "Symbol" \s 10�m�g/l in 2004 and 10 �SYMBOOL 109 \f "Symbol" \s 10�m�g/l in 2013 (vs. 50 �SYMBOOL 109 \f "Symbol" \s 10�m�g/l today). Lead pipes will have to be fully replaced by 2013, which may pose huge technical problems in old buildings. Officially, the use of lead pipes has been prohibited only since 1995, even if copper, iron or PVC has increasingly been used since 1945. 150,000 to 200,000 housings will need improvements out of a total of 3,500,000 housings. In Paris, 73,000 housings out of 89,000 are concerned. The price has been estimated at FF 10,000 (1,500 euros) per housing. At the French level, the total costs of upgrading has been estimated at FF 120 billion (19.5 billion euros), according to EC sources.


Urban waste water directive


The European directive on urban waste water treatment (entry into force : 21 May 1991, transposed in the French regulation on 3 June 1994) scheduled a three-step implementation : 1998, 2000 and 2005, depending on the size of the urban area. The major requirement imposes the municipalities to fully organise and fund sewerage and waste water treatment. The cost of implementation of the directive in France is evaluated at FF 83 billion (appr. 13 billion euros).The directive requests that waste water treatment should be organised at a local level consistently with the areas of waste water production, notwithstanding local administrative boundaries. In France, the 95 local representatives of the Government at a district level (Préfets) had to determine this puzzle and to define objectives of reduction of pollutant substances flows.


A recent survey carried out by the French ministry of the environment shows important delays in implementing the directive. 43% of the municipalities that had to respect the 1998 or 2000 deadlines will not be able to fulfil the requirements. About 26% may have a delay exceeding 4 years. 38 great urban centres (> 150,000 inhabitant-equivalent), such as Marseilles, Bordeaux, Lille may not be able to respect the deadlines. The reasons evoked to explain the delay are that preliminary studies are very complex or required investments very important. In a few cases, there seems there is a lack of political willingness to tackle the problem. Furthermore, only 46% of the areas of waste water production had been defined by the Préfets when the survey was carried out (early 1998).


The poor results of this mid-term evaluation of the implementation of the directive should not erase important  improvements. According to the water agencies, 40% of waste waters (in volume) are correctly collected and treated before they come back to natural systems. Almost all the cities superior to 10,000 inhabitant-equivalent have a waste water treatment plant. Again, according to some water agencies sources, collection rate has increased by 18% since 1986, plant yield by 8%, resulting in a depollution rate increased by 14%.


Water pricing constraint


Water pricing is a very sensitive topic in France, as the average price increased by 56% in five years (between 1991 and 1996). Unit price ranges from FF 10-25 per cubic meter (1.6-4 euros), with an average of FF 16 per cubic meter (2.5 euros). In average, the price can be divided into four shares: water supply 45%, waste water treatment 33%, water agencies charges 17%, VAT 5.5%.


The objective of the French ministry of the environment is a yearly increase not exceeding 5%. The municipalities will not be allowed any more to use water charges for other spend than water utilities.


1.3	Investments for the 10 coming years


Investments have been estimated at the French level by the water agencies for the period 1997-2001 (7th Programme of objectives and investments). Priorities for the 6 agencies, in the field of urban water management, are :


Adour-Garonne (South-Western France, population 6.4 million): build large works to supply water to Bordeaux urban area; improve management of sewage sludge (out of 46,000 tons spread, only 12,000 are controlled); find new reserves (100-150 Mm3);


Artois-Picardie (Northern France, population 4.6 million): data bank to better monitor the resource (as 96% of drinking water comes from groundwater); generalise impacts studies of investments on water pricing; build new or upgrade existing waste water treatment plants (4.4 million people out of 7.3); 80,000 housings connected to collective waste water collection networks;


Loire-Bretagne (Central and Western France, population 11.5 million): total investment 2.4 billion euros; works for domestic waste water (1.2 billion euros); sludge management;


Rhin-Meuse (Eastern France, population 4 million): total investments 0.6 billion euros; works for domestic waste water; improve performances of waste water treatment plants (0.15 billion euros);


Rhône-Méditerranée-Corse (South-Eastern France, population 12 million):; improve waste water treatment capacity (1.6 billion euros); optimise facilities and methods to produce drinking water in rural areas; technical assistance to municipalities; desinfection and protection of water catchments;


Seine-Normandie (including Paris urban area, population 17 million): incentives to improve the performance of waste water treatment systems; protection of water catchments.


1.4	Role of Cemagref in urban water management


See below chapter 2 “Specific topics”.


Cemagref is not the only French research institute focusing on urban water management. At least three other institutes must be mentioned :


CIRSEE (private sector, Suez-Lyonnaise des Eaux major Research Departement): 180 scientists and technicians. Research activities focus on improving technologies for drinking water and waste water treatment (design of new processes, control processes, real-time management);


Anjou Recherche (private sector, Vivendi-Compagnie Générale des Eaux Research Departement): the equivalent of CIRSEE for Vivendi;


NancIE: Research laboratory hosted by the University of Nancy and dedicated to applied research for municipalities.


�



Specific topics


The aim of this chapter is to present briefly the research activities of Cemagref in the areas of drinking water and waste water treatment. In case any EurAqua member would be interested to develop some collaboration, please contact the scientist whose name is indicated at the end of each the three topics presented.


2.1	Diagnostic and optimisation of water supply and sewage


Activities:


The Research Unit “Hydraulics and civil engineering” of Cemagref, located in our regional centre of Bordeaux, develops methods and tools about technical management of drinking water networks:


Hydraulic modelling of drinking water looped networks. The software “Porteau” developed by the Unit and calculating pressures and flows in drinking water looped networks, is used by around 200 water services in France;


Real-time management;


Technical diagnosis of water networks. The Unit has developed a statistical model for failure forecasting and has applied it to urban water services (Bordeaux, Paris).


The Unit participates in the AGHTM (French Association involving water professionals) Commission about the diagnosis of water networks to elaborate recommendations.


Programmed research activities aim at defining indicators of state and evolution of water networks that can help improve:


The performance of the network manager, including real time management of networks;


The capacity of monitoring by municipalities;


The upgrading of facilities, in order to become in conformity with the regulations;


And in fine the satisfaction of the consumer.


Other research activities will focus on ageing and renewing of water supply and sewerage systems.


Research activities carried out in this Unit are initiated by end-users like municipalities, managers, consultancy companies. Techniques include numerical modelling, data analysis methods to study failures and ageing of pipes, mathematical programming and optimal management tools, engineering sciences in expertise and monitoring.


Example 1: Modelling water pipe renewal in partnership with system operators


France has 560,000 km of pipe bringing water to consumers and 160,000 km more carrying away their waste. Most of these systems were built in and after the nineteen-twenties and now need renewing, but society would not be able to afford to tackle the whole system at once. Scientists and system operators are joining forces to examine the problem together.


The operator needs to be able to predict ageing in order to spread renewal operations over a period of time, to decide whether to repair or replace a pipe, plan the work when trenches are being opened by other utilities, etc.


Bernard Bremond's team at Cemagref has been partnering Lyonnaise des Eaux since 1991 to develop models that will predict pipe system structural ageing and identify pipes at risk.


Water supply systems


Domestic water is delivered in closed, mostly buried, pipes. Pipe material is grey (pre-1965) or ductile iron, asbestos cement or PVC (post-1960). Hydraulic performance and water quality deteriorate over time, failures and leaks increase in number. Broken pipes may cause spectacular damage and are inevitably reported. Frequent breaks are a good criterion of ageing when considered in the light of pipe characteristics and environment. Predictive analysis estimates the probability of a pipe breaking on the basis of age and other factors.


The chosen model is based on statistical analysis of survival data (from patient monitoring in clinical trials) because it takes account of pipes that do not rupture during the trial. The model proposed by Patrick Eisenbeis (Cemagref) was developed from data on two urban systems (in Bordeaux and the Paris suburbs) and two rural systems in Alsace. The Bordeaux system alone aggregates 2000 km. Predicted ruptures match observed incidents and the final error is entirely acceptable.


With this model, it is possible to test different renewal policies and rank pipes according to their failure probability.


Lyonnaise des Eaux is currently combining this forecasting tool with its geographical information system APIC so that recorded failures can be fed into the model. Along with the intrinsic and environmental variables of the pipe runs available in the GIS databases, predictions can be displayed on the system map.


Sewer systems


Gravity sewers run partially full and are made of concrete or PVC. Accessibility varies; CCTV is needed to inspect the condition of sewers smaller than about one metre.


As with water supply systems, the aim is to predict breakage occurrences or other damage in a given environment, but the history of the pipe is generally unknown, problems are  hard to grasp and most damage is insidious. For example, one must determine the probability of a given section in a given environment developing lengthwise cracks. Fourteen types of damage are considered (deformation, cracking, blockage, etc.).


Input data comes from 351 CCTV inspection reports from the Bordeaux system. Sewer age, material, position under the road pavement or footpath is recorded. The best variables are selected statistically and risks of damage are modelled by logistic regression. This determines the number of sections to be randomly selected for CCTV inspection to estimate the frequencies of the various types of damage on the system as a whole. The study was originally conducted for the Lyonnaise des Eaux Operations Centre in Bordeaux but should be extended under the national urban sewer system rehabilitation plan run by the Ministry of Spatial Development to provide sewer system operators and owners with decision-making data for efficient asset management.


Example 2: Optimum management of drinking water networks


The Syndicat Intercommunal des Eaux de la Région de Sarralbe, a local water authority in North East of France, wanted to reduce the operating costs of water networks. Since 1990, Cemagref has been studying how to optimise management of the networks in co-operation with the drinking water laboratory of ENGEES. That is why these teams were approached by Générale des Eaux (Vivendi Group) and asked to develop an optimum method of arbitrating between the various resources.


Cemagref has started to build optimisation models that enable to monitor a network on a 24-hour time-step, in order to reduce water production and transport costs. Several methods resulting from mathematical programming have been used for the implementation of this optimisation.


To run these models, an hourly forecast demand of drinking water is required. In this purpose, Cemagref designed models for forecasting demand. An experimental site is used, where hour-by-hour data are available from July 1993 to December 1997. The data come from meters sited at reservoir inlets and outlets. A demand zone of around 10,000 population was isolated. Small zones have wide hourly and daily variations, which make forecasting more difficult than for urban areas. Networks of artificial neurons and time series to build our forecast models were used.


Thanks to these forecasting models, the entire demand of a consumption area at a given time step are presented in the form of a Gaussian distribution with a given mean and a given standard deviation. Three methods using stochastic programming are under development, which will enable to take account of the residual error of the forecast in optimisation.


A second package of the work consists in taking into account two new hydraulic aspects in linear models : the necessary continuity of operation of specific systems, such as treatment plants, and  the influence of water levels in tanks on the costs and the capacities of transit between tanks. These constraints of continuity are solved by a mixed-integer programming method. The calculating times remain compatible with the objective of a management in real time. The influence of the state of the network is treated by a method of successive linear programming. The convergence of this method is put at fault on certain examples. On our site of study, convergence is showed. This is explained by a weak dependence with respect to the states resulting in a low non-convexity.


Contact :


Bernard Brémond, Cemagref, Hydraulics and civil engineering Research Unit�50, avenue de Verdun – Gazinet – F-33612 Cestas cedex�tel. +33 5 57 89 08 25, fax +33 5 57 89 08 01, e-mail bernard.bremond@cemagref.fr


2.2 Local public service management for water, sewage and solid waste


Activities:


The Research Unit “Public utilities management” of Cemagref and ENGEES�, located in Strasbourg, develops methods and tools dedicated to municipalities, specialists and Government services, applied to drinking water supply, collection and treatment of solid waste and sewage. Research activities and studies include technical, economical, sociological, juridical and organisational aspects.


Three major areas of activities have been developed so far: utilities management on the long-term, service analysis and pricing policies.


Utilities management on the long-term. Infrastructures age: in drinking water, for instance, 40% of the French water supply networks were built before 1950. Municipalities have to face increasing needs to renew infrastructures but there is a lack of methodologies (see also FP5 proposal above). Research work aim at optimising renewals through time, evaluate indirect costs linked with pipework failures, analyse sewerage system state, evaluate the actualisation rate in local public services.


Service analysis. The objective is to build diagnostic, organisation and monitoring tools for municipalities. These tools should be useful for municipalities operating direct management (régie, see § 1) as well as for those delegating the utilities to private companies (delegation, see §1). Research work focuses on the evaluation and performance analysis of local public services: invoicing and recovery management, social acceptability of new utilities, management delegation to the private sector, implementation, maintenance and monitoring of individual sewerage systems, evaluation of urban waste water treatment costs.


Pricing policies. In most cases in France today, the price of drinking water is only determined by the seek of an economic balance between spend and income, at a municipality level. Recent -and sometimes important- increase in prices impose municipalities to inform their electors on their choices in terms of pricing policy. Research work aims at providing municipalities with tools that help them evaluate utilities operation costs and analyse consumer behaviours and, subsequently, justify their policy choices. Recent works focussed on a theoretical study of an optimal cost, which showed that it is possible to split the costs in several technical and economical elements and derive a peak-hour cost which may lead to a renewed pricing policy. Further works will focus on drinking water demand modelling and cost modelling.


Example of activities: Evaluating the performance of local public water services


Local authorities need methods and tools enabling them to justify better the price of water paid by users of the service by integrating economic and financial criteria to a greater extent in their management.


For nearly eight years now, Cemagref has been offering local authorities a method of monitoring their activity and of assisting them in decision-taking, in co-operation with cities such as Strasbourg and Nantes.


Measuring and analysing the elements involved in the performance of water services


The aim is to answer practical questions that local authority managers and heads ask themselves:


"What are the operating costs of the various components of the activity of a water service?"


“What indicators make it possible to monitor and to evaluate the performance of the service?"


One of the main challenges in this research is to broaden and to improve the range of evaluation in a field in which the notion of the general good no longer excludes economic and financial considerations.


Every water service has aims around which it organises its activities. Firstly, these processes are analysed and described. Then, an order of priority is set for analysing the activities depending on the importance of the evaluation need felt on the ground (notion of work programmes). Thus, the first work programme concerned curative maintenance work on the water supply system. The following work programme consisted in analysing the elements of performance, and in measuring the cost of the invoicing process covering the main activities enabling a water invoice to be issued and payment to be collected. Monitoring activities, from reading the meters to collecting payment of the invoice, makes it possible to determine the cost of each component of the process. By means of this data, the variables that influence the management and the cost of the process are identified, and action for controlling the variables as well as possible are proposed.


The ultimate aim is to evaluate all of the identified processes so as to construct a full reference frame in terms of methods and tools for evaluating and analysing the local public services.


Contact:


Olivier Alexandre, Cemagref/ENGEES, Public utilities management Research Unit�1, Quai Koch – BP 1039 – F-67070 Strasbourg cedex�tel. +33 3 88 24 82 52, fax +33 3 88 24 82 84, e-mail olivier.alexandre@engees.u-strasbg.fr


2.3	Waste water treatment: biological treatment of waste water and animal manures


Activities:


Research work has been carried out for more than 25 years, with special focuses that have changed through time and in accordance with the technical areas tackled, from process design to study of waste water treatment processes. The aim is to provide end-users with elements of design and operation optimising the protection of natural systems who receive treated waters: water systems, soils and air. This reduction of impact is strongly influenced by the present regulations.


Today, most of the research work focuses on biological processes applied to urban waste water treatment and animal liquid effluents. Research commissioners are the French ministry of agriculture, water agencies and technical institutes. New partnerships are sought with waste water treatment plants operators and professional corporations.


Contact:


Philippe Duchène, Cemagref, Water quality and hydrology Research Unit�Parc de Tourvoie – BP 44 – F-92163 Antony cedex�tel. +33 1 40 96 60 18, fax +33 1 40 96 60 36, e-mail philippe.duchene@cemagref.fr
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� Metropolitan France is divided into 36,000 municipalities (communes), regrouped into 95 administrative districts (départements), regrouped into 22 administrative regions (régions). There are bodies representing citizens through direct election at each level, respectively : Conseil municipal chaired by a Mayor (maire), Conseil général and Conseil régional. In urban areas, municipalities belonging in a common built environment usually gather together into an Urban Community (Communauté urbaine) to better monitor investments on a longer term, including water management. In rural areas, small municipalities that would not be able to manage public duties alone join their efforts on a voluntary basis in thematic areas (water, waste, etc. ) and co-operate  through the constitution of syndicats intercommunaux.


� Water agencies can also provide other incentives to other water users (industrialists and farmers)


� SDAGE : Schéma directeur d’aménagement et de gestion des eaux, Framework for integrated water management at large catchment area level


� SAGE : Schéma d’aménagement et de gestion des eaux, Framework for integrated water management at local catchment area level


� DIREN : Direction régionale de l’environnement


� DDAF (Agriculture and Environment) : Direction départementale de l’agriculture et de la forêt, DDE (Public Works) : Direction départementale de l’équipement.


� Two original features that are also met in most of the French public services


� notwithstanding the role of the NRA, National River Authority, on resource and uses management


� The French population is 60,000,000 in 1999


� ENGEES : École Nationale du Génie de l’Eau et de l’Environnement, Strasbourg
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