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INTRODUCTION

o Although the original goal of wastewater treatment was to protect water quality, today 
scarcity of resources and sustainability are driving major global changes

o The N-E-W Paradigm focuses on Recovering Resources such as Nutrients, Energy and 
Water, towards a Circular and Self-Sufficient Bio-Based Economy

NEW GENERATION OF 
SUSTAINABLE WWTPs

WWTPs 2.0 
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New EU Directive on Urban Wastewater Treatment (Directive (EU) 2024/3019)
Revised Regulation, Renewed Challenges

Wastewater treatment
o Nutrients removal (N: 80% removal or 8 mg/L; P: 90% removal or 0.5 mg/L; ≥ 150 000 p.e.)
o Obligation to all UWWTPs treating a load ≥ 150 000 p.e. to apply quaternary treatment by 2045, in

order to eliminate the broadest possible spectrum of micro-pollutants.
o Promote the reuse of treated wastewater from all urban wastewater treatment plants where 

appropriate. 
Energy neutrality and renewables
o Introduce an energy neutrality target, meaning that by 2045 urban wastewater treatment plants 

will have to produce the energy they consume, with progressive intermediate targets.
Wastewater surveillance and risk assessment
o Obligation to monitor health parameters in urban wastewaters: PFAS, Microplastics, Antimicrobial 

Resistance, Greenhouse Gases

INTRODUCTION
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 SECONDARY/TERTIARY TREATMENT

OBJECTIVES
- Increase biomass concentration
- Reduce the footprint
- Ensure water quality

Activated Sludge

AquaNereda®Aerobic Granular Sludge Technology
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 SECONDARY/TERTIARY TREATMENT

OBJECTIVES
- Increase biomass concentration
- Reduce the footprint
- Ensure water quality

AquaNereda®

Aerobic
Granular 
Sludge 

Technology

MBR
Membrane 
Biological 
Reactor

MBBR

Moving Bed 

Biofilm Reactor
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Processo integrado e circular para a REcuperação de
NUtrientes e remoção de micropoluentes de águas
Residuais

Objectives

Research Team

Partners
Vítor Vilar C. Cruzeiro

 RENURE PROJECT

L. Cullen

• Foster nutrients recovery from sidestream digestate by 

crystallization using a NETmix crystallizer;

• Electro-ozonizer using the NETmix static mixer.

• Gas (ozone)/liquid (water) injector based on the NETmix 

static mixer to enhance the ozonation process for CECs 

removal.

Francisca Moreira P. Marrocos A. Olivera
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Objectives

Research Team

Partners
Vítor Vilar A. Ferreira L. SenaC. Cruzeiro

Nutrient-rich by-product

Anaerobic digestion

Sidestream digestate

Digestate
Liquid fraction

Idea

Nutrient recovery by struvite crystallisation[1]

MgNH4PO4∙6H2O
Slow-release 

fertiliser

N
Nitrogen

7

P
Phosphorus

15

[1]Muys, M., et al. Science of the Total Environment, 417 (2020). doi: 10.1016/j.scitotenv.2020.143726

Extraction of EU strategic raw materials from wastewater 
and brines using a cutting-edge technology • Foster nutrients recovery from sidestream digestate by 

crystallization using an oscillatory flow crystallizer (OFC);

• Develop of a low footprint crystallizer combining 

computational modelling and experimental studies;

• Evaluation of alternative sources of Mg and Ca to bring 

down the costs of the crystallization process.

 LIQUIDMINING PROJECT



Oscillation

Vortices

Net flow

Constrictions

2

Oscillatory Flow Crystalliser
Planar-OFC[2,3]

Wastewater 
inlet

Chemicals 
inlet

Fertiliser 
harvest 

Traditional 
Crystalliser

Planar-OFC

Mass and heat 
transfer

Product quality

Scale-up

Portability

A series of well-mixed tanks with plug flow behaviour

Operated Continuously

Unit cell

[2] Cruz, P. C., Silva, C. R., Rocha, F. A., and Ferreira, A. M. Ind. Eng. Chem. Res., 60 (2021). doi: 10.1021/acs.iecr.0c04991
[3]OFR TECH Process Intensification, LDA, ‘Oscillatory flow plate reactor’. Available: https://www.ofrtech.com/

Extraction of EU strategic raw materials from wastewater 
and brines using a cutting-edge technology 

 LIQUIDMINING PROJECT



3

Effect of Mg:P initial molar ratio and net flow rate (Qw) on 
struvite production rate and phosphorus recovery (RP)

↑RP

↑Mg:P

↓QW ↑RP

Effect of final pH on the recovery rate of phosphorus

Crystallisation process – general outputs

✓ Increasing the final pH 
enhances struvite precipitation 
and overall production yield;

✓ Operating at a lower final pH 
reduces reactant consumption.

The struvite production rate in the planar-OFC 
strongly depends on the initial magnesium 

concentration and the residence time.

 LIQUIDMINING PROJECT

Production of  1.1 kg struvite/m3

Recover >90% of phosphorus

At least  10 times faster than conventional 
processes!
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 LIQUIDMINING PROJECT

Trial

MgCl2 - Control

NH4
+

4.0% (± 0.1)

Mg(OH)2 - Synthetic

Mg(OH)2 - Real

8.90% (± 0.2)

13.24% (± 0.03)

Mg2+

45.0% (± 0.1)

50.98% (± 0.02)

30.2% (± 0.1)

PO4
3-

93.36% (± 0.02)

91.61% (± 0.01)

94.07 (± 0.01)

Mg Source Dose

0.475 kg m-3

0.290 kg m-3

0.296 kg m-3

NaOH Dose

0.019 kg m-3

0.017 kg m-3

0.020 kg m-3

Struvite Yield

0.69 kg m-3

0.68 kg m-3

0.66 kg m-3
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Size (mm)

 Mg(OH)2 - Real

(39 ± 12) μm (27 ± 7) μm (25 ± 5) μm

Smaller, more uniform struvite crystals. Refined process control.

Narrow crystal size 

distribution, likely due to 
Ca²⁺ and other impurities 
incorporated into the Mg 

source.

Larger crystals → Desirable for 

fertiliser applications

Struvite Crystallisation using Mg Salt Recovery from Brine
Target pH → 9; Hydraulic Retention Time ≈ 4 min; Tested molar ratio → 1.6 Mg:1.0 P. [MgCl2]control  = 100.94 mM; [Mg(OH)2]synthetic = 99.37 mM; [Mg(OH)2]real  = 53.48 mM
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Mobile Green Houses

CROPS PRODUCTION 

 LIQUIDMINING PROJECT
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New EU Directive on Urban Wastewater Treatment (Directive (EU) 2024/3019)
Revised Regulation, Renewed Challenges

Wastewater treatment
o Nutrients removal (N: 80% removal or 8 mg/L; P: 90% removal or 0.5 mg/L; ≥ 150 000 p.e.)
o Obligation to all UWWTPs treating a load ≥ 150 000 p.e. to apply quaternary treatment by 2045, in

order to eliminate the broadest possible spectrum of micro-pollutants.
o Promote the reuse of treated wastewater from all urban wastewater treatment plants where 

appropriate. 
Energy neutrality and renewables
o Introduce an energy neutrality target, meaning that by 2045 urban wastewater treatment plants 

will have to produce the energy they consume, with progressive intermediate targets.
Wastewater surveillance and risk assessment
o Obligation to monitor health parameters in urban wastewaters: PFAS, Microplastics, Antimicrobial 

Resistance, Greenhouse Gases

INTRODUCTION
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Note 2: The percentage of removal shall be 
calculated for at least six substances. The number of 
substances in category 1 shall be twice the number of 
substances in category 2. If less than six substances 
can be measured in sufficient concentration, the 
competent authority shall designate other substances 
to calculate the minimum percentage of removal 
when it is necessary. The average of the specific 
percentages of removal of all single substances used 
in the calculation shall be used in order to assess 
whether the required 80 % minimum percentage of 
removal has been reached. 

INTRODUCTION



15

 QUATERNARY TREATMENT
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 QUATERNARY TREATMENT
Advanced Oxidation Processes

UVC/H2O2; O3/ H2O2; O3/ H2O2 /UVC
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EU Regulation 2020/741 on minimum requirements for water reuse

Uses of Reclaimed Water with a “fit-for-purpose” approach (minimum requirements set 
depending on the food crop category and irrigation technique) and protection of local public 
health and of the environment (the key risk management tasks) 

 INTRODUCTION
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CROPS PRODUCTION
Gravel layer Sand layer Silty loam
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Energy neutrality and renewables
o Introduce an energy neutrality target, meaning that by 2045 urban wastewater treatment plants 

will have to produce the energy they consume, with progressive intermediate targets.

    (a) 20 % of the total annual energy used by such plants by 31 December 2030;

    (b) 40 % of the total annual energy used by such plants by 31 December 2035;

    (c) 60 % of the total annual energy used by such plants by 31 December 2040;

    (d) 100 % of the total annual energy used by such plants by 31 December 2045.

o All renewable energies produced by the urban wastewater treatment plants operators’, whether 

on-site or off-site, such as hydraulic, solar, thermal, wind energy or biogas, should be taken into 

account. A maximum share of 30% of energy, not directly linked to urban wastewater treatment 

activities or operators’ activities, may be purchased from external sources. 

o However, initiatives to achieve energy neutrality should not lead to an increased emission of 

methane and nitrous oxide. 

INTRODUCTION
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WasteWater Hydrogen to Power - WWH2P

 H2SYMBIOTIC AGENDA
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WasteWater Hydrogen to Power - WWH2P

 H2SYMBIOTIC AGENDA

Água Ozonizada

MBR

Osmose 
Inversa

Calor Dissipado

O2

H2

Água 
Residual

Tratamento 
Primário

Tratamento 
Secundário/Terciário

Água Residual 
Tratada

Descarga 
Corona

(1,6 kW)

O3

O2 Purificado

Injetor 
Gás/Líquido

15 kg O2/dia

Electrolizador
(12 kW)

Ozonização

Purificação da 
Corrente de O2

Descarga 
Corona

O2 

comercial
O3

28 kg O2/dia

O2

O2

4 m3/h

off-gas (rico em O2)

Excesso de Lamas 
Secundárias

Hidrólise
Térmica

Lamas Primárias

EDI

Digestor 
Anaeróbio

Escorrências

Centrifugação

Biosólidos

Digestor 
Anaeróbio

Biogás

Água para Reutilização

1,2 m3/h

0,5 m3/h

Biogás

O3

H2O 
Refrigeração
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 H2SYMBIOTIC AGENDA
WasteWater Hydrogen to Power - WWH2P

Calor Dissipado
(3 kW)

O2

H2

Água 
Residual

Tratamento 
Primário

Tratamento 
Secundário/Terciário

Água Residual 
Tratada

Electrolizador
(12 kW)

Excesso de Lamas 
Secundárias

Hidrólise
Térmica (70  C)

Lamas Primárias

H2O

Digestor 
Anaeróbio

Escorrências

Centrifugação

Biosólidos

Digestor 
Anaeróbio

Biogás

Biogás

2,5 Nm3/h, p=35 bar
5,4 kg H2/dia

Purificação 
do Biogás

Biometano

Metanação

Corrente 
rica em

CO2

Biometano

Descarga 
Corona

(1,6 kW)

Ozonização

Calor Dissipado
(1,3 kW)

H2

Água Carbonatada

Carbonato de Amónia
(Fertilizante)Escorrências com 

baixo conteúdo
em amónia

Membrana de 
desgaseificação

O3

Biogás
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CONCLUSIONS

ADVANCED TREATMENT TECHNOLOGIES PROCESS INTEGRATION & INTENSIFICATION
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