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Introduction to the session

Water scarcity remains a critical challenge, particularly in arid and semi-arid regions where demand for 
freshwater is rising. A transition to a circular water economy—integrating water reuse, desalination, and 
innovative water management practices—is essential for sustaining water availability for agriculture, industry, 
and public use. However, while technological advancements have improved the feasibility of non-
conventional water resources, key challenges remain, including economic viability, scalability, policy 
frameworks, and social acceptance.

Aligned with the XIX World Water Congress theme, “Water in a Changing World: Innovation and 
Adaptation”, this special session explores the economic, technical, and social aspects of non-
conventional water use. Experts will present state-of-the-art research and case studies focusing on the 
challenges and opportunities of reclaimed and desalinated water use, particularly for agriculture.
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Structure of the session

Four leading experts will deliver presentations addressing economic, technical, and policy dimensions of 
water reuse and desalination:

Are We Overestimating Reuse Volumes?
Speaker: Julio Berbel (UCO)

Economic Viability of Water-Reclamation Projects: Challenges, Instruments, and Opportunities
Speaker: Alfonso Expósito (UMA)

Combining Water Blending and Innovative Technologies for the Sustainable Use of Desalinated Water in 
Irrigation
Speaker: Houda Taimourya (UMA)

Challenges of water reuse in Andalusia – Optimizing Fertilization in Agriculture: The Role of Nutrient 
Management with Reclaimed Water in the BONEX Project and opportunities created by BOOST-IN 
initiative.
Speaker: Rafael Casielles (BIOAZUL)
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Expected impacts and outcomes

By bridging the gap between technical innovation, economic feasibility, and policy considerations, this 
session will provide actionable insights on advancing circular water economy approaches.

Expected outcomes include:

• Greater awareness of economic and technological challenges in water reuse and desalination.
• Identification of best practices for integrating non-conventional water sources into agricultural and urban 

systems.
• Improved stakeholder engagement, fostering collaborations for future projects and policy development.
• Concrete recommendations for scaling up non-conventional water use while ensuring environmental and 

economic sustainability.
• This session will equip participants with the knowledge and tools to drive the transition to a circular 

water economy, making water reuse and desalination integral to global water security strategies.
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Economic Viability of Water-Reclamation

Projects: Challenges, Instruments, and 

Opportunities
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Source: Pistocchi, A., et al. (2018) The potential of water reuse for agricultural irrigation in 
the EU. A Hydro-Economic Analysis, Publications Office of the European Union, Luxembourg.
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How much?

XIX World Water Congress | Marrakech, Morocco | 1-5 December 2025 | www.worldwatercongress.org



How much?
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Source: Pistocchi, et al. (2018). The potential of water reuse for agricultural irrigation in the
EU. A Hydro-Economic Analysis, JRC, Publications Office of the European Union, 
Luxembourg.



How much?
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SOURCE: Expósito, A., Díaz-Cano, E. & Berbel, J. The Potential use of Reclaimed Water for Irrigation
Purposes: Is it Overestimated?. Water Resources Management (2024). 
https://doi.org/10.1007/s11269-024-03878-w



How much?
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SOURCE: Expósito, A., Lorenzo, A. & Berbel, J. How much does reclaimed wastewater cost? A 
comprehensive analysis for irrigation uses in the European Mediterranean context. Water
Reuse (2024).

Case study: Andalusian Mediterranean Basins
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Figure. Evolution of costs and WWTP capacity (maximum cost scenario)



Is it affordable?
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Beyond monetary 
costs…
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PROYECTO RICHWATER (HORIZONTE 2020). LA AXARQUÍA (MÁLAGA). SOURCE: Lorenzo, A. & Expósito, A. (2025). A 
comprehensive environmental cost-benefit analysis of using reclaimed water for irrigation in socuthern
Spain. Environments,  12, 130.



Challenges and Opportunities
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The real potential (1,200–1,300 hm³) is lower than the estimate provided by the
EU (2,000–3,300 hm³).

Risks of overestimation: Poor investment decisions in infrastructure that later
ends up underused; unmet social and political expectations, especially during
drought conditions; inefficiencies in water planning when assuming a supply that
cannot be fully utilized; and conflicts among stakeholders (urban, agricultural,
environmental) over the allocation of an overestimated resource.

Study of 6 WWTPs (EDARs) in Andalusia: operating costs range between €0.07
and €0.13/m³ without considering investment, and up to €0.19/m³ when
amortization is included. If transport and storage costs are added (≈€0.15/m³),
the final cost can reach €0.25–0.30/m³.



Challenges and Opportunities
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Farmers’ willingness to pay depends on the economic productivity of water in
their crops. According to recent studies:

Greenhouse vegetables: up to €1.50/m³ → viable.

Subtropical fruit: €0.60/m³ → reasonable.

Cereals or pasture: <€0.20/m³ → not viable.

Crops must achieve a productivity level above €0.30/m³ to be viable.
Regeneration is only profitable in areas with structural water scarcity
and high-value crops.



Challenges and Opportunities
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We need more realistic models to estimate the regeneration potential,
incorporating hydrologic, economic, and governance factors.

Recommendations:

Prioritize coastal areas where treated effluent is discharged into the sea.

Avoid duplications with indirect reuse.

Provide public co-financing to make pricing schemes viable.

Ensure coherence between environmental and agricultural objectives.

Design realistic tariffs with cost-recovery mechanisms.



Are We Overestimating Reuse Volumes?

Authors: Julio Berbel (UCO)

Marrakech, 2nd of December, 2025
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Estimations of potential wastewater reuse in Spain
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Source
Potential reuse (hm3)

EU Spain

EC (2018) 6,000 -

Pistocchi et al. (2017) Cost <0.50EUR/m3 6,620 2,054

Pistocchi et al. (2017) Cost <0.75EUR/m3 10,405 2,917

Pistocchi et al. (2017) Cost <1.00EUR/m3 11,522 3,114

Pistocchi et al. (2017) Any Cost 13,090 3,295

Plan nacional de reutilización de aguas (España) - 1,4002

Uso actual: EU (2016), Spain (2020) 1,100 5301

Source: [1] INE (2020); [2] MARM (2010)



Methodology
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productivity)



Impact according location of WWTP

XIX World Water Congress | Marrakech, Morocco | 1-5 December 2025 | www.worldwatercongress.org



Estimated cost of WW treatment
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Localización de la Asociación de Regantes Volumen (hm3)
Costes estimados de 
operación (EUR/m3)

Cuenca del Guadalquivir - Córdoba 1 0,20

Cuenca Atlántica Andaluza - Cádiz 5 0,11

Cuenca Mediterránea Andaluza - Almería 6 0,12

Cuenca Mediterránea Andaluza - Granada 0,5 0,21

Cuenca Mediterránea Andaluza - Málaga 10 0,10



Conventional resources cost (at destination)
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Cuenca

Coste (EUR/ha)
Cost (EUR/m3)

       GW Surface Netwwork Total Groundwater Surface

Ebro 828,9 12,3 49,1 61,4 0,1488 0,0110

Duero 499,7 46,1 19,9 66,0 0,0946 0,0125

Júcar 383,5 16,2 80,7 96,8 0,0744 0,0188

Tajo 541,2 67,0 36,5 103,5 0,1035 0,0198

Guadiana 231,6 102,5 19,1 121,6 0,0485 0,0254

Guadalquivir 743,8 69,9 101,2 171,1 0,1503 0,0346

Segura 789,2 150,6 33,8 184,4 0,1632 0,0381

Media Nacional 500,2 56,4 49,7 106,1 0,0909 0,0207



Result
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Región Wastewater Return to
teh sea

Reused
2024

Potential
tecnical

Economic
potential

Andalucía 699 248 36 233 233
Islas Baleares 113 42 51 37 37
Islas Canarias 116 88 28 82 82
Cataluña 706 321 38 303 303
Valencia 468 114 199 99 99
Murcia 115 2 105 0 0
Ceuta y Melilla 16 16 0 15 15
Mediterrán + Canary 2.233 831 457 769 769
Central and north Spain 2.644 513 75 487 0
Total Spain 4.877 1.344 532 1.256 769



Conclusions   Estimated volume (hm3)
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Combining Water Blending and Innovative 

Technologies for the Sustainable Use of Desalinated 

Water in Irrigation

Author: Houda Taimourya (IAV)

Marrakech, 2nd of December, 2025
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Solar Irrigation 
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Nature Based 
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Water reuse

Water reuse

Water distribution
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Sustainable Use of Desalinated Water in Irrigation
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Workshop 1
Evaluation of the Nexus framework and DBC
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Acheived Work - Graduation project
1. The use of a mixture of groundwater and desalinated water at different ratios 
(25%-75%, 50%-50%, and 25%-75%), for zucchini plant.
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Workshop 2
Co-creation of solutions
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Acheived Work - Graduation project
2. The use of a mixture of groundwater and desalinated water at different ratios (50%-50% and 
25%-75%), with the integration of solar energy, magnetically treated water and a biofertilizer 
for zucchini plant.

3. Using a mixture of groundwater and desalinated water at one proportion (50%-50%) with 
100% groundwater as control, using zucchini, solar energy and three soil types with different 
gypsum concentrations 
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Acheived Work - Graduation project



513g                              473 g 
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Workshop 3
Strategies, mechanisms, and stakeholders

Mechanisms and strategies to facilitate, within the Nexus WEFe framework, the integrated 
implementation of desalinated water and other technological innovations.



Challenges of water reuse in Andalusia – Optimizing 

Fertilization in Agriculture: The Role of Nutrient 

Management with Reclaimed Water in the BONEX 

Project and opportunities created by BOOST-IN 

initiative.
Authors: Rafael Casielles and Antonia Lorenzo (BIOAZUL)

Marrakech, 2nd of December, 2025
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REFLECTIONS ON WEFE NEXUS
(FROM JRC REPORT)

• WEFE Nexus integrates management and governance across the 

multiple sectors of food, energy, water, and ecosystems.

• Realisation of the interconnectedness between Water, Energy, Food 

Security, and Ecosystems.

• Nexus originally addressed the energy-water-food security (WEF) 

Nexus, but ecosystems are increasingly recognised as important for 

sustainability.

• A step beyond single sector planning towards a more holistic 

approach to planning.

• Strong and binding coordination mechanism (Nexus Policy 

Dialogues).
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BONEX Mission

• Extensive literature focuses on the theoretical nexus 

concept, but tools to support its implementation in 

governance and practice are still in early phases of 

development

• BONEX aims to provide practical and adapted tools, 

examine concrete and context-adapted technological 

innovations, enhance policies and governance and 

facilitate WEFe Nexus practical implementation that 

balances the social, economic, and ecological trade-offs. 
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BONEX – WEFE Bridging Framework

• WEFEF has been developed to collaboratively identify 

and assess interventions that solve WEFe nexus 

problems and develop implementation pathways

• Practical tool for planners to integrate WEFE 

dimensions in the analysis and select interventions

• Target group: Policymakers, governmental agencies, 

businesses, NGOs, and research institutes

• Participatory approach: legitimate and transparent 

decision-making process

• Interview templates, surveys, protocol for data 

collection protocol, etc. 

• Different pathways for implementation, adaptability 

• Available at: https://bonex.qa.fullscreen.pt/ 
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BONEX – WEFE Bridging Framework
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Demonstration projects in BONEX
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BONEX Demonstration in Spain: 
RICHWATER DSS
• Calculation of fertiliser dosage based on nutrient analyses in reclaimed water

• Iteration – optimisation algorithm which can be adapted to different optimisation functions (e.g. costs, EC)

• Fertilisers savings: Reclaimed water supply N, P, K, Ca, Mg, Fe, Zn, etc. -> 68–79% reduction.

• Avoid over-fertilisation of crops: minimise eutrophication risks

• Lower dependency from chemical fertilisers: lower CO2 emissions

• Increased sustainaiblity of agriculture
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BONEX Demonstration in Spain: 
RICHWATER DSS
• 70% of chemical fertilisers replaced

• Average saving of 75% of fertiliser costs

• Reduction of CO2 emissions
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Mango T1 (€/ha) T2 (€/ha) Saving (%)
Abril 92 25 73
Mayo 92 25 73
Junio 58 39 33
Julio 25 0 100

Agosto 25 3 87
Septiembre 25 3 87

Total 317 96 75



BONEX Demonstration in Spain: 
RICHWATER DSS
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Boosting the uptake of 
innovative solutions in the 
context of water and 
circular
economy

Title is self-explanatory!



The Project is focused on barriers



Funnel model approach



Thank you!
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