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> National Civil Engineering Laboratory 

> State owned R&D institution

> Founded in 1946

> 22 ha campus, in Lisbon, close to the airport

> Unique multidisciplinary perspective in civil engineering

> Innovative R&D, best practices in civil engineering, with a key role in advising the 

government, as an unbiased and independent body

> 28 M€ annual budget, 40% from the National Budget and other sources, 60% own revenue 

through Sci. & Tech. contracts

> 498 total staff (researchers, technicians, admin) + research fellows

LNEC in 1 minute…
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LNEC in 1 minute…

• Urban water unit

• Estuaries and coastal zone unit

• Ports and maritime structures unit

• Water resources and hydraulic structures unit

• Information Technol. in Water & Environ. Research Group

http://www.lnec.pt/en/lnec/organizational-chart/
http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/presentation-1/
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Urban water management 

 Challenges

▪ More demanding requirements ...

• Health and public safety, incl. contaminants of emerging 

concern

• Environment protection 

• Circular economy and resource efficiency

• Infrastructure asset management

e.g. in PT: 25 000 M€ total

2000 M€ green-field + 2000 M€  rehab in the next 10-years 

• Economic sustainability and affordability

• ...

▪ Climate dynamics

• Natural hazards > cascading effects

▪ Collaborative processes

• Resources’ management

• Alignment between land management and water 

management

• Alignment between different services, organizations, partners
LNEC | 4
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Urban water management

 Key aspects

▪ Water essential to life and socio-economy 

• “Natural monopoly"

• Most infrastructures buried (out of sight ...)

• High value infrastructures

• Degradation of infrastructure higher than rehabilitation

• High temporal / spatial variability

▪ Recognition of interdependencies

• Water - territory

• Between urban services (water, energy, transport, waste, ...)

▪ Water availabilities, uses and functions

• Quantity and quality, time-space asymmetries

• Social / natural uses / functions

LNEC | 5
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Water in urban areas

 Acting for change

 Transfer of know-how to users, including 

methods and technologies (hardware and 

software) and information

 Integrated approaches: systemic, multi and 

trans disciplinary

 Changing behaviors and practices: 

responsible consumption, naturalization of 

urban areas ...

 Portfolio of procedures and solutions directed 

to multiple objectives

 Infrastructure asset management: 

performance, cost and risk

 Bridging the gap in water management and 

spatial planning

Capacity building, innovation, co-

creation

Circular economy and resource 

efficiency (water, energy, …)

Adaptive management, promotion 

of change

Integrating water management 

into territorial management, multi-

stakeholder

Responsible investments and 

water pricing

LNEC | 6
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Urban water unit   |   NES/DHA

LNEC | 7

• Problem-driven, leading-edge R & D & innovation on urban water systems and 

services - water supply, wastewater and stormwater

• European and national funds from competitive calls and industry funds from 

peer-to-peer innovation projects (national initiatives), an in-house developed 

model of project with researchers, IT providers and utilities

• Advanced consultancy of water services

• Regulation - policy documents, codes, best practice manuals (ERSAR, 2004-…)

• Standardization - ISO TC224, TC251, TC282 - CEN 164, 165

• Capacity building (institutions and individuals) through collaborative projects, 

advanced courses and training programs for water professionals,

PhD and Master students

• 23 total staff, 20 researchers: 12 PhD + 7 PhD students + 1 MSc research grantee

http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/team-7/
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✓ Infrastructure asset management (IAM)
water networks & WTPs/WWTPs;  decision support tools based on a performance-cost-

risk integrated approach http://igpi.aware-p.org/, www.trust-i.net, http://icitage.lnec.pt/

✓ Water and energy
water losses & energy management in water supply systems http://iperdas.org/

ICT www.i-widget.eu, big consumers (e.g. hotels http://adapt-act.lnec.pt/), hydro-

agriculture projects agir, energy efficiency in urban water cycle http://avaler.lnec.pt/

✓ Reliability, safety and resilience of urban water systems
assessment & control of undesirable inflows into sewers http://iaflui.lnec.pt

resilient cities, climate change adaptation  www.resccue.eu (H2020) 

✓ Water quality, treatment and reuse
natural waters, drinking water, wastewater, water reuse (urban and rural areas)

conventional, advanced and nature-based treatments (centralized/decentralized)

process development and pilot prototype demonstration, performance assessment and 

benchmarking of full-scale plants www.trust-i.net, www.life-aware.eu, www.life-

hymemb.eu, www.life-impetus.eu, democon, www.marsol.eu/, http://ieqta.lnec.pt/

R&D&I areas & ongoing/recent related projects

http://igpi.aware-p.org/np4EN/home
http://www.trust-i.net/
http://icitage.lnec.pt/
http://iperdas.org/
http://www.i-widget.eu/
http://adapt-act.lnec.pt/
http://www.fenareg.pt/agir-sistema-de-avaliacao-da-eficiencia-do-uso-da-agua-e-da-energia-em-aproveitamentos-hidroagricolas/
http://avaler.lnec.pt/
http://iaflui.lnec.pt/
http://www.resccue.eu/
http://www.trust-i.net/
http://www.life-aware.eu/
http://www.life-hymemb.eu/
http://www.life-impetus.eu/
http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/activity-2/
http://www.marsol.eu/
http://ieqta.lnec.pt/
http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/operational-units-3/
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+ Urban water cycle as a whole – “system approach”

+ Knowledge transformed into management and decision tools

+ Lab and experimental competences and modelling competences

+ Multidisciplinary

+ LNEC “ecosystem” (within the dept., between depts., with hosted organisations)

+ Several solutions offered (e.g. treatment) – impartial advise, effective benchmarking

+ Lab-pilot-full scales

+ National and international networking – sound network of partnerships

+ The full innovation cycle

LNEC | 9

Differentiating factors
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Fundamental 
research

Applied
research

Innovation “Roll-out”

• European projects 

• National projects P2020 (FCT, FAI) 

• National initiatives

• Participation in advisory boards, associations, 

standardization committees (ISO, CEN)

• Partnerships with consultants and technology 

providers

• National initiatives 
• Training/lecturing actions

Feedback

NES strategy
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LNEC

(+ R&D 

partners)

• awareness

• commitment

commitment 

funding 

Grant agreement

• awareness

• motivation  

• capacity building  

• quality control

knowledge and validation

experience 

motivation 

Project team

Top management

Operational team

Utility 1

Heads of units

Top management

Operational team

… Heads of units

National initiatives. Peer-to-peer innovation projects

LNEC | 11Utility n
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• PASt21 2009

• iEQTA 2017

• iAflui 2016

• iAflui 2019

• INSSAA 2004

• iPerdas 2014

• iPerdas 2016

• PI-waters 2000

• iGPI 2012

• iGPI 2015

• iCitage …
IAM

Water 
and 

energy

Water 
quality, 

treatment 
and 

reuse

Reliability
safety
and 

resilience

National initiatives. Peer-to-peer innovation projects

Utilities
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Lisbon Internacional Centre for Water  (www.lis-water.org)

This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 763562 
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A few examples of R&I projects

http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/activity-2/

LNEC | 15
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From R&D to the industry

from incipient to leading-edge IAM planning in Portugal 

IAM. Infrastructure Asset Management

LNEC | 16
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Software and tools
Knowledge

Methodology

LNEC | 17

performance-cost-risk

IAM. Infrastructure Asset Management



Maria João Rosa | NES/DHA LNEC | 18

IAM materials
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iGPI 2012

iGPI 2015

LNEC | 19

Training and capacity
building

Direct results of the utilities
(IAM plans)

IAM results
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iPerdas

LNEC | 20

• Software and instructions

• Supporting documents

• Quick start guides

• e-learning: metering course 
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Efficiency assessment of water and energy in 

collective irrigation systems

LNEC | 21

What’s necessary?

• Adapt existing and well succeed 

methodologies from the urban 

water system to collective 

irrigation systems

• Develop tools to support 

diagnosis and decision-making 

about alternatives to improve 

efficiency

• Develop an assessment system 

to promote water and energy 

management in collective 

irrigation systems and the 

definition of public policies

In Portugal…

• Water use efficiency in irrigation 

systems ~ 60-65%

(DGADR, 2014)

• Energy consumption in irrigation 

systems increased from

200 kWh/ha to 1500 kWh/ha 

between 1960 and 2017

(SIR, 2017)

• Collective irrigation infrastructures 

in poor condition and labour-

intensive (PDR 2020)
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Internalization of a structured process for the 
undue inflows

Capacity building of the utility’s team

Development of a Plan for the Control of 
Undue Inflows

Objectives

National Initiatives for the 

Control of Undue Inflows

2016-2018,   2019-2021



Maria João Rosa | NES/DHA

Benchmarking 

WWTPs

(23 ETAR)

Infrastructure

asset manag. 

IAM (GPI)

Tutorials

(Formação)

iEQTA. Initiative on energy, water quality and treatment  |  2017-2019

iEQTA

LNEC | 23

WWTP IAM Tutorials
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• Rational for diagnosis Expected results
• Baseline of the water sector and 

identification of energy drivers in 
each stage

• Assessment system for diagnosis 
and decision support 

• Action plan to improve energy 
efficiency in multiple utilities 

• Energy efficiency measures 
implemented and monitored 

• Direct contribution to national 
energy efficiency targets

LNEC | 24

Energy consumption & 

Performance per stage of the urban cycle, 

component, process or equipment

Energy efficiency assessment and 

sustainability of urban water services
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8 M€ H2020 project, 18 partners, 2016-2020

Coordinator: Aquatec (Pere Malgrat)

To help cities to become more resilient to physical, social and economic challenges by

generating models and tools to bring this objective to practice and make them applicable to

different types of cities, with different climate change pressures.

RESCCUE will also assist cities preparing their resilience plans.

www.resccue.eu

100 resilient cities, 

Rockefeller Foundation

LNEC | 25

http://www.resccue.eu/
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Contaminants of emerging concern

• Chemical compounds found in

▪ pharmaceutical compounds (2012 - …)
▪ personal care products

▪ pesticides

▪ flame retardants

▪ surfactant products

▪ industrial additives and solvents

▪ manufactured nanoparticles

• Natural substances

▪ Hormones (2012 - …)

▪ Cyanotoxins (2002 – 2012)
• Biological material

▪ antibiotic resistance genes 

LNEC | 26
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Cyanotoxins and pharmaceuticals
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Monitoring beyond requirements

NOM - natural organic matter

• Affects CEC control

• DBP precursor

NOM
characterization

TOC /DOC

Total and 
dissolved organic 

carbon 

AOC 
Assimilable

organic carbon

Molecular 
weight 

distribution

NOM rapid 
fractionation
Hydrophobic/ 
hydrophilic 

nature

Fluorescence

(type of organic 
matter)

UV-Vis
absorbance

(type of organic 
matter and colour)
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WATER TREATMENT

Strategies for climate change adaptation

LNEC | 29
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• To produce valuable knowledge for water resource protection from PhCs and 

associated environmental  policy on PhC occurrence, concentration and control in 

WWTPs, bacterial antibiotic resistance and PhC bioaccumulation in clams

• To demonstrate low capex measures for improving the control of 

pharmaceutical compounds (PhCs) in urban wastewater treatment plants 

(WWTPs) with conventional activated sludge (CAS) treatment
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Operational improvement of the current barriers

using benchmarking tools (KPIs, indices)

Chemical enhancement of clarification barriers

by adding commercial vs new adsorbents from

(local) wastes (circular economy)
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replicating

Results

innovating

knowing

• Wastewater samples were analysed for 24 PhCs and

hormones.

• Caffeine and acetaminophen are the most abundant PhCs 

and are highly removed (> 99%).

• Other PhCs (e.g. erythromycin, sulfamethoxazole, 

propranolol and bezafibrate) present variable removals

(~30-80%).

• Carbamazepine and diclofenac are (almost) not removed in 

the WWTPs → target for PAC adsorption.

Monitoring PhC occurrence in urban WWs Monitoring PhC accumulation in clams

PAC addition to secondary treatment or as post-

treatment tested at pilot scale and PAC addition to 

secondary treatment tested at full scale. Aeration 

and solids retention time conditions

tested at full scale.

Lab and pilot adsorption results show that the new waste-

based PACs developed (10-15 mg/L) and the commercial PACs 

selected can remove 80% (or more) of the target PhCs 

(carbamazepine, diclofenac and sulfamethoxazole) present in 

the WWs. New eco-PAC better than the best commercial PAC.

Physicochemical enhancement strategies Operating strategies

A cost-benefit analysis using an innovative 

integrated approach including inputs 

from stakeholders.

A low-capex and easy-to-implement solution for 

improving PhC removal in WWTPs, while keeping operating 

costs to a minimum and maximising recovery of resources 

and energy efficiency.

Wealth of data on PhC occurrence in WWTPs which may 

be used in decision support systems and future EU policy 

and legislation.

• Caged clams were exposed to realistic conditions, in 

an area influenced by the WWTP.

• These clams were analysed for 24 PhCs and 

hormones.

• The most abundant PhC in clams is caffeine (in the 

ng/g range); in water samples from the exposure 

sites, it is diclofenac, 

followed by caffeine.
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When a permanent barrier against organics is required → GAC filters

Biologically active carbon (BAC) filtration 

for drinking water production and water reuse

GAC

BAC

Breakthrough curves

Adsorption

Desorption

Biodegradation

Bioregeneration

Adsorption

Biodegradation

LNEC | 33



Maria João Rosa | NES/DHA

✓ Low and stationary breakthrough of 

microcystin-LR (MC-LR)

in BAC filters
✓ Biological activity extends the lifetime of

BAC filters. Tannic acid removal efficiency of

BAC (4 months) ~ virgin GAC (8 days)

Biologically active carbon (BAC) filtration 

for drinking water production

NOM – Tannic acid
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The concept…

Target contaminants

pharmaceuticals, pesticides and 

other endocrine disruptor 

compounds, cyanotoxins, viruses and 

protozoa

PAC can be tailored for 

a wide range of 

contaminants targeted

An innovative PAC/MF hybrid process

powdered activated carbon/microfiltration

MF is a safe barrier against protozoa, 

turbidity, bacteria and fine-PAC

Ceramic membranes are emerging 

in water treatment, in many 

European countries but not in 

Portugal; they have superior lifetime 

and low energy consumption.

www.life-hymemb.eu
LNEC | 35

Best LIFE ENV project

2016-17
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Best LIFE ENV project

2016-17
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http://www.life-hymemb.eu/wp-content/uploads/2018/01/Technical-guidelines-of-PAC.MF_.pdf
http://www.life-hymemb.eu/wp-content/uploads/2014/06/LIFE-Hymemb_Laymans-Report_EN.pdf
http://www.life-hymemb.eu/wp-content/uploads/2014/06/LIFE-Hymemb_Laymans-Report_EN.pdf
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PAC/ceramic MF intake = raw water
(1.6 – 3 NTU, 1.5-2.5 mg/L DOC, < 2 L/m/mgC)

LNEC | 38

http://www.life-hymemb.eu/wp-content/uploads/2018/01/Technical-guidelines-of-PAC.MF_.pdf
http://www.life-hymemb.eu/wp-content/uploads/2018/01/Technical-guidelines-of-PAC.MF_.pdf
http://www.life-hymemb.eu/wp-content/uploads/2018/01/Technical-guidelines-of-PAC.MF_.pdf
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FP7 EU project, WP44.2.1

▪ PAC/MF and PAC/UF (ceramic MF and UF) for

unrestricted urban water reuse

▪ LNEC, IWW (Germany)

SimTejo, Metawater (Japan)

www.trust-i.net
Advanced treatments for water reuse
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▪ Activated carbon selection and optimization for PAC/NF or GAC for micropollutants

(EDCs, pharmaceuticals, …) control for water reuse

▪ Lab testing of a new low-pressure NF membrane (hollow-fiber)

▪ Design of PAC/NF configuration and operating conditions

Advanced treatments for water reuse

www.life-aware.eu

▪ Innovative hybrid MBR-(PAC-NF) systems to
promote WAter Reuse 

▪ CETaqua (SP)
Aigües de Barcelona
LNEC

LNEC | 40
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Soil-Aquifer Treatment as a passive solution to enhance treated 

wastewater quality.

Teresa E. Leitão et al. (E. Mesquita, M.J.Rosa) (2018) In Sanitation Approaches and 

Solutions and the Sustainable Development Goals. Eds. J.S. Matos, M.J. Rosa. ERSAR, 

EWA, APESB, 69-82

2 sequential periods:

1) higher ORP values

2) negative ORP values

2 basins in parallel

(or in series, if needed)

LNEC | 41
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Native species Conventional species

Exploring the use of Azorean native plants and rock material for 
sustainable wastewater treatment through constructed wetland systems. 

Sílvia Quadros, Rio P., Mesquita E., Rosa M.J. (2018) In Sanitation Approaches and Solutions and 
the Sustainable Development Goals. Eds. J.S. Matos, M.J. Rosa. ERSAR, EWA, APESB, 49-67

Juncus acutus L.

Bolboschoenus

maritimus L. Palla Arundo Donax L.

Espécies autóctones Espécie convencional

Angra do Heroísmo WWTP, Azores

After 4 cycles

B. maritimus better adapted

than J. acutus

6 log reduction of fecal coliforms

LNEC | 42
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Final messages

▪ Be water smart is…
• Work with people

• Work with nature

• Plan on the long run

• Act on the short run

• Keep the legacy for future generations

• Knowing (measuring) – innovating – replicating

• Circular schemes

• Product design and process design

longer lifetimes, higher efficiency

• Fit for purpose in water use, water-energy-P balances in the city 

(H2020 proposal with LNEC, CML, AdTA, ADENE, Baseform)
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Thank you!

mjrosa@lnec.pt

mailto:mjrosa@lnec.pt

