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Five aspects…

• The relevance of water reuse for supply reliability and 
environmental stewardship

• The contexts that have promoted the two basic water 
reuse options: 
‒ non potable reuse (NPR) and
‒ potable reuse (PR)

• The current trends in water reuse
• The advances of water reuse in Spain (and Europe)
• The challenges and opportunities in front of us 



As a preliminary summary…

• Water reclamation and water reuse are two basic 
strategies for integrated management of water resources

• That have not reached its universal legitimation 
• That have been prompted by strict necessity: droughts, 

chronic deficits and environmental enhancement
• They are based on drinking water production technologies
• With institutional collaboration as determining factor
• They have a tremendous potential for generating new 

resources, economic development and jobs
• They require wider vision and innovation



Water perspectives…

• There is a finite amount of water resources (energy nexus) 
to care our natural environment and an increasing 
population (7,300 millions, at 150 p/min; 180,000 p/day…)

• Water consumption intensifies and concentrates in large  
urban areas, in an inevitable growth pattern

• The agriculture sector offers to provide food for all
• The natural environment has a recognized legal right (WFD)
• Climate change models anticipate: 
‒ larger rain irregularity, both geographically and seasonally
‒ a mean annual reduction of 5 % in our territories



Annual rain intensity in DCFC…
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Integrated management…

• We have several strategies to satisfy water demands using 
available resources:
‒ Water sources protection and improvement (sanitation)
‒ Conservation (ahorro) and efficient us of water resources
‒ Water storage (regulación): existing reservoirs, off-stream 

reservoirs and aquifers (water banks)
‒ Exchange and transfers among water rights holders  

(concesionarios): Consorcios, Mancomunidades, trasvases, 
DCFC…

‒ Water reclamation and reuse
‒ Desalination of sea water and brackish water



...two basic drivers…

• Provide new water sources (costal vs interior)
‒ during droughts, weather irregularities and chronic deficits
‒ increasing self-sufficiency, using local water sources 

• Facilitate treated effluents management:
‒ offering alternative disposal options to the natural 

environment
‒ promoting the possibility for “zero discharge”

• They are independent options, but can be consecutive 
options



…a really complex strategy...

• Water reuse has numerous dimensions, as it is: 
‒ a technical (excellence) issue
‒ a public health issue
‒ an economic and financial issue
‒ a regulatory issue
‒ an institutional management issue
‒ an environmental issue
‒ a land planning issue
‒ an industrial issue
‒ a public perception issue (culture, impure water…)
‒ an integrated water resources management issue



…that needs a clear terminology

• To reclaim:
‒ Adapt water quality to its use requirements
‒ It is performed in a water reclamation plant

• To reuse:
‒ Provide reclaimed water to users, by means of:

• a (dual) distribution network
• a storage facility (regulación, logística)
• some user regulations

• Regardless of whether it is centralized or decentralized 
• Recycled water (California,  Australia); NeWater (Southeast 

Asia); Recycled sewage (United Kingdom)



with benefits and requirements

• Provides additional resources (costal vs. interior)
• It is a local water source
• Expands self-sufficiency of water resources
• Improves supply reliability, particularly in semi-arid zones

• Requires a new mentality: elaborate a product (with a cost) 
of great quality, instead of generating a residue

• A strict operation (similar to potable water supply)
• The political will to make it one basic element of 

integrated management of water resources



…with numerous applications….

• Non potable:
‒ Agriculture and landscape irrigation
‒ Urban uses: toilets, fire fighting, street cleansing, car washing, 

dust control
‒ Industrial uses: cooling, process, vehicle washing
‒ Recreational uses: ornamental ponds or lakes
‒ Environmental protection and enhancement: wetlands

• Potable:
‒ Groundwater recharge: infiltration and injection
‒ Improving drinking water supplies
‒ Augmentation of drinking water supplies



…with a diverse evolution…

• Non potable reuse:
‒ basically from unrestricted irrigation

• Potable reuse:
‒ starting from indirect potable reuse (IPR), using an 

environmental buffer
‒ Followed by direct potable reuse (DPR)

• Different historical circumstances and motivations 
• Different models of promotion and regulatory approval



The 1976 y 1977 drought…



…resulted in 4 initiatives…

• Founding the Office of Water Recycling de California, 1978
‒ Nominating Dr. Takashi Asano as scientific officer

• Changing Title 22 of the California Water Code
‒ offering the possibility to irrigate raw eaten food crops with 

reclaimed water

• Conducting the Monterey demonstration project, 1980-85
• Editing the Guidance Manual on Irrigation with Reclaimed 

Municipal Wastewater, 1984
‒ Translated to Spanish in 1990, UPC and GdC



Title 22 of the Water Code…

• Introduced the possibility of using reclaimed water for 
unrestricted irrigation of ....

• …raw eaten food crops
• Using a good biological secondary treated effluent…
• …followed by a physico-chemical reclamation process……
• ……consisting in a drinking water production process
• ….with similar requirements of reliability, performance , 

efficiency and cost
• Basically, preventing “incidental dilution”



The Monterey Project, 1980-85



…with a final report…

Duration: 
5 years  (1980-85)

Budget:
5 million USD

Institutional collaboration:
State Water Resources Control Board
Department of Health Services

Main participant:
University of California



and an institutional reference…

G. S. Pettygrove y T. Asano



…legitimated in Salinas Valley…



…in landscaping in CCB, 1989…



…Spanish “Title 22”, in 1994...



…in Port Aventura, 1995…



…urban use, Tossa de Mar, CCB



…in Lloret de Mar, 2007, CCB



landscape and cleaning, Madrid



The RD 1620/2007…

• 30 years after Title 22….motivated by necessity…and 
opportunity: the drought of 2006 and 2007

• Personal decision of Director General Jaime Palop
• That certainly needs complementary provisions…
• …that we have to develop gradually (like others) 
• Remembering that it involves a certain economic cost
• With an essential requirement for institutional 

coordination



…water rates for irrigation…



Exemption of disposal charges..

Abstraction fee from Turia 2016: 0,0014 €/m3



…the more expensive water is …



…big challenges and supports

• Fall of 2006, a national outbreak of E. coli in fresh spinach 
in the USA
‒ 131 affected, 66 hospitalized, 1 dead 

• Identified source: Salinas Valley
• Intervention of the Food and Drug Administration (FDA)
• Discarded prohibiting the use of reclaimed water
• Identified a cross-contamination from other farm sources



WaterReuse risk assessment…



..detection and significance…

• Recent publication of “proof of concept” that fruits and 
vegetables uptake carbamazepine and metabolites when 
irrigated with reclaimed water

• Athors detected 0.1 ng/g (carrots and tomatoes) and 
nearly 100 ng/g (lettuce and parsley)

• WateReuse Association has provided an assessment
• Assuming an acceptable daily intake of 0.34 µg/kg-day
• It will take 204 years for an “vegan” individual to accrue a 

lifetime acceptable intake
• It will take 2040 years for a non-vegan individual  



Legal follow-up…



Legal consequences…



…we never seem to learn...



…yes, we have learned that…

• Success requires an integrated quality management within 
agriculture operations 

• Using an excellent quality water
• With institutional and sector support 
• Adapting Decrees and Orders that prohibit (?)
• Adopting a systematic publicity of all the activities
• Promoting a “quality brand name”
• Because the risks of non compliance can have 

overwhelming.....



…economic risks…



…40 years after, 2010’s…

• Great progress in water purification technologies: 
microbiological and chemical quality

• The economic and energy costs of expanding water 
distributions networks have become excessive

• A new strategy has emerged:
‒ diminish the investments in water distribution
‒ increase the investments in advanced reclamation

• Producing high quality water (equal or better than 
potable)

• That can be distributed using existing networks….
• ……after obtaining its public legitimacy



…we knew that since 1994… 

In Vitoria-Gasteiz: 
• An investment of 3.25 M€ for the basic WRP, with capacity 

for 35,000 m3/d (400 L/s; 12.5 hm3)
• Annual costs for O&M of 0.4 M€, to produce 12.5 hm3 per 

year of water for unrestricted irrigation
• An investment of 16.2 M€ to build a dual distribution 

system to irrigate 10,000 ha, including water pumping
• A storage reservoir (off-stream) of 7 hm3 capacity, with an 

investment of 11.8 M€



Drought emergency: 17/01/2014



Indirect potable reuse, 2008

380,000 m3/d=130 hm3/y (2015)



…purified water…



…superior to potable water?...



… I can’t believe ! …

http://www.cbsnews.com/news/depleting-the-water/



Main economic features…

• 130 hm3/y (up to 160 hm3/y)
• 380,000 m3/d (335 d/y)
• 3.8 $ y/m3

• 0.70 $/m3

• 0.40 $/m3 (subsidized)



…approaches have changed…

• The California DWR has opted for promoting demonstration 
and construction projects, using 725 M$ since 2014

• In 2012, the WateReuse Foundation and the WateReuse 
Association launched the California Direct Potable Reuse 
Initiative (2009)

• Up to 2014, la WRF had sponsored 26 research projects on 
DPR worth 11.5 M$

• 6 M$ were received during 2015



…the DPR Initiative…

• The DPR Initiative has promoted that Congress form:
‒ an Expert Panel (12 members)
‒ an Advisory Group (14 members)
‒ Coordinated by the National Water Research Institute (NWRI)

• The Expert Panel has to elaborate 3 documents
‒ “Regulations for groundwater replenishment using recycled 

water”, approved in June 2014
‒ “Regulations regarding surface water augmentation with 

recycled water”, to be presented by December 2016
‒ A report to Congress about the “feasibility of developing 

uniform water recycling criteria for direct potable reuse”, to be 
presented by December 2016.



…with two recent changes…

• July 2014, California did 
incorporate the Drinking 
Water Program into the State 
Water Resources Control 
Board 

• April 2016, a new regulation 
has been proposed to allow 
restricted distribution of 
bottled reclaimed water for 
promotion and education 
purposes



advanced reclamation in AMB…



Tarragona: industrial uses

Phase I: 7 hm3/y (2012)
In 2014: 2 hm3/y
Phase II: 10 hm3/y
Phase III: 20 hm3/y

…a quality ..of potable water



…reclaimed water…



El Port de la Selva, CCB

Riera de Rubiés, 7.6 km y 14.5 km2

Recent droughts < 350 mm/y

Water supply: 305,000 m3/y

Sanitation: 185,000 m3/y



Demoware UE project , CCB

600 m3/d
90,000 m3/y (50%)



In summary…

• The main motivation for water reuse: intense droughts and 
environmental enhancement

• Water reclamation is becoming increasingly more:
‒ reliable, efficient and economic (it is not free)

• Water reuse has reached a wide development and 
acceptance for non potable uses, since 1980 

• An opportunity is strongly emerging (by necessity) for: 
‒ reclaiming water to an advanced level
‒ using aquifers and reservoirs to storage and distribute
‒ using existing distribution networks

• Its legitimacy has been achieved in only a few places



…an opportunity to advance…

• We have emblematic projects at an international level 
• However, technical or economic excellence are not 

guarantee of success
• A pro-active attitude among professional associations is 

strongly required (water resources and public health)
• A change in attitude is required among professionals, 

academics, researchers, regulators and users
• With a renewed outreach effort: a quality brand name
• California, Namibia, Singapore and Australia are leaders
• …we could solve our water supply while enhancing our 

technological, labor and companies development





Thank you

for your attention !
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