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1 BACKGROUND
The SWIM-SM project, under the pillar of non-conventional water, has organized training and study tour to well operated and managed wastewater treatment plants in Spain and the Netherlands. All SWIM PCs have plans to expand wastewater treatment and increase the volume of treated wastewater to be reused in agriculture. The countries are faced with barriers related to cost of investments, operation and maintenance especially in rural areas. In order to fill the gap in wastewater treatment and reuse especially in rural areas, the PCs are looking for technologies that are affordable and easy to construct, operate and maintain. The performance level of most existing wastewater plants and the quality of the treated effluent is below standards for either discharge in receiving bodies or reuse mainly in agriculture. The improvement of the quality of treatment can be achieved through process optimization and/or upgrades using technologies that in most cases will need to have a small footprint due to land space constraints. 

Learning from peers in a study tour is a very effective tool for capacity building. Professionals from SWIM PCs were able to exchange knowledge and experience with WWTPs designers, constructors, managers and operators and see in operation, different technologies and processes that are delivering effluent that is above standard and at the lowest possible cost.  Participants to the tour were also exposed to operational low-cost low-tech non-conventional treatment systems that are suitable for rural areas.  Exchanges on the performance of each system and its suitability for different treatment needs were also engaged between participants and professionals.  
The region of Murcia in Spain has been selected as the main study area due to its climatic, hydrological and economic similarity with most SWIM PCs and the against all odds achievements in agriculture and wastewater treatment.  The region which receives 300 mm of annual rainfall and which has a total of 500 m3/capita of available water is able to export 30% of the agricultural exports of Spain. Meanwhile, the focus in the Netherlands study tour was on constructed wetlands, a natural system for wastewater treatment that is potentially suitable for rural areas due to its simple and affordable operation and maintenance.The reuse of treated wastewater has contributed to partially fill the gap in water deficit. A Master Plan for Urban Wastewater Sanitation and Treatment established that wastewater treatment plants should supply reusable water suitable for two main purposes: discharge in the river for ‘indirect reuse’ downstream (the most common scenario), or ‘direct reuse’ as irrigation water in case of water shortage. The reuse treated wastewater has contributed to cleaning-up the “most polluted river in Spain, the Segura” and made it the cleanest river and has provided an additional 100 million m3 year-1 of treated wastewater for irrigation purposes mainly. Tertiary treatment has been adopted for unrestricted irrigation.
The material in this “short handbook” is based on knowledge acquired during the above mentioned study tour. The recommendations in the text are based on the specific context of the tour but are applicable to the context of SWIM PCs due to the similarity with the visited countries and region as stated above.
2 LEGAL FRAMEWORK
[image: image1.png]Wastewater treatment and reuse should be covered by an appropriate and adapted legal framework. The legal framework establishes the main pillars for wastewater treatment such as the main rules, governance and institutional frameworks, administrative requirements and procedures, financing schemes, cost recovery schemes, treatment and reuse standards, penalties for non-compliance, etc.  The legal framework serves also as the basis for planning wastewater treatment and reuse and the development of required infrastructure. Legal frameworks need to be adapted locally and be fitting the political, social and economic conditions of the country. Discharge standards, cost recovery, and choice of technologies, for example, are highly affected by the socio-economic and education levels of the local population and by the economic and political choices made at the country level. The WHO 2006 guidelines, for example, allow for the countries to adapt the treatment standards for reused effluent based on their local socio-economic conditions. Developing a legal framework is a long process that might take as much as a decade for fruition. A participatory and bottom-up approach might lengthen the time of the development process but ensures enforceability.  A certain level of flexibility should be left in the framework so as to accommodate future fine-tuning and adaptations. 
3 Institutional Frameworks
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Institutional frameworks for wastewater treatment and reuse exist in several configurations. Similar to legal frameworks, institutional frameworks should be adapted locally based on the political and socio-economic conditions prevailing in the country. The public sector has so far been the main caretaker of infrastructure in general, especially that for water and wastewater with mainly a centralized approach to management. This approach has had its advantages and its failures. Lack of public resources and low efficiency in management has encouraged governments to get the private sector to play a stronger role in the management of water and wastewater infrastructure and has led the public sector to partner with the private sector in different combinations for the delivery of services ranging from designing, building, operating and financing infrastructure to simple operation and maintenance contracts
The key factor, however, is evaluating the need to involve the private sector in a public private partnership is increased efficiency of service and reduced costs otherwise management should still be left with the private sector. PPPs should by no means be a reason for increased costs as is the general belief in the region.  Having a strong regulator armed with solid contracts are essential for the success of a PPP.  Although decentralization of wastewater management is being promoted as a solution for improved services, it has the potential disadvantage of reducing economies of scale and consequently increasing the cost of wastewater treatment.  This policy option needs to be evaluated economically on a case-by-case approach and not promoted generically.
4 Cost recovery

Cost recovery for water and wastewater treatment and reuse services can be through tariffs, taxes and transfers, the 3Ts as described by OECD. The polluter pays principle is the most common policy used for payment of wastewater treatment costs.  Tariffs and taxes can be fixed or variable based on volumetric consumption or a mix of both. Tariffs can be used as a control measure to reduce pollution. The higher the pollution load the higher the tariff. Based on the local economic conditions, cost recovery can include investment and operation and maintenance costs or just operation and maintenance. A wastewater tariff or tax should be set carefully based on an appropriate understanding of local social, economic and political conditions. Tariffs and taxes can be slowly and gradually increased when the local population has become increasingly aware of the need and benefits of wastewater treatment.
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5 DESIGN, OPERATION AND MAINTENANCE of WWTP
5.1 Design

There exist different processes and technologies for wastewater treatment. Plant design depends on the following factors: 
· Wastewater characteristics.

· Treated water quality requirements.

· Geographical constraints.

· Social, economic and environmental constraints.

· Available technologies.
Use can be made of very simple and basic technology and processes and still achieve high treatment levels for domestic and industrial discharges.

5.2 Operation and maintenance
In the operation and maintenance of WWTPs, the main key variables are:
· Type of treatment

· Loading rate
· Facility size
· Facility age

· Facility automation level
· Price of electricity 

· Cost of sludge management 

· Personnel cost
The two highest costs in the operation of WWTPS, as shown in  REF _Ref244182212 \h 
 below, are energy and personnel costs.

Figure 1 average cost distribution for wwtps 
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The indicators for proper operation and management are the treated effluent quality and the cost of the operation reflected mainly in the cost per m3 and in the energy factor which is the quantity of energy per m3 of treated effluent. 

The recommendations for properly operating and managing WWTPs and reducing costs are the following:

· Design of the facilities with energy efficient components and low cost processes such as reduced reliance on the use of chemicals and the removal of the largest amount of physical matter through screening
· Undertake process optimization in order to reduce wastage through the installation of precision system controls in aeration tanks in order to reduce wasted air and consequently energy when loads and flows are below maximum design levels

· Physically remove particulate matter as much as permissible in order to reduce the size of the biological reactors.
· Undertake operational changes leading to cost reductions when possible such as for example a change from surface aerators to diffusers to improve efficiency when warranted
· Ensure the maintenance of equipment is undertaken as and when required
· Retrofit equipment as required and when warranted.
· Improve sludge digestion and co-digestion in order to increase the generation of biogas to contribute to the energy requirements of the plant
· Use renewable energies when possible either through direct feed to the plant or to the grid if returns are higher. 
· Install electric load monitoring devices and change selected operations to off-peak periods.
· Use plant automation as much as possible in order to reduce staff cost.

· Install local sludge treatment only when economically feasible i.e. in plants with high flows, otherwise transfer the sludge to central treatment facilities.

· Develop research projects on processes and technologies in order to help improve performance and reduce all costs.

· Contract an independent third party to control the quality of treatment and report to the regulator or the main management and supervision entity.
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6 Wastewater treatment TECHNOLOGIES

Treatment technologies and processes can be divided into 2 main categories:

1. Conventional systems
2. Non-conventional systems also called natural systems 

Each system has its advantages and its disadvantages and the final selection is dependent on the factors listed above in the paragraph on design.
6.1 Conventional treatment systems

Conventional or mechanical treatment systems are the most used systems for wastewater treatment. They can treat domestic and bio-degradable organic industrial sewage.  They have a low footprint but require relatively high investment and O&M costs and technically proficient personnel. Treatment levels are pre-treatment, primary, secondary and tertiary depending on the final use of the treated sewage. Activated sludge and extended aeration are the technologies most used for secondary treatment.
Tertiary treatment usually includes processes such as flocculation, coagulation and complementary clarification (generally lamellar), followed by filtration. There is a large variety of filtering devices. Open sand bed filter are the most commonly used because of their high robustness). Other types can also be used such as closed sand bed filters that require less space required, but the process is not “visible”, ring filters that require high energy consumption and break the floccules, mesh filter or cloth filter but have a replacement cost and depend on a specific supplier. 
The most used disinfection process is ultraviolet radiation. If well designed and operated, it is a highly reliable system. Its main advantage is that it doesn’t produce any dangerous sub products, such as trihalomethanes derived from chlorine compounds. As main drawbacks, it has appreciable energy and lamps replacement costs, and the treatment finishes at the end of the last lamp (there is no residual “treatment agent” after the device). It can be combined with chlorination so as to reduce costs.
A good policy for cost reduction in countries, were land is available for landfills, is to remove solids as much as possible through physical filtration so as to reduce the size of biological reactors and accordingly the O&M costs. 

For tertiary treatment, MBRs are technologies that can achieve ultra-filtration and require a very small footprint. They are, however, expensive technologies that require skilled operators. They can be placed submerged in the secondary biological reactors so that air injected into them can be used in the biological aerobic treatment process. This makes maintenance, however, more complicate as compared to MBRs placed outside in a standalone fashion. MBRs can be used if suitable to upgrade the performance of existing wastewater treatment plants where land space is a constraint.
Odor control must be done when populations are living close to the WWTPs. Sections of the station used for primary physical particle removal, and where smells are generated, are either enclosed in buildings and not left in the open air or are with separate individual enclosures for the screening and settling equipment. The air from the buildings and the enclosures is treated either through carbon filters or biological scrubbers.

6.2 SLUDGE TREATMENT
Sludge treatment facilities are built on site if the station is large and the volume of sludge produced warrants an onsite treatment facility which can also produce biogas to be used as source of about 40% of the energy for the operation of the treatment plant. Co-digestion with solid waste can be used to increase biogas and consequently energy production. If the station is small then sludge is transported to a central treatment facility.
Sludge, in a central facility, is exposed to a transformation process resulting in a sanitized organic amendment suitable for application in agricultural crops and soil remediation areas.
Installations are designed and built to perform accelerated composting of organic waste by placing it in three digesters located in the main building, constructed ina closed loop system. The applied composting process includes controlling the temperature, moisture and oxygen present in the dough, as well as odor and leachate from treatment control.

These control systems guarantee on the one hand the quality of the final product (compost) obtained and, on the other hand, the absence of contamination during processing.
6.3 Natural treatment systems 

Natural treatment systems or non-conventional systems use natural processes to treat wastewater and rely on mechanical systems only for primary particulate removal through different size grids and settling processes. The footprint is, however, large but the O&M cost are relatively low and the required skills for O&M are minimal.  Although the systems are simple, it is important to keep in mind that proper design and construction are required for good operation.

These systems are suitable in small settlements and rural areas with access to cheap land space and were high O&M costs and requirements for the presence of skilled plant operator can lead to plant shutdown.
All natural treatment systems should be preceded by a pre-treatment system that physically removes parts of the solids in the sewage. This step increases the longevity of the natural treatment systems.

Below is a list of treatment steps and the possible technology that can be used to achieve the required treatment level.
	Stage
	Technologies

	Pretreatments
	Screening (thick or fine)
	Thick screening

	
	
	Fine screening

	
	De-sanding

	
	De-greasing

	Primary treatments
	Septic tanks

	
	Imhoff tanks

	
	Primary decantation

	Biological extensive secondary treatment
	Constructed wetlands

	
	Lagooning

	
	Peat filters

	
	Intermittent sand filters

	
	Infiltration-percolation

	Biological intensive secondary treatment
	Activated sludge
	Prolonged aeration

	
	
	Sequential batch reactors

	
	Biofilm
	Bacterial beds

	
	
	Rotating biological contactor

	
	
	Moving bed biofilm reactor

	Combinations
	Combination of treatments


Different natural treatment systems are listed below with their corresponding removal rates.
	Removal (%)
	 Removal 

(log)

	Secondary treatments 
	Foot-print 

m2/PE
	SS
	BOD5
	COD
	N
	P
	Faecal coliforms 

	91/271/EC (normal areas)
	
	90
	70
	75
	-
	-
	-

	Green filter
	30-50
	85-95
	85-95
	80-90
	50-90
	40-90
	1-2 

	Intermittent sand filter
	2-3
	90
	90-95
	80-90
	40-50
	15-30
	2-3 

	Peat filter
	0.5-1.0
	85-95
	90-95
	80-90
	15-20
	70-80
	1-2 

	Horizontal Constructed Wetland
	3-5
	90-95
	85-90
	80-90
	20-30
	20-30
	1-2 

	Vertical Constructed Wetland
	2-3
	90-95
	90-95
	80-90
	60-70
	20-30
	1-2 

	Lagooning system
	7-10
	40-80
	75-85
	70-80
	40-80
	30-60
	3-4 

	Anaerobic pond
	
	50-60
	40-50
	40-50
	5-10
	0-5
	0.2-0.5

	Facultative pond
	
	0-70
	60-80
	55-75
	30-60
	0-30
	2.2

	Maturation pond
	
	35-40
	25-40
	20-35
	15-50
	30-45
	3-4

	Trickling filter
	0.1-0.3
	85-95
	85-95
	80-90
	30-35
	10-35
	0.5-0.6

	Rotating Biological Contactors
	0.1-0.3
	85-95
	85-95
	80-90
	20-35
	10-35
	0.5-0.6

	Extended aeration 
	0.1-0.3
	85-95
	85-95
	80-90
	30-40
	20-30
	0.6


Constructed wetlands can be used to polish treated wastewater and to improve the “living” quality of the treated water before discharge in the receiving water, mainly rivers and canals. They help reduce the required mixing zone and can create beautiful biodiverse wetlands to be used as recreation areas and in fulfillment of the requirement for good ecological status required by the EU framework directive.
The Legal Framework in Murcia





The legal framework for wastewater treatment is a combination of the European Framework directive (Directive 91/271/CEE), and local legislation (The Royal Decree-Law 11/95 for National Sewerage and Water Treatment Plan). It has been the main planning tool for the development of the different infrastructures concerning sewerage/municipal wastewater and water treatment.





For wastewater reuse it is the Royal Decree-Law1620/2007. It clarifies both the responsibilities of the Public Administrations and those of concession holders and end users, establishing permitted uses and quality criteria, the minimum frequency of sampling, the benchmark for analytical methods and the conformity criteria. 


It also specifies the procedures related to the concession and the quality criteria for reclaimed water for 14 different uses under five main headings: 1) Urban, 2) Agricultural Irrigation, 3) Industrial, 4) Recreational and 5) Environmental. 


Minimum acceptable limits are established for each type of use under the following parameters: intestinal nematode eggs, Escherichia coli, suspended solids and turbidity. The Title 22 of the California Water Code (1978) is used as reference








THE INSTITUTIONAL FRAMEWORK IN MURCIA, SPAIN: INCREASED EFFICIENCY AND REDUCED COSTS


The management and operation of WWTPs is undertaken by ESAMUR (Entidad Regional de Saneamiento y Depuración de Aguas Residuales de la Region de Murcia. In English: Regional entity of sanitation and purification of residual waters of the Region of Murcia). It is a public company in charge of wastewater treatment in Murcia.  ESAMUR delegates the operation of WWTPs to contractors selected through a bidding process and delegates supervision to another independent contactor who makes sure that the plants are functioning as per the required standards of wastewater treatment and plant operation.


ESAMUR controls the quality of the treated wastewater and the operation and maintenance of the WWTP.


The advantages of the ESAMUR model are the following:


Specialized entity for wastewater treatment and reuse


Shares enhancements between plants


Leads to an economy of scale in the operation and management of WWTPs


Possibility for interchanges of equipment between plants which reduces downtime and redundancy


The tariff is set by the local government and it´s the same for the whole region.





THE INSTITUTIONAL FRAMEWORK IN DELFT: 17% COST REDUCTION 


In Delft the Netherlands, the management of WWTPs is done through a public private partnership.  The Delfland Water Board has retained through a European tender the services of the Special Purposes Company Defluent (a consortium of 4 international companies) to Design Build Finance and Operate (DBFO) the largest WWTP in Holland and one of the largest in Europe, the Harnaschpolder (1.3 million PE). The selection of Defluent was based on the percentage of savings (10.5%) as compared with the cost of designing, building, financing and operating by the public sector. The cost savings were 13.4% at the bidding time; the actual cost savings were 17.2% as compared to a construction and management by the public sector. The 30 years long contract between Delfland Water Board and Defluent were back to back. Adjustments to the water law were required to allow Delftland to enter into a PPP. Risk was born by the party who could best bear the risks and 10 international insurance companies covered the project. Delfland Water Board and the financing banks and EIB have retained the right of interference shall Defluent fail to fulfill its obligation. Ownership of the plant remains with Delfland Water Board. In case of failures in wastewater treatment, Defluent is heavily fined. Finally, Defluent, at the end of its contract, is under the obligation to return the plant to Delfland in full operating conditions. The PPP unlike, many beliefs has actually reduced the costs of wastewater treatment and other parallel services and not increased them with an up to standard delivery of treated effluent.





COST RECOVERY IN DELFT: CAPEX & OMEX


In Delft in the Netherlands, the cost paid by the population to cover potable water supply, construction and O&M of the wastewater treatment plant, pumping sewage from distances as far as 80 km, and maintenance of the network is around 351 euro/year per capita.











COST RECOVERY IN MURCIA: OMEX ONLY


In Spain, cost recovery is through a “Wastewater Reclamation Levy” (Law 3/2000) that was established as an economic tool for funding the maintenance, operation and control of wastewater treatment. The tax, proportional to the level of contamination, is based on the “the polluter pays” principle. The cost of wastewater reuse is born by all the population of Murcia.








The quality of the treated effluent in both Spain and the Netherlands is very high exceeding by far the required standards. BOD5, for example, should be around 25 mg/l as per the required standard; WWTPs in both countries have reached treated effluent levels of BOD5 below 10 mg/l.  This quality is achieved at relatively a low cost ranging from 0.15 to 0.45 euro per m3 depending on the size of the plant. The larger the plant, the lower the cost per m3 as shown in below. The energy factor is around 0.5 KWh/m3.  Larger plants are more energy and cost efficient then smaller plants, consequently ESAMUR has opted for centralization of treatment and accordingly reduced the number of plants.


TABLE � SEQ Table \* ARABIC �1� OPERATION AND MAINTENANCE COST (€ / M3) FUNCTION OF FLOW RATE (M3 /DAY)


WWTP Flow rate range (m3/day)�
O&M (euro/m3)�
�
�
Average�
Maximum�
Minimum�
�
Flow higher then 25,000�
0.18�
0.21�
0.16�
�
Flow between 8,000 and 25,000�
0.32�
0.41�
0.27�
�
Flow between 1,500 and 8,000�
0.39�
0.85�
0.23�
�
Flow less then 1500 �
0.76�
5.81�
0.41�
�






Using the above recommendations and as shown in � REF _Ref244182298 \h �� below, and although the volume of treated wastewater and produced sludge has increased over the years and although the BOD5 removal percentage has increased from 84% to 97.9%, the energy consumed has been reduced and the efficiency increased through process optimization. The Murcia Este plant, the largest of the region, is designed to treat 100,000 m3/day and is currently running at 155,000 m3/day with treated effluent still up to standard.





�


Figure � SEQ Figure \* ARABIC �2� O&M costs between 2003 and 2012 ESAMUR
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.....Water is too precious to Waste
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