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This document is a summary of the main activities of the Life Ecosens
Aquamonitrix project.
The project started in July 2018, and it ended successfully on 31 March 2021.
The project is the result of close collaboration between: T.E. Laboratories
Ltd, (TelLab, from Ireland) acting as coordinator, two universities: Universidad
Católica San Antonio de Murcia (UCAM, from Spain) and Universidade Nova
de Lisboa - Faculdade de Ciências e Tecnologia (FCT-Nova from Portugal)
and two global companies – Kemira Oyj (Kemira from Finland) and LKS Krean
(LKS of the Mondragon Corporation from Spain). The total project budget was
1,503,145 Euro; nearly 60% was co-funded by the European Union through the
Life Programme as a close-to-market project.

The LIFE programme is the EU’s funding instrument for the environment and
climate action created in 1992. The funding period of 2014-2020 had a budget
of €3.4 billion.
Not only does the LIFE Programme support public authorities, NGOs,
universities and institutes, it also helps companies bring their green products,
technologies, services and processes to the market through close-to-market
projects like Life Ecosens Aquamonitrix. These projects are used to launch
innovative, demonstrative solutions that offer clear environmental and/
or climate benefits. Examples could be in waste management, the circular
economy, resource efficiency, water, air or climate change mitigation.
These projects also have a high level of technical and business readiness so
that solutions can be implemented in close-to-market conditions (at industrial
or commercial scale) during the course of the project.
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The Life EcoSens Aquamonitrix demonstrates a novel water quality monitoring
solution to meet the requirements for frequent water quality monitoring under
the Water Framework Directive.

With the aim of improving water quality at a European level, the Water
Framework Directive (WFD) was implemented in 2000. It was expected that
good ecological status would be achieved for all surface, ground and coastal
waters by December 2015. However, in 2015, the European Environment
Agency in Copenhagen published a report on the status of Europe’s waters; it
noted that only 53% of freshwater bodies would achieve good ecological status
which was only a modest improvement on the 2009 figure of 43% of rivers and
lakes. Therefore the maintenance of water quantity and quality against over use
and pollution through industry or agriculture is an ongoing battle.

Much progress has been made in water protection in Europe, in individual
Member States, but also in tackling significant problems at European level. But
Europe’s waters are still in need of increased efforts to get them clean or to
keep them clean. After 30 years of European water legislation, this demand is
expressed, not only by the scientific community and other experts, but to an
ever increasing extent by citizens and environmental organizations. The control
of pollution by Governments, Official Agencies or Environmental Agencies
requires following the appropriate guidelines for an effective solution to the
problem through:
5

- Recognition of the problem.
- Monitoring and control to determine the extent of the problem.
- Implementation of control procedures.
- Legislation to ensure the control of the implemented procedures.
- Monitoring to ensure that the problem has been managed effectively.
Therefore there is no doubt that water quality monitoring plays a very important
role in controlling the sources of water pollution, especially with regard to
point sources such as wastewater treatment plants (WWTPs) or industrial
discharges. It is worth noting that current practice for sampling and analysis
in WWTPs, far exceeds the regulatory requirements for the WWTPs as the
WWTP operators carry out sampling to ensure not only regulatory compliance
but also that their processes are within specification.
Despite this progress, a recent report from the Environmental Protection
Agency in Ireland found that nutrient concentrations are high in a significant
number of Irish water bodies with more than one third of rivers and a quarter
of lakes failing to meet their environmental quality standards for nutrients.
One finding of particular concern is that nitrate is increasing in nearly half of
Irish river sites. This shows a decline in quality since 2015, when only a small
proportion of sites had increasing nitrate concentrations (1.4%) . The situation
is similar in other parts of Europe, e.g. only 66.1% of English rivers achieved
excellent ecological status . On average, the nitrate concentration in European
rivers decreased by 0.01 milligrams per litre of nitrate-nitrogen (mg N/L) per
year (0.02 % per year) between 1992 and 2018, but the concentration has
levelled off since around 2010. The decrease has been attributed to measures
to reduce agricultural inputs of nitrate and to improve waste water treatment.
However, the apparent stabilisation of river nitrate concentrations in recent
years may result in the need for further measures to be taken according to
the EEA. These measures will no doubt include more monitoring to ensure
compliance and the use of all technological advances that have occurred in the
area of water sensors.
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The project aimed to demonstrate a cost effective portable water monitoring
solution for the Water sector. The innovative technology, at a competitive
cost allows increased frequency of water quality monitoring (concentrating
on nutrients: nitrite and nitrate) with remote real time access to the device
and to results. This affordable solution results in more monitoring, making it
easier for management decisions and compliance with regulations. Moreover,
its efficient and robust design allows longer deployment periods, diminishing
maintenance needs, providing an integrated monitoring solution that is cost
effective.
This project was able to demonstrate an innovative water quality monitoring
device in different environments and climates. The EcoSens Aquamonitrix
novel solution is a device designed for water companies and water authorities
as well as regulatory authorities, with the aim of improving their control of
water resources, water quality and facilitating and improving management
decisions.
The device can carry out a near-continuous analysis of water sources,
monitoring Nitrite and Nitrate, indicators of water quality. During the project
a reagentless detection method to monitor other parameters, thus reducing
reagents and standards was also developed.
The EcoSens Aquamonitrix solution enables end-users to detect pollution
events and adverse trends in real time. Thus, the private or public entities in
charge of water quality monitoring and management can act in a more efficient
and effective way tackling the problems detected (i.e. pollution events), in a
more timely manner, thereby minimizing the negative environmental impact.
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Our first task was to finalise the device design for optimum performance prior
to placing the device in Demonstration sites. We also wanted to have input
from end users before finalising the design to find out what is important to
them so that we could incorporate their needs into the design.
The initial part of the task defined the product EcoSens Aquamonitrix device to
meet the requirements of each of the target business cases selected. Specific
product requirements for different end users were taken into account where
possible e.g. WWTPs will require higher concentration ranges for the chemical
parameters while end users who will be testing surface water will require the
device to be able to detect lower concentrations.
This task was led by LKS and was achieved through surveys done with a variety
of end users, where they were asked to detail their requirements for a portable
water monitoring solution. 21 companies were contacted: most of them were
public or private companies in charge of the operation and management of
public WWTPs sewerage and water supply networks. Most of them managed
urban areas with populations ranging from 10,000 to 1,000,000 served
inhabitants and included the following:
o SUEZ
o Aguas del Añarbe- AGASA
o Aguas Municipales de vitoria -AMVISA
o Consorcio de Aguas Bilbao-Bizkaia - CABB
o Kemira Oyj
o ESAMUR (Entidad de Saneamiento y Depuración de Aguas Residuales de la
Región de Murcia)
12 companies, roughly half of the contacted companies answered the survey.
The Life Ecosens Aquamonitrix water quality monitor also incorporates an
Internet of Things (IoT) platform, designed by UCAM to gather the information
from the sensors, compiling it for processing and for retrieval by end users who
can log into the platform. This information provided in real time through the IoT
platform facilitates decision making.
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Reagentless detection or a soft sensor estimates the unknown concentration
of parameters based on the correlation between these parameters and other
parameters of known concentrations. Therefore hardware parts are not needed
where mathematical modelling can predict the concentration.
FCT –Nova led this work by collecting absorbance readings, pH, Temperature,
Nitrite and Nitrate from the demonstration sites in Murcia, Basque country,
Spain and Haapavesi in Finland.
Promising results were achieved with correlations seen between these
parameters and other parameters in various areas of the Waste Water Treatment
Plants (WWTPs) with the potential of developing soft sensors for Total Organic
Carbon (TOC), Biological Oxygen Demand (BOD) and Ammonium (Influent –
Murcia), Suspended Solids (SS) and Volatile Suspended Solids (VSS) and BOD
(influent) Chemical Oxygen Demand, Total Nitrogen, BOD (effluent – Loiola)
and SS and Ammonium (bioclarifier) Ammonium, and Alkalinity (effluent) in
Haapavesi.

In this task we aimed to manufacture and assemble 21 prototypes for
demonstration purposes and this was achieved. 21 prototypes were
manufactured and were ready for deployment from February 2019 as well
as complementary deployments at other sites in Ireland, the USA and New
Zealand.
The scale up manufacture also included validation and Quality Control checks
during and at the end of manufacture.

Figure 1. Start of Manufacture in January 2019 at TelLab, Ireland
9

Figure 2. Scaled up Manufacture Line in November 2020 at TelLab, Ireland

These demonstrations took place from February 2019 until the end of the
project in March 2021 in 3 main phases. Over the entire project the device
was at the following demonstration sites:
• MURCIA IN SPAIN
Four Waste Water Treatment Plants (WWTP) in Murcia in Spain, managed by
ESAMUR:
→ Los Alcazares WWTP
→ Molina de Segura WWTP
→ Alcantarilla WWTP
→ San Pedro del Pinatar WWTP
• HAAPAVESI, FINLAND
Haapavesi WWTP, Finland operated by the Operon Group
• THE BASQUE COUNTRY, SPAIN
→ Galindo WWTP, managed by Consortium of Aguas Bilbao Bizkaia (CABB)
→ Loiola WWTP, managed by AGASA
→ Crispijana WWTP, operated by Depuración de Aguas del Mediterráneo
(DAM)
• MASSACHUSETTS, USA
The Massachusetts Alternative Septic System Test Center (MASSTC), a division of the Barnstable County Department of Health and Environment in Massachusetts: this was part of the USEPA run Advanced Septic System Nitrogen
Sensor Challenge.
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• IRELAND
Industrial plant water treatment system: Carbery Foods, Cork, Ireland
– a dairy producer.
River water: Teagasc, Johnstown Castle, Wexford.

Figure 3. On site in Crispijana WWTP, Basque country, Spain

Figure 4. On the way to Haapavesi WWTP, Finland
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Figure 5. On site in Haapavesi WWTP, Finland

Figure 6. On site in Molina WWTP,
Murcia region, Spain

Figure 7. On site near a river in County
Wexford, Ireland

Figure 8. Life Ecosens Aquamonitrix device on
site during testing at MASSTC, Massachusetts,
USA
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Key to any close-to-market project is the business plan. This work included
market analysis of the water sector based on different geographical areas,
helping to inform the consortium of the most suitable geographical locations
to first launch the water monitoring solution.
The market analysis was informed in part by the end users at the demonstration
sites and also through the use of other resources e.g. international conferences
and trade shows, e.g. Water and Wastewater Monitoring trade show (WWEM)
and market reports.
Competitor Analysis is key to ensuring that the Life Ecosens Aquamonitrix
continues to answer the gap in the market and this analysis was carried out
and updated over the course of the project.
Different use cases as exemplified by the demonstration sites in Europe will
be replicated on a global scale, ensuring that we meet the global need for a
real time water monitoring device.

Environmental Impact of the Project
The device is designed to be environmentally responsible e.g. it aims to have
low power consumption and to use small volumes of chemicals with all the
waste collected within the device.
We monitored the device in terms of
•
Power performance.
•
Technical robustness of device.
•
Reduction of usage of chemical standards and reagents.
•
Environmentally friendly components used in the device.
We achieved success in each of these areas with power usage being
minimised, the device achieving IP 65 rating (ensuring that it is suitable
for outdoor use), use of tiny amounts of chemicals per analytical run and
the preference for ISO 9001 compliant suppliers with environmental
procedures in place.

13

We also monitored the project in terms of environmental impacts, e.g. one
of our main aims was to achieve improvement in water quality through more
frequent analysis than is currently required.
Many WWTPs may monitor Nitrate daily or once or twice a week (Nitrite
sometimes less than that or not at all). With the Life Ecosens Aquamonitrix
the device can perform analysis every 4 hours up to a maximum of every 15
minutes. Analysis every 15 minutes for 365 days results in nearly 35,000
results per year compared to 104 results per year that is currently being
done.
As part of this task, we carried out a Life Cycle Analysis in line with
ISO 14044:2006 Environmental management - Life cycle assessment –
Requirements and Guidelines. The LCA highlighted the areas where the
environmental footprint of the device could be improved and this will be
undertaken with future versions of the device.
While the life cycle cost analysis facilitates a cost assessment through a
systematic examination of a product’s design, engineering, manufacturing,
operations, maintenance, environmental and disposal cost, we were able to
identify where cost for the manufacturer and user could be reduced to make it
a more cost effective and attractive product.

Socio-economic impact of the project
We monitored two key metrics:
• Number of jobs created by the businesses involved in the project (during the
project) with projections for after the project end.
• Increase in turnover by the businesses involved in the project (during the
project) with projections for after the project end.
The project certainly has had the most impact on the coordinator TelLab with
an increase of 5 full time employees (FTE) by the end of the project. FCT-Nova
employed 1 FTE while UCAM employed 2 FTEs; there was a lesser but positive
impact on the other businesses within the consortium as well.
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From the beginning of the project all consortium members have been actively
engaged with our dissemination activities by attending Conferences,
Workshops and networking events across Europe.
Even with the Covid-19 pandemic, we still continued this activity with on line
events.

Figure 9. Networking Event with LIFEagremsoil in UCAM, Murcia, Spain
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Table 1. Dissemination Activities
Conferences
Environ 2019: Engagement for Climate Action, 29th

Date

Location

15 -17 April 2019

Carlow, Ireland

EU Water Innovation Conference

11 - 13 December 2019

Zaragoza, Spain

LIFE Platform meeting on waste water treatment and

29 - 30 January 2020

Barcelona, Spain

04 March 2020

Bowdon, UK

UK AMP 7 Water Industry Seminar

05 March 2020

London

IWA Nutrient Recovery and Removal Conference and

01 - 03 September 2020

Virtual Conference

November 2018

Telford, UK

Stand on Sensors for Water Interest Group (SWIG)

25 - 26 September 2019

Nottingham, UK

Water, Energy, Technology and Environment Exhibition

21 – 23 October 2019

Dubai

Colloquium of Irish Environmental Research

Oral Presentation
SWIG (Sensors for Water Interest Group) Event: SUCCESSFULLY USING INSTRUMENTATION IN CHALLENGING WASTEWATER ENVIRONMENTS

Oral Presentation

Exhibitions
Stand in WWEM 2020 - Water, Wastewater and Environmental Monitoring 2018

(WETEX)

Networking with other Projects and Potential Customers
Life (Ireland) Information Day 2019

09 April 2019

Dublin, Ireland

Meeting with Life AgremSo3il researchers

08 October 2019

Murcia

Large Water Users Community of Practice

09 October 2019

Laois, Ireland

Meeting with Life Clean up researchers

14 October 2019

Murcia

Meetings with European Innovation Partnership Project

October 2019

Dublin

November 2018 and October

Brussels and Ireland

VI Workshop “Management of the integral water cycle
and the environment”

– Mulkear EIP
Meetings with Dublin Urban Rivers LIFE researchers

2019
British Water International Network Forum Meeting

8 December 2020

Online

British Water Yorkshire Water Liaison Meeting 		

14 December 2020

Online
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The project also held two conferences towards the end of the project:
The first conference was the Conference on monitoring, analysis and intelligent
management of water on 2 February 2021. This was a virtual event in Spanish.

Figure 10. Registration Details for the Spanish Conference

Figure 11. Spanish Conference in session on 2 February 2021
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The second conference was the Life Ecosens Aquamonitrix Project Workshop
– From prototype to commercialisation and everything in between- It was
held on 24 March 2021 and was conducted in English; it was also an on line
event due to the Covid-19 pandemic.

Figure 12. Registration Details for the Spanish Conference

Figure 13. Final Conference in session on 24 March 2021

18

Project Meetings
In person meetings were held in 2018 and 2019. The Covid-19 pandemic in 2020
prevented any further in person consortium meetings.

Figure 14. Kick Off Meeting at TelLab on 8 October 2018

Figure 15. Annual General Meeting in LKS, Bilbao, 26 - 27 September 2019
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• Manufacture and assembly of 42 prototypes for 12 demonstration sites.
• Validation and Calibration of soft sensors for a variety of parameters.

• Versatile water quality monitoring system for nitrate / nitrite tested and
demonstrated in different applications in the Water Sector.
• Provides enhanced performance: Precision +/-5%, Accuracy +/-10% as
illustrated by the US Environmental Protection Agency (EPA) independently
verified results during one month deployment of Life Ecosens Aquamonitrix .
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Figure 16. Life Ecosens Aquamonitrix device versus Lab analysis for Nitrate and Nitrite

Table 2. Device Accuracy during 1 month deployment in US
One Month Accuracy
Pollutant

Nitrate

Nitrite

Average % Recovery

92.03%

104.39%

Table 3. Device Precision during 1 month deployment in US
One Month Precision
Pollutant

Nitrate

Nitrite

Average % RSD

5.16%

4.34%

• Highly competitive solution: designed to answer end users’ needs.
• Simple plug n’ play – get set up and running within hours.
• Easy to operate and service, with no requirements for specialised skills.
• Version 1 ready for market launch at the end of the project.
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In this project, the portable device has been integrated with an Internet of
Things (IoT) platform for water quality monitoring and management. This
platform provides mechanisms for managing devices, storing and processing
large water quality data sets and implementing intelligent applications.
Therefore, the Ecosens Aquamonitrix system enables online and real-time
communication with the devices and facilitates decision-making for health and
environmental protection.
The platform’s general features are shown in Figures 17, 18 and 19.

Figure 17. IoT Platform Features: Map of installed devices and specific device data

Figure 18. IoT Platform Features – Alarms and data visualisation
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Figure 19. IoT Platform Features: Daily statistics, historical data and real time data

Client applications provides data on the individual analysers as well as many
devices.

Figure 20. Overview of several sites and devices

Figure 21. Overview of one analyser
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Figure 22. Analyser statistics - daily and last seven days

The commercial version which is based on the Life Ecosens Aquamonitrix IoT
platform is called Datamonitrix® and provides a versatile IoT platform allowing
remote access to the results generated by the device with scalable and flexible
solutions available, resulting in cost savings for the clients.

Soft sensors were successfull developed for 19 water quality parameters.
They are equations based on easily assessed parameters (such as pH and
light absorbances) that can estimate other water quality parameters without
further chemical analysis; therefore no chemicals are required for these type
of sensors. Soft sensors were firstly developed (or calibrated) using analytical
results from grab/ bottle samples, through machine learning. Afterwards, they
were validated through comparing the estimated and analytical values for a
new set of data (not used in the calibration). Recalibration of soft sensors is
required when the properties of water change, to maintain good performance
of the soft sensors. Table 4 outlines the soft sensors that were developed
during the project including important indicators of water quality such as
Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD).
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Table 4. Summary of main correlations achieved (soft sensors) in the project
(calibrated and validated) (RMSE: root mean squared error)

Parameter assessed

WWTP

Effluent SS (mg/L)
(Suspended solids)

Loiola

Effluent VSS (mg/L)
(Volatile suspended solids)

Loiola

Effluent COD (mg/L)

Inputs required

RMSE

RMSE

calibration

validation

28.3

29

pH, Cond, T, A280, A350, A540

24.7

18.1

Loiola

Cond, T, A280, A350, A540

40.9

51

Effluent BOD (mg/L)

Loiola

pH, Cond, T, A280, A350, A540

15.8

14.6

Effluent Phosphorus (mg/L)

Loiola

pH, Cond, T, A280, A350, A540

0.76

0.66

Effluent TKN (mg/L)
(Total Kjeldahl Nitrogen)

Loiola

pH, Cond, A280, A350, NO3

6.08

4.79

Effluent NH4 (mg/L)
(Ammonium)

Loiola

pH, Cond, T, A280, A350, A540, NO3, NO2

3.5

4.78

Influent TOC (mg/L)
(Total Organic Carbon)

4 WWTPs
in Murcia

A280, pH, NO2 and NO3

16.1

32

Influent NH4 (mg/L)

4 WWTPs

A280, A540, pH, Cond

8.65

10.9

Influent BOD (mg/

4 WWTPs

A280, A350, A540, pH, Cond, NO2 and NO3

182

148

Effluent COD (mg/L)

4 WWTPs

A280, A350, T, NO2, NO3

5.3

6.3

Effluent TN (mg/L)
(Total Nitrogen)

4 WWTPs

A280, A350, pH, T, Cond, NO2, NO3

2.3

2.3

Effluent BOD (mg/L)

4 WWTPs

A280, A350, T, Cond, NO2, NO3

2.13

2.13

Abs 540 nm

1.1

0.61

Bioclarifier SS (mg/L)

Haapavesi

pH, Cond, T, A280, A350

Bioclarifier NH4 (mgN/L)

Haapavesi

Abs 280, Abs 540, NO2, NO3

0.034

0.029

Bioclarifier Alkalinity (mmol/L)

Haapavesi

Abs 280, Abs 540, NO2

0.518

0.621

Effluent NH4 (mgN/L)

Haapavesi

Abs 540, NO2, NO3

0.014

0.010

Effluent soluble Phosphorus (mgP/L)

Haapavesi

Abs 280, NO2, NO3

0.0731

0.0851

Effluent Alkalinity (mmol/L)

Haapavesi

Abs 280, Abs 540, NO2, NO3

0.692

0.470
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Example for Haapavesi WWTP
The soft sensor for suspended solids in the bioclarifier effluent is a simple, direct
correlation with light absorbance measured at 540 nm.

Figure 23. Soft sensor estimation (open orange circles with orange line) and experimental values (blue
circles) of suspended solids (SS) in bioclarifier effluent stream, Haapavesi WWTP.

• 9 jobs created by the end of the project with the aim to increase this number
at TelLab in the coming years as Sales increase.
• With future versions in the pipeline, the consortium is hopeful that Kemira
and LKS would also see an increase in turnover and new job positions, once
these versions are launched to market.

• To contribute to improvement in water quality across European regions
with widespread adoption of the Life Ecosens Aquamonitrix water monitoring
solution. This will be easier to achieve once more parameters like phosphate and
ammonium are added to the device resulting in a complete nutrient monitoring
solution.
• We will apply for Environmental Technology Verification (ETV): This
programme offers a verification procedure to cutting edge environmental

technologies that may otherwise find it difficult to establish their
environmental added value. The verification procedure allows for an
independent assessment and validation of the manufacturer’s claims on
26

performance and environmental benefits of their technology.
With ETV, proof of performance is credibly assured, so this will enable
the Life Ecosens Aquamonitrix device to have easier market access and/
or a larger market share as the technological risk is reduced for the
purchasers/ end users.
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Life Ecosens Aquamonitrix has applications in any sector (municipal water
treatment or waste water treatment plants, industrial water treatment plants,
hydroponics / aquaculture) concerned with nitrate or nitrite levels in influent,
effluent or product streams.
Compared with conventional ‘grab and lab’ sampling, the Life Ecosens
Aquamonitrix device provides real-time actionable data (through its IoT
platform) and significant savings in terms of personnel time and costs. The
greater temporal quality of analysis provides users with the data to better
monitor, control, understand, model, predict and optimise processes.
The achievement of soft sensors shows excellent promise for future
development and commercialisation.
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