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Reclaimed water for agricultural irrigation:

a bit of context

Climate change is intensifying the frequency, dura-
tion and severity of droughts, particularly in semi-ar-
id Mediterranean regions. These periods of drought,
combined with growing demand for water, are in-
creasing the pressure on available resources and the
need for efficient water management.

According to the Intergovernmental Panel on Climate
Change (IPCC), approximately 50% of the world’s
population suffers from severe water scarcity for at
least part of the year. At the European level, the Eu-
ropean Environment Agency (EEA) notes that around
30% of countries experience seasonal water stress.

One of the most affected areas in Europe in this con-
text is the Region of Murcia. Its intensive agricultural
activity, a key driver of its economy, generates a de-
mand for water that exceeds available water resourc-
es, making it essential to adopt sustainable solutions
that guarantee long-term supply. Faced with this sce-
nario, the reuse of reclaimed water for agricultural
irrigation is emerging as one of the most effective
alternatives from both an environmental and eco-
nomic perspective, compared to options such as de-
salination or water imports.

Although Murcia is a pioneering region in the use of
reclaimed water (according to ESAMUR, in 2024, a to-
tal of 99.7 hm3 was reused for agriculture, equivalent
to 89% of the total treated water), the large-scale
implementation of reclamation systems in other re-
gions still faces technical, economic and regulatory
barriers.

In terms of regulation, the European Commission
adopted Regulation (EU) 2020/741 to promote the
highest safety standards for reclaimed water used for
agricultural irrigation. This Regulation sets out mini-
mum requirements for quality, control and manage-
ment, which were implemented in Spain through Roy-
al Decree 1085/2024, establishing quality standards
for reclaimed water that are more stringent than those
previously in force.

This new regulatory framework poses significant tech-
nical and operational challenges, where conventional
treatments in wastewater treatment plants (WWTPs)

and water reclamation plants (WRPs) may prove in-
sufficient or excessively energy-intensive.

It is in this context that LIFE WARRIOR emerged, a
project aimed at developing and validating an inno-
vative scheme for the reclamation of Class A+ wa-
ter, the highest quality for agricultural irrigation.
This approach is aligned with European sustainabil-
ity policies and the Sustainable Development Goals
(SDGs), promoting solutions that integrate environ-
mental protection, resource efficiency and adaptation
to climate change.

- Artificial lakes
- Golf courses

- Irrigation of parks and gardens
- Street cleaning
- Fire protection systems

- Ornamental fountains
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Figure 1. Uses of reclaimed water in the Region of Murcia.
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LIFE WARRIOR: innovative and
sustainable production of reclaimed
water for agricultural irrigation

The LIFE WARRIOR project has developed and
demonstrated an innovative solution for reclaiming
Class A+ water for agricultural irrigation, in line with
Royal Decree 1085/2024 on water reuse. The solution
has been tested at the Nueva Sucina urban WWTP in
the Region of Murcia (Spain), a region where water re-
use already plays a central role in agricultural activity.

Its approach is based on an advanced treatment
system that integrates two technologies. First, the
project reuses ultrafiltration (UF) membranes from
drinking water treatment plants (DWTPs). Although
these membranes no longer meet the necessary re-
quirements for producing drinking water, they are still
suitable in water reclamation processes for agricultur-
al use, allowing LIFE WARRIOR to give existing re-
sources a second life.

Second, it incorporates a disinfection system using
ultraviolet (UV)-LED lamps, which eliminates patho-
genic microorganisms without the need for chemicals
and with a lower environmental impact compared to
the mercury lamps commonly used.

This treatment process is complemented by a digital
tool, comprising a decision support system (DSS) and
a sanitation safety plan (SSP) that includes a moni-
toring system using sensors and alarms. Its aim is to
help estimate and extend the service life of UF mem-
branes and to facilitate risk management through dig-
italised health safety plans.

Finally, to promote a circular economy model in the
UF membrane sector, the project has developed the
Re-UF Marketplace Service, a digital marketplace
that puts used membrane suppliers — primarily water
operators or authorities that run treatment plants — in
touch with potential end users. This encourages the
reuse of materials, reduces costs and promotes a more
efficient use of resources.

Thus, by implementing reused membranes, LIFE
WARRIOR manages to add value to a product, re-
duce its carbon footprint and produce Class A+ wa-
ter for use in agricultural irrigation. Furthermore, this

technology can be replicated in other regions facing
similar challenges and aligns with the SDGs and the
European Union’s guidelines on water reuse.

Image 1. LIFE WARRIOR pilot plant. On the left, the shed
housing the UV-LED disinfection system and the digital
tool, and on the right, the system of reused UF membranes.
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Main objectives of the LIFE WARRIOR project

Demonstrate an innovative system for reclaiming
top-quality water for agricultural irrigation in the
Region of Murcia, in compliance with Royal Decree
1085/2024.

Promote a circular economy model through the use
of reused UF membranes from DWTPs, extending
their service life and promoting their reuse via the Re-
UF Marketplace Service platform.

Implement a disinfection process using UV-LED
technology, which is chemical-free and consumes
less energy than conventional solutions.

Technological solution

Reclaimed water is a non-conventional water re-
source that is increasingly widespread globally and
can serve as a powerful ally against the effects of cli-
mate change and the scarcity of natural resources. Re-
claimed water is water from the secondary treatment
of WWTPs that has undergone additional (tertiary)
treatment, allowing it to be used for various activi-
ties (such as irrigation, cleaning, or aquifer recharge)
that do not yetinclude direct human consumption. The
use of this non-conventional water source reduces the
consumption of natural water resources, thereby alle-
viating the water stress faced by many countries such
as Spain and other regions of the Mediterranean.

The LIFE WARRIOR project presents an innovative
and sustainable solution for the production of re-
claimed water for agricultural irrigation through the
construction of a pilot plant in the Sucina region of
Murcia, Spain. There are three main elements that set
the pilot plant apart from other conventional WRPs:
the use of reused UF membranes, the implementa-
tion of a UV disinfection system using LED lamps

Develop a digital tool to optimise plant operation and
maintenance, as well as improve risk management.

Improve the sustainability of the reclaimed water
production process, reducing its environmental, eco-
nomic and social impact.

Raise public awareness of the uses of reclaimed water.

Assess the replicability and transferability of the
pilot project to other parts of Europe suffering from
water scarcity.

and the development of a digital tool to improve risk
management and process optimisation, which helps
to estimate and extend the membranes’ service life. In
addition, the LIFE WARRIOR project has developed a
marketplace for reused UF membranes in the form of
a free digital platform, to provide a tool that puts used
membrane suppliers (water companies or authorities
operating DWTPs) in contact with end users.

For a virtual tour of the pilot
project at the Nueva Sucina
WWTP (Murcia), go to:
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LIFE WARRIOR treatment train
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Figure 2. Process followed in the LIFE WARRIOR treatment line.

Reused UF membranes

The UF process consists of a filtration process that uses
semipermeable membranes with very fine pores to
separate, with the aid of a pump, water from suspend-
ed solids, microparticles and high-molecular-weight
substances. This technology is usually employed as
a pre-treatment in wastewater treatment, seawa-
ter desalination or freshwater purification. However,
it can also be used as the main treatment in the
production of reclaimed water, as is the case with
LIFE WARRIOR.

Among the various innovations developed in this pro-
ject is the reuse of UF membranes previously used
in drinking water treatment processes, specifically at
the Sant Joan Despi DWTP (Barcelona, Spain), one of
the largest membrane-based water treatment facili-
ties in the country and operated by Aigles de Barce-
lona. The project’s initial hypothesis is that UF mem-
branes used in DWTPs are discarded when they can
no longer guarantee water quality suitable for drink-
ing; however, given that drinking water quality stand-
ards are higher, the membranes could still be useful
for water reclamation processes, thereby extending
the life of these products.

UV-LED lamps

There are two main types of water disinfection:
chemical (by adding chemical compounds) and physi-
cal (using UV radiation from lamps). In both cases, the
aim of disinfection is to eliminate or inactivate patho-
genic microorganisms present in the water. The LIFE
WARRIOR project opted for UV technology, but unlike
conventional mercury lamps, a more innovative solu-
tion was chosen: UV-LED lamps.

The main advantage of UV-LED lamps over conven-
tional ones is the reduction in environmental impacts

Image 2. Reused UF membranes from the Sant Joan Despi
DWTP.

associated with mercury, the residue of which is toxic.
Furthermore, LED lamps allow for more efficient oper-
ation thanks to their ability to be switched on and off
as required without damaging them or reducing their
lifespan, unlike mercury lamps.

Digital tool

The WARRIOR Digital Tool consists of two main com-
ponents: a decision support system (DSS) and a dig-
italised sanitation safety plan (SSP).

The DSS is a digital resource that analyses opera-
tional data to calculate, identify and report in real
time on the correct or incorrect functioning of the UF
plant, providing water operators with valuable infor-
mation. This system monitors permeability reduction
and predicts extreme fouling events, enabling adjust-
ments to membrane cleaning procedures, optimising
the process and thereby estimating its service life.
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Meanwhile, the SSP includes a system performance
sensor that allows the membrane’s condition to be
tested automatically every 24 hours, thereby moni-
toring its effectiveness as a physical barrier and facil-
itating the design of health risk management plans.

Re-UF Marketplace Service

The Re-UF Marketplace Service is a free digital plat-
form designed to connect used membrane suppliers
with end users. On this platform, DWTP operators
can report on the availability and condition of their
used membranes and find interested customers di-
rectly, without intermediaries. This reduces delivery
times, a critical factor in preventing the membranes
from losing the necessary moisture and compromising
their structural integrity prior to reuse.
Image 3. UV lamp used in the LIFE WARRIOR pilot plant.

wcrﬂor Bienvenido

epissicns
[y Bienvenido a la WARRIOR tool
(A Pagina principal
La WARRIOR Tool es una herramienta digital disefiada para apoyar la operacion y la gestion del riesgo de la Estacion Regeneradora de Aguas (ERA) de Nueva Sucina, integrando un Plan de Gestién del Riesgo digitalizado y un Sistema de
© Gestionderiesgo  ~ Soporte a la Decision para la operacion de la planta.
* Global de datos Esta herramienta se enmarca en el proyecto LIFE WARRIOR, un proyecto demostrativo cofinanciado por el programa europeo LIFE, desarrollado por el consorcio formado por Cetaqua - Centro Tecnoldgico del Agua, EMUASA (Empresa

Municipal de Aguas y Saneamiento de Murcia) y Veolia.
() Sensores

LIFE WARRIOR responde a la necesidad de adaptar el tren de regeneracion de la ERA de Nueva Sucina, operadha por Emuasa, una instalacién sin punto de vertido, a un marco normativo cada vez mas exigente, garantizando el

G Analticas de labo.. cumplimiento de los mas altos estandares de calidad para la reutilizacién agricola, establecidos por el Real Decreto 1085/2024 y el Reglamento Europeo (UE) 2020/741.

O Incidencios La solucién combina un enfoque de economia circular aplicada al tratamiento del agua, mediante la izacion de de i de plantas ili; con un sistema de desinfeccion ultravioleta LED de

bajo consumo, que refuerza la seguridad sanitaria del proceso y reduce el uso de productos quimicos.

3= Soporte a la decision

En este contexto, la WARRIOR Tool centraliza la informacion operativa, facilita el seguimiento de los puntos criticos, apoya la toma de decisiones y contribuye a una

@O Diccionario mas segura, eficiente y sostenible de la planta regeneradora.

Image 4. The WARRIOR Digital Tool interface, where users can view various parameters relating to the
performance of the UF membranes and water quality in real time.

Image 5. Screenshot of the Re-UF Marketplace Service showing available membranes to new end users.
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Demonstration and validation of a scheme
based on the use of reused UF membranes and
disinfection using UV-LED lamps as a feasible
solution for producing high-quality reclaimed
water at an urban WWTP for agricultural use.

Actual production of 80,059 m3/year of Class
A+ reclaimed water, the highest grade for agri-
cultural use.

Development and implementation of a digital
tool combined with sensors and alarms to mon-
itor the process, as well as to facilitate commu-
nication and information transfer between mem-
bers of the chain, minimising the health risks
associated with reclaimed water production.

Development and implementation of a DSS
that allows us to predict membrane fouling
events, thereby optimising their cleaning and ex-
tending their service life.

Reduction in capital (CAPEX) and operating
(OPEX) costs for reclaimed water to €0.608/m?3.

What are LIFE WARRIOR’s achievements?

Reduction in CO, emissions by 41% compared
to the conventional scenario (new UF mem-
branes + UV disinfection with a mercury lamp).

Reduction in energy and chemical costs: €0.07/
m?3 compared to the cost of conventional treat-
ment, €0.17/m3,

Creation of the first public marketplace for UF
membranes, the Re-UF Marketplace Service, to
put people interested in buying or selling reused
membranes in touch.

Development of a replication plan, including
five case studies.

Creation of a business model aimed at WWTP
operators in areas affected by water scarcity
who need a sustainable and cost-effective way
to produce reclaimed water.

Dissemination of the project results.

Watch the video here:

Image 6. Details of the reused UF membrane system of the
LIFE WARRIOR pilot plant.
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Benefits and impacts of the LIFE WARRIOR project

The LIFE WARRIOR project has carried out a life cy-
cle analysis to assess the long-term environmental,
economic and social sustainability of the project, in
a 5-year post-project scenario. The following outlines
the improvements in sustainability, mainly due to the
following elements and factors of the project:

The reuse of UF membranes, which extends their ser-
vice life and avoids the impacts associated with the
production of new membranes.

The replacement of mercury lamps for disinfection
with UV-LED lamps, which contain no toxic elements.

The optimisation of chemical consumption and pilot
plant operation, which extends the life of the reused
membranes, thanks to the use of the WARRIOR Digi-
tal Tool platform.

The development of the Re-UF Marketplace Service,
which promotes the reuse of UF membranes in other
treatment plants.

Environmental impacts

We have compared the following environmental ben-
efits generated by the LIFE WARRIOR project with a
conventional scenario where, instead of using LIFE
WARRIOR’s innovative technologies (reused mem-
branes, UV-LED disinfection, the WARRIOR Digital
Tool and the Re-UF Marketplace Service), new UF
membranes and a mercury disinfection lamp are used.

A 41% reduction in CO, equivalent emissions per cu-
bic metre of water produced compared to the conven-
tional scenario, contributing to reduced impacts in the
climate change category.

A 47% reduction in water consumption (water foot-
print) per cubic metre of reclaimed water produced by
the project compared to the conventional scenario.

An 80.7% reduction in the consumption of resourc-
es, minerals and metals per cubic metre of reclaimed
water compared to the conventional scenario.

100% reduction in toxic waste (mercury) generated
by conventional treatment.

Economic impacts

To calculate the economic benefits of the project, we
also used the comparative life cycle analysis method-
ology in relation to the conventional scenario men-
tioned above. The main result of this study was the
reduction in CAPEX + OPEX costs in the LIFE WAR-
RIOR post-project scenario, with a value of €0.608 per
cubic metre of reclaimed water produced, compared to
€0.621/m3 in the conventional scenario.

Image 7. Reclaimed water after the treatment process.

Social impacts

To assess the social benefits of the LIFE WARRIOR
project, we carried out an analysis based on inter-
views with different groups of people involved in
the project or subject area: research and academia, in-
dustry and the value chain, workers and end users of
reclaimed water. The main results are shown below:

Higher level of acceptance and trust in reclaimed wa-
ter.

Support for the agricultural industry by offering a
sustainable alternative water resource.

Improved process safety in reclaimed water produc-
tion thanks to digital innovation.

Increased knowledge transfer and participation in
decision-making by promoting the creation of an inte-
grated risk management plan.

Better business opportunities thanks to the develop-
ment of the Re-UF Marketplace Service.
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Business model

The LIFE WARRIOR project business model consists
of a business-to-business (B2B) model aimed at
WWTP operators located in areas suffering from
water scarcity and who urgently need to adapt to the
requirements imposed by the new European Regula-
tion on reclaimed water (Regulation (EU) 2020/741).
Therefore, this business model must ensure that tech-
nologies for reclaimed water production provide re-
silience and profitability directly in areas with higher
agricultural demand and lower availability of con-
ventional water resources.

The LIFE WARRIOR project developed a 10-year fi-
nancial plan, setting out a conservative and realistic
economic roadmap designed to assess the long-term
viability of a business model based on the circular
economy and digitalisation.

The profitability of the model is based on the diver-
sification of its revenue: direct sales derived from the
execution of the engineering project and the sale of
membranes, and the vital generation of recurring
revenue through annual licences (SaaS model) to
use the digital tool.

However, the success of this proposal is subject to a
fundamental structural risk: the potential shortage of
reused UF membrane cartridges from DWTPs. To en-
sure the company’s survival and growth, it is essential
to actively promote its Re-UF Marketplace Service plat-
form and forge strong strategic partnerships that guar-
antee a steady supply of this essential raw material.

In summary, the 10-year financial forecast demon-
strates that, despite initial logistical constraints, the
strategy of diversifying revenue streams guarantees
the long-term economic sustainability of the LIFE
WARRIOR project’s activities.

Image 8. Technical staff during the monitoring of the LIFE WARRIOR

water reclamation and reuse facilities.
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Next steps: continuation of

the project

Although the project concluded in March 2026, the
plant will remain operational, supplying Class A+ re-
claimed water to irrigation communities in the Region
of Murcia.

In addition, work will focus on transferring the plant’s
technology to other WWTPs and identifying new
replication studies in different geographical and op-
erational contexts to improve the sustainability of re-
claimed water production processes. Given the great
interest generated by the LIFE WARRIOR project,
work will also continue on refining the business plan
proposed within the project framework and promoting
the search for new membrane suppliers to incorporate
into the Re-UF Marketplace Service, as well as study-
ing other alternative models in collaboration with stake-
holders from different sectors and regions of the EU.

Conclusions

Water scarcity represents one of the greatest chal-
lenges facing European agriculture, particularly in
semi-arid regions such as the Region of Murcia. In this
context, wastewater reuse is gaining ground as a sus-
tainable, safe alternative to ensure the availability of
water resources. Despite its advantages, water recla-
mation is far from reaching its full potential in other
regions.

LIFE WARRIOR addresses this challenge with an in-
novative solution that demonstrates it is possible to
produce Class A+ reclaimed water for agricultural ir-
rigation using reused UF membranes and a disinfec-
tion process employing UV-LED technology, thereby
reducing energy consumption, the use of chemicals
and operating costs. This project is aligned with the
European Commission’s regulatory framework (Regu-
lation (EU) 2020/741), which sets out minimum quali-
ty requirements for reclaimed water for agricultural ir-
rigation, as well as its incorporation into Royal Decree
1085/2024, which establishes more stringent quality
standards for reclaimed water.

The exchange of membranes between suppliers and
end users can be carried out via the Re-UF Market-

Image 9. Water reuse and efficient water management will be
key to ensuring the sustainability of agriculture in semi-arid
regions.

place Service platform, created within the framework
of the project. By giving a second life to membranes
from DWTPs, LIFE WARRIOR turns waste into a valu-
able resource, extending its useful life and reducing its
environmental impact.
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LIFE WARRIOR, a shared challenge between...

CETAQUA

WATER TECHNOLOGY CENTRE

Cetaqua — Water Technology Centre is a network
of water technology centres based on a unique pub-
lic-private partnership model. We work to provide
innovative solutions that ensure the complete water
cycle is sustainable and efficient at every stage, and
we do so through an ecosystem comprising four inde-
pendent centres in Barcelona, Andalusia, Galicia and
Chile, and a branch in the Valencian Community. They
all work in close collaboration with one another and
with relevant public and private stakeholders.

Aguas de Murcia (EMUASA) is a public-private part-
nership in which the Murcia City Council holds a 51%
stake and Veolia a 49% stake. EMUASA manages
the water cycle in the municipality of Murcia, serving
around 469,177 people spread across the urban cen-
tre, the surrounding rural areas and 55 districts.

Veolia aims to become the leading company in the
green transition. With operations all over the world
and 215,000 employees, Veolia designs and imple-
ments useful and practical solutions for water, waste
and energy management that contribute to a radical
change in the current situation. Through its three com-
plementary business lines, the company helps to fa-
cilitate access to resources, preserve their availability
and renew them.

Role in the project: Cetaqua coordinated the project’s
management and technical implementation through-
out its 42 months of operation. It also led communi-
cation and dissemination, provided the technical ex-
pertise required to design and construct the treatment
train, and assessed and monitored LIFE WARRIOR’s
impact.

info@cetaqua.com https://www.cetaqua.com )

Role in the project: EMUASA led the operational
management of the prototype, starting with obtaining
permits for its installation, supervising its design, con-
struction and integration into the existing infrastruc-
ture, and ensuring its operation and optimisation, to
promote sustainable water management.

aguas@emuasa.es https://www.emuasa.es/ )

Role in the project: Veolia acted as a bridge between
innovation and the market, ensuring that the products
and tools validated within the project move beyond
the demonstration phase and achieve effective market
launch.

comunicacion.spain@veolia.com

https://www.veolia.es/ )
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