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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

We are here, at the 

Congress Centre
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Urban water unit   |   NES/DHA

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

LNEC | 4

• 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 

collaborative projects, an in-house developed model of project with 

researchers, IT providers and utilities

• Advanced consultancy, regulation and standardization of water services

• 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/

http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/activity-2/
http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/team-7/
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✓ Infrastructure asset management
water networks and WTPs/WWTPs;  decision support tools based on a performance-

cost-risk integrated approach  http://igpi.aware-p.org/, www.trust-i.net (FP7), iCITAGE

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

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

hydro-agriculture projects agir, energy efficiency in the urban water cycle avaler+

✓ Reliability, safety and resilience of urban water systems
assessment and 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 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://iperdas.org/
http://www.i-widget.eu/
http://adapt-act.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://past21.lnec.pt/


Maria João Rosa | NES/DHA 6http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/infrastructures-5/ LNEC | 6

Lab Facilities

http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/infrastructures-5/
../../../FOTOS_videos_LNEC/2018-09_UQTA video_lnec em
file:///C:/Users/mjrosa/Documents/MJR/FOTOS_videos_LNEC/2018-09_UQTA video_lnec em/UQTA_final.mp4
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Lab Facilities

http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/infrastructures-5/
../../../FOTOS_videos_LNEC/2018-09_UQTA video_lnec em
file:///C:/Users/mjrosa/Documents/MJR/FOTOS_videos_LNEC/2018-09_UQTA video_lnec em/UQTA_final.mp4
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Supporting the regulation of water 

services

• ERSAR guides for assessing the performance of water and wastewater services

based on IWA PI systems for water services (HAlegre, JMBatista et al.) and wastewater services 

(RMatos et al.)

• Technical guides on infrastructure asset management, water losses, water treatment, 

water conservation and efficient water use…

LNEC | 8
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• Chairing the National Technical Commission on Urban Water Systems and 

many of its sub-commissions, and integrating many CEN and ISO working 

groups (ongoing)

• ISO TC224 Service activities relating to drinking water supply systems and 

wastewater systems - Quality criteria of the service and performance indicators 

• ISO 24500:2007 series

• Water losses

• ISO TC282 Water reuse

• Irrigation - ISO 16075:2015 (parts 1, 2, 3), ISO 16075:2016 (part 4)

• Water reuse in urban areas

• Risk and performance evaluation of water reuse systems

• Industrial water reuse

• CEN TC 164 (water supply)

• CEN TC 165 (wastewater engineering)

• ISO TC251 Asset management  - ISO 55000:2014 series

Standardization

LNEC | 9
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▪ Institutions, professionals, post-graduations

▪ Collaborative projects – iGPI, iperdas, iAflui, iEQTA ...

▪ Training programs for water professionals

▪ PhD and Master students

▪ Advanced courses

Lecturing, training & capacity building

LNEC | 10Maria João Rosa | NES/DHA
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▪ Urban drainage (wastewater and stormwater) – modelling, design and operation

▪ Water supply systems – modelling, design and operation

▪ Water quality monitoring - parameters and methods

▪ Conventional and advanced water and wastewater treatment and water reclamation

▪ Strategies for controlling chemically resistant microorganisms and oxidation by-

products

▪ Strategies for controlling cyanobacteria and cyanotoxins in drinking water

▪ Performance assessment and improvement of water and wastewater treatment 

plants

▪ ISO 24500 series - performance assessment of water and wastewater services

▪ ISO 55000 series – asset management

▪ Water reuse – treatment technologies, risk and performance, ISO standards

Advanced courses - examples

LNEC | 11Maria João Rosa | NES/DHA



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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Some relevant projects

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

LNEC | 13

http://www.lnec.pt/hidraulica-ambiente/en/core/urban-water-unit/activity-2/
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From R&D to the industry

from incipient to leading-edge IAM planning in Portugal 

IAM. Infrastructure Asset Management

LNEC | 14
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Software and
tools

Methodology

LNEC | 15

performance-cost-risk

IAM. Infrastructure Asset Management
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IAM materials
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iGPI 2012

iGPI 2015

LNEC | 17

IAM water utilities
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iGPI 2012

iGPI 2015

LNEC | 18

Training and capacity
building

Direct results of the utilities
(IAM plans)

IAM water utilities
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TRUST  FP7

Transitions to the urban water services of tomorrow

IWW (Germany) et al.  |  2011-2015

www.trust-i.net

LNEC | 19
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iPerdas 2014

iPerdas 2016

iPerdas
Water loss & energy management
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iPerdas

LNEC | 21

• Software and instructions

• Supporting documents

• Quick start guides

• e-learning: metering course 
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In Portugal…

• Water use efficiency in irrigation 
systems of 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)

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

Efficiency assessment of water and energy in 

collective irrigation systems
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Water balance

Energy balance
Assessment 

systems

Objectives of 

collective irrigation 

systems

System 

diagnosis 

and targets 

definition

Sectorial 

diagnosis

Analysis of 

improvement 

alternatives 

Open channel 

collective 

irrigation system

Pressurized 

collective 

irrigation system

System 
diagnosis 

and targets 

definition

Sectorial 

diagnosis

Analysis of 

improvement 

alternatives 

System 

diagnosis 

and targets 

definition

Sectorial 

diagnosis

Analysis of 

improvement 

alternatives 

Phase 2 (2018-2019)Phase 1 (2017-2018)

P
hase 3 –

T
echincalguides (2019

-2020)
General 

characterisation

Open channel 

and pressurised 

collective 

irrigation system

Efficiency assessment of water and energy in 

collective irrigation systems
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iWIDGET FP7

Improved water efficiency through ICT technologies for 

integrated supply-demand side management

UExeter (UK) et al

24www.i-widget.eu
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Prepared (FP7  www.prepared-fp7.eu/)

LNEC | 25
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Water Cycle Safety Planning - Framework

• Two levels of action

• Primary aims are protection 

of public health, of public 

safety and of environment

1. Commitment, assemble team and 

establishment of water cycle safety policy 

and context

2. Urban water cycle characterization 

3. Risk identification in the water cycle

6. Programme for action in critical situations 

at water cycle integrated level

7. Management and communication 

programmes and protocols

Water cycle level System level

S.1. Commitment, assemble team and 

establishment of system safety policy and 

context

S.2. System characterization

S.3. Risk identification 

S.4. Risk analysis and evaluation

S.5. Risk treatment

S.6. Programme for detection of critical 

situations

S.9. Development of supporting 

programmes

S
.1

0
. 
M

o
n

ito
ri
n

g
 a

n
d

 r
e

vi
e

w

9
. 
M

o
n

ito
ri
n

g
 a

n
d

 r
e

vi
e

w

S.7. Management of events

S.8. Management and communication 

programmes and protocols

4. Risk analysis and evaluation in the water 

cycle

5. Integrated risk treatment

8. Development of supporting programmes

▪ Macro scale

▪ Systems’ interactions

▪ Detailed analysis

▪ Subsystem  level
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Water Cycle Safety Planning 

Demonstration

Risk assessment
Fault trees for each hazard identified

Relevant CC related events identified using GIS

20 CC relevant events identified 

3 main risk sources – high intensity rainfall, high 
river or sea level and low rainfall

High velocity runoff  in public streets

Flooding from sewer 

systems

Flooding from natural water 

systems

Surface flow  in public areas

from runoff due to intense rainfall

Overloaded 

system

Insufficient sewers 

capacity

Insufficient inlets 

capacity / fault

Under-

designed 

system

Overloaded 

system

Low 

efficiency

Insuficient 

number of 

inlets

Inlets 

blocked

Sewer 

blockages

Flooding from water supply 

systems

Burst of pipe 

of large 

dimensions

Surface flow  in public areas

due to flooding from build or natural water systems

Insufficient drainage 

system capacity

Sewer 

blockages

High river or 

sea level 

(backwater 

effect)

High river or 

sea level 

(backwater 

effect)

Floods in 

natural 

catchments

Floods in 

natural 

catchments

Coastal 

floods

Coastal 

floods

High 

intensity 

rainfall

High 

intensity 

rainfall

Excessive runoff resulting 

from intense rainfall

High river or 

sea level 

(backwater 

effect)

High river or 

sea level 

(backwater 

effect)

Surface flow in 

public areas

Steep public 

streets or areas

Risk events characterisation and 
location

Working meetings

Risk reduction measures location

Communication among stakeholders using an interactive 
board

LNEC | 27



Maria João Rosa | NES/DHA LNEC | 28

Urban flooding, stormwater management

Multiuse SUDS (sustainable drainage solutions) as nature-based solutions for stormwater

management and urban re-naturing (local, site, end-of-pipe solutions) / combination with ICT 

technologies
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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

http://www.resccue.eu/


Maria João Rosa | NES/DHA

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 Initiative for the 

Control of Undue Inflows

2016-2018
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WACCLIM “Water and Wastewater 

Companies for Climate Mitigation”

• A contribution for improving the carbon balance of 

wastewater utilities…

• In Mexico, Peru and Thailand

• LNEC and ITA – UPValencia (Spain) for IWA

• 2014-2015

LNEC | 31
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WACCLIM “Water and Wastewater 

Companies for Climate Mitigation”

• A contribution for improving the carbon balance of 

wastewater utilities…

LNEC | 32
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Energy efficiency assessment and 

sustainability of urban water services

LNEC | 33

Abstraction

Water 
Treatment 

Transport &
Distribution

Drainage

Wastewater 
treatment 

Discharge and 
reuse

What’s necessary?
• Develop and assessment system 

covering all the stages of the urban 
water cycle

• Develop instruments for diagnosis, 
selection and economic analysis of 
alternatives and monitoring of the 
impact of actions. 

2018-2021, Coordinator: LNEC, Partner: Lisbon University & multiple water utilities,

Funding: National Innovation support Fund

The challenges…
▪ High water losses in water 

supply systems

▪ High Undue Inflows in the 
sewer systems

▪ Low efficiency of pumping 
equipment

▪ Underutilization of treatment 
capacity

▪ Systems’ Layout or network 
operation with low energy 
efficiency
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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 | 34

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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PASt21
National initiative for performance
assessment of WTPs and WWTPs

http://past21.lnec.pt

Benchmarking water and wastewater treatment plants

Benchmarking

energy 
efficiency

GHGs

performance indicators

performance indices

process modelling

stormwater

water quality, water reuse

WTPs| WWTPs

Capacity building

LNEC | 35

2009-2011
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PASt21
National initiative for performance
assessment of WTPs and WWTPs

http://past21.lnec.pt

Benchmarking water and wastewater treatment plants

Benchmarking

energy 
efficiency

GHGs

performance indicators

performance indices

process modelling

stormwater

water quality, water reuse

WTPs| WWTPs

Capacity building

doi1: 10.1016/j.jenvman.2014.03.028 | doi2: 10.1016/j.watres.2014.03.025
www.trust-i.net
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Benchmarking 

WWTPs (ETAR)

Infrastructure

asset manag. 

IAM (GPI)

Tutorials

(Formação)

iE
Q

T
A

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

iEQTA
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Lab analyses and testing

Pilot prototyping
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Monitoring & characterization of cyanobacteria and cyanotoxins
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Water sample 

processing Cyanotoxin

identification and 

quantification

Cyanobacterial bloom 
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Monitoring & characterization of

NOM - natural organic matter

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 | 42
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FP7 EU project, WP44.2.1

▪ PAC/UF and PAC/MF (ceramic UF and MF) 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 | 45
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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
cork and carob-based (local) wastes and biopolymer coagulants

doi1: 10.1016/j.jenvman.2014.03.028 | doi2: 10.1016/j.watres.2014.03.025

Accacia’s bark
(tannin rich)

2 CAS WWTPs, 3 prototypes

Ria Formosa
clam production

Tagus River

• PhC acummulation in clams
• Multidrug resistance bacteria 

PhC analysis in 150 clam samples + 850 WW samples

PhCs ? PhCs ?

Beirolas WWTP

Faro NW WWTP

LIFE IMPETUS
Improving current barriers for controlling
pharmaceutical compounds in wastewater treatment plants
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decentralized 

WWTP

Online sensors

flow rate ǀ loads

Software sensors

inferred parameters Modeling

operational diagnosis ǀ fault detection

INFLOW

WASTEWATER

RESOURCE INPUTS

energy ǀ chemicals

OPTIMISED OUTFLOWS

clean water ǀ biosludge

Control actions

automated ǀ manual

DEMOCON - DEcentralised MOnitoring and 

CONtrol [project PTDC/AAG-TEC/4124/2012]

LNEC | 47

1. Idea: Improved supervision and control provides 

conditions to increase the resilience of decentralized 

wastewater treatment plants

2. DEMOCON framework : 

Based on the use of on-line data, 

partly processed through 

software sensors and integrated 

in a dynamic model structure. 

This model can be used in the 

definition of different control 

strategies.

Partners:                                                  Case study:                              Co-Funding:       

3. DEMOCON project: 2013/15, 

case study WWTP (5000 p.e.) 

nearby Lisbon.
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Thank you!

mjrosa@lnec.pt
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