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Welcome to IWA YWP Spain Conference 2019 

On behalf of the Organizing and Scientific Committees, it is our great pleasure to welcome you to the 

IWA YWP Spain Conference 2019, held on November 12 – 15 2019, in Madrid (Spain). 

YWP Spanish Chapter was launched in 2016 in the 13th IWA Leading Edge Conference on Water 

and Wastewater Technologies celebrated in Jerez de la Frontera (Spain). The first Steering Committee 

of the Spanish chapter, under the presidency of Marina Arnaldos Orts, began to develop an intense 

activity, converting it as a reference in the Spanish water sector. The first IWA YWP Spain 

Conference hosted in Bilbao (2017) was a turning point in the developing of the chapter, with a clear 

increase in the number of members, and the recognition of the activities of the chapter in the form of 

iAgua award to the best Association of 2017. Currently, YWP Spanish chapter is composed by more 

than 300 water lovers, and the ambitious of its members no have limits. 

The ambition of the four-day IWA YWP Spain 2019 meeting is to report on the most advanced 

research progresses in the water sector mainly for the next young water leaders, and to empower them 

for the future research and challenges. The structuring of the congress around 4 main themes (Water 

economy and governance; Water 4.0., Water cycle and Emerging technologies) will allow to have a 

broad vision of the problems of the water sector. 

Finally, the Conference will provide dynamics sessions, where the principal actors will be the 

attendees. Besides, surprises as the YWPx talks, the Water Escape Room or the 10 x Water quiz, and 

different workshops in order to increase the abilities of the attendees in field of communication, social 

networks or development cooperation. Finally, lover of good food and social activities be warned: the 

organizing committee have prepared in detail a full programme of activities including an 

improvisation play, a tapas route, gala dinner and final party in a disco! 

We are very much looking forward to welcome you in November 2019 to our beautiful city of Madrid! 

On behalf of the Organizing and Scientific Committees, 

 

 

 

 

Jorge Rodríguez-Chueca Carmen Hernández de Vega, 

Organizing chair Organizing co-chair 
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Tuesday November 12th 2019 

  
Session 0   OPENING SESSION 

Fundación Canal de Isabel II 

18:30 – 19:00  Early registration 

19:00 – 19:45  Opening ceremony. Session chair: Águeda García de Durango (iAgua) 

• Carmen Hernández. Chair of Young Water Professionals Spanish Chapter 

• Fernando Morcillo. President of AEAS 

• Paloma Martín. Councilor for the Environment of Comunidad de Madrid 

Regional Government 

19:45  Welcome reception cocktail 

   

Wednesday November 13th 2019 

  
8:30 – 9:00  Register 

Escuela Técnica Superior Ingenieros Industriales – Universidad Politécnica de 

Madrid 

9:00 – 9:10  Greeting and welcome. 

Óscar García Suárez. Director ETSI Industriales UPM. 

   

Session 1   Emerging Technologies 1 

Session Chair: María José Martín de Vidales (ETSIDI – UPM) 
   

9:10 – 9:30 KN1 Information technologies 
Alberto Provencio 

GESTAGUA 
   

9:30 – 9:40 S1.1 Degradation of emerging pollutants using humic like substances as iron 

complexing agent at mild conditions 
P. García-Negueroles, S. García-Ballesteros, A. Arques, A.M. Amat 

Departamento Ingeniería Textil y Papelera. Universitat Politècnica de València. Plaza Ferrandiz i 

Carbonell s/n 03801-Alcoy, Alicante, Spain 
   

9:40 – 9:50 S.1.2 Visible-light-driven activation of peroxymonosulfate for paracetamol removal 

via ZnxNi1-xFe2O4@BiOBr: degradation kinetics, byproduct and mechanism 
Yu Shena, María J. Martín de Vidalesa, Adrián Gómez-Herrerob, Antonio J. Dos santos-Garcíaa 

aMechanical, Chemical and Industrial Design Engineering Department, ETSIDI, Universidad 

Politécnica de Madrid, Ronda de Valencia 3, 28012 Madrid, Spain 
bCentro de Microscopía, Universidad Complutense de Madrid, E-28040, Madrid, Spain 

   

9:50 – 10:00 S1.3 Comprehensive treatment of acid mine drainage with bioelectrochemical 

systems 
M.L.K. Sulonen, D. Gabriel, J.A. Baeza, A. Guisasola 

GENOCOV, Departament d’Enginyeria Quimica, Biològical i Ambiental, Escola d’Enginyeria, 
Universitat Autónoma de Barcelona, Bellaterra, Spain 

   

10:00 – 10:10 S1.4 Suspended UVA-LEDs to Assess TiO2 Photocatalysis and Photo-Fenton 

Processes 

L.C. Ferreiraa, J.R. Fernandesa, P.B. Tavaresa, J.A. Peresa, G. Li Pumab, M.S. Lucasa,b 
aCentro de Química de Vila Real (CQVR), Universidade de Trás-os-Montes e Alto Douro, 

5000-801 Vila Real, Portugal 
bChemical Engineering Department, Loughborough University, Loughborough, LE11 3TU, UK 

   

10:10 – 10:20 S1.5 Assessment of strategies for the revalorization of Kraft black liquor 
D. Núñez, L. Pola, P. Oulego, S. Collado, M. Díaz 

Department of Chemical and Environmental Engineering, University of Oviedo, C/ Julián Clavería 
s/n, E-33071, Oviedo, Asturias, Spain 

   

10:20 – 10:30 S1.6 Computational fluid dynamics applied to large marine aquarium: hydrodynamics 

simulation and full-scale validation of a dolphinarium in the Valencia 

oceanographic park 
A. Calabuiga,b, H. Sanchoa, M.A. Ayllóna, V.J. Maciána,b, E. Boneta 

aDepartamento de Ingeniería, Área de Agua Potable, Global Omnium, Calle Botiguers 3, 46980, 

Paterna (Spain) 
bDepartamento de Ingeniería Hidráulica y Medio Ambiente, Universitat Politècnica de València 

(UPV), Camino de Vera s/n ,46022, Valencia (Spain) 
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10:30 – 10:45  Round of questions 
   

10:45 – 11:10  Coffee break 

   

Session 2  The Water cycle 

Session Chair: Eratsi Rangel (Canal de Isabel II) 
   

11:10 – 11:30 KN2 The urban water cycle and the Sustainable Development Goals (SDGs) 
Belén Benito Martínez 

Canal de Isabel II, S.A. 
   

11:30 – 11:40 S2.1 A novel advanced bio-oxidation system for the treatment of real wastewater and 

emerging contaminants based on white-rot fungi immobilized in a continuous 

rotating biological contactor 
A. Cruz del Álamo, M.I. Pariente, R. Molina, F. Martínez 
Department of Chemical and Environmental Technology, Universidad Rey Juan Carlos, Móstoles, 

Madrid, Spain 
   

11:40 – 11:50 S2.2 The new sustainable stormwater management basic design guideline in the city 

of Madrid. Application in a case of study: rain garden 
E. Calcerrada-Romero*, S. Perales-Momparler 

Green Blue Management S.L. Avda. del Puerto, 180 pta. 1B. 46023 Valencia (Spain) 
   

11:50 – 12:00 S2.3 Multidisciplinary study of different real scale constructed wetlands based on 

CFD simulations and microbiological communities characterization 
R. Garcia-Tiradoa, J.A. Zaragozaa, I. Solisb, R. Martínez-Cuencac, A. Fra-Vázquezd, S. Chivac 

aSociedad Fomento Agrícola Castellonense, S.A (FACSA), C/ Mayor, 82-84, 12001, Castellón 

(Spain). 
bIPROMA, Cno. de la Raya nº 46 - 12006, Castellón (Spain). 
cDepartment of Mechanical Engineering and Construction, Universitat Jaume I (Spain) 
dDepartment of Chemical Engineering, Institute of Technology, University of Santiago de 

Compostela (Spain) 
   

12:00 – 12:10 S2.4 Primary-settled sulfate-rich sewage treatment using AnMBR technology: 

operational limits and microbial dynamics 
N. Zamorano-Lópeza,b, L. Borrása, M. Pachésb, O. Mateob, P. Sanchis-Peruchob, A. Roblesa, J. 

Ferrerb, A. Secoa 

aCALAGUA Unidad Mixta UV-UPV, Departament d’Enginyería Química, ETSE, Universitat de 

València. Av. Universitat s/n, 46100 Burjassot. Valencia, Spain 
bCALAGUA Unidad Mixta UV-UPV, IIAMA, Universitat Politècnica de València. Camí de Vera s/n, 
46022 Valencia, Spain. 

   

12:10 – 12:20 S2.5 Harvesting resources from urban wastewater – three AnMBR applications in 

atlantic, mediterranean and continental climates 
C. Dorado*, A. Giménez-Lorang, N. Morales, J.R. Vázquez, F.J. Garcia, F. Rogalla 

Aqualia, Avenida Camino de Santiago 40, 28050 Madrid 
   

12:20 – 12:30 S2.6 Removal of arsenic from water by photocatalysis and adsorption processes using 

immobilized TiO2 and iron materials 
J.M. Raez, D. Fernández-Pérez, A. Arencibia, M.J. López-Muñoz 

Chemical and Environmental Engineering Group. Universidad Rey Juan Carlos, C/ Tulipán s/n 

28933 Móstoles, Madrid, España. 
   

12:30 – 12:40 S2.7 Leak Localization in Water Distribution Networks using Pressure and a Data-

Driven Classifier Approach 
B.Parelladaa, C.C. Suna*, G. Cembranoa,b, V. Puiga 

aAdvanced Control Systems Group at the Institut de Robòtica i Informàtica Industrial (CSIC- UPC), 
Llorens i Artigas, 4-6, 08028 Barcelona, Spain. 
bCETaqua, Water Technology Centre, Barcelona, 08904, Spain 

   

12:40 – 12:50  Round of questions 

   

Session 3  Advanced wastewater treatments 

Session Chair: Jorge Rodríguez Chueca (ETSII – UPM) 
   

12:50 – 13:10 KN3  
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13:10 – 13:20 S3.1 Novel sludge management strategies to enhance the p-recovery before anaerobic 

digestion in the Murcia-Este WWTP 
M. Roldána, N. Martíb, A. Secob, J. Ferrera, E. Menac, Á. Mayord, R. Barata

 

aCALAGUA – Unidad Mixta UV-UPV, Institut Universitari d'Investigació d’Enginyeria de l’Aigua 

i Medi Ambient – IIAMA, Universitat Politècnica de València, Camí de Vera s/n, 46022 Valencia, 
Spain. 
bCALAGUA – Unidad Mixta UV-UPV, Departament d’Enginyeria Química, Universitat de 

València, Avinguda de la Universitat s/n, 46100 Burjassot, Valencia, Spain. 
cEMUASA, Plaza Circular, 9. 30008 Murcia, Spain. 
dCETAqua Galicia, Edificio Emprendia s/n, Campus Vida. 15782 Santiago de Compostela, La 

Coruña, Spain 
   

13:20 – 13:30 S3.2 Localization of hydrolytic activity in aerobic granular sludge 
S. Tojaa, M.Pronkb, M.K. de Kreuka 

aSection Sanitary Engineering, Department of Water Management, Delft University of 
Technology, Stevinweg 1, 2628CN Delft, The Netherlands. 
bDepartment of Biotechnology, Delft University of Technology, Van der Maasweg 9, Delft, 2629, 

HZ, the Netherlands; Royal HaskoningDHV, Laan 1914 35, Amersfoort, 3800, AL, the Netherlands. 
   

13:30 – 13:40 S3.3 Management of hospital effluents: chemical and biological risks reduction by 

electrochemical advanced oxidation processes 

M. Herraiz-Carbonéa, S. Cotillasa, E. Lacasaa, C. Sáezb, P. Cañizaresb, M.A. Rodrigob 

aDepartment of Chemical Engineering. School of Industrial Engineering. University of 

Castilla-La Mancha. Avenida de España S/N, 02071. Albacete. Spain 
bDepartment of Chemical Engineering. Faculty of Chemical Sciences and Technologies. University 

of Castilla-La Mancha. Avenida Camilo José Cela 12,13005. Ciudad Real. Spain 
   

13:40 – 13:50 S3.4 Different molecular approaches to study anammox communities in wastewater 

treatment 
P. Oyarzúaa, C. Etchebehereb, P. Boviob, J. Péreza, J. Carreraa, X. Juan-Díaza, M.E. Suárez-Ojedaa 

aGENOCOV Research Group, Department of Chemical, Biological and Environmental Engineering, 

School of Engineering, Universitat Autónoma de Barcelona, Edificio Q-Campus UAB, 08193 

Bellaterra, Barcelona, España. 
bMicrobial Ecology Laboratory, BIOGEM, Institute of Biological Investigations Clemente Estable, 

Montevideo, Uruguay. 
   

13:50 – 14:00 S3.5 New electrochemical reactors for coming challenges in wastewater treatment 
J.F. Pérez, A. Moratalla, C. Sáez, J. Llanos, P. Cañizares, M.A. Rodrigo 

Chemical Engineering Department, Facultad de Ciencias y Tecnologías Químicas, University of 

Castilla-La Mancha, Edificio Enrique Costa Novella, Av. Camilo José Cela n 12, 13071, Ciudad 
Real, Spain 

   

14:00 – 14:10 S3.6 Developing a respirometric technique for assessing biological activity of 

wastewater grown microalgae 
R. Serna-Garcíaa, R. Baratb, F. Duránb, A. Secoa 

aCALAGUA – Unidad Mixta UV-UPV, Departament d’Enginyeria Química, Universitat de 

Valencia, Avinguda de la Universitat s/n, 46100 Burjassot, Valencia, Spain. 
bCALAGUA – Unidad Mixta UV-UPV, IIAMA, Universitat Politècnica de València, Camí de Vera 

s/n, 46022 Valencia, Spain. 
   

14:10 – 14:20 S3.7 Scaling-up an integrated electrodisinfection-electrocoagulation process for 

wastewater reclamation 
S. Cotillasa, J. Llanosb, P. Cañizaresb, M.A. Rodrigob 

aChemical Engineering Department, School of Industrial Engineering, University of Castilla- 

La Mancha, Campus Universitario s/n, 02071 Albacete, Spain 
bChemical Engineering Department, Faculty of Chemical Sciences and Technologies, University of 
Castilla-La Mancha, Campus Universitario s/n, 13005 Ciudad Real, Spain 

   

14:20 – 14:35  Round of questions 

   

14:35 – 16:00  Lunch (Sponsored by Aqualia) 

   

Workshops session 
 

16:00 – 17.15 WS1 Derecho al agua y al saneamiento. 
María del Mar Rivero (ONGAWA) 

 WS2 Presentaciones dinámicas 
Pablo Borrega (Habilitips) 

 WS3 Redes Sociales 
Luis Martín (Hidro Sostenible) 

 WS4 Water Escape Room 
David J. Vicente (CIMNE) 

   

17.15 – 17. 45  Coffee break 
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17.45 – 19.00 WS1 Derecho al agua y al saneamiento. 
María del Mar Rivero (ONGAWA) 

 WS2 Presentaciones dinámicas 
Pablo Borrega (Habilitips) 

 WS3 Redes Sociales 
Luis Martín (Hidro Sostenible) 

 WS4 Water Escape Room 
David J. Vicente (CIMNE) 

   

21:00 – 23:00  Tapas route 

   

Thursday November 14th 2019 

  
Session 4   Economy and Governance of Water 

Session Chair: Sara Centeno (CYTSA) 
   

9:00 – 9:20 KN4 Water and governance 
Rubén Ruíz Arriazu 

SUEZ 
   

9:20 – 9:30 S4.1 GUARDIAN: Green Urban Actions for Resilient fire Defence of the Interface 

Area 

A García1*, I. Casals1, J. Anguiano2, C. Echevarria3, M. Arnaldos3 
1R&D department, Aguas de Alicante, Alona Street, 33, Alicante 03007 (Spain) 
2Operation department, Hidraqua, L'Oest street, 34, Valencia 46001 (Spain) 
3Water resources, Cetaqua, D'Esplugues Street, 75, Cornellà de Llobregat, 08940 (Spain) 

   

9:30 – 9:40 S4.2 Solar Water Disinfection (SODIS) as a household water treatment for low-income 

countries. Challenges and dealings 
Á. García Gila, C. Pablosa, R. Garcíaa, K.G. McGuiganb, J. Marugána 

aDepartment of Chemical and Environmental Technology (ESCET), URJC 
C/ Tulipán s/n, 28933 Móstoles, Madrid, Spain. 
bDepartment of Physiology & Medical Physics, RCSI, Dublin 2, Ireland. 

   

9:40 – 9:50 S4.3 AQTPlayer, rapid analysis of general changes in a water resources management 

model for scenario simulation and improvement in the decision support system 
E. Beldaa,b*, N. Lermaa, A. Solerab 

aWaterPi Coop. V. Calle Músic Martínez Coll 2, 46020, València (Spain) 
bDepartamento de Ingeniería de Recursos Hídricos, Escuela Técnica Superior de Ingenieros de 
Caminos, Canales y Puertos. Universitat Politècnica de València, Camí de Vera, 46022 València 

(Spain) 
   

9:50 – 10:00 S4.4 LIFE–DESEACROP. Desalinated seawater for alternative and sustainable soilless 

crop production 
P. Terreroa, M. Calzadaa, E. Camposa, D. Zarzoa, J.F. Maestreb, B. Gallegob, V. Martínezb, P.M. 

Membrivec, D. Valerac 

aSacyr Agua, Spain 
bPolytechnic University of Cartagena, Spain 
cUniversity of Almería, Spain 

   

10:00 – 10:15 S4.5 Asset renewal needs and innovative financing for the urban water cycle 
Joint presentation by Pilar Gracia-de-Rentería and José Antonio Rodríguez of the individual works: 

• Evaluating the investment needs for water and sanitation assets renewal: the case of 

the Spanish urban water cycle 

P. Gracia-de-Renteríaa, F. Ezbakheb, A. Guerra-Libreroc, A. Pérez Zabaletaa, A. Pérez 

Foguetb, M. Ballesterosa 

a Spanish National Distance Education University (UNED), Madrid, Spain. 
b Universitat Politècnica de Catalunya (UPC), Barcelona, Spain.   
c Spanish Water Association of Water Supply and Sanitation (AEAS), Madrid, Spain. 

• Innovative financing for the urban water cycle 

J.A. Rodríguez-de-la-Cruz 
Spanish Association of Management Companies of Urban Water Services (AGA), Madrid, 

Spain 

Spanish Water Association of Water Supply and Sanitation (AEAS), Madrid, Spain. 
PricewaterhouseCoopers (PwC), Madrid, Spain 
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10:15 – 10:25 S4.6 Natural assurance schemes canvas: a framework to identify business models to 

catalyse the implementation of nature based solutions for disaster risk reduction 
B. Mayora, P. Zorrilla Mirasa, K. Peñab, K.Dartéeb, I. Grozac, F. Nanuc, A. Schrieud, N. Gravelinee, P. 
Le Coenf, R. Marchalg, E. Lopez-Gunna 

aICatalist 
bField Factors 
cBDG 
dGeoecomar 
eINRA 
fBGRM 
gCCR 

   

10:25 – 10:40  Round of questions 
   

10:40 – 11:10  Coffee break 

 

 

  

Session 5  Water 4.0 

  Session Chair: Adrián Campos (ACCIONA) 
   

11:10 – 11:30 KN5 Evolve to survive, live together = share: Water 4.0 
P. Pérez Sanchez 

Technology Transfer Manager R&D Department, Acciona, Business Agua 
   

11:30 – 11:40 S5.1 Development and implementation of a decision support system for a novel 

integrated solution aimed at water reuse 
N. Llopart, C. Sanromà, S. Navea, O. Ferrer*, A.M. Jiménez-Banzo, J.J. Malfeito 

R&D Department, Acciona Agua S.A.U, Parc de Negocis Mas Blau II, Avda. de les Garrigues, 22, 
08820 El Prat de Llobregat, Barcelona, Spain 

   

11:40 – 11:50 S5.2 Micro-hydropower plants site using geographic information system: an 

opportunity to take advantage of removable energy resources 
E. Gómez-Llanos, P. Durán-Barroso, J. Arias-Trujillo, J.R. Barrón-Fernández 
Department of Construction, University of Extremadura, Avd. Universidad s/n 10003, Cáceres, Spain 

   

11:50 – 12:00 S5.3 DrinkIA: An Environmental Decision Support System for the Integrated 

Management of Drinking Water Treatment Plants 
L. Godo-Plaa, b, P. Emilianob, F. Valerob, M. Pocha, H. Monclúsa 
aLaboratory of Chemical and Environmental Engineering (LEQUIA), Institute of the Environment, 

University of Girona, E-17003, Girona, Catalonia, Spain 
bEns d’Abastament d’Aigua Ter-Llobregat (ATL), Sant Martí de l’Erm, 30. 08970 Sant Joan Despí, 

Barcelona, Spain 
   

12:00 – 12:10 S5.4 Towards a development of NOM-related Environmental Decision Support System 

for drinking water treatment plants 
J. Suqueta, L. Godoa, b, M. Martina, M. Pocha, H. Monclúsa 

aLEQUIA, Institute of the Environment, University of Girona, Maria Aurèlia Capmany 69, E17003, 

Girona, Catalonia, Spain 
bEns d’Abastament d’Aigua Ter Llobregat (ATL). Sant Martí de l’Erm, 30. E08970 Sant Joan Despí, 

Barcelona, Spain 
   

12:10 – 12:20 S5.5 Surface water flood risk management and how to implement suds in cities. Case 

study: Sidmouth flood alleviation scheme 
D. De Frutos Subtil 

Water Environment, Environment Maritime & Resilience, Buildings & Infrastructures Europe, Jacobs. 
Aperture, Pynes Hill, Exeter, Devon, United Kingdom (EX2 5AZ) 

   

12:20 – 12:40  Round of questions 

   

Session 6 
Posters tour and flash oral communications 

12:40 – 13:40 
   

13:40 – 15:00  Lunch (Sponsored by ACCIONA) 

   

Session 7  Emerging technologies 2 

  Session Chair: Javier Arnau (Aigües de Paterna) 
   

15:00 – 15:20 KN6 Emerging technologies - membrane treatments 
E. Campos 

Sacyr Agua SL 
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15:20 – 15:30 S7.1 Combination of nanofiltration membranes and electrooxidative processes as 

tertiary treatment for the removal of microcontaminants 
I. Salmeróna,b, G. Rivasa,b, I. Ollera,b, S. Malatoa,b 
aPlataforma Solar de Almería-CIEMAT, Carretera de Senés Km 4, 04200 (Tabernas, Almería), Spain 
bCIESOL, Joint Centre of the University of Almería-CIEMAT, 04120 Almería, Spain 

   

15:30 – 15:40 S7.2 Exploring forward osmosis for production of reclaimed water and concentrated 

wastewater for anaerobic treatment 
F. Ferraria, I. Rodríguez-Rodaa,b, M. Pijuana, G. Blandinb 

aCatalan Institute for Water Research (ICRA), Emili Grahit Street, 101, H2O Building, Scientific and 
Technological Park of the University of Girona, 17003 Girona, Spain 
bLEQUiA, Laboratory of Chemical and Environmental Engineering, University of Girona, Campus 

Montilivi, 17071 Girona, Spain 
   

15:40 – 15:50 S7.3 Biofouling control based on nutrient removal in seawater reverse osmosis 

membranes 
Z. Borjas, C. Bayona, A. Picazo, O. Ferrer, J. Malfeito 

Departamento I+D+i, ACCIONA Agua S.A.U., Parc de Negocis Mas Blau II, Avda. de les Garrigues, 
22, 08820 El Prat de Llobregat (Barcelona), España 

   

15:50 – 16:00 S7.4 Evaluation of ozone as an alternative treatment to chlorine in the fresh-cut 

industry: disinfection, microcontaminants elimination and agricultural 

reuse of treated wash-water 
S. Nahim-Granadosa,b, G. Rivas-Ibañeza,b, I.Ollera,b, P. Plaza-Bolañosb, S.Malatoa,b, J.A. Sánchez-

Pérezb, A. Agüerab, M.I. Polo-Lópeza,b 
aPlataforma Solar de Almería – CIEMAT, P.O. Box 22, 04200 Tabernas, Almería, Spain, 
bCIESOL, Joint Centre of the University of Almería-CIEMAT, 04120 Almería, Spain. 

   

16:00 – 16:10 S7.5 Evaluation of fertilizer-drawn forward osmosis for sustainable water reuse in 

touristic mediterranean regions 
E. Mendozaa, G. Buttiglieria, J. Comasa,b 

aCatalan Institute for Water Research (ICRA), 17003 Girona, Spain 
bLaboratory of Chemical and Environmental Engineering (LEQUIA), Institute of the Environment, 

University of Girona, 17003 Girona, Spain 
   

16:10 – 16:20 S7.6 Magnetic CoFe2O4 ferrites for PMS activation for disinfection of wastewater 
J. Rodríguez-Chuecaa*, E. Barahona-Garcíaa,b, V. Blanco-Gutiérrezb, A.J. Dos santos-Garcíab 
aDepartamento de Ingeniería Química Industrial y Medio Ambiente, Escuela Técnica Superior de 
Ingenieros Industriales. Universidad Politécnica de Madrid. Calle José Gutiérrez Abascal 2, 28006, 

Madrid (Spain) 
bDepartamento de Ingeniería Mecánica, Química y Diseño Industrial, Escuela Técnica Superior de 
Ingeniería y Diseño Industrial, Universidad Politécnica de Madrid, Ronda de Valencia 3, 28012, 

Madrid (Spain) 
   

16:20 – 16:35  Round of questions 
   

16:35 – 17:00  Coffee break 

   

Session 8  YWPx – IWA – 10x Water 

Session Chair: Alejandro Maceira (iAgua) 
   

17:00-17:05  Alejandro Maceira 
   

17:05 – 17:15 YWPx1 Women in the Water sector 
Águeda García de Durango (iAgua) 

   

17:15 – 17:25 YWPx2 Public-Private Collaboration in the Water sector 
Marina Arnaldos (CETAQUA) 

   

17:25 – 17:35 YWPx3 Mediterranean youth water network (MedYWat): channeling the kwoledge to 

policymakers 
Francisco Pedrero (CEBAS-CSIC) 

   

17:35 – 17:45 YWPx4 De los sistemas de control a la Inteligencia Artificial… Un viaje. Un camino 
Mariano Martín (ACCIONA) 

   

17:45 – 18:10  YWP and Digital Water programmes 
Caterina Marinetti (IWA) 
Digital Water 
Eva Martínez (Aqualia) 
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18:10 – 19:00  10x Water quiz 

Chair: Alejandro García (Aguas de Alicante) 

- María Rosario Arnau (Universitat Jaume I) 

- Jose Antonio Palomero (Aguas de Valencia) 

- Ana Arahuetes 

- Marta Suárez (Universidad Autónoma de Madrid) 
   

19:00 – 19:15  Closure ceremony with Escuela del Agua awards 
   

21:00  Gala Dinner: Hotel Miguel Ángel 

 

Friday November 15th 2019 

  
9:00 – 12:30  Technical visits (Canal de Isabel II) 

- WWTP Arroyo Culebro Cuenca Media 

- DWTP Majadahonda 

- Canal Isabel II Control Centre 

- Arroyofresno storm water tank 
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STAND 1 – Water 4.0 and Emerging technologies 

Session Chair: José Antonio Rodríguez (AGA) 
 

P01 Water 4.0, digital transformation and the concept of Hydric Intensity: A revised and updated look at Ester 

Boserup's principle of increased resource production to cope with population growth 
A Rubio 

GoAigua 
  

P02 Characterization and monitoring of wastewater effluents in sewer networks 
B. Sáenz de Cabezón-Sorianoa*, I. López Martineza, J. Tellez-Alvarezb,c, Josep Pascual- Pañacb, M.À. Cugueró-Escofetb 
aDepartamento de Servei de Control d’Abocaments, Consorci Besòs Tordera, Avinguda Sant Julià 241, 08403, Granollers, Barcelona 

(Spain) 
bDepartamento de Recerca, Desenvolupament i Investigació, Consorci Besòs Tordera, Avinguda Sant Julià 241, 08403, Granollers, 

Barcelona (Spain) 
cDepartamento de Ingenieria Civil y Ambiental, Escuela Técnica Superior de Ingenieros de Caminos, Canales y Puertos de Barcelona, 
Universitat Politècncia de Catalunya (UPC), Calle Jordi Girona 1-3, 08034, Barcelona (Spain) 

  

P03 Assessment of WWTP sludge management strategies using a key performance index simulator 
D. Palma-Herediaa,b, M.À. Cugueró-Escofetb, M. Poch-Espallargasa, Pere Aguiló-Martòsb 

aLEQUIA, Institute of the Environment, Universitat de Girona, 69 Mª Aurèlia Capmany, 

17003 Girona, Spain 
bConsorci Besòs Tordera. 241 St Julia Ave, 08403 Granollers, Spain 

  

P04 Water quality modelling of albufera lake: simulating and analysing climate change scenarios 
E. Beldaa,b*, J. Paredes-Arquiolab, C. Hernández-Crespob, N. Lermaa

 

aWaterPi Coop. V. Calle Músic Martínez Coll 2, 46020, València (Spain) 
bDepartamento de Ingeniería de Recursos Hídricos, Escuela Técnica Superior de Ingenieros de Caminos, Canales y Puertos. Universitat 

Politècnica de València, Camí de Vera, 46022 València (Spain) 
  

P05 Implementation of new technology to hydraulic modeling and simulation studies 
E. Mahmoud-Blat*, M. Urrea-Mesa 
Departamento de Ingeniería, Área de Agua Potable. Global Omnium, C/Botiguers 3, 46980, Paterna, València (Spain) 

  

P06 Data mining based tool for the automation of the design of intelligent process control systems in waste water 

treatment plants 
J. Pascual-Pañacha,b*, M.À. Cugueró-Escofeta, M. Sànchez-Marrèb, P. Aguiló-Martosa 
aConsorci Besòs Tordera. Avenida Sant Julià, 241, 08403, Granollers, Barcelona (Spain) 
bIntelligent Data Science and Artificial Intelligente Research Centre (IDEAI-UPC) 
Universitat Politècnica de Catalunya BarcelonaTech. Calle Jordi Girona, 1-3, 08034, Barcelona (Spain) 

  

P07 New drinking water pipeline renewal system with infusion and vacuum technology 
F. Robles 
Grupo Navec 

  

P08 Portable solution for the electrochemical regeneration of activated carbon 

J. Mascarós Vicedo*, M.A. Ayllón Mesa, C. Martí Cervera 

Departamento de Ingeniería, Global Omnium – Emivasa. P.E. Táctica, C/Botiguers 3, 46980, Paterna, Valencia (Spain) 
  

P09 Advanced water treatment in the maritime industry: a focus on disinfection purpose 
aDepartment of Environmental Technologies, INMAR-Marine Research Institute. University of Cádiz. 
bCurrent address: Grupo de Procesos de Oxidación Avanzada, Departamento de Ingeniería Textil y Papelera, Universitat Politècnica de 

València, Campus de Alcoy. 
  

P10 Integrated hydrothermal treatment of sludge and biological treatment of wastewater from oil refineries with 

chemical valorization 
J. San Martín Poblete, S. Jerez Uriarte, D. Puyol, R. Molina, M.I. Pariente, Y. Segura, F. Martínez, J.A. Melero 

Department of Chemical and Environmental Technology, Rey Juan Carlos University, Spain 
  

P11 Water desalination, an alternative in water production 
J.L. Marín Delgadoa, M. Jimenez Galindob, B. Marín Fernándezc 

aProject Engineer, Aqualia 
bProject Engineer, Aqualia 
cDesalination Manager 

  

P12 Dissolved air flotation to remove metals from metallurgy wastewater 
L. López, O. Ferrer, E. Ferrero, A. Jiménez-Banzo, J. Malfeito 
Departamento I+D+i, ACCIONA Agua S.A.U., Parc de Negocis Mas Blau II, Avda. de les Garrigues, 22, 08820 El Prat de Llobregat 

(Barcelona), España 
  

P13 Heterotrophic microalgae-based wastewater treatment prototype system for effluents generated by fruit and 

vegetable processing industry 
L. Garrotea, J.M. Martín-Marroquína,b, D. Hidalgoa,b, F. Coronaa,b, Ana Cerarc, Maja Berden-Zrimecc, Robert Reinhardtc 
aCARTIF Technology Centre, Boecillo (Valladolid), 47151, Spain 
bITAP, University of Valladolid, Valladolid, 47010, Spain 
cAlgEn, algal technology centre, Ljubljana, 1231, Slovenia 

  

P14 Integrated assessement of sulfate-based aops for pharmaceutical active compounds removal from wastewater 
L. Sbardellaa, J. Comasb, I. Rodriguez-Rodab, W. Gernjakb 
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aDepartment of Chemistry, University of Girona, Spain 
bCatalan Institute for Water Research (ICRA), Girona, Spain 

  

P15 Evaluation of light availability and efficiency in a microalgae-based wastewater treatment process 
J. González-Camejo*a, S. Apariciob, R. Barata, D. Aguadoa, J. Ferrera, A. Secob 
aCALAGUA – Unidad Mixta UV-UPV, Institut Universitari d'Investigació d’Enginyeria de l’Aigua i Medi Ambient – IIAMA, Universitat 

Politècnica de València, Camí de Vera s/n, 46022 Valencia, Spain 
bCALAGUA – Unidad Mixta UV-UPV, Departament d’Enginyeria Química, Universitat de València, Avinguda de la Universitat s/n, 46100 

Burjassot, Valencia, Spain. 
  

 

STAND 2 – Water 4.0 and Water cycle 

Session Chair: Vicente R. Navarro 
 

P16 Anaerobic biologic model implementation in CFD tool 
R. Arnaua, P. Carrataláa, S. Isertea, c, R. Martínez-Cuencaa, J. Rodríguezb, S. Chivaa 

aUniversitat Jaume I, Castellón, Spain 
bKhalifa University of Science and Technology. Masdar Institute, Abu Dhabi, UAE. 
cUniversitat de València, Valencia, Spain 

  

P17 Risk assessment methodology for water transport networks 
D. Alcaide, A. Arrebola, A. Del Moral, S. Díaz, L. Rodríguez 
University of Castilla-La Mancha, ETSI Caminos, Canales y Puertos, Edificio Politécnico Av. Camilo José Cela s/n, 13071, Ciudad Real 

(Spain) 
  

P18 Towards a smart & integral treatment of natural radioactivity in water provision services 
I.M. Rodríguez Ruanoa, F.J. Martínez Rodrígueza, J.L. Casas Lópezb, M.G. Pinna-Hernándezb, M. Gómez Rincónc, N. Martín Sánchezc 

aProvincial Government of Almeria, Calle Navarro Rodrigo 17, 04001 Almeria, Spain 
bSolar Energy Research Centre (CIESOL), Joint Centre University of Almeria-CIEMAT, 
University of Almeria, Carretera Sacramento s/n, 04120 Almeria, Spain 
cCARTIF Technology Centre, Technology Park of Boecillo 205, 47151 Valladolid, Spain 

  

P19 PVC-O pipes and fittings, the most environmentally friendly solution for water transportation 
D. Herran 
MOLECOR TECNOLOGÍA, S.L. 

  

P20 Abatement of concerning neonicotinoid pesticide clothianidin from water by ozone and hydroxyl radical 

oxidation 
A. Cruz-Alcalde, L. Cruz, C. Sans 

University of Barcelona, Department of Chemical Engineering and Analytical Chemistry. Martí i Franqués 1, 08028 Barcelona (Spain) 
  

P21 A step forward in the evaluation of hydromorphological status of rivers 
A. Arahuetes 

  

P22 Microbiological control in the application of treated sludge in agriculture 
A.Lópeza, C. Quiñonesa, N. Miguela, J. Gómezb, J. Sarasaa, R. Mosteoa, P. Ormada 

aWater and Environmental Health-Environmental Sciences Institute (IUCA)-Department of Chemical Engineering and Environmental 
Technologies. University of Zaragoza. Calle María de Luna 3, 50018 Zaragoza 
bNavarra de infraestructuras locales S.A. Avda Barañain 22, Pamplona 

  

P23 Preliminary evaluation of fluoride removal from volcanic groundwaters by nanofiltration 
I. Ruigómez, L. Vera, M. del Cristo Marrero, M.F. Álvarez 

Departamento de Ingeniería Química, Facultad de Ciencias Sección Química, Universidad de La Laguna (ULL), Avda. Astrofísico 

Francisco Sánchez s/n, 38200 La Laguna, Spain 
  

P24 Pilot-scale study to determine the useful life of different types of granular activated carbon in relation to the 

adsorption capacity of geosmin and 2-methylisoborneol 
J. Pertegaza, R. Riberaa, C. Torremochab, J. Cotolíb, A. Pérezc, I. Cañigralb, J. Maciánc 

aDepartamento de Producción en ETAP EMIVASA – Global Omnium. Cº de la Pedrera, s/n, 46220, Picassent (Spain). 
bDepartamento de I+D+i – Aguas Potable de Global Omnium. Carrer dels Pedrapiquers, 4, 46014, Valencia (Spain). 

cDepartamento de Operaciones de EMIVASA. Carrer dels Pedrapiquers, 4, 46014, Valencia (Spain). 
  

P25 The introduction of the ultrafiltation process in the mainstream of the WWTP: effect over the permeate quality 

J. Godifredoa, P. Sanchis-Peruchob, A. Roblesb, D. Aguadoa, A. Secob, R. Barata, J. Ferrera 

aCALAGUA – Unidad Mixta UV-UPV, Institut Universitari d'Investigació d’Enginyeria de l’Aigua i Medi Ambient – IIAMA, Universitat 

Politècnica de València, Spain. 
bCALAGUA – Unidad Mixta UV-UPV, Departament d’Enginyeria Química, Universitat de València, Spain. 

  

P26 State estimation for water supply systems: pilot implementation in a real system 
J. Gonzáleza,b, S. Díazb, J. Camposa 

aHidralab Ingeniería y Desarrollos Spin-Off UCLM, ETSI Caminos, Edificio Politécnico Av. Camilo José Cela s/n, 13071, Ciudad Real 

(Spain) 
bUniversity of Castilla-La Mancha, ETSI Caminos, Canales y Puertos Ciudad Real, Departamento de Ingeniería Civil y de la Edificación, 

Edificio Politécnico Av. Camilo José Cela s/n, 13071, Ciudad Real (Spain) 
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P27 Smart metering, a technology of the future, in the present 
J. Moral, D.J. Galán, J.A. Durán 

Empresa Municipal de Aguas de Córdoba (EMACSA) 
  

P28 The challenge of bim implementation in the water sector 
M. Jiménez Galindoa, J.L. Marín Delgadob, I.J. García Galdónc

 

aProject Engineer, Aqualia 
bProject Engineer, Aqualia 
cBIM Project Manager, Aqualia 

  

P29 Considerations on the development and use of quality models in water distribution networks. Applications in 

a GIS environment 
M. Hervás Carota, F. Martínez Alzamorab, P. Conejos Fuertesc, N. Lerma Elvirab 

a

PhD Student. Dep. Hydraulic Engineering. Universitat Politècnica de València. 46022, Valencia (Spain) 
bResearch Institute of Water and Environmental Engineering (IIAMA). Universitat Politècnica de València. 
cAssistant Prof. Dep. Hydraulic Engineering. Universitat Politècnica de València 

  

P30 GPRS data transmission from low-cost hydro-meteorological sensors in small mountain basins 
D.A. Segovia-Cardozoa, L. Rodriguez-Sinobasa, S. Zubelzu-Mingueza, A. Diez-Herrerob 

aResearch Group “Hydraulic for Irrigation” Universidad Politécnica de Madrid, Spain. (da.segovia@ upm.es) 
bGeological Hazards Division, Geological Survey of Spain, Madrid, Spain, e-mail: andres.diez@igme.es 

  

P31 Automation as a catalyst for change 
A. Becerraa, A. Camposa, A. Pérezb, A. Beivideb 

aAutomation & Control Department, ACCIONA, Water Business. Ave/ Europa 22. Parque Empresarial la Moraleja 28108. Madrid 

(Alcobendas), España) 
bHead of Automation & Control Department, ACCIONA, Water Business 

  

 

STAND 3 – Emerging technologies, economy and governance of water 

Session Chair: Beatriz Mayor (iCatalist) 
 

P32 Effect of ammonium concentration on microalgae photosynthesis 
S. Aparicioa, A. Sánchez-Zuranob, L. Borras-Falomira, A. Roblesa, F.G. Acién Fernándezb, A.Secoa 

aCALAGUA – Unidad Mixta UV-UPV, Departament d’Enginyeria Química, Universitat de València, Avinguda de la Universitat s/n, 

46100 Burjassot, Valencia, Spain. 
bDepartment of Chemical Engineering, University of Almería, 04120 Almería, Spain 

  

P33 DEEP PURPLE: Photobiorefinary concept for Urban Biowastes conversion into high-added value products 
L. Diaz Allegue, D. Puyol, J.A. Melero 

Group of Chemical and Environmental Engineering, URJC, Mostoles, Spain 
  

P34 Incorporation of damping auscultation data in BIM models 
M. Sobrino Ruiz 

MEng in Civil Engineering Student, E.T.S.I Caminos, Canales y Puertos. Universidad de Castilla – La Mancha. Avda. Camilo José Cela, 

s/n, 13071, Ciudad Real (Spain) 
  

P35 Evaluation of different sources of zero valent iron to remove pesticides in natural water at neutral pH 
M.A. Roccamantea,b, S. Miralles-Cuevasb, A. Cabrera-Reinac, I. Ollera,b, S. Malatoa,b 
aPlataforma Solar de Almería-CIEMAT. Ctra. Senés km 4, 04200 Tabernas, Almería, Spain. 
bCIESOL, Joint Centre of the University of Almería-CIEMAT, 04120 Almería, Spain. c School of Mechanical Engineering. Av. General 

Velásquez 1775, Universidad de Tarapacá, Arica, Chile. 
  

P36 Optimization of photocatalytic processes for wastewater treatment. Light distribution and catalyst 

configuration 
M. Martin-Somer, J. Marugán 

Department of Chemical and Environmental Technology (ESCET), Universidad Rey Juan Carlos, C/Tulipán s/n, 28933 Móstoles, 
Madrid, Spain. 

  

P37 Strategies in photo-fenton at neutral ph for wastewaters reuse 
N. López-Vinenta, A. Cruz-Alcaldea, J.A. Malvestitib, P. Marcoa, J. Giméneza, S. Esplugasa 

aDepartment of Chemical Engineering and Analytical Chemistry, Faculty of Chemistry, University of Barcelona, C/Martí i Franqués 1, 
08028 –Barcelona, Spain. Tel: +34934020154 
bSchool of Technology, Univeristy of Campinas –UNICAMP, Paschoal Marmo 1888, 13484332, Limeira-SP, Brazil 

  

P38 Characterization and optimization of cathodes for bioelectrochemical hydrogen production 
P. Sánchez-Peñaa*, J. Rodriguezb, J. Baezaa, D. Gabriela, M. Baezac, A. Guisasolaa 

aDepartament d'Enginyeria Química, Biològica i Ambiental, Escola d'Enginyeria, Universitat Autònoma de Barcelona, Bellaterra, Spain 
bCentro Nacional del Hidrógeno, Puertollano, Spain 
cDepartament Química, Facultat de Ciències, Edifici C-Nord, Universitat Autònoma de Barcelona, Bellaterra, Spain 

  

P39 Removal of contaminants of emerging concern by photocatalysis TiO2-nanotubes array. Influence of the 

operation conditions 
R. Prieto Moreno, M.J. Martín de Vidales, E. Atanes, F. Fernández-Martínez 

Mechanical, Chemical and Industrial Design Engineering Department, ETSIDI, Universidad 

Politécnica de Madrid, Ronda de Valencia 3, 28012 Madrid, Spain 

mailto:andres.diez@igme.es
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P40 Effectiveness and recovery of different titanium dioxide catalysts in the photocatalytic removal of 

enrofloxacin 
S. Molesa, N. Miguela, J. Gómezb, R. Mosteoa, M.P. Ormada 
aDepartment of Chemical Engineering and Environmental Technologies, University of Zaragoza. Research group “Water and 

Environmental Health”. University Institute of Research in Environmental Sciences of Aragon. María de Luna 3, 50018, Zaragoza 

(España). 
bNavarra de Infraestructuras Locales S.A. Avenida Barañain 22, 31008 Pamplona (España) 

  

P41 A looking through water 
G. Carpes, M. Amaya, Á. Melgar, R. Vera, S. Romero, C. García, E. Toro 

EMASESA 
  

P42 Efforts to flush the sewer monster out. Standardization as a solution 
C. Hernández de Vega 

Asociación Española de Abastecimientos de Agua y Saneamientos (AEAS) 
  

P43 Composite indicators applied in water management to know the users perception of the water service 
J.A. Palomero-Gonzáleza, F. Hernández-Sanchob, J. Macián-Cerverac, R. Fuentesd 
aGlobal Omnium – Aguas de Valencia / Instituto Interuniversitario de Desarrollo Local (Universidad de Valencia) 
bEconomía Aplicada II – Facultad de Economía 
cEMIVASA (Empresa Mixta Valencia del Agua S.A) 
dDepartamento de Análisis Económico Aplicado, Universidad de Alicante 

  

P44 Integrated water management for the flood resilience in Los Alcázares 
M.F. Fernández Garcíaa, F.J. Neila Gonzaleza, M.R. Llamas Madurgab,c, C.A. Acha Romána 

aTechnical University of Madrid (UPM), Av. Juan de Herrera 4, 28040 Madrid, Spain 
bRoyal Academy of Sciences of Spain, Valverde 22, 28004 Madrid, Spain 
cWater Observatory, Botín Foundation, Castelló 18C, 28001 Madrid, Spain 

  

P45 Understanding the factors affecting willingness to use domestic rainwater harvesting system (DRWHS). Case 

study in Guanajuato (Mexico) 
P. Cabrera 
Cranfield Water Science Institute, Cranfield University, Vincent Building, Cranfield, Bedfordshire MK43 0AL, UK 

  

P46 The future of water issues dissemination: cátedra FACSA de innovación en el ciclo integral del agua de la 

Universitat Jaume I 
R. Arnaua, A. Macíasa, L. Menéndeza, J. Climentb, G. Berlangab, S. Chivaa 

aUniversitat Jaume I, Department of Mechanical Engineering and Construction, Castellón de la Plana, Castelló, Spain 
bSociedad Fomento Agrícola Castellonense S.A., Castellón de la Plana, Castelló, Spain 

  

P47 The operational water systems as a cornerstone for water management in Spain: an analysis of these systems 

in the light of the general restrictions that are imposed on them 
A. Navarro Ortega 

Department of Administrative Law, University of Granada, Plaza Universidad S/N, CP 18071, Granada, Spain 
  

 

STAND 4 – Emerging technologies and water cycle 

Session Chair: Eduardo García (SACYR Agua) 
 

P48 (Photo)-Fenton vs. direct photolysis of enrofloxacin: novel degradation kinetic study employing fluorescence 

spectroscopy with the multy-way method parafac 
I. Sciscenkoa, S. García-Ballesterosa, C. Sabaterb, M. A. Castillob, C. Escuderod I. Ollerc, A. Arquesa 
aDepartamento de Ingeniería Textil y Papelera, Universitat Politècnica de València, Campus de Alcoy, Alcoy, Spain. 
bDepartamento Biotecnología, Universitat Politècnica de València, Camino de Vera, s/ n, 46022, Valencia, Spain. 
cUnidad de Tratamientos Solares de Aguas, Plataforma Solar de Almería, Tabernas, Spain. 
dNorwegian Institute for Water Research, Gaustadalléen 21, Oslo, 0349, Norway 

  

P49 Microalgae-based wastewater treatment: modelling and simulation for enhancing its implementation 
Y. Tejido-Núñeza,b*, E. Aymericha,b, L. Sanchoa,b, E. Ayesaa,b, T. Fernández-Arévaloa 

aCeit, Manuel Lardizabal 15, 20018 Donostia/San Sebastián, Spain 
bUniversidad de Navarra, Tecnun, Manuel Lardizabal 13, 20018 Donostia/San Sebastián, Spain 

  

P50 Optimization of operating conditions in the activation of peroxymonosulfato and H2O2 for Enterococcus sp. 

Inactivation: water matrix effect 
S. Guerra-Rodríguez*, J. Rodríguez-Chueca, E. Rodríguez. 

Departamento de Ingeniería Química Industrial y Medio Ambiente, Escuela Técnica Superior de Ingenieros Industriales. Universidad 

Politécnica de Madrid, Madrid, Spain 
  

P51 Pilot scale experiment using dewatered alum sludge for advanced wastewater treatment 
N. Olivera*, M. Martínb, C. Hernández-Crespob, A. Martínezb, M. Añóa, J. Maciána, L. Aceitóna 

aGlobal Omnium. Gran Vía Marqués del Turia, 17, 46005, Valencia (Spain) 
bInstituto de Ingeniería del Agua y Medio Ambiente - Universitat Politècnica de València. Ciudad Politécnica de la Innovación, Camino 

de Vera s/n, 46022, Valencia (Spain) 
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P52 5 things you should know about BES. Number 1: What is a BES? 
M.I. San-Martína, R.M. Alonsoa, A. Escapab, A. Morána 

aChemical, Environmental and Bioprocess Engineering Group, Natural Resources Institute (IRENA), University of Leon, Avda. De 
Portugal 41, Leon 24009, Spain. 
bDepartment of Electrical Engineering and Automatic Systems, Universidad de León, Campus de Vegazana s/n, 24071 León, Spain 

  

P53 Pe removal by means of heterogeneous photocatalysis 
E. Menaa, E. Menárguezb, A.J. Larac, A. Pagánc 

aEmpresa Municipal de Aguas y Saneamiento de Murcia 
bAquambiente Servicios para el Sector del Agua S.A.U. 
cCentro Tecnológico de la Energía y del Medio Ambiente 

  

P54 Wastewater disinfection by PMS activation using heterogeneous photocatalysts 
H. Castellanos, J. Rodríguez-Chueca 
Departamento de Ingeniería Química Industrial y Medio Ambiente, Escuela Técnica Superior de Ingenieros Industriales. Universidad 

Politécnica de Madrid, Madrid, Spain 
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aDepartment of Microbiology and Parasitology, Faculty of Pharmacy, University of Santiago de Compostela, Campus Vida, 15782 
Santiago de Compostela, A Coruña, Spain 
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KN1 Information technologies 

Alberto Provencio 

IT director of GESTAGUA 

World as people’s lifestyle is changing. Everything moves faster, information, work, business 

results, the learning curve etc. In this changing environment, we might question ourselves, How? 

Why? When? To have a good understanding of what’s going on, we must start by analysing the 

companies and their lifespan compared to past years. 

 
Figure 1. Average company lifespan. Data: Innosight analysis based on public S&P 500 data 

sources, 2018 

We can abstract from the graph that company average lifespan has decreased to half in the last 

60 years, these companies have seen an increase in hostile competition where results are expected in 

short term. New and small companies now have the advantage of technology, which makes them 

competitive in any stage of the value chain, allowing them to compete and attack bigger and 

traditional companies. Everyone now can contact the end client; technology brought the opportunity 

to set new ground rules giving the chance to offer products and scout what clients are willing to pay 

for the services. 

In these ever-moving worlds, what companies were the fastest growing? What do GAFAs have 

in common? (Google, Amazon, Facebook and Apple) Primarily, data, they know everything about 

us, they examine us so they can offer tailored services. IoT, Big data, Artificial Intelligence are applied 

to all to all their products and services. This last statement answers the question “How?”, technology 

allowed handling big amounts of data, being the 21st century paradigm. Data became the centuries 

predominant raw material, all companies want to integrate these data in their organizations, Big Data. 

Power is nothing without control, and so is data, useless without control and order. 

The integral water cycle 

Within this framework, the integral water cycle business has some characteristics that are worth 

acknowledging: 

• Perimeter: water catchment, drinking water treatment, distribution, billing, collection and 

wastewater treatment. 

• Geographical scope: Local services. 
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• Investments: State, regional and local. 

• Contracts: Public administration (2, 5, 10, 15, 20, 25… years) in concession, provision of 

services or joint venture. 

And its corresponding technological framework: 

• Process control: PLCs, automaton, laboratory. 

• Facility maintenance: Gmao systems. 

• Network maintenance: Gis systems. 

• Customer Management: Own Systems. 

• Work orders: Unified. 

With their diagnosis: 

• Not integrated systems 

• Heterogeneous architectures 

• Non-homogeneous data 

• Without assured integrity 

• Decentralized and closed systems 

• Different programming languages 

• Different database technologies 

• Not designed for use in cloud or distributed environments 

• Black boxes without securing 

• Not intended as big data environments 

In this scenario is not surprising the necessity to integrate data into the systems, regardless of 

the environment, SCADAS, Sensors, Clients, Assets, social networks, mobile apps, etc. Because only 

controlling these data we will be able to exploit it and take decisions based on it. 

Market show an increase in demand for new communication methods (secure, open, integrated, 

standard and bidirectional), with cloud services technology, new programming language, new data 

bases technologies, with a safer and transparent licensing, not forgetting a good integration with the 

company’s IT systems. 

Unfortunately, although there have been advancements in industrial environments, the weight 

of OT (Operational technologies) and of IT (Information Technology) are two worlds that still 

believed to be different, when they are in the same side of the coin. If one day we want to play the 

wonderful game of artificial intelligence, we will have no choice but to make available to the brain 

all the data and devices available integrating them as a whole, what is known as industry 4.0. 

References 
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KN2 The urban water cycle and the Sustainable Development Goals (SDGs) 

Belén Benito Martínez 

Canal de Isabel II, S.A. 

It is clear to find the relationship between the urban water cycle and the Sustainable 

Development Goal 6: “Ensure availability and sustainable management of water and sanitation for 

all”. However, we cannot simply observe this one linkage: the water cycle is related to and conditions 

all life activities and it is implicit in many of the other SDGs; it is unthinkable not to associate water 

and sanitation with the end of poverty, with zero hunger, with good health and well-being, with 

affordable and clean energy, with economic growth or  with the conservation of life below water and 

life on land. Therefore, to work towards SDG 6, through the proper management of the (urban) water 

cycle, also means to work for all the remaining objectives. 

Thus, references are made to the availability of water, sanitation, sustainable energy, climate 

change, conservation of the oceans and ecosystems when talking about the (urban) water cycle. 

Both the appearance of the human being and the population growth modify the concept of 

natural water cycle (evaporation-condensation-precipitation-runoff). The urban water cycle begins 

when humans alter that natural cycle, diverting water from rivers, using it, polluting it and returning 

it to the river stream in worse conditions than Nature offered it to us. It becomes a problem when 

human agglomerations increase their water needs in an unsustainable way and, above all, when the 

levels of pollution of the waters that we return to rivers collapse their self-depurating potential. This 

problem is being increased by the consequences of climate change, whatever its origin is, whose 

impact is growing lately. 

The urban cycle has traditionally been composed of all those activities related to supply (intake-

treatment-storage-distribution) and sanitation (wastewater collection-transport-treatment-discharge). 

Nevertheless, the urban cycle must be understood from a more global point of view, taking 

advantage of all the opportunities it offers in relation to the circular economy, sustainable energy, the 

creation of synergistic ancillary industries, etcetera. 

Therefore, a third phase of the urban cycle - the regeneration of wastewater once purified- must 

be considered, so that it is reused for secondary uses. The magnificent opportunity that the urban 

water cycle management provides, with abundant raw material such as wastewater, is the seed of this 

alternative to conventional resources. This third phase of the cycle not only implies an availability of 

resources, but it is also framed in the pursuit of sustainability and in what is nowadays known as 

circular economy. 

It could be thought that the urban water cycle concludes with these three phases, supply, 

sanitation and reuse; however other activities associated with the cycle allow further progress in 

achieving the SDGs. Activities such as wastewater treatment sludge valuation, hydroelectric energy, 

biogas power generation, cogeneration or phosphorus and nitrogen recovery as fertilizers, are possible 

–and mandatory one could say- within the cycle. 

Both supply and sanitation activities generate a huge amount of waste and sludge whose 

efficient management entails the possibility of consolidating recycling, recovery and reuse policies. 

Considering that the water-energy binomial cannot be dissolved and considering as well that 

the specific energy consumption associated with the urban water cycle is roughly half a kilowatt per 

cubic meter of managed water, it is reasonable to try to benefit from the energetic resource offered by 

the urban water cycle itself. Making the cycle sustainable and working with clean energy is almost an 

obligation. Hydroelectric plants linked to supply reservoirs (even turbines for environmental flows); 



 

34 
 

microturbines installed in pipelines that take profit from the pressure differences between the origin 

and supply points; power generation from the biogas obtained in the wastewater treatment plants with 

sludge anaerobic processes; cogeneration associated to the sludge thermal drying plants; are all good 

samples of the possibilities that the exploitation of the aforementioned binomial allows.  

Having said all this, it should be noted that the economy of scale and the use of synergies 

between the different activities that have been previously mentioned are only possible with a 

supraterritorial conception and comprehensive cycle management. 

Water cycle management requires strong investments in infrastructure that need to be planned 

considering the whole infrastructure in a region and in coordination with urban planning and territorial 

development policies. This coordination is certainly more effective with a supramunicipal scheme.  

However, infrastructure-intensive activity requires, in order to be sustainable and to ensure the 

correct performance of the service, a powerful budget line of maintenance, both corrective and 

preventive, and replenishment. 

Extended territorial management represents a clear saving for the possibility of differentiated 

villages sharing infrastructures and for the obvious advantages of operating shared systems: 

personnel, large-scale purchases, etcetera. 

In terms of planning and guarantee, a supraterritorial approach is also advantageous as the 

resource can be "relocated" (going beyond the traditional local system), as well as integrating different 

origins and qualities. It is true that independence between origin (whether geographical, either 

qualitative) and destination requires a powerful network that interconnects those sources with the 

points of supply. 

In short, shared territorial and entire urban cycle management bring important synergies and 

economies of scale. 

Everything described so far is consolidated in the territory of Madrid, being a reality through 

the management carried out by Canal de Isabel II, public company of the Community of Madrid that 

deals with the urban water cycle in the region. 

This means that improvements are possible, but it does not mean it is all done: water is a scarce 

commodity, the population continues growing, other users (agricultures, hydroelectrics…) compete 

for the resource, rainfall and contributions to rivers have a declining trend, extreme phenomena 

(floods and droughts) are aggravated, water quality deteriorates, wastewater treatment targets are 

hardened, the regulatory framework changes, technologies advance, society demands information and 

transparency. The urban water cycle management should continue working towards the Sustainable 

Development Goals. 
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KN3 Advanced Water Reuse and Resource Recovery 

Frank Rogallaa, Zouhayr Arbibb, Jose Vazquezc, Eva Martineza and Victor Monsalvoa 

aAqualia Innovation Department, Camino de Santiago 40, E 28050 Madrid 
bAqualia ID, Explanada de Tívoli, E 29631 Arroyo de la Miel (Málaga) 

cAqualia ID, EDAR Guillarei, Camino de la Veiga s/n, E 36720 Guillarei (Tui) 

While other languages talk about residual waters (Spanish and Portuguese) or used water (French), 

in English the common term for effluents is wastewater – making it difficult to transmit the value and 

potential of water reuse and materials recovery. Therefore Singapore has relabelled its reuse program 

as “new water”, taking the notion of “waste” out of the effluents we all produce, and transmitting the 

idea of water reclamation. 

To take advantage of the streams of value that arrive at the around 500 WWTP that Aqualia 

operates, a series of projects were launched to assess the options to extract energy and nutrients from 

wastewater, and achieve high quality reuse water at reasonable cost: 

- www.all-gas.eu was financed by the EU FP 7 program and demonstrates on a 2 ha scale the 

transformation of wastewater to biofuel, by growing algae in the nutrients received in the raw water 

streams of Chiclana WWTP (Cadiz). After developing and scaling up the algae cultivation, from 32 

m2 pilot ponds to 2 x 500 m2 prototypes, 4 high rate ponds of 5200 m2 each were operated during two 

years (https://www.youtube.com/watch?v=9a5p4crkxq4 ). 

Energy use was optimized to 0,15 kwh/m3, less than three times the reference for conventional WWTP 

(0,53 kwh/m3), by using submerged propellers for mixing, and dissolved air flotation (DAF) for algae 

separation and thickening. Biomass yield averaged 100 T/ha/yr, and anaerobic digestion allowed to 

fuel CNG cars with biomethane of up to 15 000 kg CH4/yr per ha, moving about 20 cars – four times 

more than sugarcane bioethanol or palm oil biodiesel (5 cars / ha). 

The Energy Return on Investment (EROI) was calculated at almost 4, taking into account the 

substitution of fossil vehicle fuel and the recycle of algae fertilizer. With these benefits, a return period 

close to 10 years was estimated, making WWTP a sustainable business instead of a burden on 

communities. Fig. 1 summarizes conservative conclusions. 

 

- www.incover-project.eu and www.eu.sabana.eu show how to optimize algae growth in 

wastewater, to obtain biofertilizer and bioplastics, in addition to high quality reuse water and 

http://www.all-gas.eu/
https://www.youtube.com/watch?v=9a5p4crkxq4
http://www.incover-project.eu/
http://www.eu.sabana.eu/
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bioernergy. For Incover, a 3000 m2 pond was operated in Almeria, while for the H2020 project Sabana 

various demo plants of 1 ha each are being built – see flowscheme Fig. 2.  

 

- www.Life-memory.eu is geared to show an energy positive reuse system, by coupling 

submerged membranes with direct anaerobic treatment. On a full scale prototype, using a 40 m3 

reactor fed with screened raw municipal wastewater, and coupled to 3 industrial MBR modules of 40 

m2 each, biogas yield and treatment performance was followed over two years. At ambient 

temperatures, secondary effluent quality and wastewater disinfection was achieved, while biogas 

yield covers electricity needs if all methane can be harvested (Fig. 3). 

Similar AnMBR evaluations have been made in various applications for industry (see Fig. 4), 

leachates of municipal waste digestion, or for irrigation water at the small WWTP of Tortosa. 

 

- The H2020 project www.run4life-project.eu also integrates the AnMBR reactor, as one of the 

technologies to favour the recovery of nutrients, energy and water in a decentralized concept – by 

separating various water types (grey, yellow, black…) and co-digesting organic material from kitchen 

and household wastes, as shown in Fig. 5. Four demo sites are being built and operated: an office 

building in Vigo, 30 homes in Sneek (NL), more than 100 apartments in Ghent (BE) and another 300 

in Helsingborg (SE). Throughout the seasons, materials and energy balances as well as the efficiency 

of various fertilizer options are evaluated in field tests, in addition to the behaviour and acceptance of 

users and the markets for the different products. 

  

http://www.life-memory.eu/
http://www.run4life-project.eu/
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KN4 Water and governance 

Rubén Ruíz Arriazu 

SUEZ 

Nowadays, the Spanish Urban Water sector faces the following challenges: 

• Climate change Adaptation: Everybody knows Climate change effects are having and will 

have on the field of water, both in Spain and everywhere. It makes essential to act now to be 

able to adapt to them. Droughts Increased frequency and stormy phenomena, desertification, 

sea level rise, etc., are effects that we are already beginning to notice and it requires resources 

and technology to be allocated in order to we can adapt to them. 

• Infrastructure: investment needed in infrastructure, both new and renewal of existing ones, 

in Spain is enormous. According to the Ministry itself, only in the area of wastewater 

treatment, it should be invested until 2033 about 45 billion euros. The responsibility of 

Network renewal in urban area´s need should be added, that belongs to municipalities. It 

requires between 2 and 4 billion euros a year. Finally, there is a need for investment associated 

with adaptation measures to the effects of the climate change. 

• Regulation of the urban water sector: The powers of water supply and sanitation are at the 

municipal level in Spain. Thus, there are more than 8,000 municipalities with regulatory 

capacity. Additionally, the rest of administrations also have authority. It makes impossible the 

possibility of establishing quality standards, comparable indicators, minimum management 

and investment requirements, etc. 

In order to face these challenges with guarantees, good Water Governance is necessary. This 

would imply the existence of a regulator at the national level, independent that would allow: 

• To establish the needs and the framework of legal and economic financial security.  It would 

allow to develop the investments and actions necessary to face the great investment needs that 

the sector, both from the public point of view and private public collaboration. 

Establish quality standards, management indicators, minimum levels of investment, etc. that 

make the different water services measurable and comparable. At the same time, it would improve 

the sustainability from continuity of service and economic point of view in the medium and long term. 
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KN5 Evolve to survive, live together = share: Water 4.0 

P. Pérez Sanchez 

Technology Transfer Manager R&D Department, Acciona, Business Agua. 

paula.perez.sanchez@acciona.com 

Particular, point of view of how we have lived in recent years, the evolution in water 

management, treatment, and the needs of our customers. In addition, the technologies have 

revolutionized concepts, the way of doing things and especially people. We are in the era of changes, 

in which you simply adapt or do not survive; we are in a moment, in which we are transformation 

from an evolutionary point. I am passionate about looking around and seeing how digital 

transformation has pushed a new Darwin transformation, welcome to digital Darwin, where we adapt 

to the new possibilities that the environment brings us or disappear. 

How can we apply the new range of possibilities offered to us in the water business? We have 

in our hands, revolutionize the work philosophy and we have the best means to do it; WATER without 

water there is not life and unfortunately people die due to lack of water, we are committed to supply, 

keep available resources, even return them to environment, better than we have extracted them, for 

this we have the change of linear economy to circular economy. The habits of water consumption, the 

kilometers of pipe networks through which it passes, the treatments for which it is submitted, are data, 

and today the data is very valuable, they are power, even business, we can create from these data, new 

models that allow us to be better every day and achieve better quality water at a lower energy cost. 

Spain is a leader within the European Union in users connected to the Internet, even surpassing 

in a greater number of users connected to the network, to countries like Germany, which have a 

considerably higher GDP, and not to mention Twitter, among the 10 countries that tweet most are 

Spain, which has more than 8 million users, more than some countries in its environment such as 

France or Italy. It is indisputable that the Internet has revolutionized the world, and if we can not only 

connect people across the planet, where can we go if we connect things, or as the IoT (Internet of 

things) is known today, we could say, that we are also in the era of acronyms. 

Needless to say, all the robot films, which we have seen, in the last 20 years colonize the cinemas, 

because now, it is time to live with them. We can have in our work, COBOTS (Collaborative Robots) 

that facilitate the day-to-day, more dangerous and routine tasks. Prioritizing safety and minimizing 

risks in our jobs. It is our duty that the script that we write each of our lives collaborates so that the 

film has a happy beginning and end, and we avoid among all those movie, where climate change, 

with the consequent global warming of the earth and the thaw, make that on earth we can no longer 

live humans and robots or acronyms such as AI (Artificial Intelligence) are pure tools that help us 

conserve our planet and not destroy it. 
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KN6 Emerging technologies - membrane treatments 

E. Campos 

Sacyr Agua SL 

Water scarcity is a serious problem that affects public health, industry and agriculture in a 

growing number of regions in the world. Desalination and reuse are global solutions in areas with 

structural water deficit. Desalination technology has evolved from the first thermal evaporation plants 

to reverse osmosis plants, these being the majority today (IDA, 2018) with an everyday lower energy 

specific consumption (ESC). Membrane processes are also applied to reclaimed water, especially for 

direct or indirect potable reuse (usual in Singapore or California), or even for irrigation when strict  

removal rated is required in the legislation for coliphages and clostridium (European Comission, 

2019), as well as to reduce the impact of contaminants of emerging concern on wastewater discharge. 

The great current challenges in the field of desalination with membranes can be gathered in three 

main groups: 1) Minimization of energy consumption, 2) membranes optimization for higher flux and 

fouling minimization and 3) minimization of environmental impact improving brine management 

(development of Zero Liquid Discharge- ZLD -systems). 

Minimization of ESC is approached from different points of view, ranging from improving the 

efficiency of mechanical equipment, pumps and energy recovery devices, hybridization of processes, 

development of innovative technologies, to improvement of the membranes themselves, providing 

greater permeability and resistance to fouling, and even use of renewable energies, which although it 

does not affect the ESC if it does so on the carbon footprint. Thanks to the development of 

increasingly efficient energy recovery systems, ESC levels have been reached below 2.5 Kwh/m3 for 

seawater reverse osmosis (RO), asymptotically approaching the thermodynamic minimum. In the last 

decade Forward Osmosis (FO) has been postulated as the great promise for the ESC decrease. FO 

consists in taking advantage of the osmotic gradient as a driving force for desalination, for which a 

current with high osmotic potential (Draw Solution-DS) is required, which must then be recovered. 

In practice, FO has important limitations for its implementation, mainly energy required for DS 

recovery, jointed with low flux of FO membranes. However, it also presents interesting advantages 

as lower fouling problem than the RO, greater water recovery capacity and lower salt passage (Long 

et al., 2018). Hybrid processes that improve the global ESC, permeate quality and minimization of 

osmosis membrane fouling are currently being studied, taking advantage of the osmotic potential of 

concentrate from RO process, using two different strategies: a) feed osmotic dilution, normally using 

a more diluted external source of water (for example, wastewater), can obtained a reduction in ESC 

until 0.41 kWh/m3, for a dilution grade of 33.33% (Kim et al., 2019); b) using osmotic energy from 

concentrate, for example, Pressure Retarded Osmosis (PRO) or Reverse Electrodialysis (RED). PRO 

generates hydraulic energy using the salinity gradient between solutions with different concentration. 

It is closer to commercialization compared to RED, and theoretically can obtain up to a decrease of 

ESC 0.56 kWh/m3, although the actual rates are much lower (Kim et al., 2019). RED transform 

osmotic energy of the concentrate in electricity by means an electrodialysis cell with selective ion 

exchange membranes. In all cases, it is necessary to have a low salinity current in order to have 

osmotic gradient enough. 

Improvement of membrane properties to decrease fouling and increase permeability has a direct 

influence on both OPEX and CAPEX. Membrane fouling depends on many factors, mainly 

pretreatment efficiency, but also on intrinsic characteristics of the membranes. Highlight progress 

with carbon nanotubes (CNT), which promise very high flux and low fouling (Ralph, 2017), or the 

development of biomimetric membranes, which incorporate concepts, ideas or inspiration of 

biological systems (Yue-xiao Shen, 2014), such as the use of aquaporin proteins (AQP), which are 

known to be natural water channels in the hydration mechanism of cell membranes. In the last decade 

artificial water channels (AWC) have been developed with the hope of building artificial analogs of 



 

40 
 

Aquaporin proteins (AQP) (Istvan Kocsis, 2018; Shen et al., 2019). Graphene-based materials also 

has enormous potential for the development of the future membranes due to its high selectivity and 

permeability, resistance to polarization and fouling and chemical and physical stability, although 

more research is needed (Homaeigohar & Elbahri, 2017) (Boretti et al., 2018). These technologies 

are theoretically applicable to both RO membranes and nanofiltration (NF) or FO (Ke Zheng, 2018). 

On the other hand, for fouling minimization significant advances are being made in the design of feed 

spacers, such as use of technologies such as 3D printing (Siddiqui et al., 2016). 

Zero Liquid Discharge (ZLD) processes are increasingly considered as part of a sustainable 

strategy for water supply, especially in industrial waters, with toxic components, or in brackish water 

plant in areas far from the coast without options for making a safe discharge to the natural 

environment. Traditionally, ZLD had been addressed using evaporation/crystallization techniques 

with a very high energy consumption, but in recent years, work has been done intensively on the 

application of energy efficient techniques, based on membranes to treat high salinity ranges, such as 

high concentration RO and membrane crystallization (Ruiz Salmón & Luis, 2018). Membranes with 

greater resistance to hydraulic pressure and scale problems are required, allowing recovery as much 

as possible to be recovered via RO. Emerging technologies are mainly based on Membrane 

Distillation (MD), FO and E /EDR, although they are still immature (Yaqub & Lee, 2019), normally 

combined with NF stages to avoid scale problems. Crystallization by MD provides interesting 

advantages, but it is necessary to advance in its scaling (Ruiz Salmón & Luis, 2018). On the other 

hand, ED techniques are also acquiring great prominence in the field of Zero discharge, incorporating 

novel configurations that limit the problems of embedding, such as Electrodialysis Metathesis (EDM) 

(Nunem & Panicot, 2018). 
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S1.1 Degradation of emerging pollutants using humic like substances as iron complexing 

agent at mild conditions 
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paugarne@upv.es 

One of the major drawback in photo-Fenton process is the highly acidic media required to avoid 

formation of non-active iron oxides and hydroxides (Gomis et al., 2015). In the last years, increasing 

attention has been paid to drive photo-Fenton process at neutral pH. In particular, humic-like 

substances (HLS) are promissing auxiliaries for this process, because of their ability to form 

photoactive iron complexes (Klamertha et al., 2011, Gomis et al., 2014). In this work, we report on 

the use of different fractions of HLS isolated from olive mill waste. Olive waste was choseen because 

olive industry in Spain is one of the most important and due to, the waste generation is enormous. 

The process followed to isolate the HLS consists in a basic digestion of the organic waste, a 

filtration to eliminate the insoluble fraction and a membrane process to concentrate the HLS. Finally, 

to eliminate the humidity, HLS were dried at 65ºC. During the membrane process, three different pore 

size membranes were used and three fraction of HLS were obtained: < 300 kDa, 300-150 kDa and 

150-50 kDa. HLS were submitted to different characterization analysis and the results shown similar 

characterizes as humic acids. 

These three fractions and a mixture of them were tested in photo-Fenton at mild pH. Pollutants 

selected as probe molecules were: terbutryn (TBT), diclofenac (DCF), chlorfenvinphos (CVF) and 

pentachlorophenol (PCP) at 1 mg/L concentration each. All these pollutants are listed in 2013/39/CE 

Directive as pollutants of emerging concern. All experiments were carried out at pH 5 and, 5 mg/L 

of Fe (III) as FeCl3, stoichiometric amount of H2O2 33% (w/v) and 20 mg/L of HLS were added at 

the beginning of each experiment. Experiments were carried out at laboratory scale using a solar 

simulator (Oriel Instrument 81160) as irradiation source, and the degradation was following using 

HPLC (LaChrom Merck- Hitachi). 

Figure 1 shows the pollutants degradation in the presence of the mixture of all three fractions. 

In all cases, more than 80% of the pollutants was removed (table 1), DCF was the easiest to degrade, 

while the most recalcitrant was CVF. 

Table 1. Degradation percentage of each pollutant in all the experiments at 120 minutes. 

 TBT DCF CVF PCP 

< 300 kDa 96,08 100 92,3 95,65 

300-150 kDa 96,16 100 87,5 94,01 

150-50 kDa 96,9 100 91,12 94,7 

Mixture three 

fractions 
98,76 100 94,45 96,18 
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Figure 1. Degradation in the use 150-50 kDa fraction (above) and in the use of the mixture of the 

three fractions (down). 

All, these HLS have been demonstrated to be able to expand the pH in photo-Fenton process, 

and differences in the performance of different fractions were not significant; therefore the fraction 

separation during membrane process would not be necessary. 
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S1.2 Visible-light-driven activation of peroxymonosulfate for paracetamol removal via 

ZnxNi1-xFe2O4@BiOBr: degradation kinetics, byproduct and mechanism 
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The increase in the consumption of drugs by today's society causes a high presence in 

wastewater. Most of these compounds are considered contaminants of emerging concern (CECs) and 

their presence in water and wastewater is a risk factor for human health (Pestana, D. et al., 2014). 

Conventional methods of wastewater treatment are not able to remove them efficiently, which is why 

new methods are required, such as the advanced oxidation processes(AOPs) (Lee, C.M. et al., 2017). 

Among different AOPs, peroxymonosulfate (PMS), as a promising alternative to hydrogen 

peroxide (H2O2), attracted a wide attention for the high capability of producing both hydroxyl (•OH) 

and sulfate (SO4
•-) radicals, and also enhanced stability in a wide range of pH. SO4

•- can be generated 

from PMS, after activation via UV irradiation, heat or transition metals. Among these agents, 

transition metals initiated activation of PMS is always thought of as one of the best results of SO4 • 
− production. As reported, the spinel ferrite nanoparticles MFe2O4 (M = Mn, Co, Ni, Cu, Mg, etc.), 

with a stable structure and a saturated magnetization, possess a significant capability in activate PMS 

molecules for oxidation of refractory pollutants at neutral pH, due to the M2+-M3+ and Fe3+-Fe2+ redox 

cycles. 

Over the last decades, magnetization of photocatalysts using magnetic nanoparticles has been 

reported as a new approach for separation and reusability of photocatalysts conveniently. Over 

catalytic degradation studies, a remarkable synergistic effect has been observed between Bi-based 

photocatalyst and transition metals specially magnetic nanoparticles. Furthermore, it was widely 

reported that Bi-based photocatalyst displayed a high activity in decomposition of PMS molecules 

and enhanced the generation rate of radicals. Photocatalysis of PMS as a photochemical oxidant can 

enhance the reactivity of catalyst toward organic substrates with production of both • OH and SO4
•- 

radicals and inhibit the recombination of electron-hole pairs through trapping photo-induced electrons 

which leads to a highly efficient electron transfer. 

In this study, ZnxNi1-xFe2O4/BiOBr (x = 0, 0.2, 0.33, 0.5, 0.8, and 1), a visible light response 

photocatalyst was synthesized via a simple hydrothermal method. The structure, morphology and 

optical properties of the catalyst were well characterized. The TEM micrograph (Figure 1) shows the 

successful loading of Zn0.8Ni0.2Fe2O4 in BiOBr to form a stable Zn0.8Ni0.2Fe2O4@BiOBr 

nanocomposite. 
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Figure 1. TEM micrograph of Zn0.8Ni0.2Fe2O4@BiOBr. 

The paracetamol were taken as the model pollutants to estimate the catalytic activities. The 

Zn0.8Ni0.2Fe2O4/BiOBr with 15 wt% demonstrated the highest photocatalytic ability to activate 

peroxymonosulfate (PMS) for the degradation of paracetamol under current experimental conditions. 

Over 95% of paracetamol (10 mg/L) was degraded within 100 min at 2 mM PMS and 0.5 g/L 

Zn0.8Ni0.2Fe2O4@BiOBr. Furthermore, ZnxNi1-xFe2O4/BiOBr catalyst displayed the excellent 

recyclability and durability. 

Quenching studies (Figure 2) indicated that BQ and MeOH display an inhibiting effect much 

stronger than TBA and KI, suggesting that the role of SO4
•- and O2

•-is higher than that of •OH and 

holes. 

Figure 2. Effect of radicals scavengers on paracetamol degradation. (Reaction conditions: 

Paracetamol 10 mg/L, PMS 2 mM, catalyst 0.5 g/L, pH 7 ± 0.2 and scavenger dosage 10 mM). 

References 

Pestana, D., Faria, G., Sá, C., Fernandes, V.C., Teixeira, D., Norberto, S., Faria, A., Meireles, M., Marques, C., Correia-

Sá, L., Cunha, A., Guimarães, J.T., Taveira-Gomes, A., Santos, A.C., Domingues, V.F., Delerue-Matos, C., Monteiro, 

R., Calhau, C, 133 (2014) 170-177. 

Lee, C.M., Palaniandy, P., Dahlan, I, Environmental Earth Sciences, 76 (2017) 1-19. 

  



IWA YWP Spain 2019 Conference - Book of Abstracts 

47 
 

S1.3 Comprehensive treatment of acid mine drainage with bioelectrochemical systems 
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Anthropogenic or natural exposure of sulfide-containing minerals to air and water causes the 

sulfide to oxidize to sulfate (SO4
2-) via abiotic or biotic reactions that release high amount of acidity. 

The increased acidity causes the water to leach metals from the minerals it gets in contact with, 
leading to formation of acidic sulfate and metal rich water, which is called acid mine drainage 

(AMD) (Dold 2014). Due to the low pH and high metal and sulfate concentrations, AMD is a severe 
threat to the environment not only at the site of formation, but also far downstream from the point of 

discharge. 

In electrochemical systems, chemical energy is converted to electrical energy, or vice versa. 

An electron donor is oxidized on an anode electrode and the electrons released in the oxidation 

reaction flow through an electrical circuit to a cathode electrode, where an electron acceptor takes 

the electrons. When the oxidation and reduction reactions are thermodynamically favorable, 

electrical energy can be withdrawn from the system. Alternatively, external electrical energy can be 

applied to run thermodynamically unfavorable oxidation and reduction reactions. In 

bioelectrochemical systems (BESs), the oxidation and/or reduction reactions are catalyzed by 

microorganisms. 

BESs have been used to treat sulfate-containing waters by utilizing sulfate-reducing bacteria 

(SRB) (Blázquez et al. 2017, Pozo et al. 2017). Hydrogen can be (bio)electrochemically produced 

on the cathode of an electrochemical system and can serve as electron donor for the SRB, which 

reduce sulfate to sulfide via an acid consuming reaction. In addition, homoacetogenic bacteria can 

use hydrogen for reducing CO2 to acetate, which can be used as an additional electron donor for 

heterotrophic sulfate reduction. In the presence of sulfide, several metals readily precipitate as metal 

sulfides. AMD can thus be comprehensively treated with BESs: sulfate is reduced by SRB, metals 

precipitate due to sulfide formation and the water is neutralized due the consumption of protons in 

the hydrogen production and biological sulfate reduction (Figure 1). 

In this study, the optimal operational parameters for bioelectrochemical treatment of synthetic 

AMD were determined and the influence of reaction product inhibition was evaluated. The effects of 

sulfate concentration, pH and sulfide accumulation on the sulfate reduction rate and AMD treatment 

efficiency were studied. The experiments were conducted in two-chamber microbial electrolysis 

cells (chamber volume 35 mL) separated with a cation exchange membrane. The applied voltage 

was controlled with a power source and the cells were operated at a cathode potential of -0.8 V vs. 

NHE. Water oxidized on titanium plate anode served as the anodic electron donor and carbon brush 

was used as the electrode on the cathode. The biocathodes were inoculated with biomass enriched 

in sulfate-reducing bioreactor. 
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Figure 1. Bioelectrochemical treatment of acid mine drainage. Voltage is applied to oxidize water 

on the anode and reduce protons to hydrogen gas on the cathode. The produced hydrogen serves as 

the substrate for the sulfate-reducing bacteria, which reduce sulfate to sulfide. The formed sulfide 

can be used to precipitate metal ions as metal sulfides. 

Efficient sulfate reduction was obtained after 7 days of operation and when the initial sulfate 

concentration was increased from 31 mmol SO4
2-/L to 50 mmol SO4

2-/L, the sulfate reduction rate 
increased from 3.87±0.03 mmol SO4

2-/L/d to 6.02±0.09 mmol SO4
2-/L/d. With higher initial 

concentrations tested, the sulfate reduction rates remained below 5.71±0.19 mmol SO4
2-/L/d. Highest 

coulombic efficiency (79±11%) and sulfate to soluble sulfide conversion rate (87±10%) were 

obtained with the highest initial sulfate concentration tested (84 mmol SO4
2-/L). Efficient sulfate 

reduction was obtained even after the catholyte pH increased above 9 and total dissolved sulfide 
concentration above 46 mmol/L. This shows that temporary exposure of the biofilm to high pH and 
high concentration of dissolved sulfide did not hinder the sulfate reduction. The microbial 
communities were analyzed using 16S rRNA-based metagenomic analysis and the dominant species 
in the cathodic biofilm was sulfate-reducing bacterium Desulfomicrobium norwegicum. Also 

Acetobacterium spp., which are hydrogen- oxidizing acetogens capable of reducing CO2 to acetate 

(Balch et al. 1977), were detected. 

This study demonstrates that BES have high capacity for sulfate removal and neutralization of 

AMD without being inhibited by the reaction products. As bioelectrochemical AMD treatment is 

driven solely by electrical energy and no additional chemicals are required, unlike in conventional 

neutralization processes that require neutralizing agent and biological processes that require electron 

donor (Kefeni et al. 2017), BES provide a novel and cost- efficient way to comprehensively treat 

AMD. 
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Ultraviolet light emitting diodes (UV-LEDs) are an alternative radiation source to the use 

of traditional UV lamps, such as low and high pressure mercury vapour lamps. LEDs have higher 

stability, longer lifetime, higher energy efficiency and are environmentally safer (Lopez-Vinent et al. 

2019). 

The Advanced Oxidation Processes (AOPs) are known to generate strong oxidants, which are 

capable to degrade recalcitrant compounds, or to transform them into less complex molecules. The 

major goal is the pollutant conversion into water and carbon dioxide. Among AOPs, Fenton’s reagent 

appears as an alternative technology for water and wastewater treatment, due to its simple and 

efficient way. The iron and the hydrogen peroxide used in the process are easy to work with, relatively 

low-cost and do not present harmful for the environment (Bello et al. 2019). Also, TiO2 is the most 

used nanomaterial in heterogeneous photocatalysis presenting high photocatalytic activity, chemical 

and biological stability, relatively low-cost and non-toxic (Mishra et al. 2018). 

A lab-scale bubble column reactor with 330 mL of volume, a bottom air injection through an 

aquarium air pump and 15 wireless UV-A LEDs (InGaN Roithner RLS-UV365E) were used in TiO2 

photocatalysis and photo-Fenton process. Each LED has a radiant flux of 1 mW and a viewing 

angle of 30˚. The LED emitters are placed inside the reactor and the electrical power to each one 

is provided by wireless power transfer using a resonant inductive coupling system. This system has 

four emission coils wrapped around the tubular reactor and each LED has a resonant inductive coil 

receiver tuned to maximize the power coupling by having the same resonance frequency of the 

emission system. 

The behaviour of each LED is independent from its position inside the reactor, showing a 

constant signal from the amplitudes of the induced alternate current. The magnetic field inside the 

reactor and the optical irradiance measure in the detector revealed a strong correlation. 

The proof of concept was made with a textile dye (Reactive Black 5) in TiO2 photocatalysis and 

a simulated elderberry wastewater in photo-Fenton process. For this aim, several operational 

conditions were tested, dosages of TiO2, H2O2 and Fe2+, initial amount (DOC0) of RB5 and 

elderberry wastewater and pH values. Additionally, it was also tested several frequencies of 

oscillation. The experiments were monitored by DOC and analysed by pseudo-first order kinetics. In 

RB5 removal ([RB5]0= 10 mg/L), full decolourization (k=0.0574±0.0053  min-1) was achieved with 

TiO2   photocatalysis ([TiO2]= 500 mg/L), whereas in the simulated elderberry wastewater treatment 

(DOC0= 60 mg/L), 50% (k=0.0027±0.0004 min
-1

) of degradation was attained, with photo-Fenton, 

enhancing the Fenton process in 30% (k=0.0010±0.0002 min-1), [H2O2] = 500 ppm and [Fe2+] = 50 

mg/L. In alternative to solar light, which is the most environmental safe energy source and cost saver, 

this new energy sources with suspended UV-A LEDs can be great eco-friendly substitutes. 
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a) b) 

 

Figure 1. Experimental setup: a) Reactor with a resonant inductive coupling system; b) LED with 

wireless power receptor: R1- Resistance; L1- Coil; C1 and C2- Capacitor; D1, D2, D3 and D4- 

Diode. 
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Kraft black liquor (BL) is the main residue of the Kraft pulping process, principally composed 

by lignin, hemicellulose and inorganic salts. It can be considered highly environmentally problematic 

due to its elevated chemical oxygen demand (COD) content, and high pH (12-14), among other issues. 

The traditional managing of this residue is based on its combustion for the obtention of energy. 

However, this combustion generates greenhouse gas emissions in form of CO, CO2 and NOX, as well 

a particulate matter and strong odours produced by sulfurated compounds (Bajpai, 2018). 

In the recent years, the implementation of a circular economy model has risen in the industry, 

pursuing both the reduction of resources consumption and residues generation. The circular model, 

in contraposition to the traditional linear one, is focused on reusing the residues produced in a process 

to be used as a resource in other operation (Cerdá and Khalilova, 2016). One of these strategies is wet 

oxidation (WO), which effectively removes pollutants and organic matter and, at the same time, 

produces organic acids (OA), which has a wide variety of uses in the industry (Mudassar et al., 2015). 

Another interesting strategy is the delignification of BL, since it allows obtaining lignin as well as 

the OA naturally present in the residue. 

After each of these treatments, a purification process should be developed in order to separate 

OA. Membrane separation process, highly attractive due to their high efficiency and low energy 

consumption (de Morais Coutinho et al., 2009), could effectively separate small OA from the rest of 

biomolecules present in the BL. 

Therefore, the aim of this work is to study the efficiency of two strategies for the revalorisation 

of BL, consisting on either a WO or a delignification pretreatment, and a subsequent membrane 

treatment. 

WO was carried out at 190 ºC and 60 bar for 120 minutes. The oxidized BL (WOBL) was then 

treated by ultrafiltration at 2 bar of transmembranar pressure, 0.8 m/s crossflow velocity and 90 ºC 

with a 150 kDa ceramic tubular membrane to retain lignin and hemicellulose, while OA permeate 

through the membrane. 

Delignification of BL was achieved by acid precipitation with 21% (w/v) H2SO4 until a pH=3 

was reached. Lignin was recovered by centrifugation at 10 000 rpm for 30 min, and rinsed 3 times 

with 200 mL of acidified water to eliminate inorganic salts. 33 g of lignin could be recovered per litre 

of BL. After that, the delignified BL (DLBL) was ultrafiltered under the same conditions mentioned 

above. 

As shown in Table 1, the treatment by means of WO reduced pH around 25% with respect to 

the initial one. Besides, a COD reduction of 16% was achieved, as well as an increase of 6% in the 

OA content. However, color number showed an increase of 20% due to the solubilisation of 

lignocellulosic compounds present in BL. On the other hand, DLBL showed drastic decrease of color 

(92%) and COD (51%). In this sense, lignin is the main responsible for the high organic content and 

color of BL It should be noted that the delignification process produced a slight decrease (5%) in OA 

content. 
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Table 1. Main physico-chemical characteristics of BL, WOBL and LDBL. 
Parameter BL WOBL DLBL 

pH 12.4 9.1 3.0 

Color 151.4 182.0 12 

COD (g O2/L) 112.8 94.7 55 

OA content (g/L) 58.8 62.2 55.9 

 

Permeation results are shown in Figure 1. An average flux of 24.0 L/m2h (LMH) was obtained 

for the ultrafiltration of BL. Delignification of BL slightly alleviated long-term fouling, achieving an 

average flux of 27.3 LMH. WOBL showed higher fluxes in the first minutes of the operation, but 

fastly decreased as the ultrafiltration proceeded. In this sense, an average flux of 28.3 LMH was 

obtained. 

 

Figure 1. Normalised fluxes for BL (●),WOBL (□) and DLBL (♦) ultrafiltration. 

After the ultrafiltration of BL, mean retentions of 37.5%, 28.5%, and 25.2% were obtained for 

color number, COD and OA, respectively. These retentions were 66.7%, 27.2% and 24.3% for 

WOBL, and 25.0%, 16.6% and 6.3% for DLBL. 
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Computational Fluid Dynamics (CFD) has been increasingly used during the past decades for 

investigating and predicting the hydrodynamics of laboratory and industrial-scale applications. 

However, there are many large-scale processes that have not been widely investigated yet. CFD is an 

important tool to potentially improve the hydrodynamics performance. In this study, CFD techniques 

have been used to analyse both design and operational issues in oceanographic parks. In particular, 

we focused on the dolphinarium located in the Valencia Oceanographic Park. In these facilities, the 

hydraulic design of pools can directly lead to the existence of malfunctions as short-circuits, dead 

zones and deficient mixing of chemical parameters among others. CFD is presented in this study as a 

useful tool to carry out a comprehensive analysis of the problem. It will suggest effective solutions 

which will introduce significant benefits such as the improvement of the marine environment well- 

being. A full model for predicting these scenarios require the consideration of chlorine and ozone 

local distribution, ascites well as its interaction with animal wastes. In this contribution, we present 

this first stage of the study where the hydrodynamics of the tank are investigated and validated. 

The facility under consideration consists of five linked tanks within dimensions ranging from 
9x9x3m. (medical pool) to 49x30x11m. (exhibition pool). The total volume of these tanks is around 

26.000m3. Making it the largest aquarium in Europe. The aquarium has 42 inlet points and 24 outlet 
points. 10 of them are skimmers and 14 are bottom drains. 

 

Figure 1. Facilities of the Valencia Oceanographic Park 

The simulation is performed using the open-source code OpenFOAM. The transient solver 

pisoFoam is used for the simulation, it relies on in the PISO (Pressure Implicit with Splitting of 

Operator) algorithm for solving the pressure–velocity coupling. The computational domain consists 

of a hexa-dominant mesh of around 10 million cells generated by snappyHexMesh, an OpenFOAM 

meshing tool. To analyse the effect of the turbulence, several Reynolds-averaged Navier–Stokes 

(RANS) turbulence models were analysed. 

To establish the boundary conditions, the inlet mass flow rate right at the tanks is calculated by 

using a complementary model based on EPANET. The outlet boundary conditions are defined directly 

from the flow meter measures. In order to perform the validation of the model, velocity profiles were 
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measured by an acoustic Doppler Velocimeter (measurement of the velocity field in the 3 directions). 

The measured data is compared with the results obtained from the velocity field in the simulation, 

corresponding to the sampling points. Measurements have been taken at different depths with 

variations of 1 m. The samples of water extracted by the pump in the different measuring points were 

subjected to an insitu quantification of the chlorine concentration. 

After carrying out the process of validation of the hydrodynamic model, the model reproduces 

the results measured inside the dolphinarium, finalizing in this way, the hydrodynamic model of the 

system. The hydrodynamic model confirmed the assumptions about to the poor hydraulic circulation 

of the water inside the dolphinarium, with directly affect to the mixture of the chemical disinfectants. 

Based on the results obtained, aspects such as the hydrodynamic functioning of the dolphinarium 

system, speeds and detection of dead zones with inefficient flow circulation, mass transfer between 

the different pools and residence times inside the facilities (by carrying out Residence Time 

Distribution simulations) has been studied, among others. 

 

Figure 3. Stream lines of dolphinarium and tracer concentrations in RTD simulation. 

The future work to be carried out consists in the implementation of the distribution models of 

chemical parameters such as chlorine and ozone, realizing again a validation of the model at real 

scale. Another purpose is to quantify the influence of the movement of dolphins in the mixture of 

chemical components used as a disinfectant in the facilities of the dolphinarium. Finally, different 

improvements aimed at solving the different problems found both hydraulic and distribution of 

chemical parameters will be proposed. 
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S2.1 A novel advanced bio-oxidation system for the treatment of real wastewater and 

emerging contaminants based on white-rot fungi immobilized in a continuous rotating 

biological contactor 

A. Cruz del Álamo, M.I. Pariente, R. Molina, F. Martínez 

Department of Chemical and Environmental Technology, Universidad Rey Juan Carlos, Móstoles, 

Madrid, Spain 

These days, fast social development and inappropriate disposal of used water have produced an 

increase in wastewater generation. New emerging contaminants (ECs) have been detected in the 

environment, being responsible for negative eco-toxicological and bio-accumulative effects on the 

aquatic life (Mendoza et al., 2014). Among these ECs, pharmaceutical compounds (PhCs) are 

considered particularly relevant due to their ineffective removal in the conventional wastewater 

treatment plants (WWTPs) and their continuous discharge in natural basins (Verlicchi et al., 2012). 

Thus, sewage effluents are one of the main sources of PhCs in water pollution. Advanced bio-

oxidation process (ABOP) based on white-rot fungi (WRF) have been proposed as an effective system 

for the treatment of wastewater and PhCs removal. WRF allow the generation of oxidizing hydroxyl 

radicals by in-situ production of hydrogen peroxide through intra- and extra-cellular quinone redox 

cycling mechanisms (Marco-Urrea et al., 2010; Cruz del Álamo et al., 2017). Although several studies 

have been reported the viability of this process as alternative wastewater treatment to remove the 

PhCs, most of the WRF-processes have been assessed under sterile conditions, using an excess of 

biodegradable nutrients, working in batch or continuous bioreactors with a high HRT between 1 and 

3 days (Palli et al., 2017; Mir-Tutusaus et al., 2018). These conditions set out different problems, 

which make difficult to scale up the processes in WWTPs and obtain some reliable results about fungi 

capacity.  

In this work, Trametes versicolor was immobilized in a rotating biological contactor (RBC) 

system for the treatment of wastewater streams coming from different WWTPs in the south of Madrid 

and Toledo (Spain) and from a hospital located in Madrid. This system overcomes all the problems 

above mentioned, being an actual alternative for biological wastewater treatment with pharmaceutical 

removal. 

The RBC-unit has a stainless steel vessel (24.5 L) and five discs for biomass attachment (30 cm 

of diameter and total surface area of 0.71 m2). These discs are made of polypropylene for the urban 

wastewater treatments. The disc rotational speed was fixed at 12 rpm, with 40 % of each disc 

submerged in water. Promoters of the ABOP (Fe3+-oxalate, 145 mg L-1; and Mn2+-nitrate, 20 mg L-1; 

and gallic acid as quinone substitute, 85 mg L-1) were added to the wastewater along the treatment. 

The pH of the inlet stream was adjusted to 4.5 in order to inhibit the bacteria cellular transport and 

promote the fungal activity in the bio-oxidation process (Marco-Urrea et al., 2010; Cruz del Álamo 

et al., 2017). The RBC-unit was fed with different urban wastewater streams (Table 1). The RBC 

worked at HRT of 1 day for 22 to 75 days depending on the treatment. Samples were periodically 

collected from the inlet and outlet streams of RBC-unit for the measurement of macroscopic 

parameters (TOC, N-NH4
+, P-PO4

3-) following standard methods. PhCs were monitored by means of 

LC-MS/MS, according to the analytical method described by Gros et al. (2012). 

Figure 1 shows TOC, N-NH4
+, P-PO4

3- and PhCs removals obtained during the treatment of the 

different wastewater once reached steady-state conditions in the RBC. 
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Table 1. Initial composition, TOC: N-NH4
+, PO4

3- ratios 

 

 

 

 

 
Figure 1. a) Average removal of macronutrients (TOC, N-NH4

+ and P-PO4
3-) and PhCs (4-AAA: antipyrine; 

CFN: caffeine; CZP: carbamazepine; DCF: diclofenac; GFZ: gemfibrozil; HCT: hydrochlorothiazide; IHX: iohexol; 

MDZ: metrodinazole and SMX: sulfamethoxazole) 
 

As can be seen, the ABOP-RBC system exhibited high versatility. Despite of the different initial 

wastewater composition, only some slight variances are obtained in the overall nutrient’s removal. 

TOC and P-PO4
3- achieved high degradation rates ( >70%), while the reduced N-NH4

+ removal in all 

the cases is due to the low nitrogen assimilation required for the fungi (Cruz-Moratò et al., 2013). 

PhCs showed more variability in their removal efficiencies because it is mainly depending on the 

nature of the PhC (log Kow partition coefficient, hydrophobicity and molecular structure) (Cruz del 

Alamo et al., 2017). Even so, these results improved the removal rates accomplished by previously 

works with Trametes versicolor (Mir-Tutusaus et al., 2018) where additional biodegradable substrates 

were added and reported HRT higher than 2 days. CZP and DCF showed a bio-recalcitrant behaviour 

to previously WRF-treatments, however in this work during the hospital wastewater treatment 

reached more than 50 % removal efficiency. 
 

These results evidence that the proposed ABOP-RBC system working with 1 day of HRT under 

non-sterile conditions and without addition of supplementary biodegradable substrates nor 

programmed refreshment of the fungal biomass is a sound alternative for biological urban and hospital 

wastewater treatment with pharmaceuticals removal. 
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 TOC (mg L-1) N-NH4
+ (mg L-1) P-PO4

3- (mg L-1) C/N ratio C/P ratio Days 

WW-URJC 115 ± 29 175 ± 10 14 ± 4 0.65 8 32 

WW-Toledo1 76 ± 18 29 ± 5 13 ± 4 2.5 6 10 

WW-Toledo 2 116 ± 3 41 ± 7 2.3 ± 0,5 2.5 50 12 
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S2.2 The new sustainable stormwater management basic design guideline in the city of 

Madrid 
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1. CONTEXT 

The fast urbanisation process has produced highly impervious cities. That process has altered 

the natural water cycle: not only in the runoff generation model (more quantity of runoff because 

infiltration is lower), but also changes in quality of rainwater (heavily polluted runoff from vehicles 

and industrial uses, among others). In order to stormwater manage in cities, conventional sewer 

systems were introduced with the aim of moving runoff as fast as possible to wastewater treatment 

plan. During rainfall events, sewer overflows can occur and stream's quality can be damaged. In fact, 

it will get worse due to increasing intensity of rainfall, according to climate change models (Puertas 

Agudo et al., 2008). 

A new approach to urban water management, complementary to conventional sewer system, 

called Sustainable Urban Drainage System (SUDS) is landing solidly in Spain. Their philosophy is 

reproducing the hydrologic natural cycle before urbanisation, reducing the runoff quantity on site (by 

infiltrating, storing, harvesting, etc.) and improving quality (by filtrating, retaining, etc.). Moreover, 

their designs create and sustain better places for people and for nature (Woods Ballard et al., 2015). 

Since 2006, the city of Madrid has taken into account this sustainable approach by the approval 

of ‘Ordenanza de Gestión y Uso Eficiente del Agua’ (in English, ‘Management and efficiency use of 

water Ordinance’). Later, others legislation in urban water management were approval; for that 

reason, 12 years after, the City Council of Madrid is revising of the ordinance, where all new 

legislation would be considered. Particularly, the crucial Royal Decree 638/2016, which promotes 

using SUDS in new urbanisation, industrial areas and urban development. Supporting in this RD, the 

corporation has undertaken a firm  commitment to those nature-based solutions to face up the climate 

change and all its impacts in the city. Due to this is a long process and the projects which includes 

SUDS are increasing, and there is not a mutually agreed methodology of calculation in Spain, the 

municipality has launched the redaction of a basic design guideline (Checa, 2019). 

2. DESCRIPTION OF THE DESIGN GUIDELINE 

In November 2018, the Environmental and Mobility Government Area published the ‘Guía 

Básica de Diseño de sistemas de Gestión Sostenible de Aguas Pluviales en Zonas Verdes y Otros 

Espacios Libres’ (in english, Sustainable Stormwater Management Basic Design Guideline in Green 

Areas and Other Open Spaces’ and, hereinafter, the Guideline). It is a simple and specific document, 

which supports the involved technicians to develop green areas and open spaces, both public and 

private, in the city of Madrid. Moreover, the Guideline is intended as a reference for other urban 

developments, where conventional sewer is near to overcome its capacity (City Council of Madrid, 

2018). 

The Guideline describes the main SUDS techniques with a sheet format, stablishes the criteria 

and goals of design, a basic calculation process and some national and international experiences are 

presented. The annex includes list of useful documents, standard permeable test and some existing 

result and typical cross sections of different SUDS (City Council of Madrid, 2018). 

The main purpose of the design criteria is retaining on site as much runoff as the soil conditions 

allow. The first steps will be minimizing the impervious area, reproducing the situation before 
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urbanisation. The priority number 1 is, if soil permits, storing to infiltrate on site and turn back runoff 

to aquifer. The second priority is discharge overflow to the nearest stream; and, if not possible, the 

third priority is discharge to sewer systems (City Council of Madrid, 2018). 

In the article, all the calculation methodology will be deeply explained. 

 

Figure 1. Front cover of the Guideline (left) and a SUDS’ sheet (right). 

3. CONCLUSION 

Since its launched in November 2018, the Guideline has been applied successfully in several 

projects. It is a significant milestone for the design of urban drainage, because technicians can 

introduce Sustainable Urban Systems (SUDS) based on a common methodology accepted by the City 

Council of Madrid. 

Finally, some Young Water Professional has taken a first contact with SUDS thanks of this 

Guideline. 
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simulations and microbiological comunities characterization. 
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cDepartment of Mechanical Engineering and Construction, Universitat Jaume I (Spain) 
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Compostela (Spain) 

Constructed Wetlands (CW) are extensively used in the wastewater treatment of rural areas 

because of the low energy consumption and high pollutant removal efficiency. They rely on the 

functions of media-microorganism-vegetable using a combination of physical, chemical, and 

biological processes, which ultimately also depend on the hydraulic performance of the system (Fan 

et al., 2008; Puigagut et al., 2012). Owing to this large variety of factors affecting the performance of 

CWs, a multidisciplinary approach is needed to successfully assess the effect of the different 

phenomena over the whole system efficiency. In this work, a hydraulic study based on computational 

fluid dynamics (CFD) simulation techniques and a microbial community characterization have been 

carried out in full-scale urban wastewater CWs. 

Two full-scale wastewater treatment plants (WWTP) based on vertical and horizontal flow CW 

(VFCW and HFCW) treating urban wastewater from Castillo de Villamalefa (systemA) and Fuente la 

Reina (system B), both located in the province of Castellón (Spain), were studied during 17 months. 

Microbial comunities have been compared under different vegetation and operational conditions. 

Samples for analyzing microfauna were prepared by taking 0.2L of gravel and roots (if applicable) 

and 0.1L of water from the sample location. Microorganisms were recovered in the laboratory using 

the Stomacher® equipment and protozoa were identified in vivo under a light microscope at 200x 

magnification. 

Otherwise, a two-phase 3D CFD model of the VFCW of Castillo de Villamalefa has been built 

through the use of ANSYS-FLUENT® Academic Research Release 18.2 software (Figure 1). The 

model includes two continuous phases (water and air) by using the volume of fluid (VOF) method 

and a porous media submodel, which includes viscous and inertial effects over both phases. Tracer 

experiments have been carried out in order to detect defects of the fluid behaviour and calculate the 

mean residence time through the residence time distribution (RTD), which has been used to validate 

the CFD model. 

Figure 1. Wetland CFD model geometry definition, meshing, and boundary conditions definition 

process. 

Simulations provide some interesting results about the VFCW hydraulic performance and 

predict the magnitude and position in the initial moments of the flow (Figure 2). However, the 

validation against experimental data demonstrates the need for more complex hydraulic models and a 

detailed geometry in order to provide an accurate description of their performance and serve as design 

and optimization tools. 
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Figure 2. Tracer concentration curve comparison between CFD results and experimental data (left) 

and volume fraction distribution during water discharge (right) in the modelled VFCW. 

The microbiological study showed that abundance, richness and diversity of protozoa were 

higher in planted HSSF CWs (Figure 3). Richness rated a maximum value of 6 species in planted 

HSSF CWs and mean abundance of protozoa is more than 10 times higher than in unplanted ones. In 

VF CWs (system B), Arcella sp., Acineria sp. and Euplotes sp. are the most common protozoa. The 

effect of vegetation in microfaunal community was higher in HSSF CWs than in VF CWs. In the 

formers, the presence of vegetation improved its resiliency and adaptation capacity to changes (i.e. 

variability in influent characterization, operation conditions, etc.) since higher diversity of microfaunal 

community was achieved. In planted HSSF CWs Vorticella sp. is the most common protozoa, whereas 

in planted VF CWs Euglypha sp. is the most abundant one. 

Figure 3. Temporal variation in abundance (ind/ml), diversity (bits/ind) and richness (no. of 

species) for systems A and B. 

References 

Fan, L., Reti, H., Wang, W., Lu, Z., Yang, Z., Journal of Environmental Sciences, 20 (2008), 1415. 

Puigagut, J., Maltais-Landry G., Gagnon V. and Brisson J., Water Research, 46 (2012), 3005-3013. 

Giraldi, D., de’Michieli Vitturi, M., Zaramella, M., Marion, A., Iannelli, R., Ecological Engineering, 35 (2009), 265. 

Qi, W. K., Guo, Y. L., Xue, M., & Li, Y. Y., Chemical Engineering Science, 104 (2013), 460. 

  



IWA YWP Spain 2019 Conference - Book of Abstracts 

61 
 

S2.4 Primary-settled sulfate-rich sewage treatment using AnMBR technology: operational 

limits and microbial dynamics 

N. Zamorano-Lópeza,b, L. Borrása, M. Pachésb, O. Mateob, P. Sanchís-Peruchob, A. Roblesa, J. 

Ferrerb, A. Secoa 

aCALAGUA Unidad Mixta UV-UPV, Departament d’Enginyería Química, ETSE, Universitat de 

València. Av. Universitat s/n, 46100 Burjassot. Valencia, Spain 
bCALAGUA Unidad Mixta UV-UPV, IIAMA, Universitat Politècnica de València. Camí de Vera 

s/n, 46022 Valencia, Spain. 

Abstract 

This work explores the limits of using AnMBR technology for sulfate-rich sewage treatment. 

The microbial dynamics revealed through high-throughput sequencing during operation at low 

hydraulic retention times broad our understanding of this emergent technology. 

Introduction 

AnMBR technology is a promising alternative for sewage treatment since it produces a high-

quality effluent with low energy demands (Robles et al., 2018). However, full-scale application of 

AnMBR for sewage treatment is still on progress. A modification of the current AnMBR 

configuration is needed to mitigate the loss of disolved methane in the effluent and improve their 

use at ambient temperatures, specially for sulfate-rich sewage (Pretel et al., 2016). 

This work provides a complete comprehension of the key biological aspects towards the use of 

AnMBR technology for sulfate-rich sewage treatment at ambient temperature under different HRT. 

The role of sulfate reducing and methanogenic organisms is here analyzed using high-throughput 

sequencing, since they have a direct effect over the performance and carbon footprint of the AnMBR. 

Materials and methods 

The AnMBR plant was located in “Conca del Carraixet WWTP” (Valencia, Spain) and it was 

fed with the sulfate-rich effluent from the primary settler. The plant was composed of a main 
anaerobic reactor tank of 1300 L (900 L working volume) and two external membrane tanks (MT) of 

800 L (600 L working volume) (Figure 1). Each MT contains one industrial- scale hollow-fiber 
ultrafiltration membrane unit resulting in 31 m2 filtration area each (PURON® KMS PUR-PSH31 

0.03-µm pores) (Koch Membrane Systems, USA). Operational conditions of the AnMBR were 
ambient temperature and constant solids retention time (SRT) of 70 days. Three operational periods 

were analyzed in this study: P25, P12 and P8 for HRT of 25, 12 and 8.5 hours, respectively. The 

microbial analysis was performed over extracted digestate samples from the AnMBR at the beggining 
of the experiment, in P25 and in P12 following Zamorano-López et al. (2019) procedures based on 

high throughput sequencing in an Ilumina MiSeq platform (Illumina, USA). 

 
Figure 1. Flow diagram of the presented treatment scheme. Nomenclature: RT: Rotofilter; ET: Equalization tank; MT: 

Membrane tank; CIP: Clean-in-place. 
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Results and Discussion 

No methane was detected in the plant under any HRT studied. Higher removal of the COD was 

attributed to the sulfur-related metabolism in P25 (79%). Lower temperatures and HRTs decreased 

this value in P12 and P18 (71% and 55%, respectively) (Table 1). 

Table 1. Performance of the AnMBR plant treating sulfate-rich sewage. 
  P25 P12 P8 

Treatment flow rate L·d-1 2032 ± 27 4335 ± 43 5929 ± 31 

HRT H 25.3 ± 4.2 12.3 ± 3.4 8.5 ± 3.4 

Temperature °C 25 ± 1 15 ± 2 14 ± 2 

OLR gCOD·L-1·d-1 0.27 ± 0.04 0.58 ± 0.07 0.79 ± 0.06 

CODremoval % 79 ± 1 71 ± 1 55 ± 1 

Mass ratio COD/S-SO4  3.1 ± 0.1 2.7 ± 0.3 1.9 ± 0.1 

An important change in the microbial population was observed after decreasing HRT to 25 

hours. Several hydrolytic and acidogenic bacteria groups such as Anaerolineales, Bacteroidales and 

Campylobacter remarkably fluctuated (Figure 2). Sulfate reducing groups from Campylobacter were 

especially enhanced during operation at HRT of 12.3 hours. Unfavorable COD/S-SO4 ratios for 

methanogens (≤ 3.0) were observed in all periods (Table 1). Inded, methanogens from 

Methanosarcinales were observed at very low abundance (1-2%) after decreasing HRT. 

 

Figure 2. Microbial relative abundance in the AnMBR digestate (only orders over 1%). 

Conclusions 

Sulfate-rich sewage treatment in the AnMBR was possible through sulfate-reducing pathways. 

Dominant hydrolytic and acidogenic bacteria from Anaerolineales, Bacteroidales and Campylobacter 

controlled the microbial dynamics of the AnMBR allowing a 79 % COD removal. This strategy 

mitigated the carbon footprint, since no methane and very low methanogens relative abundance were 

detected below HRT operation at 25 h. 
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In 2018 three innovative and challenging applications of Anaerobic Membrane Bioreactor 

(AnMBR) were started up treating municipal wastewaters. This new system can achieve a disruptive 

breakthrough in the quest for sustainability and circular economy in wastewater treatment turning 

the energy balance to positive. 

AnMBR overcomes the main drawbacks of aerobic MBR: high energy consumption, high 

excess sludge production, foaming problems, bad sludge filterability, N2O emissions and undesired 

heating of the mixed liquor when treating concentrated effluents. Nevertheless, previous experiences 

with AnMBR treating municipal wastewater have been carried out only in laboratory (Lei, 2018). In 

this study, three industrial scale demonstrations, each one located in a different climatic area, the 

technical viability was assessed in terms of energy balance, discharge requirements and membrane 

performance. During more than one year of operation, no acidification appeared (in terms of volatile 

fatty acids accumulation or pH decrease) and reasonable fluxes (10–20 L·m-2·h-1) were obtained, 

while biogas yield and composition met expectations with CH4 content up to 80%. 

These three AnMBR applications have been implemented at demonstration scale (Table 1) 

with the objectives of (1) evaluating technical, economic and environmental feasibility and (2) 

improving the maturity of the technology. 

Table 1. Configuration of latest AnMBR treating urban wastewater at Aqualia 

AnMBR Demo Site LIFE Memory H2020 RUN4LIFE Bestf2 BIOWAMET 

Location WWTP Alcázar de 

San Juan 

C.N. Porto do Molle WWTP Bitem 

Wastewater Urban/Industrial Black water Urban 

COD Effluent [g·L-1] 1.165 ± 0.54 1.49 ± 0.80 0.77 ± 0.97 

Temperature [ºC] 11 … 30 18 … 27 10 … 29 

Membranes 

Configuration 

Submerged Hollow-fiber Submerged Flat plate Submerged Hollow-fiber 

Volume [m3] 3 x 0.8 + 34.4 1.3 + 1 15 + 8 

Filtration Surface [m2] 3 x 41 1 x 6.25 2 x 31.5 

1. LIFE MEMORY. Continental climate. 

The WWTP (Wastewater Treatment Plant) in Alcázar de San Juan (Ciudad Real) hosted the 

LIFE MEMORY project which was co-funded by the LIFE program (European Comission). It is a 

complete and functional demonstration plant that allowed studying the fundamental parameters of 

design and operation necessary to extend or replicate the treatment system on a real scale, including 

the systems for recovery, treatment and use of the biogas obtained and its transformation into 

renewable energy for consumption in the plant itself. 

The pilot plant consists of an anaerobic reactor of 40 m3 of total volume connected to three 

membrane tanks, of 0.8 m3 of volume each. Each tank includes a commercial module of 

ultrafiltration membranes (PURON® PSH41, 0.03 μm) with a filtering surface area of 41 m2 each. 

The AnMBR was operated for 915 days, achieving more than 90±5% COD removal (Annex I). 
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Standard flux J20 ranged between 15 and 17 L·m-2·h-1. The produced biogas had a methane content 

between 70 and 80%. Moreover, the average sludge production was 0.157±0.060 kg VSSws·kg-

1
CODremoved. With this application CO2 emissions were reduced up to 80% in comparison with 

conventional activated sludge (CAS) treatment. 

2. H2020 RUN4LIFE. Atlantic climate 

The Business Center Porto do Molle, promoted by the Free Trade Zone of Vigo (Nigrán, 

Pontevedra), is equipped with segregated grey and black water collection in all restrooms. Co-funded 

by H2020, an AnMBR was installed in the basement of the building for the treatment of black water 

generated by approx. 200 workers. The treatment system is composed of an anaerobic stirred reactor 

(total volume of 2.8 m3 and 1.0 m3 head space) connected to a membrane tank (total volume of 1.0 

m3). Biogas sparging below the membrane module is used for fouling control. 

The AnMBR has been operated for more than 200 days, achieving more than 90% COD removal. 

BW treated flow was progressively increased from 1.00 to 1.44 m3·d-1, with fluxes of J20 from 8.8 

to 14.0 L·m-2·h-1 and standard permeability K20 ranging between 60-200 L·m-2·h-1 bar-1. Biogas 

with 74-80% CH4 was produced. Average concentrations of 200 mg N/L and 20 mg P/L were 

obtained in the effluent of the AnMBR, this stream is now being used for fertirrigation and nutrient 

recovery. 

3. BESTF2 BIOWAMET. Mediterranean climate 

Co-funded by ERA-net BESTF2, an old septic tank located in the small village of Bitem (Tarragona) 

was retrofitted and converted into an AnMBR. Despite the small flow capacity (<20 m3·d-1), the 

plant is giving a real service as the first known urban WWTP based on AnMBR at ambient 

temperature. Converting the septic tank to a CAS implied a 10% more CAPEX compared to an 

AnMBR conversion, according to our economical estimation. Nevertheless, AnMBR application 

lowered OPEX by 20%, giving a return of investment of 2.5 years compared to CAS. Thus, AnMBR 

technology was the selected solution for the retrofitting process. After one year of operation, the 

system shows good performance in terms of COD, BOD and TSS removal, reaching effluent quality 

below discharge limits (125, 25 and 35 mg/L respectively)., 

CONCLUSIONS 

The potential for the substitution of aerobic organic matter degradation by anaerobic processes for 

three different applications has been demonstrated. The recovery and valorization of the biomethane 

and the application of treated water rich in nutrients for fertirrigation arises as a key element in the 

quest for closing waste and water cycles while dropping GHG emission and energy needs. 

- The quality of the effluent is suitable for discharge (COD, BOD, TSS). 

- The permeability can be comparable to that of the aerobic BRMs, although the critical 

flow limit has yet to be determined. 

- The quality of the biogas obtained is good (> 65% CH4) for use. 

- Biological robustness of the process was demonstrated, no acidification was observed 

with contents in AGV <100 mg Ac L-1 or ratio AI/AT <0.3. 
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Concerns over water contamination by arsenic combined with its large geographical 

distribution at high concentration, and carcinogenic and toxicological effects have urged the 

development of treatment technologies for arsenic removal. The Word Health Organization (WHO) 

is aware of this risk, and recommends a maximum concentration of arsenic of 10 ppb in drinking 

water. Arsenic is mainly found in water in its inorganic forms: arsenite, As(III), and arsenate, As(V), 

being the As(III) more toxic and difficult to remove. The conventional treatments for arsenic-

contaminated water involve a first stage of As(III) oxidation, generally by chemical means, followed 

by the removal of the resulting As(V) by adsorption, precipitation and others. Heterogeneous 

photocatalysis has emerged as a promising technique, able to achieve the complete oxidation of 

As(III) to As(V) in aqueous solution with titanium dioxide (TiO2) as photocatalyst (Lopez-Muñoz 

et al., 2017). Most works on photocatalysis refers to slurry systems, where the catalyst particles are 

suspended by magnetic stirring within the aqueous solutions. However, the main disadvantage of this 

mode of operation is the difficulty to separate the catalyst from the treated water, which entails a 

greater economic cost and investment of time. In order to avoid the separation stage, it has been 

proposed the immobilization of TiO2 on different materials among which, glass is the most employed 

because it yields the best results (Shan et al., 2010). On the other hand, the As(V) adsorption capacity 

of TiO2 is very limited, thus resulting in an inefficient removal from water (Ferguson et al., 2005). 

However, the use of zero-valent iron (ZVI) and iron oxide (as Fe2O3) has proved to be effective for 

the arsenic adsorption from aqueous systems under a wide variety of conditions. 

On this basis, the main goal of this work is the development of a combined system based in 

photocatalysis with immobilized TiO2 and adsorption over iron materials, nZVI and Fe2O3, in order 

to achieve the uptake of arsenic from water solutions to concentrations below 10 ppb. 

TiO2 immobilization was carried out by dip coating (DC) over a cylindrical glass support with 

an immersion aqueous suspension of 200 g TiO2 g/L. Fe2O3 (Scharlab) was also immobilized by DC 

employing a suspension of 60 g/L. Two reaction systems were used: a) a discontinuous reactor 

irradiated with a medium pressure mercury lamp (Heraeus TQ-150) placed concentrically within the 

cylinder supporting the immobilized TiO2 and, b) an annular reactor that operates in semi-continuous 

mode, irradiated by a black light lamp (TL6-W) placed axially with the immobilized titania. Solutions 

of arsenic were prepared from NaAsO2 (90%, Aldrich), with 10 ppm for discontinuous reactor and 

500 ppb for semi-continuous reactor. nZVI was synthetized by precipitation and reduction with 

NaBH4  from an iron salt (FeSO4·7H2O, Scharlab). The concentration of arsenic in water was 

measured by a colorimetric method based on the formation of blue molybdate-arsenate complex, 

using a JASCO V-630 equipment and by hydride generation atomic fluorescence spectrometry (HG-

AFS) with a coupled HPLC (PSA 10.055 Millennium Excalibur) for arsenic concentrations above and 

below 1 ppm, respectively. 

The photocatalytic activity of immobilized TiO2 was evaluated in the discontinuous and semi-

continuous reactor (Figure 1). The oxidation of As(III) was almost completed in a range of time 

between 90 and 180 min. The distribution of catalyst particles and thickness of the TiO2 layer 

immobilized are the conditioning factors of its effectiveness. Moreover, the reusability of immobilized 

TiO2 has been demonstrated in five reuse cycles in which photocatalytic activity and the mass of 
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catalyst in the support were maintained stable. Despite the great As(III) oxidation, As(V) removal 

from solution was negligible in both TiO2 systems. 

In order to achieve the complete removal of arsenic from solution, the combination of 

immobilized TiO2 with nZVI or Fe2O3 was evaluated. In this way, the As(III) oxidation rate with 

the system TiO2/ Fe2O3 was similar to the reaction with only TiO2 in the semi-continuous reactor. 

Furthermore, a depletion of 30% of total arsenic from solution was observed after 180 min by 

adsorption over iron oxide. On the other hand, due to the difficulty of immobilizing nZVI over glass 

support, those particles were suspended in the solution as they can be recovered easily by magnetic 

attraction. The addition of nZVI to the system with immobilized TiO2 not only improved the removal 

of As(III), but allowed to get a significant decrease of the As(V) concentration, below 10 ppb, in 75 

min of photoreaction (Figure 1). 

 

Figure 1. Percentage of As(III) and As(V) removed from the solution after 60 min of 

photocatalytic reaction employing immobilized TiO2 system with and without iron and 

concentration profiles of As(III) and As(V) for the reaction carried out with TiO2 and nZVI. 
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Water scarcity, leak detection and network efficiency are the main factors driving 

implementation of smart water solutions across the globe. Particularly water leaks inside a Water 

Distribution Network (WDN) which cause a loss in a very valuable resource. In many WDNs, losses 

due to leaks are estimated to account up to 27% of the extracted water (Van den Berg, C. (2015)), 

which is an important amount in a world struggling to supply water for a growing population. So that, 

finding techniques to minimize the loss of water is important. 

Several works relate to leak detection and localization for WDN (Wu et al. (2011)), Puust et al. 

(2010)). The main approach relies on estimating the hydraulic network model. However, the 

parameter estimation is not an easy task (Savic et al. (2009)) as the non-linear nature of network 

model and the few available measurements. More recently, in Pérez et al. (2014), a mixed hydraulic 

and data-based model relies on pressure measurements and leak sensitivity analysis is proposed. This 

methodology consists in analyzing the difference between measurements and their estimation using 

hydraulic network model, these residuals are compared against the leak sensitivity matrix to discover 

possible leaks. This idea was worked upon in (Soldevila et al. 2018) where hydraulic model was 

replaced by a data-driven approach using Kriging spatial interpolation to predict pressure at points 

with no information. 

However, the approach at (Soldevila et al. 2018) which supposed the maximum value of the 

residual is the most probable leak location is not always correct, rendering the calculation of reference 

model redundant. As WDN is graph structure, for a leak located at nodes closer to the inlet or have 

many consecutive nodes, the effect will be cascaded throughout the descendants of the leak node 

causing higher differences in pressure. In order to accurate the results and avoid computing a 

reference model, this paper proposes a new data-driven method based on limit pressure measurements 

to deal with leak localization problem in WDNs, or in partitioned zones called District Metered Areas 

(DMAs). 

Assuming the leak detection task is already done, the key ideas are: 1) Use historical data of the 

measured pressure at internal nodes, the pressure and flow at the inlets, as well as the true leak location 

to build a classifier; 2) Use Kriging spatial interpolation to estimate the pressure at the nodes that are 

not equipped with sensors based on hydraulic proximity; 3) Use Linear Discriminant Analysis (LDA) 

as the classifier to compute probabilities of each node being the leak location based on only the raw 

pressure without estimating a hydraulic model nor a reference; 4) Use the fitting accuracy and the 

Average Topological Distance (ATD) as performance indicators, where ATD is the average value of 

the minimum distance in nodes between node with the leak and candidate node proposed by the leak 

localization method. 

 

 

 

mailto:csun@iri.upc.edu


 

68 
 

Case Study 

The Hanoi WDN is used as case study. Possibility of a leak appearing in any of the nodes is 

considered. Assume different number of sensors are placed according to Table 1. Demand at each 

node is assumed to be uncertain with unknown instantaneous values inside known limits. Real 

measurement data are read from the EPANET simulations. 

Figure 1. Hanoi WDN. 

Table 1. Applications and results with different sensor placements. 

 
Nodes with sensor Accuracy (%) AT

D 

12, 21, 27 62.67 0.67 

12, 16, 21, 27 85.83 0.31 

12, 21, 27, 24 50.92 1.02 

12, 14, 21, 27 53.57 0.85 

12, 16, 27, 21, 29 54.03 0.91 

Table 1 proves that: 1) Data-driven classifier based on pressure has more than 50% accuracy with 

less than 2 nodes of ATD; 2) Number of sensors and their placements affect the performance. More 

DMAs with different classifiers will be tested in future. 
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Phosphorus (P) is essential for life and a non-renewable resource whose supply is considered 

challenging for this and future generations. As most of it is employed in fertilizers production, and 

hence is directly related to the provision of food, the application of new P management strategies 

to avoid its loss within its whole cycle is considered crucial to assure the sustainability of the resource 

and to avoid huge social problems at global level in the medium term. Its recovery from wastewater 

treatment plants (WWTP) as struvite (NH4MgPO4·6H2O) is considered as a promising way to 

achieve a higher sustainability of the resource and to evolve towards the new circular economy 

paradigm, but also to reduce the expenditure due to its uncontrolled precipitation in WWTP with 

enhanced biological phosphorus removal and anaerobic digestion, which reduces the diameter of 

pipelines, the volume of reactors and also the lifetime of the equipment affected. 

The most spread P-recovery technologies are based in its crystallization after digestion, thus, 

as they do not avoid the uncontrolled precipitation, their recovery potential is still limited. This work 

focuses in the implementation of different sludge line configurations in the Murcia- Este WWTP to 

recover P before the anaerobic digestion via poly-phosphate (poly-P) extraction, achieving liquid 

streams with as high as possible PO4 concentrations aiming the economic feasibility of the process. 

The Murcia-Este WWTP (Spain) treats an average 

influent flow of 100,538 m3d-1, and consists of primary 

settling, an A2O biological reactor for nutrient removal 

and secondary settling. The sludge line is made up of two 

primary thickeners by gravity (PT) and two thickeners by 

floatation for the bio- sludge (ST). Currently, one of the 

ST is not used (ST2). Both sludges are mixed in an 80 m3 

chamber and afterwards digested and dewatered to a final 

concentration of 20-25% of total solids (Figure 1). 

Whereas alternatives 1 and 2 (A1, A2) are based in 

the separation of a PO4-enriched liquid stream from the 

mixed sludge in the primary thickeners by elutriation, in 

A3 the separation is carried out employing centrifuges. 

The three configurations have in common the increase in 

the mixing chamber volume with the unused ST-2 up to 

630 m3, enhancing the release in there of the poly- P as PO4, but also the low investment expenditures 

as most of the equipment is already built and acquired (Figure 2). The implementation of the three 

alternatives was studied via simulation with DESASS 7.1 (Ferrer et al., 2008), a software that employs 

Figure 1. Current sludge line 

configuration in the Murcia-Este 

WWTP (A0). 
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the Biological Nutrient Removal Model No.2. (Barat et al., 2012). The model was calibrated by tuning 

the appropriate parameters to replicate the results obtained through three analytical campaigns that 

were carried out between 2017 and 2018. The uncontrolled precipitation before and after 

implementing the alternatives was estimated following Martí et al. (2008). 

 

 
Figure 2. Alternative sludge line configurations. Left: A1, middle: A2, right: A3. 

Several tests took place to find the optimal operation for each configuration in terms of poly-P 

extraction and proper separation from the sludge of the PO4 enriched stream. Whilst for A0 the 

available P for its recovery was barely the 5% of the influent P load, considering the primary and 

secondary thickeners overflow and the centrates, it increased up to the 43% for A1, the 28% for A2 

and the 34% for A3. For A0 around the 65% of the influent P load precipitated in the in the sludge 

line, whereas under the novel A1 configuration this amount could be reduced to the 31%, the 46% 

for A2 and the 35% for A3. The three alternatives achieved high enough concentrations to contribute 

to the economic feasibility of the recovery process under the three alternative configurations, ranging 

169 and 350 mgP L-1 (Table 1). 

A1 was expected to be the best P-recovery technique as it shown the highest extraction yield 

and did not required the acquisition of centrifuges nor dynamic thickeners as A3. 

Table 1. Available PO4 from overflows and centrates, uncontrolled P precipitation and PO4-P concentration in the 

recovery stream. 

 Available (%inf) Precipitation (%inf) Recovery concentration (mgP·L-1) 

A0 < 10 > 65 ≈ 50 

A1 43 31 169 

A2 28 46 350 

A3 34 35 274 
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Hospital activities generate multiple quantities of effluents as function of numerous factors such 

as number of beds, existent of general services, number and type of wards and blocks, number of 

inpatients and outpatients, etc (Oliveira et al., 2018). For this reason, hospital effluents present a global 

concern in our society since they may be considered as one of the most dangerous sources of chemical 

and biological contamination. Among hospital effluents, urine from patients are one of the main 

sources of contamination because most of pharmaceuticals and pathogens are excreted by this media 

at high concentrations. For instance, chloramphenicol which is an antibiotic mainly used to treat eye 

or ear infections, is excreted in urine within a range of 70-90%. Likewise, Klebsiella pneumoniae 

associated with a wide spectrum of infections, such as urinary tract infection, pneumonia, intra-

abdominal infection, bloodstream infection, meningitis or pyogenic liver abscess (Vading et al., 

2018), is one of the most common pathogens excreted in urine. 

Unfortunately, the management of hospital wastewater has not been ruled in Europe countries 

yet, and these effluents are directly discharge into municipal sewer systems despite they are reported 

to contain a chemical and biological load 2-3 fold greater than urban wastewater (Verlicchi et al., 

2015). However, the biological conventional treatments used in municipal WWTPs are not enough 

efficient for this type of effluents because of their low biodegradability and toxicity characteristics. 

This fact leads to the detection of antibiotics in aquatic ecosytems which implies negative 

environmental and human health impacts. These negative effects are mainly related to genetic lesions, 

organ and reproductive abnormalities or behavioral changes. Furthermore, a long contact time 

between bacteria and antibiotics leads to the generation of antibiotic resistance bacteria, causing an 

emerging and serious sanitary problem, representing one of the main causes of mortality in hospitals 

nowadays (Sertkaya et al., 2019). At this point, the World Health Organization recommends to develop 

a pre-treatment process before the discharge of hospital effluents into municipal sewer systems. Here, 

electrochemical oxidation (EO) may be considered as a promising technology to decrease not only 

the organic load associated to pharmaceuticals but also to disinfect hospital effluents. EO is widely 

reported for its great efficiency and robustness on the degradation of effluents containing organic 

pollutants and microorganisms (Cotillas et al., 2016; Cotillas et al., 2019). As it is known, the 

efficiency of the electrochemical processes depends on the wastewater composition (nature and 

concentration of the organic pollutant and inorganic salts) and also on the anode material and 

operating conditions (mainly, current density). 

In this context, the main aim of the present work is to evaluate the EO as pre-treatment 

technology for the removal of chloramphenicol and Klebsiella pneumoniae in synthetic urine media, 

in order to simulate human urine from patients in hospital facilities. The influence of the anodic 

material (Boron Doped Diamond, BDD and Mixed Metal Oxide, MMO) during the EO at a current 

density of 5 mA cm-2 is shown in Figure 1 and in addition, the influence of the current density was 

also evaluated. 
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Figure 1. Evolution of chloramphenicol (a) and Klebsiella pneumoniae (b) as function of the applied 

electric charge during the electrolysis of synthetic urine at 5 mA cm-2. Full symbols: BDD, Empty 

symbols: MMO. 

Results point out that anodic material significantly affect the efficiency of the chloramphenicol 

removal. Specifically, BDD anode leads to higher efficiencies than MMO anode, reaching 

chloramphenicol removal percentages up to 90%. This fact may be explained not only by direct 

electrolysis process but also bearing in mind mediated electrolysis through the formation of powerful 

oxidants from the inorganic salts naturally contained in urine such as chloride, sulfate, phosphate, etc. 

Regarding disinfection process, it is possible to attain an efficient removal of microorganisms for low 

applied electric charges, regardless the anodic material tested. The formation of disinfected products 

such as hypochlorite and chloramines could explained this behaviour, being the presence of hazardous 

by-products no detected. 
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Anaerobic ammonium oxidation bacteria (anammox) have the metabolic ability to oxidize 

ammonium and reduce nitrite to form nitrogen gas (Strous et al., 1999). Its application is now a 

proven technology and constitute a robust, reliable and cost-effective system, to treat effluents with 

high concentration of nitrogen but a relatively low level of organic carbon (Lackner et al., 2014). 

DNA/ RNA-based molecular techniques are the most widely used approaches available for detecting 

this group of microorganisms belonging to Planctomycetes phylum, due to its very slowly growth 

rate and that have not been isolated in pure culture (Schmid et al. 2005). The aim of this work was to 

study the full bacterial community composition and in particular of anammox, from two granular-

sludge anammox reactors, using different molecular approaches. 

One of the samples came from a reactor that was operated in batch mode with synthetic influent 

for over 5 years (Reino and Carrera, 2017) (AM sample), and the other, came from a reactor that was 

operated at mainstream conditions treating a low-strength real wastewater coming from a partial 

nitritation process of a municipal wastewater treatment plant (MWW), called S1 sample. 

Using FISH-CLSM technique in granule slices, a total of 42±10% of anammox bacteria was 

detected in AM and only a 7±3% in S1. With a specific set of fluorescent probes was also possible to 

detect at species taxonomic level, but considering the high autofluorescence of the sample, its 

quantification can be over or underestimated (Figure 1). 

Figure 1.- FISH analysis of granules slices depicting all anammox bacteria (green) over the 

universal probe (blue) on A) AM sample and B) S1 sample. 

Amplicon 16S rRNA gene sequencing was performed with two sets of universal bacterial 

primers 515F-906R and 515F-806R and different coverage of our target group Candidatus Brocadia 

genus, was detected, thus, from data analysis of mayor coverage primers (515F- 806R), Operational 

Taxonomic Units (OTUs) abundance pointed out that Ca. Brocadia was the main genus of the AM 

sample while was almost not present in the reactor treating MWW. By contrast, the most abundant 

OTUs in S1 corresponded to Ignavibacteria (Chlorobi phylum) (Figure 2). 

 B 
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Figure 2. Taxonomic distribution of OTUs according to the 16S rRNA gene amplicon sequencing 

analysis. The results were presented as: p (phylum), c (class), o (order), f (family) and g (genus). 

Using metagenome analysis, a total of 42 genomes were assembled with over 80% of completeness, 

3 of them corresponded to Ca. Brocadia. According to functional gene annotation, the metabolic 

nitrogen pathways indicates that only in the Planctomycetes phylum genes involved in anaerobic 

ammonium oxidation were present while the Chlorobi phylum presented genes involved in nitrous-

oxide reduction and nitrite reduction (Table 1). 

Table 1. Nitrogen metabolism genes in the Planctomycetes and Chlorobi phylums according to 

functional gene analysis. Color on each table cell indicates the presence of each corresponding gene, 

while white cells indicates its absence. 

 
According to our results, each molecular approach has a bias and the use of several techniques are 

necessary to recover more reliable information in terms of the dynamics of the bacterial community 

composition. A better understanding of the community structure of the reactor will contribute to 

understand the role played by the different microorganisms in the community and therefore would 

allow optimize a large-scale process design. 
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Electrochemical advanced oxidation processes (EAOPs) are envisaged as promising 

technologies to comply with an ever-increasing legal framework and the required environmental 

protection, especially when it comes to deal with hardly-biodegradable effluents. During the last 

decades, processes such as anodic oxidation, electroFenton and related technologies have been 

extensively studied, demonstraty its viability on a laboratory scale. The challenge now is: how to 

scale up these reactors to operate industrially? 

With this background, the objective of the present communication is to summarize the recent 

advances carried out in the design and scale up of EAOPs reactors in our laboratory. In particular, the 

development of a novel reactor layout that is able to simultaneously minimize ohmic drops and 

maximize mass transfer, two of the main bottlenecks of EAOPs: the microfluidic flow-through (MF-

FT) reactor. Figure 1 shows an schematic comparison of the aforementioned architured with the 

conventional flow-by one: 

 
Figure 1. Schematic comparison of a flow-by (a) and the novel MF-FT architectures (b). 

The main feature of this design is that electrodes in the MF-FT can be placed as close as required 

(0.1 mm in our design) without affecting pressure drop (see Figure 1). In addition, it can fit three-

dimensional (3D) electrodes which favor mass transport and allow compact designs thanks to the 

improved hydrodynamic conditions and superior active area (Pérez et. al, 2017). 

Ohmic drop was studied for different inter-electrode (IE) gap and electrolyte conductivities, 

evidencing a clear influence of both parameters in cell potential and, therefore, resulting in energy 

saving by reducing IE gap. Likewise, mass-transfer coefficient (km) evaluated at different inlet flow 
velocities showed a considerably superior value to the data reported for flow-by cells, as for example 
1.45·10-5 m s-1 @ v = 1.0·10-2 (Pérez et al., 2018). Comparison with a comercial conductive-diamond 
electro-oxidation (CDEO) flow-by cell (Diacell® 101) for the degradation of a model refractory 
organic pollutant (clopyralid) confirmed that MF-FT requires between 4 to 10 time less electric 
charge and from 6 to 15 times less energy consumption at 10 and 100 mA cm-2, respectively. 

Development continued with the integration of in-situ cathodic production of hydrogen 
peroxide (H2O2, Eq. 1) to promote the Fenton reaction (Eq. 2). Key elements, such as cathodic 

material, different aeration systems and alternatives for H2O2 activation were studied and developed. 
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𝑂2 + H+ + 𝑒− →  H2O2 [1] 

 H2O2 +  Fe2+ → HO• + 𝐹𝑒3+ + 𝑂𝐻− [2] 

It was concluded that the simultaneous deposition of carbon black and polytetrafluoroethylene 

(CB/PTFE) on different carbonaceous or metallic substrates increased the production of by more than 

one order of magnitude. 

The next aspect is the aeration system, because the oxygen is the limiting reagent in the 
production of H2O2. The use of pressurized systems (up to 30 bar) significantly improve its 
production, obtain the highest specific value reported up to now (62 mg H2O2 cm-2 h-1) and high 
concentrations above 7.000 mg H2O2 dm-3; whereas the use of a jet aerator (used for the first time in 
an H2O2 electrolyzer) simplify its configuration and allow to operate it in the absence of a compressor 
(thanks to the Venturi effect). Both aeration systems (pressure and jet) were synergistictally combined 
to create the pressurized-jet aerator (see Figure 2), a powerful system. Due to the previous 

development, this reactor yields the lowest specific energy consumption (3.65 kWh kg H2O2
-1@ 10 

mA cm-3 in 0.05 M Na2SO4) registered up to now. 

Different activation mechanisms, based on heterogeneous Fe-containing catalyst or UV- light, were 

studied to avoid operational problems in the long term and maximize the performance of the system. 

Figure 2 shows an example of the MF-FT equipped with a pressurized-jet aerator and a fludized bed 

of iron particles as heterogeneous Fenton catalyst: 

 

Figure 2. Representantion and parts of the real setup of the MF-FT reactor with pressurized jet and 

Ongoing research is focused on the development of micro-bubble aeration systems and high-surface 

3D electrodes, with the ultimate goal of applying EAOPs on an industrial level based on the 

conviction that electrochemical technologies in the wastewater field are key to promote the necessary 

decarbonization of the economy. 
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Introduction 

Microalgae cultivation has received increasing interest in recent years with regard to its 

potential for nutrient recovery from wastewater streams. In particular, the nutrient-load effluent of 

an anaerobic membrane bioreactor (AnMBR) system treating urban wastewater has been 

demonstrated to be a feasible feedstock for microalgae cultivation (Viruela et al., 2016). Since the 

maintenance of a stable microalgae culture is key for operating a full scale microalgae-based plant, 

new techniques are needed in order to detect any fluctuation in the algal culture. 

The aim of this work was to evaluate the biological activity of wastewater grown microalgae 

by means of studying the photosynthetic activity. This activity was monitored through respirometric 

tests measuring the biological oxygen production rate (OPR). 

Material and methods 

Microalgae were collected from a photobioreactor (PBR) pilot plant, which was fed with 

the effluent of an AnMBR treatment and is extensively described in Viruela et al. (2016). 

Several experiments were performed in order to start up the respirometric technique and after 

that, five sets of experiments were carried out in duplicate in order to assess the influence of different 

factors over the OPR. The different factors evaluated and the range of study is shown in Table 1. 

Table 1. Different factor studied during OPR assessment. 

 

The assays for OPR measurement were carried out in 500 mL stirred flasks covered with 

a lid. LED lamps (SevenON LED 11 W) continuously illuminated the flasks. For dissolved oxygen 

monitoring, an Orion TM-3 Star Plus (Thermo Scientific TM) portable oximeter was used and oxygen 

production was registered through Biocalibra  device (Ribes et al., 2012). 

OPR measurement was complemented with microscopic analysis to assess the number and 

viability of microalgae cells (SYTOX®-Green nucleic acid stain was the fluorescent marker used). 

In addition, other parameters were determined (chlorophyll, volatile suspended solids, TSS, and 

nutrients concentrations) according to APHA procedures. 

Once the respirometric technique was developed it was applied for assessing the evolution of 

microalgae culture activity in both PBRs from a pilot plant. The study was carried out for 75 

days. 
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Results and discussion 

Respirometric tests indicated that most of the different parameters evaluated had an impact 

on OPR value. Results showed that the maximum time for performing the OPR assay after taking the 

sample from PBR plant was two hours. After that time, OPR started decreasing reaching reductions 

of 38% or 66% after 24 or 48 hours respectively. Regarding light intensity, the higher the intensity 

light, the higher the OPR for values between 87 and 314 µE (m2s)-1. However, for values higher 

than 314 µE (m2s)-1, the culture seemed to have reached its light saturation point since the OPR did 

not improve with higher intensities. The optimum range of temperature for OPR assays was between 

20-30 ºC, and the highest OPR value was observed at 25 ºC. For temperature values above 30 ºC, 

OPR started decreasing and microalgae were completely inhibited at a temperature of 40 ºC. TSS 

concentrations from 100 to 2700 mg L-1 were evaluated. For TSS concentrations between 100 and 

500 mg L-1, the higher the TSS concentration was, the higher OPR values were observed, following 

a lineal tendency. For concentrations between 500 and 1700 mg L-1, also the OPR was higher when 

TSS was higher but without following the same lineal tendency, reaching the maximum OPR value 

at a concentration of 1700 mg L-1. Above this concentration, OPR started decreasing possibly due 

to a shadow effect. With regard to nutrients concentration, results showed no difference between 

different NH4 and PO4 concentrations since the assays were short-term experiments and only the light 

phase of photosynthesis was being studied. 

Once established the optimum conditions for OPR assays, this respirometric technique was 

used to evaluate the performance of the continuously operated PBR plant. Variations in OPR were 

related with changes in other parameters such as TSS concentration (Figure 1) or light intensity in 

the PBR plant. For instance, the increasing in OPR values during the first 20 days are related with a 

rise in TSS concentration since the experiment in PBR plan had just started and microalgae were 

growing. 

 

Figure 1. OPR and TSS evolution through time for both photobioreactors evaluated. 

Conclusions 
A respirometric technique based on OPR tests was developed for measuring microalgae 

photosynthetic activity. OPR results along with microbiological analysis and TSS and nutrient 
concentration values allowed evaluating the microalgae biological activity from a PBR pilot plant 

giving the information needed for knowing the microalgae culture state. 
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Nowadays, the reclamation of urban treated wastewater is attracting great interest due to the 

potential applications of these effluents in agriculture or industry sectors. In the treatment of this type 

of effluents, the removal of microorganisms (E. coli) and turbidity is always required to obtain a high-

quality effluent. In literature, it has been described the disinfection stage by the addition of chemical 

reagents (chlorine, ozone, hydrogen peroxide…) and the removal of turbidity by chemical 

coagulation. In this context, electrochemical technologies emerge as a good alternative to carry out 

the on-site generation of disinfectant and coagulant agents from the species naturally contained in 

wastewater (electrodisinfection) and the dissolution of a sacrificial anode made of iron or aluminium 

(electrocoagulation). With this background, this lecture aims to describe the results obtained in the 

reclamation of actual effluents from municipal WWTP using a novel integrated electrochemical 

process: electrodisinfection-electrocoagulation (ED-EC). This combined technology allows to 

simultaneously decrease the turbidity and the microbiological content present in these effluents 

(Cotillas et al., 2013; Llanos et al 2014). Likewise, the scaling up of this process has been carried out 

to check if the electrochemical technology is suitable for the reclamation of large volumes of urban 

treated wastewater. 

To do this, boron doped diamond (BDD) was used as anode, stainless steel as cathode and a 

perforated iron bipolar plate was placed between both electrodes to favor the production of coagulant 

agents in the electrochemical cell. The anode and bipolar electrode area was increased three and 

fifteen times, respectively, to check the scaling up of the technology (Figure 1). 

 

Figure 1. Integrated electrochemical cell. 

Results show that it is possible to completely removed the E. coli and turbidity present in the effluents 
during the ED-EC process using low current densities (< 10 A m-2) and applied electric charges (< 
0.1 Ah dm-3) even at large scale. Electrogenerated free and combined chlorine species are the main 
responsible for disinfection whereas the generation of coagulant species from the electrodissolution 

Bench scale Pilot plant 

1 cell: 

1 BDD anode 

1 SS cathode 

1 Fe bipolar electrode 

3 stacks: 

 

 

3 BDD anodes (1 per stack) 

3 SS cathodes ( 1 per stack) 

15 Fe bipolar electrodes (5 per stack) 

 

  

           

Bench scale electrochemical ED-EC cell Pilot ED-EC stack 
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of the anodic face of the iron bipolar electrode decrease the turbidity. These soft operation conditions 
lead to a low energy consumption and, therefore, this novel integrated electrochemical process could 
economically be a competitive technology for the reclamation of urban treated wastewater. 
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ABSTRACT 

The forest fires in the Wildland Urban Interface (WUI) have become an increasing risk for these 

areas, as have recently shown, among others, events with a high number of victims in 2018 in Greece 

and California, or in 2017 in Portugal and Spain (Galicia). 

The application of innovative technologies and strategies applied successfully in recent years, 

based on the increase in the availability of structural water in green firebreaks, and the risks of 

prevention / suppression of fire, face the problem of the availability of the necessary resources water. 

This barrier is especially significant in areas where water stress associated with climate change 

simultaneously increases the risk of fires. 

GUARDIAN, developed in the Valencian municipalities of Riba-roja and Paterna, supported 

by the European Union through the Innovative Urban Actions Program, seeks to solve this challenge 

through reclaimed water use, integrated in the implementation of the aforementioned solutions. 

GUARDIAN will also apply advanced treatment solutions allowing the usage of this flow with 

pollutant loads associated with the use of pesticides in agriculture, meeting criteria of efficiency and 

sustainability. 

CLIMATE CHANGE AND FIRE RISK 

New factors are steadily aligning to difficult scenarios of longer fire seasons, episodes of deeper 

and longer droughts and more extreme weather with storms and high winds, which is a challenge, 

and often collapses, to firefighters, civil protection entities, etc. It seems clear that we are facing new 

challenges, fire events of new dimensions, and it seems this is only the beginning. 

The European Partnership on Climate Adaptation has considered the so-called Wildland- Urban 

Interface Fire to be one of the major impacts on Urban Areas of the partnership members (EU Urban 

Agenda on Climate Adaptation, 8th Meeting of the Community of Users on Secure, Safe and Resilient 

Societies). According to the IPCC (Climate Change 2014 Impacts, Adaptation, and Vulnerability 

p.19), forest fires’ risk increase has the highest confidence level in future climate change scenarios. 

CLIMATE CHANGE AND WATER RESOURSES 

Different strategies of prevention or mitigation of fires go through the application of preventive 

or suppression risks. However, this approach faces an important obstacle related to the availability of 

water resources. 

The scarcity of water, which means that there is an imbalance between the demand for available 

water and the existing demand, currently affects many European countries. At least 11% of the 

population and 17% of European territories are affected by water scarcity (Agriculture in the EU, 

Statistical and economic information 2009, The General Directorate for Agriculture and Rural 

Development at the European Commission, 2010).YWP Spain 2019 
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UIA-GUARDIAN PROJECT 

With the described background, GUARDIAN proposes a fire risk mitigation strategy that will 

be developed in the Vallesa area, at the interface between the urban areas of Riba-roja and Paterna, 

and Turia Natural Park. Thanks to the support of the Innovative Urban Actions program, a solution 

linking the results of previous European projects in the fields of fire prevention and advanced methods 

of water reuse will be implemented. 

The project proposes a combined strategy based on the use of reclaimed water for fire 

prevention and protection to provide automatically scheduled preventive, suppression and 

extinguishing irrigation patterns: GUARDIAN will implement the hydraulic infrastructure to supply 

reclaimed water to the Urban Interface of La Vallesa wetland, and the elements (irrigation towers and 

sprinklers) that make up the defensive barrier. The installation, located in the area of the fire line, will 

integrate the spark plugs with high pressure hydrant cannons that cover the perimeter, based on the 

WUI-PROTECT system. 

In addition, soil and vegetation works will be carried out (reduction of tree density, particularly 

sunken or weakened, stair fuel, pruning, spacing of shrubs, reduction of tree and vegetation debris, 

etc.) 

The use of reclaimed water to provide the necessary water resources for fire protection 

infrastructures, has no known precedents, and greatly improves its applicability. Reused water has 

been applied to some extent in conventional firefighting, and is actually regulated by Spanish law 

(RD 1620/2007). The project will also contribute to the sustainability of the La Vallesa wetland 

through its restoration and replacement of incoming low quality flows. 

CONCLUSIONS 

Climate change is expected to increase the frequency and severity of forest fires in the coming 

decades, reducing simultaneously the availability of water resources that constitute a key tool against 

them. 

The UIA-GUARDIAN offers a unique opportunity to test over the next few years combined 

and effective mitigation strategies for fire risk in the most vulnerable areas (Urban- Forest interface) 

using alternative water resources. It also allows capitalizing the results of previous projects in very 

different areas, and simultaneously addresses several aspects of climate change. 

GUARDIAN is a sample of the unexplored potential and the importance of reuse in a context 

of growing scarcity of water resources. It is also essential to contribute to the study of the economic 

viability of advanced reuse treatments in a context of real application. 

Figure 1. Characterization of the Urban-Forest Interface in Valencia. Source: J. Madrigal Olmo et 

al. (2013) 

Figure 2. Projected change in annual and summer rainfall. Source: European Environment Agency, 

evaluation of indicators: average precipitation. 
Figure 3. Scheme of the solution. In light / dark green, proposed areas for the transformation of vegetation 

structure. The hydraulic infrastructure appears in blue and yellow. Source: self made.  
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On 28th July 2010, the United Nations General Assembly recognized the human right to water 

and sanitation, declaring that clean drinking water and sanitation are essential to fulfil all human 

rights. In September 2015, the same assembly announced the Sustainable Development Goals (SDG) 

in order to “end poverty in all its forms” by the action plan called 2030 Agenda. Goal number 6 aims 

to “Ensure availability and sustainable management of water and sanitation for all”. SGD 6 includes 

eight global targets related with the management of hydric natural resource, wastewater and 

environmental. However, the first target is “Achieve access to safe and affordable drinking water” 

and ensuring drinking water access, is the first step that we have to take to achieve the remaining 

targets and objectives. Currently 844 million people still lack access to safe drinking water and 1000 

children still die due to diseases related with safe drinking water and sanitation [1]. 

Most people without safe water access live in low-income environments with extremely limited 

facilities and financial resources. Therefore, these people need Household Water Treatments (HWT) 

which are low cost, sustainable and easy to use. Examples of common HWT include boiling, 

chlorination, filtration, flocculation and solar disinfection (SODIS). This last treatment is based on 

the harmful effect of the UV radiation and temperature on pathogens in unsafe water. In this process, 

the water is exposed to the solar radiation in transparent containers. For this reason, SODIS is the 

cheapest form of HWT, with an estimated cost of $0.63 per person per year, versus $0.66 for 

chlorination, $3.03 for filtration and $4.95 for flocculation [2]. 

However, SODIS presents some challenges that limit widespread adoption such as the 

oversized exposure time. It is oversized because there are a lot of variables outside container, the 

container itself or inside container that can change the required time, such as radiation, the plastic 

transmission of the material container and the water composition, respectively. The main goal of this 

work is the study of these variables that, in the end, change the received radiation by water pathogens 

and the development of techniques for estimating accurately the required solar exposure time. 

Outside container: Radiation intensity cannot be controlled by the users, thus, both parameters 

have to be measured experimentally. However, there are algorithms that can estimate the intensity 

and fluctuations on the direction of the incident solar radiation due to date, season, or location. One 

example of these algorithms is “Solar Position Algorithm” from the National Renewable Energy 

Laboratory (NREL, USA) database [3] allowing the definition of the direction of the incident radiation 

in the water container. 

Container itself: An exhaustive study of optical and mechanical properties, production costs, 

and weathering of polymeric material was carried out to determine potential plastic materials for 

SODIS container manufacturing in order to develop a predictive tool to estimate quantitatively the 

available radiation inside the container as a function of the material and thickness suitable for solar 

disinfection (Figure 1) and (Table 1). 
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Table 1. Available radiation inside container regardin ASTM G-173 reference AM 1.5 solar spectrum 

for a thickness of 2 mm. 

 PP (%) PC (%) PMMA (%) PET (%) 

UV-B 17.7 17.5 88.5 0.0 

UV-A 28.3 44.0 92.0 31.8 

Vis 53.0 61.3 93.3 62.9 

 

 

 

Inside container: The effect of water composition on the efficacy of the SODIS process was 

experimentally evaluated with common substances founded in water sources of Sub- Saharan regions. 

As a conclusion of the evaluation, we can consider the effect of substances dissolved in water as a 

radiation attenuation factor. Some substances do not modify the received radiation by pathogens, 

however iron and solids dissolved in water reduce it due to the fact that kinetic constant strongly 

decreases (Figure 2). To estimate quantitatively their effect of radiation attenuation, their absorption 

and scattering coefficients were experimentally determined. 

To sum up, weather conditions can be measured or estimated, radiation transmission can be 

calculated regarding material and thickness and water composition can be considered as radiation 

attenuation factor. However, in order to estimate accurately the required solar exposure time, all the 

studied variables were linked becoming itself very complex mechanism. In future steps, numerical 

simulations will be developed to calculate the radiation distribution inside container taking into 

account all the mentioned parameters to obtain the required solar exposure time for a complete water 

disifenction. 
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Figure 1. Available radiation inside 

container for thickness of 2 mm. 

Figure 2. Effect of water composition on the 

disinfection kinetic constant. 
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The Water Resources Engineering Research Group (GIRH) of the Research Institute of Water 

and Environment Engineering (IIAMA) of the Polytechnic University of Valencia (UPV) in 

partnership with the company WaterPi have developed a new tool, called AQTPlayer, which facilitates 

tests on the response of a basin to variations in its management conditions, such as alteration in 

hydrological properties or changes in demands. 

AQTPlayer allows users to play with a management model, thus analyzing different future 

scenarios. It is possible to analyze, for example, the effects of climate change, which can alter the 

inputs (water inputs) of the model, quickly obtaining its effect on the guarantee of the system. Another 

type of scenario that can be tested is the modification of the allocations in the demands. In this case, 

an increase in demand could be considered due, for example, to the extension of irrigated areas or the 

increase in the population in urban areas. 

The application uses a basin model or system developed with AQUATOOL software (Andreu 

et al. 1996). The Decision Support Systems [DSS] used today in the Hydrographic Confederations 

[HC] represent a multitude of rivers, uses and infrastructures, which means that their editing to analyze 

future scenarios, such as possible climate change scenarios, requires many hours of work. The 

purpose of AQTPlayer is to reduce those hours to seconds in the analysis of scenarios with general 

changes in system conditions. Specifically, the user can work with the following general variants that 

condition the system, although the tool is designed to allow more specific variants to be configured 

in a specific system: alterations in the average of all contributions, alterations in the coefficient of 

variation of all contributions, variations in the volume of all demands. 

The developed tool provides general results of system evolution, allowing comparison between 

the results of the different simulated alternatives. For example, for each month, it obtains the deficit 

resulting from the simulation in each of the system's demands and accumulates it to obtain the 

monthly series of the system's total deficit. On the other hand, it adds the values of monthly reserves 

in all the reservoirs to provide the monthly series of total reserves in the system. It also provides many 

other relevant results for a better study of the management of each basin. 

Society expects from policymakers and stakeholders to maximise the profit produced per unit 

of natural resources (Pedro-Monzonís et al. 2016), regarding this, AQTPlayer provides the planner 

with a powerful analysis resource to study the vulnerability or capacity of a basin management 

system to adapt to future changes both in hydrological conditions and in the services to be obtained. 

AQTPlayer has been applied on a real model of a HC and the scenarios simulation results will 

be shown in the full paper. 

mailto:edgarbelda@waterpi.com
mailto:edgarbelda@waterpi.com
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Figure 1. Operation diagram of the AQTplayer application. 

Figure 2. Interface of the AQTPlayer. 
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S4.4 LIFE–DESEACROP. DESALINATED SEAWATER FOR ALTERNATIVE AND 

SUSTAINABLE SOILLESS CROP PRODUCTION 

P. Terreroa, M. Calzadaa, E. Camposa, D. Zarzoa, J.F. Maestreb, B. Gallegob, V. Martínezb, P.M. 

Membrivec, D. Valerac 

aSacyr Agua, Spain 
bPolytechnic University of Cartagena, Spain 

cUniversity of Almería, Spain 

1. Introduction 

Southeastern Spain is a region with the most water deficit in Spain. It is also one of the highest 

in the EU. Despite its large structural water deficit, agriculture is very productive in this region due 

to excellent edafoclimatic conditions. 

The province of Almeria (Spain) is the most important province in the Spanish agricultural 

sector, with a total cultivated area of 55,179 hectares (1 ha = 104 m2) in 2017, in which a total of 

3,286,385 tonnes of fruit and vegetables were produced, with an economic value that amounted to 

2,537 million euros (1). Most of this horticultural production is achieved in under-greenhouses with 

intensive production systems, reaching in 2017 an irrigated land under-greenhouse of 30,456 ha (1). 

Within the current techniques of agricultural production, the closed soilless growing systems 

stands out, which have experienced an important boom in the whole world linked to the development 

and cheapening of plastics, and the advantages of this cultivation system. It is estimated that in the 

south and southeast of Spain, 15% of the irrigated land under- greenhouse are under soilless system. 

Agriculture in southeastern Spain region uses more than 80% of water resources (2; 3; 4). 

Desalted water is essential to ensure crop water demands, and actually 7.3% of the water consumed 

by agriculture in the region is obtained from desalination (both seawater and brackish water) (2; 3; 

4). 

The present study presents the LIFE16 ENV/ES/000341 DESEACROP European project, 

which aims to demonstrate the sustainable management of desalinated seawater for crop production 

in closed soilless systems with the final goal of to strengthen resilience of these systems as a key 

productive, economic, social and environmentally friendly sector in the water-stressed Mediterranean 

region. 

2. Characterisation of current and expected desalinated seawater production for crop 

irrigation in southeastern Spain 

A complete review of Spanish experience in desalination for agricultural water supply has 

been realized, providing a specific state of the art of the southeast of Spain, including information 

both desalination plants and the crop surface irrigated by desalted water and the water demand in the 

area. 

3. Cropping in soil and soilless cropping comparison, with drainage treatment and 

reutilization 

A greenhouse test is being carried out to compare cropping in soil and soilless cropping and 

demonstrate the viability of closed soilless systems to grow vegetable crops and of using re-

mineralized desalted seawater for irrigation as a sustainable and environmental friendly strategy. 

Tomato has been employed as the main crop in the comparison, due to the fact that is the most 

important crop in the region. For each plot, three different irrigation treatments will be performed: 
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i) precision irrigation with desalted seawater (ECw around 0.5 dS/cm), ii) precision irrigation with 

synthetic groundwater (ECw around 3.0 dS/cm), and iii) precision irrigation with a synthetic mixture 

of water at 50% coming from both resources (ECw around 1.5 dS/cm). The demo plot (Figure 1) is 

located in the test farm of the Foundation Experimental Farm of the University of Almería – 

ANECOOP. The test greenhouse has a total surface area of 1,454.2 m2 (727.2 m2 for each 

cultivation system: soil or soilless), divided in 18 test plots, where three treatments are applied in 

three repetitions in cropping in soil and three treatments in three repetitions in soilless cultivation 

plot. 

In the case of the soilless cultivation plot, drainages will be treated by a solar-assisted 

desalination plant, to reuse the treated water again for irrigation. The drainage treatment plant is 

composed by a pretreatment with recycled UF membranes, developed within the LIFE13 

ENV/ES/000751 TRANSFOMEM Project, and a reverse osmosis system, all of this powered by 

photovoltaic solar energy (Figure 1). 

 

Figure 1. Demonstrative plot (left) and scheme of the drainages treatment process (right). 

4. Conclusions 

Soilless cropping requires excellent water quality. The poor quality of irrigation water available in 

the intensive production areas of the southeastern Spain region makes it difficult to use soilless 

cropping systems. The use of closed soilless systems with nutritive solution recirculation and 

drainage treatment proposed in the LIFE DESEACROP project is a very appropriate technique to 

optimize the use of water and fertilizers, and to reduce the environmental impacts of irrigation. 
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S4.5 Asset renewal needs and innovative financing for the urban water cycle 

This abstract corresponds to the joint presentation by Pilar Gracia and José Antonio Rodríguez of 

the first conclusions of two complementary works, which were published in full after the celebration 

of the IWA YWP 2019 Congress and which are entitled: 

• ‘Análisis de las necesidades de inversión en renovación de las infraestructuras del ciclo 

urbano del agua’ (UNED – UPC – AEAS) 

• ‘Hacia una financiación más eficiente de las infraestructuras del ciclo urbano del agua en 

España’ (AGA – AEAS – PwC) 

Evaluating the investment needs for water and sanitation assets renewal: the case of the 

Spanish urban water cycle 

P. Gracia-de-Renteríaa, F. Ezbakheb, A. Guerra-Libreroc, A. Pérez Zabaletaa, A. Pérez Foguetb, M. 

Ballesterosa 

a Spanish National Distance Education University (UNED), Madrid, Spain. 
b Universitat Politècnica de Catalunya (UPC), Barcelona, Spain. 

c Spanish Water Association of Water Supply and Sanitation (AEAS), Madrid, Spain. 

The objective of this study is to analyse, for the first time in the case of Spain, the investment 

needs for water and sanitation assets renewal in the urban water cycle. Additionally, this study 

proposes a novel methodological framework that could be applied to other case studies. 

For estimating the investment needs in Spain’s urban water cycle, two types of assets are 

distinguished: (i) networks (adduction, water distribution and sewerage) and (ii) singular 

infrastructures (drinking-water pumping stations, drinking-water treatment plants, water tanks, 

wastewater pumping stations, stormwater tanks, and wastewater treatment plants). The 

methodological framework of this study encompasses main 3 steps (as seen in Figure 1). 

 

 

 

 

 

 

 

Figure 1. Summary of the methodological framework for estimating the investment needs. 

Table 1. Inventory, value, annual investment needs and current investment level (in € million). 

 

Value 

Annual 

investment  

needs 

Current 

investment  

level 

TOTAL OF THE INVENTORY 207,492 2,221 458 

The value of the full asset inventory amounts to € 207 billion, where 70% corresponds to the 

sewerage network. Indeed, 82% of the value of the inventory corresponds to the networks, whereas 

only 18% corresponds to singular infrastructures. Furthermore, 70% of the value of the inventory 

relates to the sanitation phase, while only 30% is located in the water supply phase. In order to renew 

the entire inventory in a sustainable way, local entities and other administrations, who are responsible 

of providing these services, should invest a total of € 2.2 billion per year. However, the current 

investment barely reaches 21% of it. This is especially worrisome in the case of the sewerage 

networks and wastewater treatment plants, since merely 9% and 14% of what would be necessary is 

being invested in their renewal, respectively. These results highlight the need to substantially increase 

Bringing together 

and combining 

different databases 

Calculating the 

annual investment 

needed  

Estimating the 

current value of the 

full assets inventory 
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the investments in water and sanitation assets in Spain, in order to sustain them and achieve a suitable 

degree of efficiency in the urban water cycle. 

Innovative financing for the urban water cycle 

J.A. Rodríguez-de-la-Cruz 

Spanish Association of Management Companies of Urban Water Services (AGA), Madrid, Spain 

Spanish Water Association of Water Supply and Sanitation (AEAS), Madrid, Spain. 

PricewaterhouseCoopers (PwC), Madrid, Spain 

The problem of hydraulic infrastructure investment affects all countries. However, in each 

region of the world, the issues to be addressed are different. While in the non-developed countries, a 

large number of basic infrastructures must be built; In the developing countries, this process of 

construction of new infrastructures has already begun, for which a heavy investment is necessary. 

However, in developed countries, the situation is different. The problem in these is how to 

maintain the existing infrastructure. Given the continued quality of an existing and effective service 

and a high security supply, society has forgotten the efforts involved in building and maintaining a 

water network. 

Therefore, in countries with consolidated structures, social and political reluctance to contribute 

in a more economically generous way to the maintenance and exploitation of the water cycle. That is 

why we have to propose new proposals that can ensure the maintenance of the good state of 

infrastructure and services for the coming years. 

The Study to present, seeks 2 main objectives: 

• Analyze the possible mechanisms to increase financing in infrastructure of the urban water 

cycle. 

• Reach a consensus regarding a "Plan of Measures" that will allow the current low investment 

tenure to be reversed and thus promote the sustainability of the system in the long term. 

It is the responsibility of all the actors involved to ensure the Human Right to Water in 

developed countries and to transmit the current quality in the provision of existing water services to 

future generations. 

Without wishing to be exhaustive, some of the most important measures are: 

• Water money for water. Rates, quotas or water investment fees finalists. 

• Support to the municipalities in the definition of economically and environmentally 

sustainable investment plans. 

• Incentives for the aggregation of municipalities in the provision of municipal services, in the 

search for economies of scale. 

• Creation of a National Fund to 

finance water infrastructure 

projects. 

• Transparent benchmarking. 

Preparation of a public database 

at a technical/operational level, 

as well as an economic / 

financial one. 

• Establishment of a 

REGULATOR 
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S4.6 Natural assurance schemes canvas: a framework to identify business models to 

catalyse the implementation of nature based solutions for disaster risk reduction 

B. Mayora, P. Zorrilla Mirasa, K. Peñab, K.Dartéeb, I. Grozac, F. Nanuc, A. Schrieud, N. Gravelinee, 

P. Le Coenf, R. Marchalg, E. López-Gunna 

aICatalist 
bField Factors 

cBDG 
dGeoecomar 

eINRA 
fBGRM 

gCCR 

Extreme weather events and water challenges have ranked within the top 3 greatest risks to the 

global economy for the last 5 years, according to the World Economic Forum annual assessments 

(WEF, 2019a). Around 70-90% of the economic losses caused by floods across Europe between now 

and 2050 can be attributed to the increase in the value of assets in floodplain areas, with the rest 

attributed to climate change (EEA, 2016). Yet those vulnerable to these extreme events like 

businesses, farmers, and institutions do not have the knowledge or capacities to tackle these risks. 

Conventional infrastructural measures are expensive - the investment needed in water infrastructure 

over the next 15 years has been estimated in 22 trillion dollars, which is more than half of the total 

expected infrastructure investment demand (USD 41 trillion) (WEF, 2019b). A current of new 

approaches to focus on soft and nature based solutions (NBS) as an alternative or complement to 

conventional grey solutions to create resilience and response capacity against water related hazards 

is gaining strength, with examples such as water funds springing up around the world. However, NBS 

are still at a pilot stage and facing a number of specific barriers for scaling up and mainstreaming 

implementation. One of the main barriers is the difficulty to access funding and financing resources 

that reduce the investment burden from public entities holding water risk management 

responsibilities, which should involve a strong business case that attracts private and impact investors. 

Such lack of a business case is partly due to the limited data and evidence on the actual range of 

benefits provided by these nature based solutions, and thus of the value they offer, as well as how 

this value can be captured and turned into a business that provides climate adaptation services to a 

range of beneficiaries, which constitute a potential pool of clients and actors capable to mobilize the 

required economic resources. 

In this context, under the frame of the H2020 NAIAD project, a tool called NAS canvas has 

been developed to analyse the process of value generation and capture linked to nature based solutions 

when providing climate adaptation services, as well as the elements required to generate business 

models around them that can catalyse the economic resources required for their implementation, as 

well as to drive possible service or economic transactions around the provision of (ecosystem or 

nature based) climate adaptation services. The NAS canvas is an adaptation of the traditional business 

model canvas developed by Osterwalder and Pigneur (Osterwalder and Pigneur, 2010), which is 

designed to help an organization identify and structure the value proposition and the elements 

required to develop a strong and feasible business model. This framework has been revisited and 

adapted to the specificities of Nature Based Solutions and their implementation context, spanning 

from the inclusion of contextual legislation and governance issues through to the identification and 

valuation of the multiple co- benefits provided by these measures beyond their main target value 

within a context of disaster risk reduction. As a result, the NAS canvas displays the whole set of 

elements required along the climate adaptation service provision process, including actors involved, 

as well as the whole set of offered values with a quantitative or qualitative estimation that can build 

the business case for investment and emergence of business models for economically self-standing 
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NBS. 

This paper presents the NAS canvas framework and applies it to three examples of NBS at 

different levels of implementation in three different countries across Europe: a successful example of 

implemented NBS reported in the literature, a pilot NBS currently in process of implementation 

supported by the NAIAD project, and an incipient NBS currently in the design and planning phase 

resulting from the collaborative NBS identification process carried out within the NAIAD project 

demos. Common factors and barriers are identified and discussed. 
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S5.1 Development and implementation of a decision support system for a novel integrated 

solution aimed at water reuse 

N. Llopart, C. Sanromà, S. Navea, O. Ferrer*, A.M. Jiménez-Banzo, J.J. Malfeito 

R&D Department, Acciona Agua S.A.U, Parc de Negocis Mas Blau II, Avda. de les Garrigues, 22, 

08820 El Prat de Llobregat, Barcelona, Spain. 

*olferrer@acciona.com 

In the current context, where many geographical areas suffer water scarcity problems, it is 

essential to have technologies that relieve the pressure on water resources, favoring, for example, the 

reuse of water for different purposes, including industrial use. Nowadays the industry of developed 

economies consume approximately 45% (Blanco y de la Torre, 2017) of the available water resources. 

With the execution of INTEGROIL project (https://integroil.eu), led by ACCIONA Agua and funded 

by the European Commission under the H2020 Program, it is intended to obtain a new integrated 

solution for the treatment of industrial waters of complex composition, in order to promote their reuse 

up to 50%. 

For such purpose, and due the complexity of integrating different treatment processes, the 
project developed and implemented a decision support system (DSS) to determine and optimize the 
wastewater treatment scheme. It was operated under real conditions for a long period and after its 
optimization, a technical-economic assessment was conducted. Therefore, the project included the 
design and construction of pilot plant (1.5 m3/h nominal flow) for a real scenario application. The 
different treatment processes form the pilot plant are: dissolved air flotation, ceramic ultrafiltration, 
catalytic wet air oxidation, advanced oxidation and reverse osmosis, with the addition of products 
and chemical formulations with low environmental impact. 

These technologies are controlled by the DSS, which is the key and innovative resource of the 

project. This system is integrated into the control system of the pilot plant and identifies the most 

appropriate technological configuration, among the possible ones, considering three criteria: the 

quality of incoming water; the quality of reuse water for a specific purpose; and the energy efficiency 

of the global process. In addition, machine-learning algorithms were implemented within the DSS in 

order to perform accurate predictions of plant’s output water quality, giving to the plant an extra 

reaction time when sudden changes of the input water occurred, optimizing operational parameters, 

such as chemical dosage, thanks to this predictive model. The DSS allows operating the technology 

in a smart way, optimizing resources, and hence, leading to chemical and energy savings up to 15%. 

Moreover, a platform for big data processing and advanced visualization for long-term performance 

monitoring was implemented. This platform, which is accessible via web, allows the operator to 

visualize all current and historical data from the plant, the present configuration of the plant with the 

most relevant operational data, statistic values, such as contaminants’ removal and data provided from 

the sensors, laboratory measurements and other events registered. A summary of the process overview 

is shown in Figure 1. 

The main advantage of INTEGROIL technology is that it can deal with complex waters of high 

variability, a feature that can be found in several industrial sectors. The oil sector has been chosen as 

a reference sector for the development of the project, considering both the treatment of produced 

water for oil extraction (upstream scenario) and the wastewater generated during the refining of crude 

(downstream scenario). In both application scenarios, the INTEGROIL pilot plant has been operated 

continuously for a long period, at a real (refinery) or representative (oil extraction scenario) conditions 

of a real environment, obtaining water for reuse in different applications. During the first semester of 

2018 the operation of the INTEGROIL technology was demonstrated with simulated produced water. 

mailto:olferrer@acciona.com
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The simulated water composition was prepared according to the results obtained after characterizing 

several samples of produced water from different extraction wells, bibliographic data and information 

obtained from experts in the sector. The results confirmed that INTEGROIL manages to eliminate up 

to 99% of turbidity, 80% of organic matter and 99.4% of salts. Once this demonstration phase was 

completed, the pilot plant was installed in Tüpras refinery (Izmit, Turkey), and thanks to its plug & 

play system that facilitates transport and start-up, the plant was succesfully installed and operated by 

the refinery's own staff, treating real refinery wastewater. In this second scenario it has managed to 

eliminate 95% of the turbidity, 80% of chemical oxygen demand (COD), below <15 ppm of biological 

oxygen demand (BOD), which equals to the limit of detection, 90% of the total carbon and 99% of 

the dissolved salts, obtaining water of appropriate quality for reuse in firefighting, cooling towers, 

etc. 

 

Figure 1 Process Overview displayed by the visualization platform. 

With all, INTEGROIL solution has demonstrated its robustness and reliability, dealing with 

high variability at the input and giving a constant output water quality fitting with the established 

reuse scenarios thanks to DSS management, which has also allowed to easily operate the plant and 

the technologies. 
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S5.2 Micro-hydropower plants site using geographic information system: an opportunity to 

take advantage of removable energy resources 
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Small-scale hydropower is a clean, green, socially just and one of the most cost- effective 

energy technologies (Manders, Höffken, and van der Vleuten, 2016). It is also the main prospect for 

future hydro developments, where large-scale opportunities have either already been exploited, or 

would now be considered environmentally unacceptable (Alonso- Tristán, González-Peña, et al., 

2011). There is no unique criterion to categorize hydropower plant based on their electric power 

generation capacity. However, the small hydropower plants (SHP) are generally considered the 

upper limit varies between 2.5 and 25 MW. A maximum of 10 MW is the most widely accepted 

value worldwide, although the definition in China stands officially at 25 MW. ‘Mini’ hydro 

generally refers to schemes below 2 MW, micro-hydro (MHP) below 500 kW and pico-hydro below 

10 kW. 

Micro-hydropower projects enable the society to make use of the hydroelectric potential 

available in urban water cycle (SUEZ). The pressure in urban fresh water supply is usually very high 

to ensure consistent water supply throughout the urban area. Currently, pressure-reducing valves 

are widely used to reduce water pressure in the water supply system (WSS). The application of 

pump as turbine (PAT) appears as an ideal way for water head reduction as well as hydropower 

generation or self-consumption or for energy recovery (Carravetta, Derakhshan Houreh, and Ramos, 

2018). Based on a review of the literature, the research process consists in the selection a pump as 

turbine by empirical equations based on the given working conditions (Du, Yang, et al., 2017), and 

the PAT location, for example in supply systems (Meirelles. Brentan and Luvizotto, 2018). MHPs 

are based on an existing hydraulic resource and the locate points where this resource is raising 

problems of unused energy that generates extra costs in conservation and maintenance of the 

infrastructure, or leads to the need for the installation of dissipation devices for this energy. 

Therefore, a principal step in a SHP or MHP project is the location analysis, which depends on 

the geographical and hydrological conditions. The utilization of GIS (Geographic Information 

System) software has a significant usage as a tool, which allows capturing the bounds of the 

required information that can help in the decision-making processes for the implementation of SHP 

and MHP projects. The mean objective of this paper is the assessment and comparison of 

methodology used in the studies to SHP and MHP location: necessary data, GIS development, 

hydrologic model and hydropower potential. 

The first step to evaluate the potential site for SHP development is calculating head using 

spatial data as DEM (Digital Elevation Model). Then the second step was the calculation of the 

runoff at the potentially possible locations for estimating the hydropower potential for this 

potentially chosen area. In general, the literature presents two different ways to estimate the 

accumulate volume due to runoff: estimating evaporated volume (Bayazıt, Bakış, et al., 2017) or 

hydrological modelling based on the SCS Curve Number (Yi, Lee, et al., 2010). 
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Figure 1. Steps of research methodology to assessment SHP location 

In MHP location, the methodology prosed was developed in two phases, first to estimate the 

annual electricity production in selected areas based on GIS data and the inflows to each WWTP 

and second to carry out an economic evaluation (Bousquet, Samora, et al., 2017). The proposed 

methodology to evaluate he MHP location and their hydroelectric potential is based on the estimation 

of energy production potential in urban water cycle (Bousquet, Samora, et al., 2017; Du, Yang, et al., 

2017). The available energy in a given WSS can be calculated according to Eq (1): 

E=η×ρ×g×H×V (1) 

where η the efficiency, ρ the water density, H the head available at the turbine and V the water volume 

consumed in a determined time in WSS.  The essential available resources, i.e. head and water 

volume, are estimated based on GIS and demographic data. 

The originality of the evaluation proposed in SHP and MHP is focused on the infrastructure used 

for energy production and the methodology for the optimal location of plants. Since the 

performance characteristics considerably depend on the geographical and hydrological conditions, 

accurate location analysis is critical to SHP and MHP development. In addition, this work presents 

the basic methodology to determine the suitability of electricity production in the urban water cycle 

by MHPs, in order to avoid the he need for the installation of dissipation devices for this energy. 
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S5.3 DrinkIA: an environmental decision support system for the integrated management of 

drinking water treatment plants 

L. Godo-Plaa,b, P. Emilianob, F. Valerob, M. Pocha, H. Monclúsa 
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University of Girona, E-17003, Girona, Catalonia, Spain 
bEns d’Abastament d’Aigua Ter-Llobregat (ATL), Sant Martí de l’Erm, 30. 08970 Sant Joan Despí, 

Barcelona, Spain. 

Drinking Water Treatments Plants (DWTP) provide safe, high quality drinking water through 

different unit processes. Designed to comply with legislation requirements, they have to deal with an 

increasingly changing environment, water qualities, process automation, higher quality standards or 

new treatments, among others. 

Environmental Decision Support Systems (EDSS) are informatics tools designed to aid in 

decision-making and reduce uncertainty in environmental systems. Different kind of modelling 

techniques can be integrated within EDSS to describe a specific system: Mechanistic, statistical or 

artificial intelligence (AI). Specially in mediterranean regions, where water quality at the inlet of 

DWTP can have important changes in short periods of time, adjusting and optimising the operational 

parameters is challenging. To overcome this and in the framework of the “Industry 4.0” concept, 

integrating modern technologies like EDSS into industrial processes can bring managerial benefits 

such as virtualisation, real-time capability and service orientation, among others (Stock et al., 2018). 

To these means, the project DrinkIA was launched as an innovative project from the University 

of Girona in collaboration with Ens d’Abastament d’Aigua Ter-Llobregat (ATL) for developing an 

EDSS for the integrated management of DWTPs. The methodology proposed in Poch et al. (2004) 

was followed for building and structuring the EDSS. The main advantage this EDSS architecture is 

that it allows the inclusion of heuristic knowledge from literature and experts, as well as specific 

experiences accumulated through the years of experience (supervisor level) on the top of the 

reasoning machine (diagnosis level). 

A prototype of DrinkIA has been developed and implemented at full-scale in two case- study 

DWTPs managed by ATL (Llobregat DWTP and Ter DWTP) since January 2019. Main 

characteristics of the these DWTPs are summarised in Table 1. 

Table 1: Capacity and unit operations in the treatment train of the DWTPs. 
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Llobregat 

River 
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Ter 8.0 
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Pasteral reservoirs 
X X X  X  

DrinkIA is connected to the data acquisition system of the plants. Different EDSS modules 

were built for each unit process, and data-based or knowledge-based models were developed 

according to the actual knowledge or understanding of the system. These modules include dosing of 

chemical reagents, planning of sand filters back-washings and management of the advanced treatment 

at Llobregat DWTP. The reasoning engine of the modules is composed by Artificial neural networks, 
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fuzzy logic algorithms and other expert-based rules that are fed with data from online sensors and 

analysers, allowing a real-time control of the processes (Godo-Pla et al., 2019). Figure 1 shows the 

graphical user interface designed for reporting the operational parameters suggested by the EDSS. 

Figure 1. Screenshot of DrinkIA for Llobregat DWTP 

The EDSS is working as an open-loop control system and is being validated by the users. The 

tool is providing DWTP operators and managers with real-time AI augmented decision-making for 

an intelligent control of their systems. Currently, the validation phase is enabling to build confidence 

among the DWTP operators and managers on the EDSS outputs. After six months of operation, some 

EDSS modules such as the pre-oxidation and coagulation/flocculation modules were validated and 

can run at closed-loop control of the process (under the supervision of the operators) at both DWTP, 

whereas some other modules involving more managerial aspects of operation are more prone to 

operate at open-loop. In this sense, DrinkIA outputs adjusted well to the operation of DWTP under 

normal operating conditions. 
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S5.4 Towards a development of nom-related environmental decision support system for 

drinking water treatment plants 
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aLEQUIA, Institute of the Environment, University of Girona, Maria Aurèlia Capmany 69, 
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Drinking water treatment plants (DWTPs) need to produce water under specific quality 

regulations. It is well known that natural organic matter (NOM) represents the most challenging factor 

that affects processes optimization. NOM can be defined as a complex matrix resulting by the 

interaction between hydrological water cycles and respective surrounding catchments. Affecting this 

synergy, one of the main influencing factor is climate change, causing the alteration of NOM 

composition, aggregation and fractionation (Raseman et al., 2017). 

As a result, the key factor that needs to be considered in order to cope between regulations and 

process optimization is NOM, which is the major precursor of disinfection by- products (DBPs). To 

control this formation of DBPs, it is essential that DWTPs establish several analytical techniques for 

NOM characterization (Bridgeman et al. 2011). 

Several quality parameters can be used to track NOM composition at full-scale facilities: Total 

organic carbon (TOC), turbidity and UV254 are the most widely used. Online sensors and analysers 

generate a huge volume of data that can provide valuable information about DWTPs unit processes. 

Environmental decision support systems (EDSS) have emerged as a tool from the artificial 

intelligence field to cope with the operational complexity of the system and accelerate decision-

making (Poch et al. 2012). 

The purpose of this study is to establish the basis for the development of the diagnosis level for 

an EDSS aimed to control and supervision of NOM through the treatment process. To accomplish this 

purpose, lab-scale experiments have been designed in order to analyse NOM characterization and 

fractionation on different DWTP unit operations. 

Two DWTPs are involved in this study (Table 1): The Abrera DWTP catchment is Llobregat River 

while Montfullà DWTP catch water from the Sau-Susqueda reservoir. In total, they supply potable 

water to 2.3 million inhabitants. 

Table 1. Capacity and unit operations in the treatment train of the DWTPs. 

 

With the purpose to describe the behaviour of waters with different NOM fractions, 

ultrafiltration membrane and jar tests experiments have been carried out. All lab experiments were 

developed with real waters from DWTPs. In order to see the effects of different NOM fractionation 

through treatment, the following sampling points at each DWTP were selected: Influent water (RW), 



 

100 
 

coagulation effluent (CF), sand filters effluent (SF), granulated activated carbon filters effluent 

(GAC), and sludge line (SL). All water samples have been characterized with typical monitored 

parameters at DWTPs: Turbidity, UV254, TSS, pH, TC, TOC and SUVA. During continuous filtration 

experiments, fouling indicators has been monitored: Transmembrane pressure (TMP), fouling rates 

(FR) and permeability rates (PR). Results from both DWTPs show higher levels of typical monitored 

quality parameters in SL, but this trend is not similar in terms of FR and PR. In the other hand, RW 

caused a faster decrease in membrane performance in terms of FR and PR, instead having lower 

values of typical quality parameters. In both DWTPs, RW fouling potential is higher than SL. 

Montfullà and Abrera FR are 0.213, 0.442 mbar.min-1 for RW and 0.117, 0.087 mbar.min-1 for SL, 

respectively. Decrease of permeability over time is higher in both DWTPs RW (-0.29, -0.44 LMH·bar-

1·min-1) than SL (-0.15, -0.03 LMH·bar-1·min-1). RW cause faster fouling due the high fraction of 

large and colloidal molecular compounds (high molecular weight and hydrophilic). 

Response surface methodology (RSM) with a central composite design (CCD) procedure has 

been designed with the aim to achieve an enhanced coagulation for both DWTPs. Response parameters 

are turbidity removal (%), TOC removal (%) and UV254. All designed models have high levels of 

fitting. The performance statistics like R2 and R2 adjusted, second- order polynomial models and 3D 
surface plots are presented in table 2 and figure 1. 

Table 2: Montfullà and Abrera DWTPs model fitting response. A: pH, B: Coagulant dose, C: Flocculant dose. 

R2 R2adj. Equation 

0.95 0.91 T removal (%) = -66.56-2.32A+4.95B-0.8604A2-4.58B2+1.68AB 

0.93 0.89 TOC removal (%) = +15.59-9.6A+6.97B+1.34A2+0.0495B2-1.51AB 

0.94 0.89 UV254 removal (%) = +23.75 -8.46A+12.42B+5.38A2-6.24B2-4.78AB 

0.99 0.99 
Turbidity removal (%) = +90.04+0.2781A+11.85B+5.29C+18.33A2-13.9B2- 

13.29C2+1.47AB-0.668AC-5.88BC 

0.98 0.96 
TOC removal (%) = +21.91-2.85A+11.72B+2.8C+3.03A2+1.36B2+2.75C2- 

4.28AB-6.56A+2.3BC 

0.98 0.93 
UV254 removal (%) = +34.53+0.7172A+17.54B-4.85C+6.74A2-7.72B2+1.68C2- 
6.57AB+7.04AC+4.13BC 

 

 
Figure 1: 3D Surface plots for response parameters at Montfullà DWTP. 

This knowledge acquired at the lab-scale will allow to establish relationships between 

operational parameters, the fractionation of the NOM and the formation of DBPs. 
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S5.5. Surface water flood risk management and how to implement SUDS in cities. case 

study: Sidmouth flood alleviation scheme 

D. De Frutos Subtil 

Water Environment, Environment Maritime & Resilience, Buildings & Infrastructures Europe, 

Jacobs. Aperture, Pynes Hill, Exeter, Devon, United Kingdom (EX2 5AZ) 

dario.defrutossubtil@jacobs.com 

The picturesque town of Sidmouth, located in the southwest coast of England, has historically 

suffered flooding due to a combination of fluvial, tidal, surface water and ordinary watercourse 

sources. 150 properties were catastrophically flooded from surface water in 1968 and more recently, 

in 2014, intense rainfall caused significant flooding within the town centre. In knowing about the 

potential risk, Devon County Council (Local Flood Authority) commissioned Jacobs to undertake 

hydraulic modelling to identify the number of properties that are at risk of surface water flooding. As 

shown in figure number 1, the number of properties at high risk is very large, especially in the town 

centre where water levels could potentially be more than a 1 metre deep. 

Figure 1. Results from the hydraulic modelling for the 1% AEP (annual exceedance probability). 

In the light of the results of the hydraulic exercise, a wide range of interventions were 

considered as part of the scheme to alleviate surface water flood risk in the town centre during an 

exceedance event. The scheme was divided into two phases, which consist of the following elements: 

Phase 1 includes the installation of high capacity linear drainage channels across the road in All 

Saints Rd that will capture overland flows of up to 500l/s and discharge into the River Sid via a 

proposed 600mm surface water sewer. The main challenge of the scheme is the construction of the 

pipeline that needs to cross an extraordinarily busy roundabout and runs along a very narrow street 

which is heavily congested with other services in order to end up in the River. The obstacle was 

overcome by proposing a micro tunnelling option to prevent disturbance to residents and clashes with 

services. 

Phase 2 comprises a similarly collector system (linear drainage channels across Station Road) 

that will discharge into a storage area located in the Knowle via a 150m long conveyance swale which 

includes riprap checkdams to reduce water velocities and improve water quality. The storage area is 

mailto:dario.defrutossubtil@jacobs.com
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conceived as a multi-functional green amphitheatre (as shown in figure 2) which consists of an above 

ground terraced ring space and an underground geo-cellular storage. The above ground storage will be 

dry most of the time and will be used as a recreational space for different activities such as the famous 

annual Sidmouth folk festival. Flow from the storage area will discharge back into the drainage system 

at a controlled rate. 

Figure 2. Visualisation of the proposed multiuse amphitheatre in the Knowle. 

The detailed design of both schemes is at an advance stage and construction for phase 1 will 

commence by Sept 2019, with phase 2 construction kicking off early next year. 

The presentation aims to emphasize on how surface water flood management schemes must 

adapt to the specific characteristics of the site; in some cases, it is possible to propose green sustainable 

solution while in other cases, traditional engineering methods are the only feasible option. It must be 

highlighted as well how important is that public authorities are on board and willing to invest in the 

implementation of green solutions, which can provide further benefits to society such as creation of 

better place for people, habitats creation and improve to water quality. 

  



IWA YWP Spain 2019 Conference - Book of Abstracts 

103 
 

S7.1 Combination of nanofiltration membranes and electrooxidative processes as tertiary 

treatment for the removal of microcontaminants 

I. Salmeróna,b, G. Rivasa,b, I. Ollera,b, S. Malatoa,b 

aPlataforma Solar de Almería-CIEMAT, Carretera de Senés Km 4, 04200 (Tabernas, Almería), 

Spain 
bCIESOL, Joint Centre of the University of Almería-CIEMAT, 04120 Almería, Spain 

Municipal wastewater treatment plant (MWWTP) effluents usually contain microcontaminants 

as herbicides, pesticides, or pharmaceuticals that are not suitable for conventional biological 

treatment due to their recalcitrant character. The discharge of these contaminants into the 

environment entails a serious risk for the ecosystem and even bioaccumulating and moving to the 

food chain (Rivera-Utrilla et al. 2013) being necessary the implementation of tertiary treatments able 

to remove them. 

Electrochemical Advanced Oxidation Processes (EAOPs) are widely studied as a powerful and 

effective tool for the degradation of these microcontaminants, since they generate a large amount of 

radicals and oxidizing species from dissolved ions, such as sulfates, nitrates or chlorides, able to 

mineralize organics including nitrogen compounds. However, the main drawback of EAOPs is the 

high cost related to the electrical energy consumption of the cells, which can be reduced through the 

combination with other treatments. 

In this regard, nanofiltration membranes (NF) processes appear as an interesting complement 

for EAOPs. In fact, NF generates highly salted and contaminated concentrate streams, increasing the 

conductivity and contaminants concentration and therefore reducing the volume of water to be treated. 

This study addresses the sequential application of NF and electrochemical processes to a real 

effluent of a secondary treatment from a MWWTP (Almería, Spain) for the removal of 

microcontaminants contained in the concentrate stream of NF. Selected target compounds were 

pentachlorophenol, terbutryn, chlorfenvinphos and diclofenac in a concentration of 100 μg L-1 each. 

The NF system (Fig. 1a) consists of a FILMTEC NF90-2540 membrane with a surface of 2.5 

m2 and operated in batch mode, returning the concentrate stream to the feeding tank and discarding 

the purified permeate. When the concentrate reached in the feeding tank a volumetric concentration 

factor of 4, it was treated in an electrochemical reactor (Fig. 1b) equipped with a Boron Doped 

Diamond on Niobium substrate (Nb-BDD) anode and a carbon-PTFE oxygen diffusion cathode 

(GDE) of 0.010 m2 of area each, promoting both the electrooxidation and the in situ generation of 

H2O2, working according to the optimal conditions described by Salmerón et al. (2019) for achieve 

the maximum electrogeneration of H2O2. 

a)       b) 
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Figure 1. a) Nanofiltration and b) electrochemical pilot plants used for the treatment of the real MWWTP effluent. 

The concentrate stream obtained had the following characteristics: 36.5 mg L-1 of dissolved 

organic carbon, 208 mg L-1 of inorganic carbon, 1182 mg L-1 of Cl-, 387 mg L-1 SO4
-
, 46.3 mg L-1 of 

ammonium, a conductivity of 6.35 mS cm-1 and pH 8. It was treated by anodic oxidation (AO), 

electro-Fenton (EF), and solar photoelectro-Fenton (SPEF) (Fig.2) in order to find the highest 

degradation rate with the lowest energy consumption. Fenton like processes were operated at 

circumneutral pH by adding (S,S)-Ethylenediamine-N,N’-disuccinic acid trisodium salt (EDDS) to 

form the Fe(III)–EDDS complex at a molar ratio of 1:2 (0.1mM–0.2mM) (Miralles-Cuevas et al. 

2014) and so maintaining iron in solution. 

 
Figure 2. Degradation profile of the sum of contaminants contained in the concentrated stream by applying AO, EF and 

SPEF. 
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S7.2 Exploring forward osmosis for production of reclaimed water and concentrated 

wastewater for anaerobic treatment 

F. Ferraria, I. Rodríguez-Rodaa,b, M. Pijuana, G. Blandinb 
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and Technological Park of the University of Girona, 17003 Girona, Spain 
bLEQUiA, Laboratory of Chemical and Environmental Engineering, University of Girona, Campus 

Montilivi, 17071 Girona, Spain 

Abstract: Forward osmosis (FO) is a promising technology for wastewater (WW) treatment due to 

its lower energy requirements, higher permeate purity and lower fouling. Applying FO directly on raw 

municipal WW is of high interest to simultaneously produce a high quality permeate for water reuse 

while pre-concentrating wastewater for anaerobic digestion towards energy and nutrients recovery. 

This bench scale study investigated the feasibility to concentrate real raw municipal WW using FO to 

reach 70% water recovery with a home-made submerged plate and frame membrane module, 

assembled using Toray’s flat-sheet TFC membrane. Process showed high COD rejection and high 

differences in ion rejection depending on the charge (SO4
2-=99±2%, PO4

3--=99±2%, NH4
+=17±4%, 

Ca2+=10±2%). Three different gas sparging strategies (continuous air sparging, alternating nitrogen 

sparging and no gas sparging) were tested to control membrane fouling, being the continuous air 

sparging the most favorable. 

Keywords: Forward Osmosis; municipal wastewater; COD concentration. 

Introduction 

FO is among the promising technologies for wastewater treatment due to its lower energy 

requirements, higher permeate purity and lower fouling tendency compared to pressure driven 

membrane technologies. Energy and nutrient recovery from WW can be initiated through the 

combination of FO with anaerobic treatment by pre-concentrating WW through FO and increase the 

COD concentration in the WW for biogas production while producing a nutrient rich permeate 

(Ansari et al., 2017). Treating the concentrated WW with an anaerobic membrane bioreactor 

(AnMBR) in turn would generate a high quality permeate with which conventional nutrient recovery 

techniques would be more efficient. Despite the potential of this combination, several challenges 

associated with the FO process for direct raw WW treatment still remain, including salinity 

accumulation, membrane fouling control, system scale-up and anaerobic system integration. This is 

the first study to attempt the concentration of raw sewage with a plate and frame FO module at a 

bench scale. We have investigated the effect of different gas sparging procedures on filtration 

performance and contaminants rejection. 

Material and methods 

The bench scale set-up consisted of a WW tank, a membrane tank and a draw solution tank. The FO 

module was assembled using a Kubota plate and a Toray TFC membrane sheet and had a surface area 

of 0.34 m2. The membrane was vertically positioned in the membrane tank (9 L volume methacrylate 

structure) equipped with a gas sparging system (Air/N2). Three gas sparging procedures were tested: 

continuous air sparging, intermittent N2 sparging (1min/15min) both at 5 L min-1 and absence of gas 

sparging. Every test was carried out using 50 L of real municipal WW and 10 L of draw solution 

(11.5 g/L of sea salt) keeping the draw solute concentration constant throughout the test. Fouling 
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during WW filtration was assessed by comparing water flux before and after each WW filtration 

batch. 

Results and discussion 

Figure 1.1a shows the different duration to reach 70% water recovery for the different tests conducted. 

Continuous air sparging resulted in the highest flux obtained during the first 24 h, followed by 

intermittent N2 sparging. The lowest flux was obtained when operating without gas sparging probably 
due to the increased fouling in the membrane. Results of flux tests before and after each test (Figure 

1.1b) showed no relevant flux decline when continuous air sparging and intermittent N2 sparging 

were applied while showed a decrease of 20% when no gas sparging was applied. TOC analysis 
showed a concentration factor of 3.3 equal to theoretical values for the three gas sparging procedures. 

Process showed high differences in ion rejection depending mainly on the charge (SO4
2-=99±2%, PO 

3-=99±2%, NH4
+=17±4%, Ca2+=10±2%). This phenomenon was probably due to the negative charge 

of the active layer of Toray’s membrane. These results are relevant when a further treatment for the 

reject stream is considered via an anaerobic process. Since SO4
2- and COD rejection were both higher 

than 98% (same COD/ SO4
2- ratio for raw WW and concentrated WW), the competition between 

sulfate-reducing bacteria and methane-producing archaea is expected to be the same in an anaerobic 

reactor treating raw WW and concentrated WW via a FO process. However, the fact that most of the 

NH4
+ passes through the FO membrane implies that no NH3 inhibition in the subsequent anaerobic 

treatment is expected. pH increased in both solutions for each test from 7.6 to 8.6 in the wastewater 
and from 7.1 to 8.1 in the draw solution while feed conductivity increased from 1.3 to 9.9 mS cm-1 in 
the wastewater due to both actions of decreasing feed volume and reverse solute flux (average RSF= 
5.0 g m-2 h-1). 

 

Figure 1.1a) Water fluxes decline with different gas sparging procedures; b) Results of water flux 

tests to assess membrane fouling. 

This study showed that FO is a promising technology to concentrate raw WW while producing a 

nutrient rich permeate. Although good membrane performance and results were obtained, further 

studies are ongoing to examine effect of long term performance. 
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S7.3 Biofouling control based on nutrient removal in seawater reverse osmosis membranes 

Z. Borjas, C. Bayona, A. Picazo, O. Ferrer, J. Malfeito 
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The desalination of seawater via reverse osmosis (RO) has shown promise as a technology for 

overcoming stress on water resources (Elimelech and Phillip, 2011; Darre and Toor, 2018). However, 

membrane fouling may be the main obstacle for wider implementation of membrane filtration since 

usually causes higher costs of energy, operation and maintenance (Gao et al., 2011). Of all types of 

fouling, biofouling is the most uncontrollable because it is caused by ungovernable growth of 

microorganisms and EPS production, leading to higher operating pressures, more frequent chemical 

cleanings and shorter membrane lifetimes (Boyce, 2011). Therefore, it can be concluded that 

membrane biofouling is a common problem resulting in a shortened lifespan of desalination system 

(Al-Ahmad, 2011). 

The current methods for biofouling treatment consist of physicochemical strategies, mainly 

filtration, irradiation or dosage of biocides that are characterized, on one hand, by leading to a loss of 

both economic and environmental sustainability of the desalination process and, on the other, by being 

palliative strategies but never preventive. 

Considering the biological cycle of a biofoulant bacterium in which it nurtures, reproduces and 

eventually dies, it seems logical to focus on the earliest stage of the bacterium in order to tackle the 

problem from the outset. It is precisely this hypothesis which this work is based on in order to develop 

and study an alternative strategy for the treatment of biofouling. Of the basic elements on which the 

biological development of a microorganism depends (C; N, O, P and S) (Fagerbakke et al., 1996), P 

has been chosen to be eliminated/decreased in the medium in order to inhibit the bacterial population 

and, therefore, the subsequent biofouling. 

The setup of this nutrient deprivation pre-treatment is proposed as a Biological Activated 

Carbon (BAC) filter system for control of bacterial growth with the innovative difference of the 

adsorbing material not being activated carbon but a low-cost, high affinity phosphate adsorbent. In a 

first approach, a study for the selection of the optimal granular media was performed in a BAC system 

composed by two filtration columns that operated in parallel and with a capacity of 1100 L/h. In this 

case, the same initial concentration of phosphorous, based on the content from seawater from the 

Middle East region (0.08 ppm) (Manasrah, 2006; Shriadah, 2006), was supplemented to real seawater 

in order to be comparable. 

It should be noted that the materials proposed allow the recovery of phosphate compounds that 

can be processed to generate fertilizer products for agriculture. In the work here presented, a protocol 

based in sodium hydroxide was defined and validated for an optimal material regeneration. 

From the microbiology point of view, the bacterial response to the nutrient deprivation process 

was studied through the analyses of growth kinetics based on optical density measurements 

(λ=600nm). For this purpose, the strain Roseobacter litoralis was selected for being a representative 

microorganism of the Mediterranean Sea and for its ability to form biofilm (Brian-Jaisson and Ortalo-

Magné, 2014; Luna, 2015). In order to be cultivated in different nutritional scenarios, a complete and 

new culture media was designed specifically for this objective, scanning different carbon sources 

(glucose, acetate) and growth factors (biotim, thiamine, folic acid). The final defined media allowed 

the growth of Roseobacter litoralis under several phosphorous concentrations. The results enabled 

studying the P key concentration that affects the normal microbe development. 
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From this study is concluded that phosphorus adsorbent medium selected is able to reach an 

average of 60% removal (0.08ppm of phosphorous in the influent). In addition, the medium is capable 

of being regenerated completely within 14 hours with the regeneration protocol based on sodium 

hydroxide. The reduction of phosphrous affects the growth kinetics of the model microorganism, 

which confirms that phosphorus is an indispensable element for the survival of the microorganism and 

consequently confirms the hypothesis this work is based on. 
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S7.4 Evaluation of ozone as an alternative treatment to chlorine in the fresh-cut industry: 

disinfection, microcontaminants elimination and agricultural reuse of treated wash- water 

S. Nahim-Granadosa,b, G. Rivas-Ibañeza,b, I. Ollera,b, P. Plaza-Bolañosb, S. Malatoa,b, J.A. 

Sánchez-Pérezb, A. Agüerab, M.I. Polo-Lópeza,b 

aPlataforma Solar de Almería – CIEMAT, P.O. Box 22, 04200 Tabernas, Almería, Spain, 
bCIESOL, Joint Centre of the University of Almería-CIEMAT, 04120 Almería, Spain. 

The Mediterranean region is one of the most water-scarce regions of the world where intensive 

agriculture consumes more than 50 % of the water resources playing a critical role in the 

intensification of water stress. In this regard, industrial wastewater reuse in agriculture represents an 

unconventional water supply to the improvement of the water use efficiency in Mediterranean 

countries. Besides, the implementation of a strategy to treat and reuse WW from agro-food industries 

in agriculture will let a reduction of the water footprint of these types of industries (Inyibor et al., 

2019). 

Over the past 20 years, the consumer demand for healthy and fresh foods has increased, 

stimulating rapid development of the so-called fresh-cut produce industry. This industry is one of the 

major water consumers, due to the huge use of potable water to perform washing operations required 

to guarantee the safety and quality of the product. Fresh-cut products are marketed as ‘‘ready-to-eat’’ 

with the absence of a sterilization or pasteurization step, thus the washing process has become a 

critical process in the preparation (Manzocco et al. 2015). The wash water generated in this industry 

is characterized by high values of chemical oxygen demand, traces of chemical pollutants (e.g. 

pesticides) and the presence of pathogens like Escherichia coli O157:H7 and Salmonella spp, which 

becomes a problem for water reuse purposes. Commercial operations usually use disinfectants as 

chlorine during wash processes to increase the rate of microbial reduction and to prevent potential 

cross-contamination in the fresh product. However, the well-known unhealthy disinfection by-

products (DBPs) generation by chlorine reactions with organic compounds in water has promoted the 

prohibition of chlorine for this industrial activity in some European countries (Meireles et al., 2016). 

Therefore, search for alternative methods of disinfection and decontamination of wash waters 

from the fresh-cut industry is a current challenge to avoid the use of chlorination as well as to improve 

the efficiency of the use of water resource by the integration of washing- reuse processes. In this 

regard, the application of water ozonation in the agro-food sector has been proven to be a good option 

for reducing and keeping bacterial contamination below the established guidelines and regulations 

(Selma et al., 2008). Nevertheless, the removal of organic microcontaminants (OMCs, especially 

pesticides) has not been widely investigated, and little information about its elimination in fresh-cut 

wastewater is available in literature. 

In this research, the capability of ozonation and peroxone processes for the treatment of 

simulated washing water from the fresh-cut industry to ensure its sanitization and also to reduce its 

chemical contamination was evaluated at different operational conditions. The inactivation of two 

food-borne pathogenic bacteria (E. coli O157:H7 and Salmonella enteritidis) and the degradation of 

chemical contaminants (a cocktail of 6 organic microcontaminants, OMCs) commonly found in this 

type of wastewater have been simultaneously investigated at pilot scale (10 L). Additionally, reuse 

of treated wash-water was experimentally assessed by in vivo irrigation test in a 30m2 experimental 

crop-camera, investigating the transfer of OMCs and bacteria to two raw-eaten vegetables (radish and 

lettuce). 

The results demonstrated a high capability of ozone to reduce the microbiological (Figure 1a) 

and chemical contamination (Figure 1b) in water and also to reduce the fate and uptake or bacteria 

and OMCs in the two raw eaten vegetables under study (results not shown). 
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Therefore, ozonation can avoid the bacteria and OMCs accumulation in the water representing 

a good alternative to chlorine in the fresh-cut produce industry. Moreover, the implementation of this 

process and the subsequent water reuse for irrigation may contribute at the same time to reduce: the 

water footprint of this industry and the water scarcity in the Mediterranean region. 

 

Figure 1. a) E. coli O157:H7 inactivation profiles and b) ƩOMCs degradation by ozone treatment. 
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S7.5 Evaluation of fertilizer-drawn forward osmosis for sustainable water reuse in touristic 

mediterranean regions 
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The EU Circular Economy strategy develops a set of measures to promote water reuse, nutrient 

recovery and reduction of energy consumption. The touristic cities of the Mediterranean region face 

challenges related to the intense use of fresh water and its scarcity in the area, and the reuse of 

wastewater can represent an important source of water and nutrients. CLEaN-TOUR project studies the 

possibilities of decentralized greywater treatment and its safe reuse in touristic installations with the 

combination of constructed wetlands and membrane- based technologies (forward osmosis (FO) and 

membrane bioreactors (MBR)). FO, MBR and constructed wetlands are being studied in CLEaN-

TOUR in a hotel located in an extremely touristic area of the Spanish Mediterranean coast (Lloret de 

Mar) with high water requirements. At the present, the greywater from showers and sinks of the hotel 

is reused for toilets cisterns and also introduced into a hydroponic system. 

In FO, a concentrated solution (draw solution) is diluted by a less concentrated solution (feed 

solution) thanks to a semipermeable dense membrane (Van der Bruggen & Luis, 2015). FO presents 

high rejection, low fouling propensity and it does not require hydraulic pressure, as the process is 

driven by the difference in osmotic pressures between feed and draw solutions. However, one of the 

main drawbacks of FO is the reverse solute flux from the draw solution to the feed solution, which 

leads to the loss of draw solutes to the feed (Jamil et al., 2016). A further step is the so called fertilizer 

drawn forward osmosis (FDFO), where osmotic dilution of the fertilizer draw solution occurs, and it 

can then be applied directly for irrigation as it contains the essential nutrients required for plant growth 

(Chekli et al, 2017). 

Currently, CLEaN-TOUR is assessing the possibilities of FDFO implementation. Specifically, 

tests are being performed to dilute a concentrated solution of fertilizers (draw solution) with 

greywater (feed solution) and introduce it in the hydroponic system (Figure 1). The final aim is to get 

both greywater concentration, to be treated with a small MBR, and greywater nutrients recovery for 

fertigation of the constructed wetlands. 

 
Figure 1. FDFO system for CLEaN-TOUR 

The experiments carried out until the moment refer to the FDFO and have studied the 

performance of the FO system at lab scale with commercial hollow fiber modules (HFFO2, 2.3 m2, 

Aquaporin). 10 L of DI water were used as feed solution and 10 L of fertilizer solution (0.05 M) were 

used as draw solution. KNO3 and (NH4)2HPO4 (DAP) were the chosen fertilizers, being among the 

most commonly used fertilizers worldwide (Phuntsho et al., 2011). Test were performed with the 

fertilazers separately and blended. The water flux crossing the membrane (feed to draw) was 

determined by mass increase of the draw solution. Data were recorded using a Bluetooth based system 
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provided by Instrument works (Waterloo, Australia). The results of these tests provided information 

about the feasibility of implementing FO as pretreatment step for the hydroponic system. 

The main output of these tests was the sttudy of the behaviour of the two fertilizers separated 

and blended. As some blends may result in increased or decreased loss of nutrients in comparison to 

using single fertilizer as draw solution alone (Phuntsho et al., 2012), it is important to study which 

option is more efficient for the future implementation. This issue was assesed as means of: 

1. Water flux: higher fluxes and lower decrease in the flux were obtained for MIX and DAP. 

2. Reverse solute flux: Figure 2 indicates the evolution of the fertilizer ions in the feed. It is 

observable that not all of them pass to the feed at the same rate (eg. K vs PO4) and that the 

tendence is different when the fertilizers were used alone or blended (i.e. NH4). 

Additionally, the final ratio NPK that can reach the system will be estimated. Taking into 

account that this solution will nourish the wetlands with edible plants, we have to ensure that all the 

necessary nutrients reach the plants at the correct concentration. 

 

Figure 2. Evolution of the different species in the feed solution (lost from the draw). Blue corresponds 

with tests with DAP, green with KNO3 and orange with MIX of both fertilizer salts. 
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By 2020, it is expected that more than 3.5 billion of people might live in regions with hydric 

stress [1], that is, regions where the available water cannot fulfil the demand required for basic 

domestic, agricultural and industrial purposes. Under this scenario, the use of non-conventional water 

resources, as the regeneration and reuse of treated wastewater, is expected to be an alternative option 

for increasing the available water resources [2]. 

Nevertheless, the reuse of wastewater also presents many drawbacks that have to be addressed. 

For instance, it is mandatory to perform a disinfection of water previous to its reuse. The chlorination 

is the most common and cheapest used disinfection agent, but its utilization to treat wastewater is not 

recommended by the generation of disinfection by-products as trihalomethanes. Nowadays, new 

technologies have emerged as alternative. This is the case of Advanced Oxidation Processes (AOPs) 

based on the generation of highly reactive species, such as hydroxyl (OH•) and sulfate radicals (SO4
•-

). These short-lived radicals are characterized by a high oxidation potential, being able to inactivate 

bacteria and to remove recalcitrant organic matter and micropollutants [3]. Sulfate radical based-

AOPs (SR-AOPs) could involve the use of peroxymonosulfate (PMS; HSO5
-) anion. But, PMS is not 

an effective disinfectant at low dosages, so it requires to be activated in combination with: i) heat; ii) 

UV-radiation; and/or iii) the addition of a transition metal cation [4]. In this regard, the use of Fe2+, 

Co2+, Ni2+, another cations allowing a homogeneous catalytic activation has been widely reported by 

different authors [4, 5]. However, there exists legal restrictions concerning the amount of metals 

present in solution and they have to be removed from water previous to the reuse. For this reason, the 

use of a heterogeneous catalysts that can be recovered and reused is an eco-friendly alternative. 

The main goal of this study is the synthesis of a magnetic and heterogeneous cobalt ferrite to 

activate PMS in combination with UV-A radiation, as an alternative disinfection treatment in the 

inactivation of Escherichia coli and Enterococcus sp. for wastewater regeneration purposes. 

The optimization of the operating conditions was applied over a simulated wastewater, 

consisting in a mixture of inorganic salts and organic matter diluted to a total organic carbon value of 

15 mg/L [6]. Fresh liquid cultures of E.coli and Enterococcus sp. wild strains were prepared in Luria-

Bertrani broth and incubated at 37ºC for 24h. These microbial suspensions were added to simulated 

wastewater samples to obtain an initial concentration of microorganisms ranging 106 CFU/mL. The 

microbiological quantification during the treatments for E.coli and Enterococcus sp. was made using 

MacConkey agar (Scharlau) and Slanetz&Bartley agar (Scharlau) respectively as culture media. 

E.coli colonies were counted after 24h of incubation at 37ºC and Enterococcus sp. after 48h. 

Treatments were performed in a batch reactor photo-assisted with UV-A radiation (Philips TL 6 W 

with an emission maximum at 365 nm) with an average irradiance of 4.5 W/m2. 

Figure 1a and 1b shows the results corresponding to the optimization of ferrite concentration in the 

removal of E. coli and Enterococcus sp. using a concentration of PMS of 0.2 mM respectively. The 

corresponding control experiments were performed in the same conditions. Surprisingly, an increase 
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in the concentration of ferrite does not turns into an increase in the effectiveness of disinfection 

treatment. It can be due to a recombination process of the over generated free radicals. The optimal 

dosage of ferrite found in this study amounts to 0.05 g/L for a PMS concentration of 0.2 mM. The 

operating conditions are strongly dependent on the microorganism present, as is deduced from the 

total inactivation of E.coli and Enterococcus sp. that is reached in 30 and 120 minutes respectively. 

Further studies of reusability will be performed in order to assess the efficiency loss of the catalyst. 
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Figure 1. Optimization of ferrite concentration in the removal of a) E.coli and b) Enterococcus sp. 

[PMS] = 0.2 mM. 
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P01 Water 4.0, digital transformation and the concept of hydric intensity: a revised and 

updated look at ester boserup's principle of increased resource production to cope with 

population growth 

A. Rubio 

GoAigua, adrian.rubio@go-aigua.com 

Our modern, globalised world presents us an uneven picture regarding access to and efficient 

use of water. Even as the global trend towards water scarcity is shared by both hemispheres alike, the 

rich west remains fundamentally well supplied, its access to clean water all but guaranteed. 

Conversely, the hydric reserves on the southern continents and the middle east, already naturally 

stressed regions to the point of scarcity (FAOUN; 2014), endure a worsening situation of rising 

temperatures brought by climate change as well as their poor infrastructure to treat and conserve 

water. 

This situation is made all the more dire when cast under the light of population growth trends, 

which fundamentally differ across regions (Jacobsen et al, 2013), as the most recent UN report on 

water scarcity shows: it is this rising demand in hidrically-stressed areas, such as the Mauritanian and 

Gulf Countries that puts water reserves and population health at risk (UN; 2018). Of course, there are 

other fundamental drivers of the rising demand for water on these countries and the world such as 

“urbanization, industrial production and pollution, and climate change” (ibid) however in this paper 

we will focus on the population variable as the one which escalates the problem. 

This rising demand to an ever more scarce resource in Mauritanian, centre-African and gulf 

countries mirrors a similar state of affairs experienced in the 18th to 19th century in England, when the 

economist Thomas Malthus developed a study on the inevitable surpass of population’s demand for 

food and the actual production (Malthus, 1798), in which he advocated for the inevitability of famines 

and war to correct the situation. 

Even today, Malthusian concerns about the raging inequality and rising shortages of water in 

poorer areas of the planet depict conflicts like “water wars” between countries to increase their 

reserves (Rahman, 2012), as well as a forthcoming speculative increase of the price of water as trends 

based on a UN report show, that “competition for water as a productive resource is intensifying” 

(Watkins, 2006). 

Opposing Malthus’ ideas sprung to life those of Ester Boserup, which looked at the same 

problem (Boserup, 1965) considering two things: that Malthus had overestimated population growth 

trends and that modern technology would “intensify” the production of food thereby enlarging supply 

enough to overcome rising demands (Bonneuil, 2009). 

Boserup’s framework indicates that the existing technology level constrains the current supply 

of a resource (ibid). This paper will adapt and update Boserup’s concept of “Agricultural Intensity” 

translating it to the water resource to a “Hydric Intensity”, and how modern technologies based on 

the Water 4.0 disruptive innovation could hold the key to unlock a more efficient and plentiful water 

supply. 

Guided by their plentiful situation in economic, technological and hydric resources, the west 

spearheads the development of innovative technology to ensure a more efficient and yet more 

abundant supply of water (Eggers, 2018). Encircling this wave of innovation is aforementioned notion 

of Water 4.0, which seeks to incorporate new and data-centric technologies to the water industry. 

Among these technologies stand four fundamental ones (Chen et al, 2017): on the hardware 

side, advances in sensorization and communication technologies to capture and share procedural data 
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will help in breaking down the information silos at the assets with which a water utility operates 

(treatment plants, distribution networks, de-salinization plants, etc…). 

On the software side there are the big data platforms (where all of this procedural data is 

integrated and structured) and the machine learning algorithms which would use the realms of 

procedural data to generate insights that drive efficiency, improve maintenance of infrastructures, 

reduce operating costs, and cut problems likes leakages (Eggers, 2018). 

It is this paper’s thesis that these technologies, when spread enough through the hidrically-

stressed regions, would drive efficiency of existing operations up, increasing, streamlining and 

improving the supply of water to a point were it would overcome the increasing industrial, agricultural 

and personal demand for water. 

The application of these technologies would serve, in Boserup’s framework, to increase the 

technology level required to supply the world with clean water (Bonneuil, 2009). This process of 

“Hydric Intensification” would not necessarily increase the natural supply of water (Eggers, 2018), 

much like Boserup’s theory on Agricultural Intensification did not seek to find new arable land to 

increase production but rather improve the efficiency with which existing hydric natural resources 

are used, reducing leaks, improving treatment, etc… 

This better handling, distribution and treatment of water guided by the smart insights uncovered 

by machine learning algorithms would do away with Malthusian concerns of water motivated 

conflicts (Rahman, 2012) as well as, by incrementing supply once again, damaging, even if not 

completely eradicating speculative incentives on water (Watkins, 2006). 

References 

Bonneuil, N. »Malthus, Boserup and Population Viability«. (2009) Vol 5. Journal of Mathematical Demography. 

Available at: https://www.tandfonline.com/doi/abs/10.1080/08898489409525390?journalCode=gmps20 

Boserup, E. »The Conditions of Agricultural Growth: The economics of agrarian change under population pressure«. 

(1965). Routledge. 

Chen B.; Wan J.; Shu L.; Li P.; Mukherjee M.; Yin B. »Smart Factory of Industry 4.0: Key Technologies, Application 

Case, and Challenges«. (2017). IEE vol 6. Available at: https://ieeexplore.ieee.org/abstract/document/8207346 

Eggers, R. »The Impact of Digitalization on the Water Sector«, (2018), IWA, Available at: https://iwa- network.org/the-

real-impact-of-digitalisation-on-the-water-sector/ 

Food and Agriculture Organization of the United Nations, »Water Withdrawal and Pressure on Water Resourcess«, (2014) 

Available at: http://www.fao.org/nr/water/aquastat/didyouknow/index2.stm 

Jacobsen, Michael, et al, »The Future of Water in African Cities: Why Waste Water? Directions in Development, 

Environment and Sustainable Development« (2013). World Bank. Available at: 

ttps://openknowledge.worldbank.org/handle/10986/11964. 

Malthus, T. »An Essay on the Principle of Population«, (1798). J. Johnson Publisher. 

Rahman, M. »Water Wars in the 21st Century: Speculation or Reality?« (2012) International Journal of Sustainable 

Society. 4(1-2):3-10. 

United Nations, »Sustainable Development goal 6: Synthesis Report on Water Sanitation«, (2018). 

Watkins K., »Human Development Report 2006 - Beyond Scarcity: Power, Poverty and the Global Water Crisis«. 

(2006) SSRN. Available at: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2294691 

 

  

http://www.tandfonline.com/doi/abs/10.1080/08898489409525390?journalCode=gmps20
http://www.fao.org/nr/water/aquastat/didyouknow/index2.stm


IWA YWP Spain 2019 Conference - Book of Abstracts 

119 
 

P02 Characterization and monitoring of wastewater effluents in sewer networks 

B. Sáenz de Cabezón-Sorianoa*, I. López Martineza, J. Téllez-Álvarezb,c, J. Pascual-Pañacb, M.À. 

Cugueró-Escofetb 

aDepartamento de Servei de Control d’Abocaments, Consorci Besòs Tordera, Avinguda Sant Julià 

241, 08403, Granollers, Barcelona (Spain) 
bDepartamento de Recerca, Desenvolupament i Investigació, Consorci Besòs Tordera, Avinguda 

Sant Julià 241, 08403, Granollers, Barcelona (Spain) 
cDepartamento de Ingenieria Civil y Ambiental, Escuela Técnica Superior de Ingenieros de 

Caminos, Canales y Puertos de Barcelona, Universitat Politècncia de Catalunya (UPC), Calle Jordi 

Girona 1-3, 08034, Barcelona (Spain) 

*bsaenz@besos-tordera.cat 

Consorci Besòs Tordera (CBT) is a Public Administration based in Catalonia, conformed by a 

cluster of 64 councils with a high industrial activity (around 5,000 industries) besides a high-density 

population (around 500,000 inhabitants) managing 24 Waste Water Treatment Plants (WWTP), 52 

Waste Water Pumping Stations (WWPS) and 330 km of sewers networks. 

The characterization and monitoring of the qualitative and quantitative characteristics of 

wastewater in sewer networks has a threefold purpose: the optimization of the industrial discharges 

control management, the anticipation of the polluting discharges to the WWTP and the determination 

of the quality of outfalls points of the sewer network. 

CBT is promoting the development of a methodology that allows a more effective public 

resource management whilst ensuring the attainment of valuable data to remove or minimize the 

impact of the main polluting areas to the environment. 

CARXA consists on the online monitoring of the wastewater effluents and the development of 

tools to validate the data provided to properly characterize the waste water effluents. The insight 

provided will interact with other projects in calibration and validations of the sewer network 

modelling, in the regulatory compliance of the Royal Decree 1290/2012 for the regulation of the 

quantity and the quality of the outfalls points (Ministry of Agriculture, Food and Environment, 2012, 

Malgrat et al. 2015), in a smart monitor of the outfalls points, and in the development of a data 

processing model. 

The first stage of the project has been the selection of the WWTP. Three locations have been 

selected taking into account the number of equivalent inhabitants, the daily inlet flow and the 

industrial influence of the inlet effluents. Therefore, Table 1 resume locations and characteristics of 

each location. 

Table 1. # of Inhabitants equivalent, daily inlet flow and # of Industrial companies connected to the 

WWTP. 

WWTP 
# of Inhabitants 

Equivalent (IE) 

Daily inlet flow 

(m
3

/day) 
# of Industries 

Montornès del Vallès 206,000 40,000 856 industries 

La Llagosta 358,000 43,000 1,319 industries 

Granollers 43,000 30,000 885 industries 

Hereunder the next step has been the choice of the parameters to be monitored in real time, the 

equipment selection and the installation. Therefore, the most important condition to consider was 

reagent-free equipment with the highest possible reliability. So, after studying available market 

solutions, pH, conductivity, Suspended solids and COD (Only in Montornès del Vallès WWTP) 

sensors have been chosen. 
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The CARXA station has been placed in the inlet of the selected WWTP. The configuration of 

the installation consists on a pumping station for the wastewater to a decanter where the sensors are 

located. The controller sends the real time monitoring data to the WWTP Supervisory Control and 

Data Acquisition (SCADA). Each CARXA station gather between 288 and 1,440 data/day for each 

sensor installed. These data are available on-line in the WWTP SCADA. 

 

   

A) B) C) 

Figure 1. A) CARXA station of Montornès del Vallès WWTP. B) La Llagosta WWTP SCADA 

C) Sewer network of Montornès del Vallès WWTP. 

Method validation relies on the comparison of the on-line results with laboratory analytics.Once 

the method is validated, a data processing model has to be developed in order to provide valuable 

information on the temporal and spatial variations of the measurements, the quality of the data and the 

status and warnings of the equipment (Cugueró-Escofet et al., 2016). All this line of work will allow 

CBT to characterize the pollution hot points of the sewer network. The following figure resumes 

Carxa project 

Figure 2. Carxa project diagram 

Challenges: 

• Boost a disruptive way to control the sanitation systems by improving the efficient 

management of resources in a Public Administration 

• Develop models that provides valuable information regarding the qualitative characteristics 

of the wastewater effluent. 

• Implement a model capable of adapting the methodology to other sanitation or reclamation 

water frameworks. 
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Nowadays, the need of resource recovery and waste valorisation in the context of the circular 

economy paradigm has generated the need to search solutions to these global challenges. The 

applicability of these solutions, due to their innovative and disruptive nature, is limited by many 

barriers of different types –e.g. technical, legal, social, financial or political–, impending their 

implementation process and increasing the complexity of the decision-making and asset management 

(Ritzén and Sandström, 2017). 

The present work is focused on wastewater treatment sector, which plays a relevant role in this 

paradigm shift, especially in the waste management and resource and energy recovery strategies 

associated to sewage sludge. Thereafter, the objective here is to provide a tool to enhance 

implementation of circular economy solutions in the sewage sludge management sector. 

As for any complex, interdisciplinary problem, Industry 4.0 related techniques are synergistic 

with circular economy implementation (Pagoropoulos et al, 2017); moreover, it has been 

demonstrated that in order to achieve sustainable management models it is required valorisation of 

information through design and monitoring of indicators and the use of techniques of data science to 

extract knowledge from process data (Gonzalo-Rodriguez, 2013)(Herniques and Catarino, 2017). So, 

in order to tackle this challenge, a toolbox using a visual programming language is designed with the 

aim to assess costs, impacts, risks, opportunities and input-output characterization for a representative 

set of available state of the art resource recovery technologies (both conventional and innovative). 

Besides, the toolbox considers configurations and associated logistics or synergies amongst 

processes, including external local wastes for synergistic valorisation strategies (e.g. co-digestion or 

co- combustion). 

This tool uses about 20 different monitored variables of the actual process, collected from both 

daily and on-line measurements from WWTPs, and calculates about 30 proposed Key Performance 

Indexes (KPIs), grouped into five different categories, and their evolution in time. These KPIs are 

calculated for each scenario, which is created by transformation of the input data according to the 

technology and process configuration. An array of scenarios (different technology and process 

configurations) are performed and calculated for each WWTP under study. 

In order to achieve this, knwoledge management is paramount to provide all the necessary 

information for representing the technologies and their impacts on the different data and indexes. 

Here, it is carried a standard literature review of state of the art of technologies and an exercise of 

benchmarking waste valorisation initiatives. Besides, interviews and data collection from experts for 

the most complex processes is also performed. The information extracted from this knowledge 

management process is used to create a library of processes, which will be used to build the different 

scenarios which can be obtained from the combination of these processes and technologies. 

The case-study where this tool will be tested is comprised by 23 WWTPs managed by Consorci 

Besòs Tordera (CBT), a local water administration composed of 64 municipalities in four different 

regions of Catalonia (Spain) with a population of about 470.000 inhabitants. The area covered by 

these WWTPs is featured by a contrast of high anthropic pressure (both urban and industrial) with 

rural areas. In order to face increasing barriers to management of the sewage sludge, the local water 
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administration is looking for an holistic waste management strategy, considering all the WWTPs and 

their territorial features. 

The designed tool will be applied to this case-study in order to assess for the optimum waste 

management strategies, under the framework of circular economy approach through maximising 

valorisation of sewage sludge. 

 

Figure 1. Concept of the tool for the enhancement of the implementation process of waste 

valorisation technologies. 
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Albufera lake is one of the most important natural areas of Valencia Region, Spain. Despite 

this, water quality has been deteriorated considerably since 1970’s, reaching a hypretrophic status as 

a result of urban, industrial and agricultural diffuse pollution. It is the responsibility of the competent 

authority of the lake to get a good ecological status of water bodies, as required the EU Water 

Framework Directive [WFD]. For this reason, there are essential tasks to study the inflow waters, 

both in quality and availability in a water scarcity context, and to develop tools that helps going to 

WFD targets. 

An isolated analysis of water quality limits the action measures that can be proposed. Thus, an 

integrated evaluation combining water management and water quality models would be desirable 

(Paredes-Arquiola et al. 2016). The use of a water allocation and a water quality model, integrated in 

the same platform, facilitates the transfer of results and allows interactive simulations, which are 

useful to perform scenario analysis (Momblanch et al. 2015). 

Climate change impact assessment has become a universal concern and attracted more 

attentions all over the world. The climate change has an increasingly serious impact on water 

resources and grain production (Lu et al. 2019). 

For the simulation of scenarios and the analysis of the results, the Humecal tool has been used, 

which is a deterministic model process based, solving mass balance equation considering each wetland 

cell as a complete mixed reactor system (Belda 2013, 2015). The water quality model has been 

calibrated. The observed points and simulated series were very similar, and thus the water quality 

model was considered valid to conduct the proposed scenario simulation and management analysis. 

The calibration of the water quality model consisted of adjusting the parameters, which control the 

physical, chemical and biological processes causing variations in the concentrations of the considered 

compounds. 

The results show the concentrations of the main constituents under different conditions. 

Chlorophyll a has been studied in detail as it is an indicator of the level of eutrophication and one of 

the main problems facing the lake. Another aspect considered is conductivity since it is an indication 

of the salinity of the lake and the reduction of freshwater inputs and an increase in evaporation. 

The use of decision support systems is essential to provide decision makers with the necessary tools 

for optimum management. The effect of climate change may irreversibly affect wetlands, so certain 

measures need to be implemented as soon as possible. 
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Figure 1. Material balances in the water quality mathematically model and their interrelationships in 

Humecal (Belda 2013, 2015). 

 
Figure 2. Calibration of the chlorophyll a in the Albufera lake with the Humecal model. 
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The digital transformation and the application of tools based on Internet of Thing (IoT), Big 

Data and Data Analytics have had a significant impact upon all the industrial sectors, including the 

water industry overall and the hydraulic modeling of the water supply systems in particular. The 

deployment of these new technologies adds an extra step to the hydraulic models and simulations in 

terms of accuracy and reality approximation. They become a more practical and efficient component 

for the management of drinking water networks. 

Thus, in the recent years, there has been a migration from hydraulic models using standardised 

data to a “Digital Twin” which input is composed by thousands of data registered every minute in 

sensors placed in the network. Before, some data was sometimes verified with field data but nowadays 

the amount of information received feeds the hydraulic models to the point that they faithfully 

represent the real performance of the system. 

According to this, Global Omnium is focusing firmly on the sensorisation of the water supply 

network as a key for an efficient management. A real case scenario can be found in the water supply 

network of Sagunto municipality (Valencia) which feeds 66.000 inhabitants. The network, which 

pipes length is around 400 km, contains 45 hydraulic sectors and 40.084 registered water meters that 

send data every minute. Each sector is equipped with a meter and a digital register. In addition, more 

or less the same happens with the information received from the network pressure data, deposit levels, 

pumping stations, regulation valves, turbines, etc. This wide level of sensorisation allows knowing 

how, when and where water is consumed. In total figures, every year it is managed more than 20.800 

million of data for just an only supply system. Therefore, nowadays there is a big amount of 

information available which needs to be used in order to create and validate the hydraulic models. 

Nevertheless, the gross data does not have value itself, consequently it is fundamental to have 

tools for its filtering, analysis and connection with the hydraulic model in a quick and efficient 

manner. In this way, algorithms have been developed by GO which allow the big data processing in 

order to exploit them in the hydraulic models developed with Infoworks WS Pro. Some examples 

could be the calculation and allocation to each individual supply pipeline of the customer 

consumption curves, the real consumption load per customer, etc. Overall, the level of detail obtained 

in the data loading and calibration of current models allow to carry out simulations that provide more 

reliable results to detect the system vulnerability. For instance, among other factors, these results 

could be the geolocalisation of leaks in the network and the quantification of the water loss, hydraulic 

functionality of the pipes, etc. 

Therefore, it can be confirmed that the new hydraulic models not only increase the accuracy of 

the simulation results but also they have become an effective tool which strengthen the specialists 

productivity. Technicians do not invest more time in making the model, but they focus on what really 

matters: analysis of results and decision making in order to improve the system. 
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Figure 1. Implementation diagram of the new technologies in hydraulic modeling 

The implementation of these new technologies based on Big Data and Data Analysis of 

hydraulic models results in the development of more reliable and accurate simulation models. They 

become very useful to the service manager adapted to every need of the study. 

On the one hand, thanks to the simulation in normal service conditions, it is possible to study 

the performance of the network facing planned manoeuvres and prevent possible adverse effects. 

Likewise, it is possible to predict the performance of the network in a potential emergency situation 

where the response time is critical and consequences could be disastrous. 

In the same way, it is possible to carry out specific simulations that allow to, for instance, analyse 

the leaking flow in the network and study the affection of a pressure reduction in the supply. It could 

also permit to carry out a leak localisation analysis and thus, define the more vulnerable areas and 

implement certain corrective measures. 

Furthermore, they contribute in the decision making process when managing and renovating 

the asset, specially through a critical analysis in the network pipeline. Also, thanks to the water quality 

simulations, they help determine corrective measures related to the improvement of the required water 

properties for human consumption. Finally, it is essential to be able to do sustainability analysis where 

it is possible to calculate the equivalent CO2 emissions or assess the potential of energy generation 

though the installation of turbines. 

Ultimately, the mathematical models are key in the current management of supply networks. 

They also contribute significantly to the decision making process. In this sense, there is a clear interest 

to help to the improvement and refinement of the models. 
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One of the major problems to design and implement control/supervision systems for a process 

lies in the need to establish an ad-hoc system for each sanitation installation —in the context of this 

work, Waste Water Treatment Plants (WWTP). Despite WWTPs have similarities to some extent, 

they have features e.g. plant capacity, instrumentation, layout which are characteristic of each plant 

that must be taken into account in the process control system design. This involves huge amounts of 

time and resources from design stages to maintenance, including implementation and start-up phases. 

Taking into account the emerging concepts like Big Data and Industry 4.0, this work proposes 

the development of a general framework to automate the building of Intelligent Process Control 

Systems (IPCS) based on data and visual workflows. Regarding the water sector, Water 4.0 

technologies are not as mature as in other sectors, e.g. automobile industry, so its implementation is 

an existing and future challenge. This approach is especially relevant in the present context, in which 

the volume of process monitored data –generally in real time– is increasingly, due to the sensors cost 

reduction and technology improvement, as well as the increase of computational capabilities and the 

emergence of new techniques to process all these data. The strategy to be followed resides in the 

integration of monitoring and control systems e.g. Intelligent Decision Support Systems (IDSS) 

guaranteeing a smooth and standard communication between the data and all the processes. In order 

to succeed on this goal several key issues should be properly addressed. As pointed out in 

(Gourbesville, 2016), several technical challenges are still to be tackled in order to achieve real 

integration and functional interoperability, needing further efforts in order to reach maturity, 

particularly in the definition of standards for managing workflows among various applications and 

models, in order to produce real time information useful for decision makers. The lack of 

interoperability standards in water management of Information and Communication Technology 

(ICT) systems is also pointed out in (Robles et. al., 2014), jeopardizing proper monitoring, control 

and overall efficiency of water management and preventing their evolution and improvements e.g. 

the adoption of Internet of Things (IoT) paradigm. The need for standards in the management of water 

infrastructures is mentioned in (Di Biccari et. al., 2018) as an essential step for a fully integrated 

management and for reaching efficient levels of interoperability and communication. 

To tackle the problem presented and considering the challenges described, the framework 

proposed here will allow the user to specify the design and control of a concrete process using a 

graphical workflow environment based on three-layer architecture: 

1. First layer, a comprehensive data science flow description layer (dataflow layer) to 

produce/discover data-driven models from historical process data. 

2. Second layer, a flowchart of the different components of the process (process design flow 

layer) and a Graphical User Interface (GUI) 

3. Third layer, the on-line IPCS (process control flow layer), where the different data-driven 

models, expert-based models and intelligent reasoning methods interoperate to supervise the 

process and generate control set-points for the local controllers in the plant.  
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The data science flow layer consists of two stages: first, a data pre-processing stage, where the 

quality of the used data is checked in order to be further used; second, a data-mining stage for data-

driven model discovery. Quality of the data is a basal problem for data-driven methods, thus, low 

quality problems (e.g. missing or out of range values or abnormal behaviours due to faulty sensors) 

should be addressed. Hence, use of data mining methods can be applied to find relations among 

variables, behavioural patterns and so on to obtain valid models that can be used to control and 

supervise the process. Models considered at the current stage of the project are case-based models 

and rule-based models. In the Process Design flow layer (Layer 2) the layout of the plant is designed, 

including all processes to be supervised or controlled and the corresponding signals, as well as Key 

Performance Indicators (KPIs) for decision support. Finally, the workflow designed in Layer 3 is used 

to supervise and control the plant designed in Layer 2, using the models obtained in Layer 1. To this 

aim, and according to the models obtained in Layer 1, the combination of case-based reasoning and 

rule-based reasoning methods is proposed. On the one hand, the case-based reasoning (Richter & 

Weber, 2013; Aamodt & Plaza, 1994) systems try to solve a problem reusing the previous solution 

given in the past to a similar problem. On the other hand, rule-based reasoning methods (Jackson, 

1999) codify the knowledge acquired by experts in different rules to solve the problem. Figure 1 

shows an example of visual workflows that can be generated for each layer. As a result, the user can 

generate automatically the IPCS that fits the needs of the considered plant taking into account first, 

the plant layout, and then the available historical data and expert knowledge. 

 
Figure 1. Proposed three layer-based framework architecture 
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P07 New drinking water pipeline renewal system with infusion and vacuum technology 

F. Robles 

Grupo Navec 

In the bet of a circular economy to conserve, maintain and lengthen the value of water 

distribution and supply networks, infusion and vacuum technology used for on-site pipe 

manufacturing by means of carbon fiber is a safe, reliable and effective alternative for all of those 

pipelines, whose repair is a major challenge due to the complexity of action by traditional means. 

Excavations, interference with other services and social pressure exerted by excessive traffic cuts and 

supplies, are adversities that demand a cultural and strategic change towards the implementation of 

these innovative solutions, which are already a reality. 

The growth of cities, in extent and population, has led to significant increases in the level of 

operation of water networks, designed and built tens of years ago. This situation implies a progressive 

increase in the risk associated with the emergence of new pathologies, as well as their rate of 

deterioration; aggravating that, in addition to the above complexities, in many cases hinders the 

protocols of action. The piping overhaul system with infusion and vacuum technology allows 

restoring lost structural integrity, providing the mechanical properties required at any point of the 

pipeline without the problems mentioned above: without excavations, without interference with other 

facilities and services and without traffic and supplies disruption. 

 

Figure 1. Infusion and vacuum system in a drinking water distribution pipe DN1600. 

Depending on the condition and base material of the original pipe, it can be considered as a lost 

mold, in the outside or in the inside, without contributing to resist all of the loads. In addition, its 

structural capacity to withstand flow rates and pressures greater than the original design can be 

increased without modifying the infrastructure, extending the service life of the existing pipelines 

without total replacements or dismantling, while improving their transport capacity. 

The system consists of manufacturing a carbon fiber pipe on site by infusing a high- strength 

epoxy resin and subsequent vacuum pressure consolidation applied until the end of the polymerization 

cycle. The resulting whole, homogeneous throughout the entire surface, solves the deficiencies and 

uncertainties generated by manual applications derived from human factor, such as lack of 

impregnation or excess resin, air occlusions, delamination, lack of compaction between fiber layers, 

insufficient adhesion to the substrate or poor adaptation to existing geometry. Only the amount of 

resin required is absorbed based on the weight used in the carbon fiber, obtaining the optimal 

mechanical properties gotten in the calculation hypotheses. 
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Figure 2. Resulting set of carbon fiber and epoxy matrix after the system is removed. 

To understand the way of working of the resulting carbon fiber set, from now on laminate, in a 

pipeline, structure or equipment, it is necessary to understand the contribution of the different 

elements that make it up and how it is processed. A laminate is a two-phase material composed of at 

least two elements that work together, specifically manufactured to improve the properties that the 

constituent materials present separately. It is formed by reinforcement, fibers, which support 

mechanical stresses providing stiffness and strength, and a matrix, polymer resin, which brings 

geometry and cohesion to the composite material and transmits the loads from one fiber to another. 

The main peculiarity of a laminate is the anisotropy, in other words, its mechanical properties depend 

on the orientation of the reinforcing fibers. 

Both the resulting mechanical properties and the homogeneity of the final parameters depend 

mainly on the process used in obtaining the laminate. In the case of pressurized water conductions, 

the reliability of the laminate on site can only be ensured when it is manufactured by infusion and 

vacuum technology. The process generates a negative pressure through a tubular vacuum bag that 

closes the regulation and control system on the resulting assembly, connected to a vacuum pump, and 

it is maintained from the phase of resin introduction into the fiber, called infusion, until the end of the 

curing phase. 
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Activated carbon is produced from carbonaceous source materials by a complex 

physicochemical process. It is extensively used as a high adsorptive product for purification, 

deodorization, and decolorization in the chemical industry and in drinking water treatment plants. In 

2017, the global activated carbon market accounted for $4 billion and is expected to reach $14.21 

billion by 2026. 

Due to continuous usage, the pores of the activated carbon become progressively saturated and 

inactive. Current solutions and management practices such as waste disposal, incineration or thermal 

regeneration involve off-site service, high energy input and carbon losses with significant 

environmental and economic impacts. In this sense, PORTABLECRAC (Portable Solution for the 

Electrochemical Regeneration of Activated Carbon) proposes a novel alternative: the use of 

electrochemistry technology to regenerate exhausted activated carbon in-situ. An electric potential 

difference is applied between two electrodes in a compartment filled with exhausted activated carbon 

and electrolyte. As a result, the equilibrium between the adsorbed substances and the carbon pores is 

modified causing the detachment of these substances and therefore the recovery of the original carbon 

properties. The electrolyte receives the contaminants and progressively increases its concentration as 

it gets recirculated. 

The initiative PORTABLECRAC belongs to the European Union´s Horizon 2020 Research and 

Innovation Programme. It has a total cost of 2.8M € and a duration of 36 months. The consortium 

consists of 5 organisations and 2 universities from 3 different European countries. The project is 

structured in three different packages which involve: the adaptation of current assets, design and later 

fabrication of prototypes for the electrochemical regeneration; the investigation of the most 

appropriate treatment for the end-waste generated in the process; and finally, the development of 

prototype demos along with a technical and economical validation in order to access the market.  

At the moment, there are not portable solutions available to provide with a regeneration service. 

Therefore, the main focus will fall on the creation of compact and portable devices which will adapt 

to the customer´s regeneration needs and will significantly improve the operational flexibility at a 

lower cost compared to current practices. Overall, PORTABLECRAC provides a successful business 

case to reduce overseas imports, energy inputs and greenhouse gas emissions across key industries in 

Europe. 

Regarding the regeneration performance, it has been demonstrated that the carbon porosity and 

its adsorption properties can be recovered up to 85% after 4 hours of electrochemical treatment. The 

following chart (Figure 1) shows the adsorption velocity against the relative pressure. As it is shown, 

the adsorption velocity is partially recovered during the regeneration process obtaining the best 

performance after 4 hours of treatment. 
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Figure 1. Langmuir adsorption isotherms 

Additionally, Figure 2. shows the volume of pore recovered versus its size. Considering that 

micropores are smaller than 2 nm, their volume is recovered significantly after 3 hours of treatment. 

 

Figure 2. Pore size distribution 

Concerning the increase of pollutants in the electrolyte and its disposal, there are some methods 

that are able to reduce the inorganic and organic load enabling the reuse of the electrolyte. 

Neutralisation and precipitation with hydroxides or carbonates of sodium and calcium are a 

straightforward treatment which gives a suitable aqueous stream to be either reused or discharged 

correctly. 

It is expected that this novel technology constitutes a 90% reduction in CO2 emissions compared 

to the acquisition of pristine activated carbon and a 75% reduction with respect to the thermal 

regeneration. Finally, it is foreseen that PORTABLECRAC leads to the creation of a new production 

line resulting in new jobs which will support the development of a circular economy. 
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P09 Advanced water treatment in the maritime industry: a focus on disinfection purposes 
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Despite the developments in the transport industry, seaborne trade is currently the main way of 

freight. More than 80% of international trade is transported by the world's oceans. Since 1970, marine 

traffic has increased at an average rate of 2.1% per year, surpassing 10 billion tons of cargo in 2015 

(UNCTAD, 2017). In parallel, cruise tourism has experienced significant growth in recent years both 

in the size of its ships and in the number of transported passengers. The number of vessels in the 

world fleet has also experienced substantial growth with at least five new cruise vessels built every 

year in the last decade. In 2015, the total population of cruise ship passengers worldwide was 

estimated at 23 million, with growth expectations for 2020 to 28 million passengers (Vicente-Cera et 

al., 2019). 

Accordingly, maritime transport faces some environmental challenges, such as energy 

efficiency or the control of emissions associated with the use of fossil fuels. Nevertheless, still an 

emerging challenge is associated with the huge volumes of water needed to ensure the safe and 

efficient functioning of navigation, which requires proper water management on the ship (Hess-Erga 

et al., 2019; Vicente-Cera et al., 2019). To date, at the impulse of different legal regulations, a parceled 

control is being carried out, that refer separately to the different types of water: ballast water, 

wastewater, drinking water, etc. On the other hand, the appearance of advanced technologies in the 

treatment of water (that can adapt efficiently and compactly) might be capable of being used 

successfully on ships. 

In this work, results obtained from our group related to the characterization of different water 

streams on vessels (Vicente-Cera et al., 2019) will be presented. Also in the application of advanced 

technologies, mainly based on the so-called Advanced Oxidation Processes (AOPs) as tertiary 

treatment (Moreno-Andrés et al., 2017). In this sense, a special focus will be given to disinfection 

purposes and in the potential to reuse some of the treated currents, minimizing discharges and their 

environmental impact. 
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The generation of residues in oil refineries is becoming a major environmental problem. These 

heterogeneous residues are mainly wastewater and oily waste coming from a wide spectrum of oil 

treatment units (Jafarinejad, 2017). Currently, the wastewater and the oily waste are treated separately 

(Jafarinejad, 2017). Due to their hazardous composition, it is necessary to develop efficient 

methodologies to treat these residues within the framework of resource recovery. This study proposes 

an integral platform to treat both the oily waste and wastewater coming from oil refineries. A 

hydrolysis stage solubilizes the sludge, which is furtherly used for increasing the organic composition 

of the wastewater to promote the synthesis of polyhydroxyalkanoates (PHA) by a purple phototrophic 

bacteria (PPB)-based treatment (Fradinho et al., 2019). 

Wastewater and oily waste samples were obtained from a petroleum refinery located near 

Madrid (Spain) after API primary oil water gravity separators. Thermal hydrolysis (TH) was applied 

to the oily waste at temperatures of 175 and 200 ºC and 15, 30 and 60 min reaction times. The liquid 

fractions of hydrolysates were mixed with wastewater and biodegradability batch tests were 

performed over the mixture using an active PPB inoculum at optimal growth conditions (Ormerod et 

al., 1961). 

Fig. 1a shows that the COD solubilization increased with hydrolysis temperature. The TH also 

partially released macronutrients (N and P) that might increase the biodegradability of the wastewater. 

Fig.1b. shows biomass yields and specific activity values up to 40% and 52%, respectively, with 

respect to an optimum control, demonstrating the biodegradability of the organics released during the 

TH process. Nevertheless, higher values of biomass yield coupled with lower phototrophic activities 

at 175º C suggests the evolution of non-phototrophic microbial communities better adapted to the 

substrate. 

Future work will involve the optimization of the pretreatment conditions for maximizing the 

solubilization and biodegradability of organics and nutrients. In addition, the adaptation of the 

phototrophic biomass will increase the biodegradability of the wastewater and the potential production 

of high value-added compounds as PHAs. 
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Figure 1. Concentration of soluble COD, ammonia and phosphate of oily sludge liquid fraction before 

and after hydrothermal treatment at different times and temperatures  

 

Figure 2. Specific activity (○) and Biomass yield (●) of the treatment with PPBs of refinery 

wastewater and hydrolysis liquid phases obtained at different times and temperatures 
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Introduction 

At the south of the Iberian Peninsula droughts have been increasing during the last years having 

an impact on daily life people, decreasing the economic activity of the area avoiding their 

development and growth. 

As a result, different technologies have appeared during the last years in order to solve that 

deficit. One of these methods is called desalination. 

When the conventional resources do not supply enough quantity or quality the use of desalination 

makes sense. Therefore, the desalination technology is in a mature stage and in many places the only 

source to obtain water. 

Method 

The possible uses of a desalination plant are mostly three: Obtaining drinking water from 

seawater, improve of the quality of brackish water such as elimination of hardness, nitrates and others 

and providing a guarantee for supplying water to the people in large periods of drought. 

The desalination processes are very diverse. We can find thermal processes, ion exchange, 

physical and biological methods and finally adsorption processes such as reverse osmosis or electro 

dialysis. 

The desalination process, both for seawater or brackish water, more widespread is the reverse 

osmosis. The osmosis is a natural phenomenon in which water passes through a semipermeable 

membrane from a less concentrated solution to a more concentrated one. With that knowledge the 

reverse osmosis forced water to pass through a semipermeable membrane, from a more concentrated 

solution to a less concentrated solution using pressure. 

Results 

Economic aspects: the cost of the desalinated water is variable depending on factors such as: the 

type of raw water (seawater or brackish water); the quality of the raw water, the energy to be applied 

on the reverse osmosis, the electric power or the quality of the desalinated water obtained. All of 

these examples could modify the final price of the water. The cost of brackish water may vary between 

0.15-0.4 €/m³ and if it is desalinated water may vary between 0.45-1.5 €/m³. 

Environmental aspects: the environmental sustainability is the balance generated through the 

relationship between society and nature. This implies achieving development results without 

threatening the sources of our natural resources and without compromising those of future 

generations. Based on this, we can assure that a desalination plant does not generate or produce any 

harmful element to the environment. It does not produce gases, the solid residues obtained during the 

pretreatment are treated and finally the brine is discharged not to cause any type of damage to sea life. 

As any other industrial process desalination needs energy to success. People often say that 

desalination needs lots of energy and produce huge amounts of CO2 but it is not true. Desalination 

plants produce CO2 on the energy consumption but it also uses CO2 to remineralize the water after 

de reverse osmosis. 
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Summary 

Desalination is a technology that is being studied and used over the last decades with 

excellent results that allow us to produce sustainable water. It is also a complement to the natural 

sources and should coexist due to the increasing on human population, agricultural sector and 

industry, supported by renewable energy and I+D+i making more accessible and environmentally 

friendly. 
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P12 Dissolved air flotation to remove metals from metallurgy wastewater 
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Mining and metallurgy effluents are considered complex matrixes due to the presence of certain 

compounds of difficult treatment, such as certain metals, refractory organic matter or trace 

compounds. Even though there are conventional treatments, they often entail high costs (both in 

OPEX and CAPEX), and therefore their implementation is often non-viable for industries. Moreover, 

the increase in volume of these type of effluents over the last years, has led to the need of more 

efficient and sustainable processes. The final treated stream may be adequate for water discharge or 

reuse in the industrial process, which may contribute to keep a good ecological status and to circular 

economy respectively. 

The present work, part of the EFLUCOMP Project (cofinanced from FEDER Funds Cataluña 

2014-220 and a timeline from May 2018 to December 2020), studies the removal of metals in 

effluents from metallurgy and mining industries using Dissolved Air Flotation (DAF) technology. The 

water streams to treat, representative of these industries, are characterized for presenting a very acidic 

pH (<0-2.7) and a high concentration of sulphates (40-220g/L). The main metals present in metallurgy 

effluents are aluminium and iron (5-10g/L Al, 50-100mg/L Fe for the selected case studies). Previous 

studies (Lazaridis et al (1992); Polat and Erdogan (2007); Stadilis et al (1989)) based on flotation 

techniques applied to this field reported metal removals among 70-95%, however, further studies are 

required since the efficiency is strongly dependant of several factors like type and doses of chemicals, 

pH, airflow injected and concentration and type of metals, which can inhibit or foster the flotation of 

the desired metal. 

The flotation techniques selected for this aim are precipitate and ion flotation, involving 

different types of reagents such as collectors, precipitation agents and foaming agents. In a first stage 

of the project, Jar tests assays have been conducted to set the chemical dosages and to determine 

metals’ removal efficiency for each type of effluent. The results show that selective removal of 

aluminium is possible in the treatment of metallurgy acidic effluent: 74-86% of Al removal with 

precipitate flotation and 73-82% of Al removal with ion flotation for a matrix with 5g/L of Al and 

50mg/L of Fe. This implies a reduction of 20-35% of chemicals’ consumption and up to 28% of 

reagents costs compared to conventional treatment. 

Regarding the more complex metallurgy effluent (7.5g/L Al, 100 mg/L Fe, pH<0 and 135 g/L of 

sulphates), to test the sturdiness of the method and the limits of the technique, satisfactory results were 

also obtained: 70-73% of Al removal and up to 30% of reagents costs reduction. However, some of 

the reagents tested did not work properly under this complex matrix, showing the need to adapt the 

treatment_and specially the chemicals_ for each type of effluent. 

In a second phase of the project, the results obtained are to be validated at pilot scale. The 

operation of this pilot plant will allow not only optimizing operational variables but also 

characterizing the operation from a hydraulic and quality point of view. 

Results obtained in this work show the potential of precipitate and ion flotation for the selective 

removal of Al present in metallurgy effluents, reaching removal values of 70-82% under the 

conditions tested. This represents a reduction in reagents and costs, increasing the sustainability and 

competitiveness of the process. Moreover, selective flotation of metals may enable the recovery of 

an added value resource of the process, which can be reused again, encompassing further benefits for 

the industry. Further details and results will be presented in the congress. 
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Introduction 

Fruit and vegetable processing (FVP) industry is one of the largest industrial sectors in Europe, 

and its activities include the preparation, preservation, canning, freezing and drying of fresh FV and 

the manufacture of juices.  

When fruits and vegetables are cleaned and processed, their residues are transferred to water 

both in solid and dissolved form. These effluents contain high organic and nutrient loads. Currently, 

the aerobic digestion is the pre-treatment system used in the FVP industry effluents and then it is sent 

to a municipal treatment plant. However, this on-site treatment generates large amounts of sludge that 

must be managed as waste. This dumping of sludge has clear negative environmental aspects. 

The new treatment system developed under the LIFE ALGAECAN project will demonstrate 

the feasibility of an innovative in-situ treatment process for FVP effluents, which addresses the 

environmental problems associated with its current management using heterotrophic microalgae as 

treatment technology. This way, a purified liquid effluent will be obtained which can be used as 

irrigation water or for cleaning equipment or installations, and a semi-solid stream of microalgae, 

which, after concentration using spray drying technology, can serve as raw material for the production 

of biofertilisers, animal feed, bioplastics, etc. In addition, the energy used in the process is 100% from 

renewable energy. 

Methodology 

The treatment system prototype is composed of three main steps: 1) a two-phase microalgae 

growing system, which consumes the organic matter and nutrients contained in the effluent; 2) a 

separation step to recover the clean water (that will comply with reuse standards), and; 3) a drying 

step to recover the dry microalgae (sub-product).  

This system is placed in two containers with solar panels that provide energy to the whole 

system. In case that there is not enough solar radiation, this technology will be supported by energy 

from biomass.  

Preliminary Results 

An initial characterisation of the wastewater has been carried out in the facilities where the 

demonstration plant is going to be installed (HUERCASA in Spain and VIPI in Slovenia). 

Physical-chemical (pH, conductivity, COD, BOD5, TOC, total and volatile solids, pesticides, 

heavy metals, sulphates, phosphates, total nitrogen, soluble and its mineral forms) and 

microbiological (toxicity, E. coli, Salmonella sp.) analyses were performed on each of the samples 

taken. The results show that microalgae can be used for the treatment of this kind of effluents. 

Once the wastewater had been characterised, Algen (AlgEn, algal technology centre in 
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Slovenia) proceeded to select the appropriate heterotrophic microalgae for the treatment, firstly, 

searching for microalgae adapted to cultivation in the dark in commercial culture collections and 

finally searching among those cited in scientific publications. Among those cited were the following 

species of microalgae: Chlorella vulgaris (Doucha & Livansky 2011), Chlorella protothecoides (Marti 

2013), Chlorella sorokiniana (Ramsundar 2017), and Chlorella sp. (Agwa et al. 2012, Bouyam et al. 

2017). 

In the literature, some successful heterotrophic culturing in the wastewater can be found, but 

with pre-treated (diluted and sterilised, sometimes even with added antibiotics) or artificially prepared 

wastewater, so the results obtained cannot be used as a reference for this project which aims to use 

wastewater without any type of pre-treatment. Finally, tests were carried out with Chlorella sp. 

microalgae and a mixture of microalgae from algal pond installation for treating the biogas plant 

digestate used in the AlgaeBioGas project (AlgaeBioGas.eu). 

The laboratory tests consisted of growing the microalgae in the dark for 6 days in a pure culture, 

and after this time put them in contact with the FVP wastewater. As a result, a large contamination of 

the medium by bacteria was obtained. It was decided to cultivate the inoculum under autotrophic 

conditions before bringing it into contact with wastewater under heterotrophic conditions. 

As it turned out, the microalgae mixture harvested nutrients more effectively than Chlorella sp. 

The nutrient uptake was also better if the algae were starved or at least grown in a nutrient poor 

medium before utilized for the wastewater treatment. Additionally, to overcome problems with the 

infections without adding antibiotics, chemicals or other costly approaches, wastewater was 

inoculated with concentrated algae (algal paste) obtained by centrifugation. 

The retention time used for optimal microalgae growth was 3 days, and the temperature at which 

the tests were done was 25ºC.  

The pilot plant operation is treating approximately 2m3 obtaining a final effluent of high quality 

free of pathogens and xenobiotic compounds, which can be reused or discharged into watercourses. 

The levels of COD, Nitrogen and Phosphorus achieved with this treatment complywith the limits 

established by the region where the demonstration plant is installed (HUERCASA in Segovia, Spain). 
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Advanced Oxidation Processes (AOPs) are technologies which have proven to be to tackle organic contaminants, 

such as pharmaceutical active compounds (PhACs) which are discharged from WWTPs [1]. Recently sulfate based AOPs, 

peroxydisulfate (PDS) and peroxymonosulfate (PMS), have been largely investigated as an alternative to OH• based AOPs 

[2]. Further work is crucial to conclude on PDS and PMS efficiencies and their application as tertiary treatments. 

Therefore, the main objective of the current work was dual: to investigate the removal efficiency of PhACs by UV/PDS 

in comparison to UV/PMS in WWTPs effluents, then to upscale these processes for an integrated evaluation at pilot-scale, 

taking into account the operational costs and the environmental footprint. 

Experiments were carried out in a quasi-collimated beam UV apparatus equipped with a 10W low pressure Hg 

UV with monochromatic emission at λmax = 254 nm. In order to investigate the effects of wastewater characteristics as 

the organic matter (EfOM), pH and mineral composition (HCO3
-, Cl-, NO-), several experimental conditions have been 

applied. details regarding the experimental design of PhACs degradation experiments are described in Table 1. Short term 

experiments were conducted for the determination of removal and removal kinetics for UV alone, UV/PDS and UV/PMS 

process at pilot-scale. The pilot-scale installation consisted of a flow-through chamber containing UV lamp with a 

maximum emission peak at 253.7 nm. In order to perform an integrated assessment, in this work, the costs, the energy 

requirements and the potential environmental impacts were calculated. The life cycle assessment (LCA) has been applied 

for the evaluation of the environmental footprints of both processes using the ReCiPe method. 

During experiments carried out in WWTP effluent, the two systems showed similar removals for 4 compounds, 

while UV/PMS performed better than UV/PDS for 4 compounds. Overall, the average kobs value for UV/PMS was 

greater than for UV/PDS (Figure 1). During the experiments performed at higher pH, the mean kobs values increased by 

25% and 15%, respectively for UV/PDS and UV/PMS (Figure 2). SO4
•- undergo to transformation reactions generating 

extra OH•. These newly formed hydroxyl radicals can positively contribute to PhACs degradation. Higher Cl- 

concentration caused average kobs decrease from 2.8 cm2/J to 2.2 cm2/J (Figure 2), even though the average removals 

did not change. Adding NO3
- into the UV-based systems, only improved the kinetics of UV/PMS, increasing from 4.9 

cm2/J to 7.7 cm2/J (Figure 2) with 1 mM and 10 mM, respectively. When bicarbonate concentration was doubled, during 

the UV/PDS system, the mean kobs value increased from 2.84 cm²/J to 16.1 cm2/J, whereas passed from 4.9 cm2/J to 15.4 

cm2/J in the UV/PMS process (Figure 2). These findings are mainly ascribable to the generation of carbonate radical CO3
•-

. In absence of EfOM, both systems achieved high average removals and fast degradation rates (98%, 86% and 6.8 cm2/J 

and 7.8 m2/J for UV/PDS and UV/PMS respectively). 

Photolysis alone was not able to degrade PhACs to a significant extent from WWTP secondary effluent (Figures 

3). The addition of 0.4 mM of PDS or PMS, at the lowest UV fluence value (83 mJ/cm²), tripled the average removal 

obtained with UV alone. Similarly to the case of UV alone, applying 416 mJ/ cm2 instead of 83 mJ/ cm2, resulted in 

increasing average removal from 35% and 36% to 84% and 85%, respectively for UV/PDS and UV/PMS (Figure 3). The 

average Electrical energy per order (EEO: kWh/m3/order) calculated for UV/PDS and UV/PMS is 0.9 kWh/m³/order 

and 0.8 kWh/m³/order, respectively, thus being the latter slightly less efficient in terms of energy. The operating cost of 

the applying UV/PDS, UV/PMS or UV for PhACs removal from WWTP secondary effluent is determined primarily by 

the energy demand of the UV device and the oxidant demand. The overall operational cost of UV/PDS and UV/PMS, based 

on 80% average PhACs removal was 0.14 €/m³ and 0.32 €/m³, respectively. The application of the UV/PDS technology 

to remove PhACs from urban wastewater effluent was associated to an environmental impact mainly caused by production 

of the PDS consumed (52.9%) followed by electricity consumption (33.4%). The scenario changes drastically when PMS 

is used as oxidizing agent. PMS production accounted for 85% of the total impact while the second factor, the electricity, 

was only responsible for the 11.2%. The single-score-endpoint analysis provided by ReCiPe shows the comparison between 

the UV/PDS and UV/PMS studied technologies (Figure 4). This comparison provides further evidences confirming the 

lower sustainability of UV/PMS process compared to UV/PDS, mostly due to the great impact resulting from PMS 

production. Figure 4 shows that the greatest environmental footprint was registered to be on HH with 19.3 MPT for 

UV/PDS and 76.5 MPT for UV/PMS. The remaining two categories, “Resources” and “Ecosystems”, although less 

impacted, confirmed the greater impact of UV/PMS over UV/PDS process. In fact the impact on “Resources” was 

quantified by 55.8 and 15.8 MPT, for UV/PMS and UV/PDS respectively. According to the same trend, the MPT referred 

to “Ecosystems” category were 34.2 and 10.3 respectively for UV/PMS and UV/PDS. 

This work demonstrated that the 254nm UV light activation of PDS and PMS can be applied to WWTP effluents 
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to remove PhACs. Nevertheless, the comprehensive evaluation of these two technologies, showed that both the cost and 

environmental considerations, made UV/PDS more sustainable than UV/PMS process for real applications. 
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1. Introduction 

In spite of the plenty advantages of microalgae-based wastewater treatment processes (Garrido-

Cárdenas et al., 2018), the application of this technology at large-scale is limited mainly due to the 

inefficiency of large-scale microalgae cultivation systems. In this respect, the light efficiency of 

outdoor microalgae cultures rarely achieves values higher than 1.5-2% (Nwoba et al., 2019). This 

photosynthetic efficiency is far from the theoretically maximum, which is around 10% (Romero-

Villegas et al., 2017). There are many factors related to this low efficiency in the use of light such as 

variability of the ambient conditions and nutrient loads, and suboptimal operating and design 

conditions (Viruela et al., 2018), being difficult the simple data analysis and interpretation. The aim 

of this study was to assess (by using partial least squares (PLS) analysis) the key variables of the 

continuous microalgae cultivation process in an outdoor photobioreactor (PBR) which had an 

influence on the photosynthetic efficiency and light availability of the microalgae culture.  

2. Material and methods 

A pilot plant located in Valencia (Spain) was continuously operated. The plant consisted of 

two 235-L PBRs connected to a 14-L membrane tank. The membrane enabled to decouple the 

hydraulic retention time (HRT) from the biomass retention time (BRT). 

Grab samples were collected three times a week, reaching a total of 75 samples. Two PLS 

analysis were carried out, using as responses (Y) the photosynthetic efficiency (PE) and the average 

irradiance of the PBRs (Iav), respectively. 38 variables were considered as predictors of both PLS 

models, including: HRT, BRT, solar irradiance (PAR), temperature (T), pH, optical density at 680 

nm (OD680), volatile suspended solids (VSS), nitrogen and phosphorus loading rate (NLR and PLR), 

ammonium (NH4), nitrite (NO2), nitrate (NO3), total nitrogen (Nt) and phosphorus (P) effluent 

concentrations, nitrogen and phosphorus recovery rates (NRR and PRR), biomass productivity (BP), 

nitrogen recovery efficiency (NRE) and phosphorus recovery efficiency (PRE), nitrification 

inhibition (Nit_inh) and others. 

The photosynthetic efficiency was calculated by the equation shown in Viruela et al. (2018), 

while Iav, which served as a measurement of the light availability of the culture, was calculated as 

explained in Romero-Villegas et al. (2017).  

3. Results 

The PLS model which used PE as predictor presented a goodness of correlation (Q2) for the 

first two components of 72.5%, describing the data variability quite well. Regarding the PLS model 

that used Iav as predictor, the Q2 was moderate: 58.2%.  

The photosynthetic efficiency (PE) is a measurement of the amount of light energy that is 
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actually converted in microalgae biomass (Nwoba et al., 2019). For this, the parameters with the 

highest importance on the projection were BP (which is directly related to PE) and VSS which is an 

indirect measurement of the microalgae biomass concentration (Figure 1a). Solar radiation was also 

important in the variability of PE due to their inverse correlation. The high relative correlation with 

NRE (Figure 1a) suggested that high photosynthetic efficiency is needed to obtain good microalgae 

performance in terms of nitrogen recovery. 

It must be noticed that in a PBR, microalgae cells close to the PBR absorb most of the 

irradiance supplied to the surface, creating a dark zone where photosynthesis is limited (Raeisossadati 

et al., 2019). Iav represents the light intensity supplied to the microalgae culture, as if light was 

uniformly distributed amongst the culture. Results of the PLS showed that OD680 and VSS were the 

factors with the highest importance in the projection (Figure 1b). Biomass concentration increases the 

light attenuation of the PBR, hence reducing Iav. It should be considered that OD680 is an indirect 

measurement not only of the biomass concentration but also of the chlorophyll content of microalgae, 

which also increases light attenuation (Wagner et al., 2018). Other significant value related to Iav was 

found to be BRT, which can be used to adjust biomass concentration, improving light availability 

(Praveen et al., 2019). It must be also highlighted that NRE had a significant influence on Iav in the 

model (Figure 1b), concluding that Iav significantly affected the PBR performance. 

 

Figure 1. Variable Importance in the projection (VIP) of the explicative variables in the PLS model: 

a) photosynthetic efficiency as response; b) average irradiance as response. 
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R. Arnaua, P. Carrataláa, S. Isertea,c, R. Martínez-Cuencaa, J. Rodríguezb, S. Chivaa 

aUniversitat Jaume I, Castellón, Spain 
bKhalifa University of Science and Technology. Masdar Institute, Abu Dhabi, UAE. 

cUniversitat de València, Valencia, Spain 

Traditionally, anaerobic digestion has been used for the reduction of volatile suspended solids 

and mass of concentrated sludge produced in Waste Water Treatment Plants (WWTPs). In recent 

years, anaerobic biological treatment has been widely introduced due to biogas production and low 

energy cost. Furthermore, it has been extended to waste water treatment and other waste streams 

(e.g. agriculture and livestock waste) as different configurations such as Upflow Anaerobic Sludge 

Blanket (UASB) or Anaerobic Membrane Bioreactor (AnMBR). Nevertheless, there are some 

important factors to control in anaerobic treatment such as temperature, pH and inhibitory 

compounds so that the operation of these processes are not as robust as Conventional Activated 

Sludge (CAS). 

The Anaerobic Digestion Model 1 (ADM1) (Batstone et al., 2002) explains the anaerobic 

biological process that takes place during organic degradation in absence of oxygen. It was 

established for the study of completely stirred tank reactors (CSTR) considering biochemical and 

physic-chemical processes. ADM1 predicts the evolution of organic degradation and acidification 

problems. Indeed, it is able to calculate the amount of biogas flow and its composition. 

In practice, these problems are avoided with a correct mixing of the fluid inside the reactor. 

Additionally, agitation is essential to prevent stratification, sedimentation and formation of 

accumulations that inhibit the development of the anaerobic process. These phenomena occur when 

mixing conditions do not produce a homogeneous distribution of temperature, mass transfer or 

influent organic matter throughout the whole vessel. Faulty hydraulic designs typically lead to 

mixing behaviors far from the ideal CSTR and, as consequence CSTR-based models do not provide 

accurate results. 

Considering the great importance of hydrodynamics in these systems, Computational Fluid 

Dynamics (CFD) simulations are expected to be a powerful tool for their analysis and optimization. 

Conventionally, CFDs has been widely used in chemical engineering to improve kinetic 

performance so that it can be used in wastewater sector too. CFD technics provide detailed 

representation on 3D hydrodynamics at a much lower cost than experimentation. In this particular 

application, visualization of fluid velocity vectors, streamlines and particle trajectories through CFD 

code can help the user to understand ADM1 species transport. 

In this work, ADM1 was introduced and verified on an open source CFD package by means 

of comparative simulations and experimental anaerobic experience. To assure the correct 

implementation of the ADM1, two different scenarios were tested in two frameworks: an Excel-

MATLAB structure and a CFD open-source simulation framework (OpenFOAM) called 

ADM1Foam. On the one hand, according to Rodríguez et al., (2009), ADM1 was introduced on the 

Excel-MATLAB framework an both cases were reproduced. On the other hand, Reynolds-Averaged 

Navier Stokes equations were solved with Open-source code OpenFOAM. 3D single incompressible 

Non-Newtonian phase models were set on OpenFOAM package. ADM1 kinetics and pH calculation 

were considered in both structures. pH calculations were solved through charge balance equations 

by Newton-Raphson method as stated in Volcke et al., (2005). 

The first scenario was a 2L lab-scale anaerobic digester that emulates a real case with 
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approximately ideal CSTR hydraulics (Figure 1 a). This experience was reproduced to verify that 

ADM1 can be used on CFD software to reproduce real experiences and predict anaerobic treatment 

performance. The second scenario was a full-scale anaerobic digester where different strategies were 

emulated assessing the organic loading rate (OLR) and the periodicity of this dosage. 

ADM1Foam would help on the knowledge of local species distributions and local anaerobic 

process evolution. The inclusion of ADM1 in a CFD code can be a powerful tool in different 

applications in anaerobic conditions e.g. co-digestion and anaerobic wastewater treatment. Indeed, 

it could be used as a base model for the development of other models including pH calculations such 

as SHARON process and production of alcoholic beverages. 

First scenario concluded that ADM1Foam could reproduce ADM1 species and pH evolution 

in ideal hydraulic conditions (CSTR). Local ADM1 species distribution inside reactor have been 

obtained (Figure 1b) and explained by means of velocity contours. ADM1Foam showed good 

agreement with global experimental results. The second scenario help on drawing some guidelines 

of the dosage of organic material to fulfill the maximum capacity of the full-scale scenario. 

 

 

Figure 1: Real full-scale anaerobic digester at a WWTP: a) Geometry of the first scenario. b and 

c) Monosaccharides (Ssu) distribution in first and second scenario, respectively. d) Methane (Sch4) 

distribution in the second scenario. 
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P17 Risk assessment methodology for water transport networks 
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Water supply systems are essential infrastructures for the provision of sufficient and good-

quality drinking water for all. For this reason, the World Health Organisation has been actively 

working in the last decades on developing specific Guidelines for Drinking-water Quality (e.g. WHO, 

1984; 2011). Along this processs, the potential of implementing water safety plans was highlighted. 

According to the Guidelines for Drinking-water Quality – 3rd Edition (WHO, 2004) a Water Safety 

Plan (WSP) is a »comprehensive risk assessment and risk management approach that encompasses 

all steps in water supply from catchment to consumer«. This reference set up the basis of the approach, 

but it was not until 2009 that a propper guide to their practical application was published (Bartram et 

al., 2009). This has led practitioners and researchers to work on the application of WSPs worldwide. 

For example, Mahmud et al. (2007) have published the benefits and lessons learned from developing 

and implementing WSPs for water supplies in Bangladesh, and other authors have done the same 

with experiences in Germany (Malzer et al., 2010), Japan (Yamada et al., 2010) or South Africa 

(Ncube and Pawandiwa, 2013), among others. Also, other authors have published about specific parts 

of the procedure, such as the risk evaluation of some specific hazards (Smeets et al., 2010) or some 

specific parts of the water supply system, like water treatment plants (Ventura et al., 2019). These 

references illustrate that the implementation of WSPs is a matter of current interest, but they also 

prove that the existing guides are quite open and it is not straightforward for water utilities to 

systematize their application. 

In this work, a risk assessment methodology for Water Transport Networks (WTN) is presented. 

The aim of this contribution is to complement the risk evaluation described in the WSP manual 

(Bartram et al., 2009) for such main arteries, providing intuitive semi- quantitative tools that enhance 

objectivity when assessing probabilities and consequences. In order to enhance objectivity, the 

proposed complementary procedure is in compliance with risk assessment strategies recommended 

by the PMBOK (Project Management Institute, 2013). The methodology can be summarised as 

follows: 

1. Identify the list of hazards that may affect the WTN. To begin with, a list of hazards that 

may take place at pumping stations, tanks and pipelines is provided (Figure 1). 

2. Assign a probability of occurrence to each hazard, for each representative branch in the 

system. Specific tables that take into account different easy-to-obtain variables related to the 

hazard have been developed in this work to support the process, making it easy for any 

operator to apply the methodology. For example, the hazard related to hydraulic transients 

has a table that provides probability depending on the pipe material and age, the operativity 

level of the pipeline, the existence of hydraulic transient control elements (e.g. surge tank, 

air chamber) and the existence of check valves. Such an objective tool would ensure that the 

procedure is applied similarly at all the branches that are to be included in the WSP, and to 

any other WTN. 

3. Assign impact on water quality and impact on provision of service to each hazard, for each 

representative branch in the system. Impact values vary between 0 and 1 and they are 

provided by tables that take into account the specific hazard that is being assessed and the 

percentage of population affected by the branch. 

4. Compute the risk rating for the two identified impacts of each hazard, and select the 

maximum value. 
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Figure 1. Risk assessment methodology for WTNs. 

This method has been developed by students enrolled in the 2018-2019 edition of the module 

»Workshop on Water Engineering«, which is part of the Master (MEng) in Civil Engineering at the 

Ciudad Real School of Civil Engineering (UCLM). Apart from developing this objective 

methodological guide for risk assessment, which complements the current WSP manual, this project 

also included a proposal for consequent prioritization of investments. Such methods were applied to 

Mancomunidad de Campo de Calatrava WTN in Ciudad Real (Spain), proving that the tool can be 

systematically applied to any transport system. This contribution is an intuitive semi-quantitative 

attempt to standarize the risk assessment process required for WSPs and it could serve as inspiration 

for similar approaches in other elements of the water supply chain (e.g. drinking water treatment 

plants, water distribution systems). 
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The LIFE ALCHEMIA project (LIFE16 ENV/ES/000437) faces one of the current challenges 

in the treatment of water for human consumption, such as the presence of natural radioactivity. 

Currently, there is a considerable lack of knowledge on the part of the actors involved in water 

management and it can be stated that, despite the legislation in force (Directive 2013/51/Euratom and 

Royal Decree 140/2003), radioactivity is not a parameter that is being systematically monitored at 

European level. 

This is an environmental problem that cannot be solved at source, since it is generated by the 

dilution of minerals rich in radioactive isotopes in groundwater, mainly by the Uranium (U), Radium 

(Ra) and Thorium (Th) decay series. Therefore, new systems capable of providing a sustainable 

elimination of radioactivity from the point of view of environmental and economic sustainability are 

needed. Reverse osmosis (RO) is the most commonly used treatment for this application; however, 

the carbon footprint of this process is very high and generates large volumes of rejection. The LIFE 

ALCHEMIA project offers an advance on this problem from two points of view. Firstly, with the use 

of treatment systems based on filtering beds that will reduce up to five times the cost of water 

treatment. Secondly, the complete life cycle of the radioactivity will be considered, including the 

management of the waste generated with the objective of minimizing the formation of new materials 

with natural radioactivity (NORM, Naturally Occurring Radioactive Materials). 

The objective of the LIFE ALCHEMIA project is to demonstrate sustainable technologies using 

filter beds to eliminate the natural radioactivity present in groundwater and thus be able to be used 

subsequently for urban uses, always ensuring compliance with the legislation in force. The project is 

being financed by the LIFE Programme of the European Union and its consortium is made up by the 

following entities: CARTIF Technology Centre, Provincial Government of Almeria and Solar Energy 

Research Centre of the University of Almeria (CIESOL) from Spain, and Tallinn University of 

Technology, University of Tartu and Viimsi Vesi Ltd. from Estonia. 

In order to accomplish the objectives of the project, the design and construction of four pilot 

plants have been carried out. Three of them have been installed in Alboloduy, Benizalón and Tahal, 

municipalities of Almeria (Spain) which currently use RO, and another one in Viimsi (Estonia). The 

pilot plants operate with different strategies to prevent the generation of NORM and reduce the 

radionuclides present in the raw water. The pilot plants of Almeria have been installed in series 

between the water catchments and the RO plants in service, being connected by a bypass system 

(figure 1). This system will guarantee the RO treatment of the extracted water from water wells, 

ensuring that the population is supplied with water that complies with the parametric values 

established by the Spanish legislation in force (Royal Decree 140/2003). 
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Figure 1. Detail of the Alchemia pilot plants in Almeria province. 

 

The selected scenarios have different levels of radioactivity, being Alboloduy the municipality 

with the lowest concentration of gross alpha activity, followed by Tahal and Benizalón. The treatment 

capacity of each pilot plant is 10.8 m3/h and they have been designed with the possibility of changing 

the filtration order between their tanks (figure 1), with the purpose of improving the versatility and 

effectiveness during the months of operation as they contain different granular materials specified in 

table 1. 

Table 1. Filling materials selected for each of the pilot plants. 
Pilot plant Filter 1 Filter 2 

Alboloduy Zeolites covered with MnO2 (10%) Natural zeolites 

Benizalón Dolomites covered with MnO2 (15%) Ferric hydroxide 

Tahal Zeolites covered with MnO2 (10%) Zeolites covered with MnO2 (10%) 

In order to prevent the filling material from becoming radioactive waste the dose of reagents is 

possible in all the pipe work, which will make possible to carry out an exhaustive study of the washing 

stage and find out which are the most favourable operating conditions for the regeneration of the filter 

material. 

Washing will be carried out using water from the drinking water municipal reservoir. After its 

use, it will be fully incorporated into the sewage network, where it will finally be treated in the 

corresponding treatment plant. 

Currently, all of the pilot plants are already operational and in the experimental stage to monitor 

the chemical and radioactive parameters. The first sampling of the experimentation phase has recently 

been carried out in Almeria, therefore the results are still not available. This is just the beginning of 

a phase of experimentation that could offer successful results, demonstrating that environmental and 

economic sustainability in treatments against natural radioactivity in groundwater is possible. 
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P19 PVC-O pipes and fittings, the most environmentally friendly solution for water 

transportation 
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1. Introduction 

Among environmental management actions, water management should be based on the guarantee 

of its availability and quality, its efficient management, the enhancement of regeneration and 

reuse formulas, in the creation of new resources, in the modernization of water networks, and in 

the incorporation of new technologies into productive processes. Targets should be set to promote 

savings and improve efficiency in water use, and technology transfer to the pipeline sector and the 

use of alternative water resources is necessary,- In short, sustainable and environmentally friendly 

water networks must be built. 

Molecular Oriented pipes (Figure 1), are increasingly used in pressure water pipeline works, being 

the current solution of greater efficiency in the management of the hydraulic resources that demand 

the modern infrastructures and those that the best environmental performance present. 

Figure 1. Laminar structure of PVC-O vs amorphous structure of conventional PVC. 

2. Environmental Impact of Oriented PVC pipes 

The environmental impact of a piping system depends on its composition and application thereof. 

The factors determining the efficiency over the entire life cycle of a pipe (Figure 2) are mainly: the 

type of raw material used, the production process, the product finish and its useful life. 

 

Figure 2. PVC-O lifecycle of pipes. 

PVC-O pipes are presented as the most ecological solution due to their better contribution to the 

correct sustainable development of the planet, as it has been demonstrated by different worldwide 

studies, among which we can highlight: Estimación del consumo energético y de la emisión de 

CO2 asociado a la producción, uso y disposición final de tuberías de PVC, PEHD, PP, Fundición 

y Hormigón (Univeristy Politectnic of Catalunya) and the studie PVC-O Environmental Product 

Declaration TEPPFA (The European Plastics Pipes and Fittings Association). 
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3. European Guidelines on the environment 

There are various methodologies both in Europe and globally for the study of the environmental 

impact of a product that give results that are not comparable to each other, and sometimes even 

unreliable, so that the European Commission, gathering all this information at European level, it 

has published Recommendation 179/2013/EC on the calculation of Environmental Footprint (HAP- 

Product Environmental Footprint, PEF), in order to establish common calculation rules for all 

Member States. 

This calculation is based on the study of the product life cycle (Life Cycle Analysis ACV - Life 

Cycle Assessment LCA) according to ISO 14040 and ISO 14044, and in the evaluation of their 

environmental impact on different environmental parameters. 

4. Conclusions 

Thanks to the molecular orientation, PVC-O pipes present advantages applicable to both the 

quality of the product and its mechanical properties, as well as increased installation performance 

and the minimization of energy costs during operation, thus achieving very high cost efficiency in 

the implementation of water networks. 

It should also be noted that PVC-O pipes are the most environmentally friendly solution, presenting 

a significantly lower environmental footprint than other alternative products. This is due both to the 

energy efficiency achieved during manufacture and use, and to the reduced emission of CO2 into the 

atmosphere throughout its life cycle (Figure 2), thus making a smaller contribution to the global 

greenhouse effect and climate change. 
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The use of pesticides in agricultural practices is nowadays still necessary to ensure crop 

protection and thus a sustained food production. These substances, therefore, play an essential role in 

our society. However, pesticides are designed to dissuade, incapacitate or kill living organisms, and 

although as time goes by these are more selective and less persistent, the employment of these kind 

of chemicals always poses risks to humans and other non-target living organisms, especially if the 

environment becomes contaminated with them. A case in point is the presence of neonicotinoid 

insecticides in water compartments. 

Neonicotinoids are a class of insecticides that were designed to substitute other more harmful 

pesticides families such as organophosphorus or carbamates. Several studies conducted in the last 

decade, however, have led to the conclusion that the presence of these compounds in the environment 

–even at trace level– poses serious risks to beneficial insects, as well as potentially affect other wildlife 

and humans in a negative way (Pisa et al., 2015; Gibbons et al., 2015). As a consequence, several 

restrictions are currently being applied to the use of neonicotinoids in agriculture. For instance, all 

outdoor uses of the main compounds of this class have been banned in the European Union (EU) 

(Stokstad, 2018). In addition, the research on occurrence and potential risks of these chemicals in 

water resources as well as on effective solutions for their removal from the aquatic media are further 

encouraged through EU regulations such as Decision 2018/840 and Directive 2013/390. 

One of the most straightforward solutions to attenuate the presence of neonicotinoid insecticides 

–and micropollutants, in general– in water resources is upgrading water and wastewater treatment 

plants (WTP & WWTPs) with proper technologies, as conventional processes are unable of 

effectively removing these chemicals. Among all the available treatments, Advanced Oxidation 

Processes (AOPs) constitute good alternatives, as they are able of chemically destroying the pollutant 

through the action of hydroxyl radicals (•OH), contrarily to other type of processes which separate 

pollutants from water and therefore only move the problem to a different stream or location. 

Some of the most mature and effective AOPs are those employing ozone (O3) alone or in 

combination with hydrogen peroxide (H2O2) or ultraviolet light (UV) with H2O2 (von Gunten, 2018). 

The present work aimed to contribute to the knowledge concerning the attenuation of neonicotinoids 

in water by means of these oxidation processes. Concretely, this study is a fundamental research of 

clothianidin (CLO) degradation by O3 and •OH. CLO is one of the main neonicotinoids and also one 

of the compounds whose employment in EU zone has been restricted. Little is known about their 

removal from water by homogeneous AOPs. Because of this, kinetic, mechanistic and toxicological 

aspects of CLO transformation by ozone and hydroxyl radicals were thoroughly studied by means of 

well stablished methodologies. 

Oxidation of CLO by molecular ozone was revealed to be somewhat slow, although significant 

degradation of the insecticide was observed. Kinetic experiments conducted with excess of ozone 

with respect to the chemical under study clearly pointed out the moderate resistance of this compound 

towards O3 attack. On the contrary, competition kinetics experiments using p-chlorobenzoic acid as 

reference compound and hydrogen peroxide photolysis as source for hydroxyl radicals showed how 

CLO oxidation by •OH is fast, which was justified by the markedly unselective character of •OH and 

thus its ability of reacting with different moieties in the insecticide structure. The kinetic information 
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obtained in both sets of experiments is highly valuable as allows predictions on CLO removal 

efficiency during the application of ozone and •OH-based processes in full-scale applications. 

By combining advanced analytical techniques (Liquid Chromatography coupled to Mass 

Spectrometry, LC-MS), together with a deep knowledge on the main mechanisms of ozone and both 

hydroxyl radical reactions with organic molecules, the major transformation products (TPs) of CLO 

degradation during ozonation could be identified. This allowed the proposal of different degradation 

mechanisms, which in agreement with observations from kinetic experiments were mainly due to 

•OH attack to different sites of the insecticide structure rather than to ozone oxidation. 

Finally, two different approaches were used to assess the ecotoxicity of CLO and its TPs during 

the degradation process: in vitro tests using bioluminescent bacteria Vibrio fischeri and in silico 

measurements using a quantitative structure activity relationship (QSAR) tool. Bioluminescence 

assays in samples containing only CLO showed little toxicity of this neonicotinoid compared to that 

observed for other pesticides, whereas tests of oxidized CLO samples did not yield accurate results 

probably due to the low toxicity of luminescent bacteria to formed TPs. The QSAR approach allowed 

useful estimations of the aquatic ecotoxicity of the different chemical species involved in the CLO 

transformation process over different common aquatic organisms. In this case, some trends could be 

observed for both parent compound and oxidized species. 
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The analysis and monitoring of the riverbanks is fundamental in order to be able to carry out a 

good management of the ecosystems protecting, improving and conserving the ecological state of the 

water bodies (Magide and Oria de Rueda, 2018). In this line, the Water Framework Directive 

(2000/60/CEE) has promoted fluvial restoration and the improvement of ecological status (González 

del Tánago et al., 2012). This directive fostered the environmental awareness of many river managers 

and politicians (Durán et al., 2018). 

To be able to determine and classify the ecological state of a surface water bodies of river 

category, it is necessary to take into account different indicators of the elements of biological, 

hydromorphological and chemical and physicochemical quality. The hydromorphological indicators 

are those that evaluate, on the one hand, the difference between the current hydrological and 

geomorphological characteristics of the rivers and, on the other, the characteristics that the rivers 

would have in the absence of human alterations, to guarantee the good functioning of the fluvial 

ecosystem. 

During the last years the riparian forest quality index (QBR) has been used to evaluate the 

hydromorphological state. The QBR index (Munné et al., 2003) is an indicator widely used in 

Mediterranean rivers to assess the quality of riparian vegetation. It tries to be simple and applicable 

in the field quickly, without neglecting the effectiveness. However, the QBR index does not evaluate 

all the parameters necessary to obtain an adequate characterization of the hydromorphological state 

of this body water typology. Although this index has been used in the hydrological plans of the 1st 

and 2nd hydrological planning cycles, a new methodology is proposed for the 3rd planning cycle that 

begins now. This methodology, approved on April 22, 2019, includes, first, the hydromorphological 

characterization of the river using the hydromorphological characterization protocol and, secondly, 

the calculation of the hydromorphological metrics (hexagon). 

The objective of this new protocol is to define a methodology of hydromorphological 

characterization in rivers that guarantees the application of what is established in the WFD in relation 

to the official networks of evaluation of the ecological state/potential that exploit the different water 

basins organizations. It is aimed at obtaining the hydromorphological variables necessary for the 

hydromorphological characterization of the water masses of the rivers category, comprising the 

following sections of study and characterization: 

• Hydrological regime (flows and hydrodynamics of water flow, possible sources of alteration 

of the hydrological regime, and connection with groundwater bodies and degree of alteration 

of the same) 

• Continuity of the river 

• Morphological conditions (variation of the depth and width of the river, structure and 

substrate of the riverbed, and structure of the riparian zone) 

With the information gathered through this protocol, valid data must be obtained for the 

calculation of officially established metrics for hydromorphological quality elements. In this way it 

will be possible to differentiate between bodies of water in "very good condition" and in "good 

condition", as well as the provisional identification of highly modified bodies of water. 

The Protocol raises the importance of gathering varied information and different level of detail 

on the hydromorphological aspects of each water body analyzed at the basin level. From all this 
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information, and from its periodic collection, a diagnosis could be established about its 

hydromorphological functioning, and an assessment of it. The proposed procedure adopts a structure 

that consists of 6 assessment blocks: 

1. Hydrological regime (possible sources of alteration) 

2. Hydrological regime (connection with groundwater bodies) 

3. Continuity of the river 

4. Morphological conditions of the channel (variation of the depth and width of the river) 

5. Morphological conditions of the channel (structure and substrate of the riverbed) 

6. Morphological conditions of the channel: structure of the riparian zone 

For each of these blocks, valuation indicators are proposed, as well as degrees of alteration and 

naturalness levels of the indicators. Finally, a maximum weighted naturalness value is proposed per 

indicator, since not all indicators have the same relevance. Each of the assessment blocks has a similar 

weight (expressed with a maximum score of 10 out of 60 total points). The obtained result is 

visualized in figure 1 and provides a complete characterization essential to progress in fluvial 

restorations. 

 

Figure 1. Characterization of the hydromorphological state of a river-type water body 
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The Spanish Waste Management Framework Plan (2016-2022) considers that around 5·103 

tonnes of sludge are produced and according to National Sludge Register around 80%  of the sludge 

that was produced in 2012 had agricultural application. In Navarra, location in which the research is 

done, 76400 tonnes of sewage sludge were produced in 2014 (Integrated waste management plan for 

Navarra 2017-2027), and 88% of the sewage sludge applied in land was for agricultural use. The 

quality and quantity of sludge varies depending on the origin, the treatment applied as well as the 

sludge retention time (Metcaf&Eddy, 2002; Shlästrom et al. 2004; Rajagopal et al. 2013). Also sludge 

can contain some substances that are potentially hazardous, such as certain metals, pathogenic 

microorganisms or organic pollutants. 

In this study, the microbial concentration is determined in different soil samples after the 

application of sludge and during the crop’s growth in order to evaluate the possible risk related to 

pathogens. This work is framed in the Life-NADAPTA project (LIFE16 IPC/ES/000001), in which 

one action is related to the development of innovative technologies to the adaptation to climate change 

in agriculture. 

Two campaigns have been carried out, in April/May-October in the las three years (2016-2019). 

The lands where sludge is applied are located in Navarra Community and have clay texture. The 

sludge is obtained from a Municipal Wastewater Treatment Plant with a sludge treatment capacity of 

490 m3/week by aerobic reactor. The corn is planted in the lands (soil) selected for this study. In 

figure 1, the timeline of sampling for the soil, sludge and water is shown. The microbial analysis is 

based on bacterial indicators (Total coliforms, Escherichia coli (Gram negative) and Enterococcus 

sp. (Gram positive) and the results are expressed in Colony Forming Units (CFU) per gram of sample. 

 

Figure 1. Timeline of sample collection. 
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Figure 2. Microbial concentration in initial samples of soil and sludge and evolution through 

crop’s growth in 1st campaign and 2nd campaign. a) Total coliforms; b) Escherichia coli; c) 

Enterococcus sp. 

As it is observed in figure 2, the initial concentration in the sludge is around 103-105 CFU/g of 

total coliforms and E.coli and of 106 CFU/g of Enterococcus sp. Respect to the concentration in the 

soil, in the majority of the samples the microbiological concentration is lower than the concentration 

in sludge. Comparing the results for both campaigns, there are differences of up to two orders of 

magnitude in the concentration of total coliforms and E.coli in the sludge, probably due to the storage 

time of the sludge before the application in the land (2 months in the first campaign and 1 day in the 

second campaign). However, these differences are not detected with Enterococcus sp., a Gram 

positive bacterium. Regarding the evolution of the microbial contamination in the soil, the 

concentration increased up to two orders of magnitude after the application of the sludge (seeding 

point). The values detected in the growing phase are on the same order or lower with the exception 

of E.coli and Enterococcus sp. for the first campaign, where the concentration decreased in the 

harvesting step. In the case of water samples, the concentration of the analysed bacteria were lower 

than ≤1·103 UFC/100ml. 

Finally, it is important to remark that the final microbial concentration in the lands is similar or 

lower than the concentration detected in the land before the application of the sludge. 

This work was financed by the Gobierno de Aragon (Spain) (Research Reference Team Water 

and Environmental Health T51_17R) and co-financed by Feder 2014-2020 “Building Europe from 

Aragon” and the project “Research study for the improvement of the quality of effluents from urban 

wastewater treatment plants and landfills, located in the Community of Navarra (Spain)”, funded by 

NILSA (Navarra de Infraestructuras Locales, SA). The authors would like to acknowledge the 

assistance of NILSA. 
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In the northwest region of Tenerife Island (Canary Islands, Spain), water supply comes mainly from 

volcanic galleries and aquifers. These water resources have high concentrations of dissolved salts due 

to volcanic singularities and the intensive groundwater exploitation (Custodio et al., 2016). In the 

particular case of Hoya del Cedro gallery, located at 1,365 meters above sea level in the municipality 

of Icod de los Vinos, fluoride content is especially significant, with concentrations higher than 10 mg 

F-/L. Although fluoride concentrations between 0.7 and 1.5 mg F-/L helps to prevent dental caries, 

above the limit established (1.5 mg F-/L) by the World Health Organization (WHO) guidelines 

(WHO, 2011) and the Royal Decree 140/2003 for drinking water (RD 140/2003) can cause health 

problems (a.g. dental and skeletal fluorosis, skeletal cancer or neurotoxicological effects) (Berger et 

al., 2016). Therefore, it is necessary to search for technologies that guarantee levels below the 

maximum acceptable concentration according to the drinking water regulations. In this sense, the 

advantages of nanofiltration membrane technology for groundwater treatment has aroused a great 

interest in the scientific community due to its capability for reaching a high degree of pollutants 

removal operating at low transmembrane pressures (TMP) by mechanisms based  on particle size 

exclusion and charges interaction (Mohammad et al., 2015). 

In the current study, six different nanofiltration flat-sheet membranes with an effective filtration 

surface of 0.014 m2 were evaluated (Table 1). Experimental tests were performed using a cross flow 

bench-scale filtration unit SEPA Cell (SEPA, Osmonics Inc. Minnetonka, MN). All tests were carried 

out at constant TMP and the same cross-flow velocity (ut = 0.3 m·s-1). Retentate flow was recirculated 

to the feed tank while permeate flux was continuously measured by a TXB-4201L balance (Cobos) 

connected to a personal computer. Samples were analysed by ion chromatography. 

Results showed a linear increase of the stationary flux (Js) with the applied TMP during short-term 

assays for the six NF membranes. The best permeabilities were obtained for the DOW membranes 

and the GE Osmonics HL. In addition, an increase of the TMP led to a higher degree of fluoride 

rejection, however only three of the studied NF membranes allowed to reach the concentrations 

established by the regulations in a single step (Figure 1b). In this sense, the NF90 was the only one 

that met this criterion at 4 bar. On the other hand, regardless of the employed commercial membrane, 

long-term assays revealed the existence of a critical flux about 10-15 L/(h·m2), above which permeate 

withdrawal led to an increased concentration of the scale-forming species in the region next to the 

membrane surface. In fact, membrane autopsies revealed that membrane fouling was mainly caused 

by deposits of calcium carbonate and aluminosilicates. 

In summary, the preliminary results showed the feasibility of treating the groundwater from the Hoya 

del Cedro gallery through nanofiltration technologies, where the NF90 membrane was the most 

feasible option. Nevertheless, a further study focused on the control and prevention of membrane 

fouling in long-term tests and pilot-scale experiments should be arranged to confirm process 

sustainability. 
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Table 1. Commercial nanofiltration membranes used in the present study. 

 
Manufacturer Type Polymer MWCO 

DOW FilmtecTM NF270  ~200-400 Da 

DOW FilmtecTM NF90  ~200-400 Da 

GE OsmonicsTM Duracid 
Polyamide-TFC 

~150-200 Da 

GE OsmonicsTM DL ~150-300 Da 

GE OsmonicsTM HL  ~150-300 Da 

GE OsmonicsTM DK  ~150-300 Da 

 

a)   b) 

Figure 1. a) Js against four different TMP for the six different commercial NF membranes and b) 

Fluoride rejection at 4 and 10 bar during groundwater nanofiltration at steady conditions: ut = 0.3 

m/s. 

 

 
Figure 2. Flux evolution during long-term assays for the different commercial NF membranes. 
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Introduction 

Water intended for human consumption must be potable and comply with the quality 

requirements set out in RD 140/2003 [1] and in the Proposal for a Directive of the European 

Parliament and of the Council on the quality of water intended for human consumption [2]. Among 

its characteristics, it must comply with the fact that it is colourless, odourless and insipid, as well as 

free of pathogens susceptible to causing illnesses to the final consumer. It has been determined that 

geosmin and 2-methylisoborneol (2-mib) are the compounds responsible for the presence of earthy 

flavour and aroma in water, which reduce the organoleptic quality. 

Global Omnium has been detecting, since 2012, the presence of these substances in the Júcar- 

Turia channel, which supplies the drinking water treatment plants in Valencia. 

The origin of these substances in surface water is due to the metabolism and biodegradation of 

certain types of cyanobacteria, which are favoured by the presence of nutrients and warm 

temperatures. 

The elimination of these sapid substances can be carried out by means of advanced oxidation 

techniques, biofiltration or adsorption with activated carbon powder (PAC) or granular (GAC). In 

this study, the effectiveness of different types of GAC in the elimination of sapid substances is 

verified, since it plays a fundamental role in the filtration stage of the water purification process 

having a double function, acting as a filter and as an adsorbent, to obtain a water free of odours and 

flavours. 

Metodology 

The main objective of the project is the design and tuning of a filtration and adsorption pilot 

plant (Figure 1) in which the effectiveness of 6 types of CAG in the geosmin and 2-mib elimination 

will be evaluated and, thus, determine that CAG it is the optimum, taking into account economic 

aspects, the adsorption capacity and the useful life of this. 

 
Figure 1. Filtration and adsorption pilot-plant with Granular Activated Carbon. 

This study was carried out following the ASTM-D6586-03 standard [3] and following the Rapid 

Small-Scale Column Test methodology (RSSCT) [4]. In addition, the pilot plant has been designed 

so that it reproduces optimally the filtration-adsorption process of the ETAP "El Realón" of Picassent 

(Valencia). To this end, real parameters of the actual filters of the water treatment plant have been 

taken into account: treated flow, surface velocity, GAC filter height, installed carbon mass, particle 

diameter, contact time and time of operation. 

To check the adsorption efficiency of each GAC installed in the columns, periodic tests were 

carried out in which the pilot plant filtered doped water at known concentrations of geosmin and 2-

mib. Water samples were taken weekly from the entrance to the pilot plant and at the exit of each 
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column of GAC studied and analysed in order to check the percentage of adsorption of the different 

sapid substances. 

Results and conclusions 

The obtained results show how the columns C2, C3 and C4 with carbon of bituminous origin, 

obtain higher percentages of adsorption of geosmin and 2-MIB, being in values of between 70- 73%, 

while for the rest of columns, C1, C5 and C6 the retention percentages are around 63%. In the 

characterization of the porous texture of the samples, carried out at the beginning and during the 

assays, it is obtained that the columns with the highest adsorption offer the upper values of the 

superficial area together with the superior volume of initial mesopores. 

Table 1. Adsorption results of the different GAC columns. 

Fecha 

Intake 

Geosmin 

(ng/L) 

Intake 2- 

MIB 

(ng/L) 

Outlet Geosmin / 2-MIB (ng/L) Filtered bed volume 

C1 C2 C3 C4 C5 C6 C1-C5 C6 

20-nov-18 30 0 0 0 0 0 0 0 13.374 12.348 

26-nov-18 31 0 0 0 0 0 0 0 23.469 21.670 

11-dic-18 25 0 0 0 0 0 0 0 50.805 46.910 

03-jan-19 37 0 18 11 13 10 15 11 70.919 65.482 

14-jan-19 28 0 13 6 10 10 14 14 85.190 78.659 

07-feb-19 32 0 16 10 13 14 16 16 105.682 97.580 

08-mar-19 29 0 - - - - - 12 125.559 117.706 

03-may-19 0 52 37 33 30 27 41 40 132.713 124.312 

09-may-19 0 108 67 69 57 59 51 62 143.370 134.151 

23-may-19 19,9 0 7 4 4 5 6 7 156.473 146.250 

30-may-19 19 0 8 6 5 7 8 7 163.452 152.694 

07-jun-19 17 0 5 4 3,2 5 6 5 171.744 160.350 

14-jun-19 17,4 0 7 3 4 9 7 7 178.692 166.765 

21-jun-19 17,5 0 6 5 3 2 4 4 184.650 172.267 

C1-C6; Results of the CAG columns 

C1-C5; Bituminous agglomerated CAG columns. Technical specifications 

C6; Lignite CAG column 

EBTC; Contac time = 10 min 

With the results obtained from the start-up of the pilot plant, it has been verified that the highest 
geosmin removal efficiency has been obtained for the granular bituminous activated carbon columns, 
with the same reduction performance for the 5 types of studied granular activated carbon. On this 
aspect, the results obtained could be as expected, given that, in the first phase of the study, the bed 
volumes reached are low and in all cases part of a virgin coal. In the last phase of the study, not yet 
reached, the adsorption of geosmin will be tested again, and more solid conclusions can be 
established. 

In the case of the tests carried out with 2-mib, a higher adsorption capacity is obtained for 

column number 4, whose activated carbon is of bituminous origin. This column contains the carbon 

sample with the largest surface area and iodine index, which indicates that for the 2-mib, more difficult 

to adsorb due to its chemical structure, these physicochemical characteristics are significant. 
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Introduction 

Traditional wastewater treatment has been commonly reported as energy- intensive and 

wasting-resource systems (McCarty et al., 2011), increasing the needed to develop more energy and 

environmentally effective processes. Direct membrane filtration technology in the mainstream of the 

WWTP has been presented as an attractive alternative to enhance resource recovery from urban 

wastewater (Lateef et al., 2013), favoring organic matter valorization through anaerobic digestion 

since particulates are retained by membrane filtration. Hence, only soluble contaminants need to be 

treated by biological processes in the mainstream, reducing the required working volume and the 

sludge production. This study aimed to evaluate the permeate quality of ultrafiltration (UF) under 

different operating conditions. 

Material and Methods 

The pilot plant used in this study consisted in a membrane tanks fitted with an ultrafiltration 

module membrane (PURON® Koch Membrane Systems PUR-PSH31, 0.03-μm pore size, filtration 

area of 3.44 m2). The plant was fed with UWW coming from: i) the pre-treatment step (screening, 

degritter, and grease removal) and ii) the primary settler of the Carraixet full-scale WWTP (Valencia, 

Spain). The sludge accumulated in the membrane tank was purged in order to operate at a constant 

suspended solids (SS) concentration. Air-assisted membrane-scouring was used to control cake layer 

formation. 

The main pollutants concentrations (turbidity, COD, NH4-N and PO4-P) were analysed at each 

experiment performed to determine permeate quality in regard filtration process. Also, retentate 

particle size distribution was studied. Transmembrane Pressure (TMP) was register to control 

membrane performance. 

Results and Discussion 

Total COD obtained operating UF membrane at 1 g L-1 of SS (Figure 1) when treating settled 

UWW is shown as an example as permeate quality at these experiments. As the figure shows, permeate 

COD after 1 hour filtration is around 35% lower than soluble influent COD fraction (from ''permeate 

1'' to ''permeate 9''), regardless evaluated operating conditions (specific air demands, SAD, and 

transmembrane flux, J), when cake layer is formed. In the case of the other parameters evaluated 

(turbidity, NH4-N and PO4-P) they are not significantly dependent on membrane performance. TMP 

behavior was similar to the previous tests when the TSS concentration in the filtration tank was 

changed from 1 g·L-1 to 0.1 g·L-1, suggesting tight cake-layer is formed under these operating 

conditions. Cake-layer effect is shown with sample “permeate 9*”, unlike permeate 9 sample, this 

data has been obtained at the beginning at filtration test. In permeate 9*, no CODs reduction is 

observed, due to cake layer is not formed yet. Thus, COD permeate is similar to CODs influent. 
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Figure 1. Permeate total COD under 1 g of SS L-1. (● SAD, ▲J, █ Influent soluble COD, █ 

permeate COD). 

When UF membrane module was operated at 5 g L-1 of SS, nutrients and turbidity behaviour 

did not show relation to operating conditions, obtaining a similar results at each experiment. However, 

in this case, CODs reduction increase from 35% to 40%, due to higher cake layer thickness as TMP 

increase suggested. This higher cake layer thickness might involved higher retained of colloidal 

particles, so retention of permeate CODs is increased. Besides, permeate COD at the beginning at 

filtration test is similar to the one observed after 1 hour of continuous filtration. These results indicate 

that a bigger cake- layer is formed suddenly. Similar results have been obtained when membrane unit 

was fed with pre-treated raw wastewater and operate at 1g L-1 of SS. 

Differences on cake-layer effect and membrane behaviour according to fed type and SS on 

membrane module can be explain attending retentate particle size distribution. 

Conclusions 

Results suggest that the operating conditions evaluated (SAD, J and SS) affect the permeate 

COD, because of this parameters influence on cake layer develop. In contrast, turbidity, NH4-N and 

PO4-P are not significantly dependent on membrane performance, under studied conditions. High 

permeate quality stability encourages suitable post- treatment application. In addition, cake-layer 

effect over permeate quality have been detected, increasing soluble COD fraction retention during 

filtration, due to retention of colloidal particles, possibly. 
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P27 Smart metering, a technology of the future, in the present 
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As in the rest of the disciplines of research in the scientific field, operational research in the 

integral water cycle can only be carried out by observing the physical variables involved and, 

specifically, by collecting data on measurements of these variables. 

Currently, efficiency in the provision of services related to the integral water cycle, is not 

conceived as an ultimate goal, but as an inherent characteristic of the service itself. Specifically, it is 

increasingly required a greater technical efficiency in the transport of water from its purification to 

delivery to the end user, which to date has been a challenge for the operator because although, control 

the purification points was a task relatively simple, or even implement the division of the distribution 

network could be, quantify, in detail, the water delivered to each user, to obtain useful information 

to achieve greater efficiency of the distribution network is not an easy task. 

The emergence of communication technologies has allowed the development of different types 

of remote reading, which have allowed to address some of the problems related to obtaining the data, 

but has opened new fields in which to work, related to the enormous amount of data obtained in order 

to convert them into valuable information for the operator. 

Fixed network remote reading requires the installation of a central system, in which there is no 

need to move any person to the meter. The fixed network remote reading allows the online information 

of all the meters to be opened, opening the door to a more powerful concept than remote reading: 

The Smart Metering [González, V., 2019]. 

On the other hand, there are also solutions in the market for remote reading without a fixed 

network, today the solutions available from the manufacturers consist of moving an operator, walking 

(walk-by) or vehicle (drive-by), until the proximity of the meter, taking the value of the index by 

radiofrequency or through access points to the counter located on the facade of the buildings [Ferrer, 

V., 2008]. 

Likewise, remote reading technologies can be classified by the band they use to transmit 

information. 

On the one hand, for example, the LoRaWAN and Sigfox technologies work within the non-

licensed ISM bands. These bands, are bands reserved internationally for non-commercial use in 

industrial, scientific and medical areas. The use of these bands does not require a license, but it is 

necessary to respect the regulations that limit the power levels transmitted [González, V., 2019]. 

On the other hand, newer technologies are beginning to use the band of licensed spectrum that 

communications companies are using. This is the case of Nb-IoT, an innovative and promising 

communications protocol that is being implemented in Spain for the smart metering, which will make 

it possible to dispense with the proprietary fixed network to use the operators own mobile telephone 

antennas, which, in practice, it means the availability of smart metering, practically, throughout the 

national territory. 

Although smart metering allows a greater amount of data to be available, it is not the global 

and definitive solution to the problem that arose for the realization of water balances within a 

sectorized network. Depending on the system used, you can obtain meter reading data with different 

timings, as well as in any installation, the errors of the same appear. 
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In the current situation, EMACSA handles nearly 1,000,000 daily data for the study and 

operation of the city's supply network, which without the collaboration of advanced computer tools 

would be an impossible task to be undertaken and from which very little benefit. 

Predicting water demand is a key issue in modern water distribution networks, as it contributes 

to water sanitation, reducing water waste and detecting water leaks [Palomo- Romero, JM et al., 

2014]. 

All the tools and applications described, along with the rest of applications that have evolved 

along the same line, have caused the need for the evolution of the most important asset of the process, 

people. 

This document describes the technologies available for smart metering, the software that has 

been necessary to develop to work with the huge amount of data collected in the field and the rest of 

the changes that have been necessary to implement in the organization to face the challenge of the 

massive digitization of meters. 
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P28 The challenge of BIM implementation in the water sector 

M. Jiménez Galindoa, J.L. Marín Delgadob, I.J. García Galdónc 
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Introduction – State of the art 

BIM is not the future, BIM is now. According to ISO 19650 Building Information 

Modelling (BIM) is the use of a shared digital representation of a built asset to facilitate design, 

construction and operation processes to form a reliable basis for decisions. The industry is moving 

forward this methodology, but what about the water sector? Is it mature enough? Moreover, are the 

professionals of this sector willing to adopt this methodology? This paper summarizes the process 

and its challenges to implement BIM Methodology in a Water Company like Aqualia. 

The challenges 

BIM implementation approach must be done through three main areas: Digitalisation, Work 

Methodology and Lifecycle. These three areas offer its own challenges in the BIM adoption: 

- Digitalisation: BIM software has been primarily used in other areas, however other sectors 

(like water) have been left to a secondary role. BIM water software isn’t mature enough yet 

to achieve its full potential needing the “trickery” of the engineer to make it work. 

- Work Methodology: traditional water industry ways of working, very useful and efficient 

in some areas, need to be enhanced in order to face the future challenges of the industry 4.0, 

adopting new methodologies thus increasing the efficiency, the productivity and the quality 

of our work. 

- Lifecycle: BIM must be in the whole lifecycle and this is a key point for the water sector. 

But this implies more people and more departments involved from the beginning thinking 

how the model will be designed in order to be useful not only for the engineering state, but also 

for the construction and mainly the O&M. 

BIM Implementation in Aqualia 

With these three challenges in mind, after studying different ways of implementing this 

methodology, finally we went through the most cost-time-effective approach, focusing on the people 

over technology and the results over the processes. 

Our approach wouldn´t be completed if it was just about the theory. That’s why we chose a pilot 

project to test and improve our methodology. This pilot project has been the test field for the future 

projects. 

Summary 

BIM methodology, well implemented in other areas, is still a challenge in the water sector. 

Aqualia BIM implementation process shows that this methodology, even with the issues yet to be 

solved, is a great opportunity for the future of water industry. 
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P29 Considerations on the development and use of quality models in water distribution 

networks. Applications in a GIS environment 
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The development of a water quality model (WQM) with EPANET is a complex task that 

involves a multitude of factors due to the fact that, to the initial requirement of having a hydraulic 

model correctly calibrated (AWWA, 2017), which will be the base for the construction of the water 

quality model, is added the need of having all the elements of the system properly modelled from the 

quality point of view, necessary in order to obtain accurate and adequate simulation results. 

In this comunication, the authors first propose a guide of the main aspects that should be taken 

into account when developing a water quality model with EPANET. Then, a survey of the main 

applications of WQM is outlined. Finally a plug-in working in a GIS environment has been 

developped to help user in managing water quality models. 

The appropriate quality simulation time step to be taken and the convenience to cycling both 

the hydraulic and quality variables are the first aspects to take into account. Concerning the evolution 

of quality, it must be noted that the storage tanks are the components of a network that most affect 

water age, because water spends a certain amount of time in them before exiting to the network again, 

and in the meanwhile important changes in the quality parameters may occur (Grayman et al., 1996; 

Grayman, 2018). Thus, when performing a water quality simulation, the correct modeling of the tanks 

is crucial in order to achieve accurate results. 

There are four mixing models in tanks considered by EPANET 2.0, the most popular software 

used to run quality models in WDS: Complete Mixing, Two-Compartment Mixing, FIFO Plug Flow 

and LIFO Plug Flow. The convenience to use one or another will be dicussed in the paper. 

 

Figure 1. Tank Mixing Models available in EPANET 2.0 (EPANET 2 Users Manual). 

These mixing models represent ideal cases where the preferred paths and the stagnation zones 

are perfectly defined, but the reality is a complex combination of these models, so when modelling a 

tank in EPANET the mixing model that better fits the reality in each case has to be determined, which 

will be discussed in the paper trough a case study. 

In addition to the deterioration of the water quality while it remains stored in the tanks, the 

quality also decreases while the water flows through the pipes, particularly if the quality refers to a 
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reactive substance such as chlorine or any other disinfectant. Two are the causes of this deterioration: 

on the one hand, the reaction of the disinfectant with the organic matter contained in the water and, 

on the other hand, the reaction with the bacterials housed in the walls of the pipes (biofilms). While 

the reaction parameters in the first case can be determined in the laboratory from a series of samples, 

the reaction parameters with the walls must be deduced from the measurements by means of a 

calibration process. 

Once the hydraulic model, the mixing model at tanks and the remaining parameters of the quality 

model have been calibrated, it can be used to solve many of the practical problems that the network 

managers has to face today, as WDS are nowadays considered as critical infrastructures: 

- What is the maximum time the water stays in the network before being consumed by any user? 

- What are the critical points where water experiment the greatest deterioration? Where is 

chlorine consumed mainly? 

- What solutions can be adopted to reduce the water age, and in general to reduce the deterioration 

of quality? 

- What would be the purge plan to be followed periodically to keep the water stored in the 

network always in good condition? 

- What is the area reached by the water injected from each supply point? 

- In the case of sources with different quality, in what proportion is water mixed from different 

sources at a given consumption point? 

- Which is the water tracking since it departs from the different sources until it reaches the 

destination point? 

- In case of injecting a hazard sustance at a point in the network, what would be the population 

affected at any time? 

- If the sensors installed in the network detect a hazardous substance, what is the most likely point 

of origin? 

- Once the affected area is identified, what is the most convenient purge plan to eliminate 

contaminated water from the network in the minimum time? 

Finally, the authors have developed an application working in a GIS environment that facilitates 

building reliable quality models and answering many of the previous questions, which improves the 

tools available in EPANET and allows visualizing the results in a more comfortable and dynamic 

environment. 
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P30 GPRS data transmission from low-cost hydro-meteorological sensors in small 

mountain basins 
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River basins and water resources management depends on the acquisition and analysis of 

reliable hydrometeorological data, even more in small mountain basins in semi-arid areas; where they 

are vulnerable to drastic changes, in relief, elevation, slope aspect, vegetation and soils, which 

generate high hydrometeorological variability in short distances and times, causing high flood 

discharges and flash flood events. 

As well, it is important to have reliable data and it must be easily available for their treatment 

and analysis. Hydro-meteorological sensors (especially in mountain basins) are usually located in 

remote and difficult access areas, sometimes out of connection to Internet networks. In order to make 

the data more accessible and helpful it must be transmitted in live time to prevent floods and fast 

floods events (early warning systems), so a remote data transmission is needed. 

Data transmission in all areas of knowledge, including hydro-meteorological monitoring, has 

been increasing in the last decades, due to the evolution of the broadcasting, especially Internet and 

the Internet of things revolution (IoT) (Feki et al., 2013). 

This work has been carried out in Venero Claro (Avila- Central Spain), a small torrential 

mountain basin located in the Sierra de Gredos mountain range (Díez-Herrero, 2001); where a low-

cost hydro-meteorological monitoring system has been installed during the last year; and a previous 

conventional high-dense instrumental system is running since 2004. 

The system is based on three units (two weather stations and one water depth sensor). All of 

them programed and assembled using low cost sensors and open software Raspbian GNU/Linux 

based on Debian (www.raspberrypi.org/downloads/) and Python3 (www.python.org) programing 

language. They allow to measure climatic variables (precipitation, relative humidity, wind, 

atmospheric pressure and temperature), edaphic variables (soil moisture content) and hydrological 

variables (surface runoff from the water depth measurement). In addition, every unit includes a GPRS 

data transmission module, a data base storage and an equipment powered unit (Figure 1). 

All sensors were validated under laboratory conditions before their field installation with good 

results. 

A GPRS module has been implemented to transmit data to the Cloud every 10 minutes. It was 

also programmed in Raspberry pi (www.raspberrypi.org). Thus, it sends data almost on real time 

maintaining the system autonomy. 

Sensors were monitored from the IoT platform Altair SmartCore (www.altairsmartcore.com/) 

where the data was stored. It lets to create and monitor several devices. Likewise, it allows to modify 

or update the data and some parameters such as: time and frequency of data acquisition, data 

transmission, alerts and their conditionals. 

Sensors were installed and data transmission performed successfully. The platform could also 

let to identify problems as GPRS coverage that could be solved by changing the code to make it more 
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robust. Thus, sensors broadcast the data and them can be observed “online”. 

After a probe period, this GPRS data transmission system could be installed in other mountain 

basins at developing countries, where it could serve as input for early warning systems for flash flood 

mitigation, water resources management or hydropower optimization. 

 

Figure 1. Weather station schema and final installation. 
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Who are we? 

Automation and Control Dpt. is a young department comprised of 16 people that works side by side 

to achieve a leading department, with a constant evolution in emerging technologies, to provide a 

control system and complete cutting-edge integration network in all aspects related to the control of 

our water plants. 

Key words: full integration, digital twin, control system 

What do we usually do? Why is automation necessary? 

Automation is a technological system for executing a series of tasks that are originally performed by 

human beings. Such automation also controls correcting and making visible the status of workflows 

and tasks. It also generates reports of the entire process, comparing and correcting data in real time, 

under certain pre-configured restrictions and without human intervention. This allows us to attain 

greater control, speed of execution, economic savings and quality in the process it controls. 

What we do is to develop SCADA (Supervisory Control and Data Acquisition) systems, which is a 

software that encompasses the control and supervision of an industrial process. All this is achieved 

through a PC linked to software that is responsible for encompassing and linking them. 

For this, we develop and deploy in the field: 

• Totally Integrated Automation Software, a free architecture system that favors linking all 

the components. 

• OPC (OLE for Process Control), a software application that allows diagnosis and 

parameterization of equipment with its own software, through which they are connected. 

• Client-Server is a communications network in which customers are connected to an OS 

server (Operator Station), which centralizes the various resources and applications available, 

making them accessible to customers every time they are requested. 

• Process Historian is a real-time database for a variety of products that serves as a long- term 

central data interface for any amount of process data and messages from different data 

sources. 

• ES (Engineering Station), software through which the complete project is developed, 

configuring all the previous equipment for its communication/link, access to information, 

etc. 

What makes us different? 

Automation engineers work in the advancement of technology by keeping up with cutting-edge 

software and hardware. Not only do we deploy a state-of-the-art control system, but we also 

distinguish ourselves by performing complete integrations and digital twins. These two actions consist 

of: 

• With the term “full integration”, we use software that meets your specific needs in all phases 
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of the project, from the initial approach in terms of engineering, to improving the projects at 

hand. This allows us to save development time by importing or generating electrical plans and 

PID's. Thus, we automatically integrate all project teams by defining the type of library 

equipment to include particular functions. 

• A digital twin is based on the generation of a virtual replica of a project, service or process 

that simulates the behavior of its physical counterpart. We deploy a state-of- the-art control 

system and also carry out its generation. This procedure allows complete real-time simulation 

of project operation, saving time, errors and possible equipment breakdowns. This allows us 

to detect programming, mechanical and equipment definition errors. 

Personal expertise 

Even though I am relatively new in this department, I am very happy and I feel one more from day 

one. We are constantly renewing ourselves with courses, provided by third parties for the company, 

having a constant evolution for my future working life. 

The first project, i.e. PWTP2 (Putatan water treatment plant), in the town of Muntinlupa (southern 

end of Manila, Philippines), has been an inspiration for me both personally and professionally. On a 

personal level, it has been my first trip outside of Europe and has helped me to connect with people 

from a completely different setting from my own. Professionally, it has been quite challenging but 

also the best experience I have had to date, helping me to grow as an automation specialist. The 

expertise of water management has been revealed to me through organization, structure and 

documentation of a project of this scale. 

Additionally, I am working on projects in Al-Khobar (Saudi Arabia), Arroyo Culebro Cuenca Baja 

(Spain), Putatan Water Treatment Plant (Philippines), and Oumm Azza (Morocco). 

 

 

Figure 1. Reverse Osmosis Control Layout Figure 2. Putatan 2 DWTP 
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Introduction 

Human activities have increased the input of nitrogen into bodies of water. Uncontrolled 

disposal of this input can cause deterioration and great damage to the environment. As such, removal 

of nitrogen from wastewater is explicitly required under the European Directive 91/271/CEE on the 

disposal of urban wastewater. Microalgal-bacterial processes constitute a sustainable and cost-

effective wastewater treatment technology due to their efficient nitrogen and organic matter removal 

(Acién et al., 2016). Nevertheless, microalgae photosynthesis can be inhibited at high ammonium 

(NH4
+) concentrations, and at low concentrations it can slow down, reducing cell division and 

nitrogen removal rate (Collos and Harrison, 2014). Consequently, adequate supply of nitrogen to 

microalgae cells is fundamental to optimize photosynthesis yield and nitrogen removal rate in 

wastewater treatment processes. 

This study attempted to quantify the influence of influent NH4
+ on microalgae photosynthesis 

using respirometric techniques and electron transport rate (ETR) measurement. The main objective 

was to determine the optimum NH4
+ concentration in order to achieve maximum photosynthesis 

yield. 

Materials and Methods 

A respirometer was set up to perform respirometric assays, consisting of: a biorreactor; a 

dissolved oxygen (OD) probe and a temperature (T) probe; a multi-meter device; an aeration system, 

a magnetic mixing system and a lighting system providing 200µE/m2/s. During the respirometric 

tests, the following solutions were used: 10g NH4Cl/L as NH4
+ source and allylthiourea (ATU) 

solution to cause complete inhibition of ammonia-oxidising bacteria (AOB) which was dosed to 

achieve a concentration of 10mg/L. In order to perform respirometric tests the following protocol was 

stablished. First, an aliquot (700mL) sampled from the raceway was maintained in starvation and 

continuous aeration in order to eliminate any residual NH4
+ and chemical oxygen demand (COD). 

ATU was dosed before the starvation period in order to ensure the complete inhibition of AOB. 

Second, the sample was transferred into the respirometer and the NH4Cl solution was added to 

achieve the desired target concentration. The range of NH4
+ concentrations studied varied from 0gN/L 

to 0.255 gN/L. Then, the DO data collection was started. Along the test two phases were differentiated, 

dark-phase and light-phase whose duration were set to 3 minutes for each one. The oxygen production 

during the light phase is related to the active microalgal photosynthesis; a contribution to oxygen 

consumption is also attributed to microalgae respiration. Oxygen consumption during the dark phase 

is only attributed to microalgae respiration, since AOB are inhibited and there is not COD for 

heterotrophic bacteria respiration. Then the net oxygen production rate (OPR) of this respirometric 

technique is obtained following the expression: 

Net OPR: OPRmicroalgae,P – OPRmicroalgae,R 

where OPRmicroalgae,P is the photosynthetic microalgae oxygen production and 

OPRmicroalgae,R is the respiration by micraolgae. All the OPR values are expressed as mgO2/L/h. 
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Finally, specific OPRs expressed as mgO2/gTSS/h were calculated by dividing the OPR values by 

the concentration of total suspended solids (TSS) in the sample. 

Measurements of ETR (µmol/m2/s) were recorded using Junior-PAM fluorometer. 

Preliminary Results 

The dependence of photosynthesis on NH4
+ was examined with data of net OPR and ETR. Figure 

1A shows net microalgae OPR plotted versus NH4
+ concentrations. As it can be seen, no influence of 

the amount of NH4
+ on net OPR was detected. 

Results of the ETR assays are shown in Figure 1B, where ETR is plotted versus 

Photosynthetically Active Radiation (PAR) for different NH4
+ concentrations. It can be seen that no 

significant differences were found for the range of NH4
+ concentrations studied. 

It can be therefore concluded that NH4
+ concentration do not significantly affect microalgae 

photosynthesis, when microalgae cells are exposed to different NH4
+ concentrations for less than one 

hour, since all of the assays were performed in 40 minutes approximately. 

 

Figure 1. A: Net oxygen production rates (OPR) obtained during the respirometric tests at different 

NH4
+ concentrations. B: ETR curves obtained at diferent PAR and NH4

+ 
concentrations. 

Acknowledgments 

This research was supported by the European Union’s Horizon 2020 Research and Innovation program (project 

SABANA); Spanish Ministry of Economy and Competitiveness (MINECO, CTM2011-28595-C02-01 and CTM2011-

28595-C02-02) jointly with the European Regional Development Fund (ERDF). It was also supported by the Spanish 

Ministry of Education, Culture and Sport via a pre-doctoral FPU fellowship to author Stéphanie Aparicio (FPU/15/02595). 

References 

Acién, F. G., Gómez-Serrano, C., Morales-Amaral, M. M. ., Fernández-Sevilla, J. M., & Molina-Grima, E. (2016). 

Wastewater treatment using microalgae: how realistic a contribution might it be to significant urban wastewater 

treatment? Applied Microbiology and Biotechnology, 100(21), 9013-9022. 

Collos, Y., & Harrison, P. J. (2014). Acclimation and toxicity of high ammonium concentrations to unicellular algae. 

Marine pollution bulletin, 80(1-2), 8-23. 

  



IWA YWP Spain 2019 Conference - Book of Abstracts 

177 
 

P33 DEEP PURPLE: Photobiorefinary concept for Urban Biowastes conversion into high- 
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Between 118 and 138 million tonnes of biowaste arise annually in the EU every year. Around 

75% is sent to incineration or landfilling, entailing huge environmental and economic associated 

costs. Other alternatives such as anaerobic digestion and composting do not allow taking full 

advantage of the biowaste potential. The recovery of added-value products from biowaste can 

decrease the cost of disposal by and tackling the problems related to the increasing production of 

organic wastes; novel technologies related to the circular economy may help to achieve these goals1. 

The project Deep Purple (G.A. 837998) presents a new vision for waste valorisation combining 

a number of waste and wastewater treatments on a multiplatform biorefinery based on a cascade 

approach. The most innovative part is the use of hyper-accumulative Purple Phototrophic Bacteria 
(PPB) to assimilate and accumulate the organics and nutrients onto the solid phase. They can 

accumulate organics as polyhydroxyalkanoates (PHA), which can be transformed into 
biodegradable bioplastics, or into organic fertilizers2. This work aims to analyse the biodegradability 

of the soluble fraction resulting from the thermal hydrolysis of the organic fraction of municipal solid 

waste (OFMSW) by using mixed cultures of PPB within the Deep Purple scope. 

 

Fig. 1. Experimental substrates uptakes and kinetic parameters including 95% confidence regions of PPB metabolism 

for OFMSW liquid fraction with thermal hydrolysis pretreatment at 160 ºC (▼) and thermal hydrolysis at 180 ºC (♦), 

compared  to  an  active  control experiment (◄). 

Thermal hydrolysis pre-treatment for OFMSW was conducted at different reaction times and temperatures. 

Then, batch photo-fermentation test of the liquid fraction was carried out. Phototrophic biomass evolved on 

the liquid fraction by consuming organics released during the hydrolysis. The thermal hydrolysis pre-treatment 

yielded similar results independent on the reaction time, but performed better at 180ºC than 160ºC. As shown 

in Fig. 1, there were no statistically relevant differences on the biomass yield (YX/S) but the maximum specific 

activity (kM) almost doubled at 180ºC with respect to 160ºC. 

PPB has also been demonstrated as a powerful tool for efficiently decontaminate the domestic wastewater, 

both the organic matter as well as the nutrients3. Therefore, Deep Purple proposes the joint treatment of 
OFMSW and wastewater in the same facility, to concentrate organics and macronutrients in one solids 
stream. This stream will be used for resource recovery to provide a secure a sustainable supply of biomass 
feedstock to be further transformed into high added-value products for different industrial sectors. 
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Fenton and Photo-Fenton processes are limited, mainly, by their optimum pH range (2.8 <pH 

<3.0) which raises the cost and treated water salinity due to acid and base consumption for pH 

adjustment before and after the treatment, respectively. Another disadvantage is the formation of iron 

sludge after neutralizing the treated water, which requires subsequent removal [1]. The use of Zero 

Valent Iron (ZVI, immobilized iron) instead of iron salts could solve these problems. It has been 

recently reported that with Zero Valent Iron (ZVI) it is possible to work in heterogeneous conditions 

at neutral pH and thus to eliminate the pH adjusment steps. In studies conducted by Barndok et al., 

2016 [2], it is explained that in these neutral pH conditions the ferrous iron (Fe2+) remains anchored 

to the surface of the ZVI photocatalyst (Fe0), avoiding the formation of sludge [2-3]. 

Another important cost in the traditional photo-Fenton process is the consumption of hydrogen 

peroxide (H2O2). For this reason, there is a growing interest in working with lowest possible doses of 

iron and H2O2 when contaminants are present in water at low concentrations [4-5]. 

Alternatively to H2O2, persulfate anion (S2O8
2-) has received wide attention in soils and waters 

decontamination due to its high standard oxidation potencial (E0 ≈ 2.1 V) [6] which generates sulfate 

radical (𝑆𝑂4
•−) when it is activated by different ways: (i) alkaline medium [7], ultraviolet light [8], 

transition metal [9] or by thermal activation [10]. S2O8
2- is more stable than H2O2, nonselective and 

presents high reactivity, so it is being studied as an alternative to traditional AOPs based on H2O2 

[11]. 

This work evaluates the performance of different ZVI sources when used to remove pesticides 

in natural water at neutral pH by using H2O2 and S2O8
2-. The ZVI sources studied were: (i) commercial 

steel wool supplied by Indalim (Spain) and (ii) ZVI microspheres with particle size of 1 µm provided 

by BASF. 

Imidacloprid (insecticide) was selected to carried out preliminary assays with 5 mg/L and 100 

µg/L of initial concentrations. Monitoring of the pesticide concentrarion was carried out by ultra-

performance liquid chromatography (UPLC-UV). S2O8
2- was determinated using a 

spectrophotometric method based on the oxidation of the iodide ion whose product (molecular iodide) 

has a maximum absorption at 352 nm. 

Initial concentration of H2O2 was 0.5 mM and of S2O8
2- was 0.5 and 1 mM. During the 

experiments different concentrations of steel wool (0.5 and 3 g/L) and ZVI microsphere (0.2, 0.5 and 

1 mM) were tested both at acidic and neutral pH. Assays were carried out in a borosilicate beaker 

agitated in dark conditions and under solar light. Treatment time was 180 min. 

Steel wool and ZVI microspheres corrosion by (i) dissolved oxygen , (ii) solar radiation and 

(iii) hydrogen peroxide have been also evaluated by measuring the leaching of ferrous iron to the 

solution (in absence of the target pesticide). Results showed that dissolved iron measured in solution 

was much higher at acidic pH than at natural pH. Ferrous iron leached from the steel wool (0.5 g/L) 

after 180 min in natural water at neutral pH was: 0.6 mg/L (after exposure to dissolved oxygen in 

the dark), 0.4 mg/L (after solar radiation exposure) and 0.9 mg/L (in the presence of 17 mg/L of 
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H2O2). 

In order to determine the adsorption of imidacloprid on the steel wool and ZVI microspheres, 

an experiment was carried out in natural water at neutral pH with 5 mg/L of the pesticide and in the 

dark. Results showed that imidacloprid had not significant adsorption on ZVI surfaces. 

Degradation of imidacloprid by heterogeneous Fenton/photo-Fenton processes was evaluated 

using steel wool and ZVI microspheres. Firstly, the experiments were carried out with 5 mg/L of 

imidacloprid, 0.5 g/L of steel wool and 0.5 mM of H2O2, working under dark conditions and solar 

radiation at pH 7-8. For comparison purposes, similar tests were done using FeSO4·7H2O in 

homogeneous phase as ferrous iron source at pH 7-8. Selected iron concentrations for homogenous 

photo-Fenton tests, corresponded to the iron released along experiments done with steel wool, so that 

the actual effect of solid ZVI could be evaluated (1 mg/L of Fe in dark conditions and 10 mg/L of Fe 

under solar radiation). In both cases, Fenton at natural pH did not produce a significant degradation 

of imidacloprid. On the other hand, solar photo-Fenton achieved 40% and 25% of degradation using 

steel wool and FeSO4·7H2O, respectively, indicating that ZVI had an enhancing effect of the process 

and it was not only a source of dissolved iron. 

Experiments were also carried out at 100 µg/L Imidacloprid, in concordance with the usual 

concentration found in the effluent of Municipal Wastewater Treatment Plants. Different 

concentration of ZVI microspheres were tested (0.2, 0.5 and 1 mM) with the addition of 0.5 and 1 

mM of S2O8
2-, working under dark conditions and under solar radiation at neutral pH. Fenton did not 

produce Imidacloprid degradation. Solar photo-Fenton using 0.5 mM of S2O8
2- achieved between 50 

– 65% of imidacloprid degradation working with 0.2, 0.5 and 1 mM of ZVI microspheres, while using 

1 mM of S2O8
2-, it was observed an Imidacloprid degradation between 60 and 90%. 

Further experiments are envisaged considering the addition of S2O8
2-  to the steel wool and H2O2 to 

different concentrations of the ZVI microspheres, to properly compare both ZVI sources for the 

complete degradation of low concentration of pesticides in different water matrices.  
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Among the priority research lines of the main organizations for the protection of environment 

and public health are the so-called contaminants of emerging concern (CECs). This group of 

pollutants are defined as contaminants previously unknown or not recognized as pollutants whose 

presence in the environment is not necessarily new but it is new the concern about their possible 

consequences [1]. These contaminants are detected at trace level (ng/L) in wastewater and surface 

water, which confirms that their elimination in conventional water treatment processes is not total. 

Advanced oxidation processes have demonstrated their effectiveness in the removal of 

persistent contaminants as the CECs, but also in the bacterial inactivation, key process to allow the 

water reuse. It is important to consider that sustainable water management is not limited only to the 

non-contamination of water, but also implies enacting savings and efficiency in its use that can be 

favored with the water reuse. 

Among the advanced oxidation processes, the photocatalytic processes are of special 

importance. These processes are based on the generation of hydroxil radicals by lighting a 

simiconductor. Due to the high oxidation power of this hydroxil radicals its possible to oxidize most 

of the compounds present in the water. The most commonly used photocatalyst is the TiO2, which 

due to its optical properties requires illumination with light of wavelengths in the UV range. However, 

the need to use UV light and the low efficiency in the conversion of electricity into light of the lighting 

systems makes the high energy consumption one of the main problems of the photocatalytic processes 

[2]. Although in recent years the development of LED technology in UV has led to a considerable 

increase in electrical efficiency, it is necessary to optimize the distribution of light inside the reactor 

in order to make these processes economically viable at industrial level. 

Another aspect to take into account in photocatalytic processes is the configuration of the 

catalyst. Generally, it is used in aqueous suspensions, however, it is of special interest carry out the 

immobilization of the photocatalyst in a substrate in order to avoid the necessity of a subsequent 

separation step and enabling its recovery and reuse. However, because the immobilization of the 

photocatalyst results in a reduction of the active surface of the catalyst, loss of photocatalytic activity 

generally occurs. Among the different supports studied in heterogeneous photocatalysis, macroporous 

reticulated materials such as foams exhibit better mass and photon transfer, a large specific surface 

area and a greater photocatalytic performance than other support materials [3]. 

In this work a study of the influence of the light distribution on the photocatalytic efficiency 

was carried out using LED systems and a fluorescent mercury lamp and the theoretical distribution 

of the light was modeled in Ansys Fluent using the discrete ordinate method. The results showed a 

clearly relationship between the photonic efficiency and the homogeneity of the light distribution as 

can be seen in figure 1. These results are especially important since they indicate the important 

necesity of take into account the light distribution in the reactor design stage iin order to obtain the 

maximum possible efficiency. 

Alternatively, the immobilization of TiO2 materials in macroporous photocatalytic foams and their 

performance in the removal of CECs and water disinfection in both a syntetic water and a real 

wastewater was also studied. It was concluded that in spite of the fact that in the treatment of synthetic 

water the use of the supported catalyst in foams showed lower kinetic constants, this does not happen 
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in the treatment of EDAR effluents. This fact shows that the use of this type of supports is as effective 

as the processes with the catalyst in suspension, offering the advantage of avoiding a subsequent 

separation stage and enables its reuse. 

 
Figure 1. Relationship between photon efficiency and homogeneity of light distribution. 
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The World Health Organization (WHO) and the United Nations Educational, Scientific and 

Cultural Organization (UNESCO) predicted two-thirds of the world’s population may face water 

shortage by 2025. The absence of a good sanitation is also a problem for 2.4 billion people. All of this 

has led to an intense investigation by scientists in more efficient technologies for wastewater (WW) 

treatment (Ortega-Gómez et al., 2014). 

The fresh water consumed by agriculture is between 60-70% and, according to UNESCO, this 

amount can increase up 19% more by 2025. Reused water could be an important source for irrigation 

in a scarcity scenario. Nevertheless, the quality of reused WW has to ensure an adequate level for 

human health and environmental protection. 

Advanced Oxidation Processes (AOPs) have been demonstrated their efficiency in the 

elimination of non-biodegradable compounds, such as pharmaceuticals (Moreira et al., 2015). These 

substances are not removed in conventional wastewater treatment plants (WWTPs). In addition, the 

disinfection technologies used in these WWTP, for instance chlorination, can generate disinfection 

by-products which may pose risks to human health and aquatic environment (Lima Perini et al., 2018). 

Among AOPs, photo-Fenton process is one of the most effective treatment in disinfection and 

micropollutants (MPs) removal. However, the necessity of acid pH to work with this process makes 

unattractive its application at full scale. 

In this way, several ligands have been tested to work at neutral pH, such as EDTA 

(Ethylenedinitrilotetraacetic acid) and EDDS (Ethylenediamine-N,N'-disuccinic acid). However, 

there is no data in the assessment of DTPA (Diethylene triamine pentaacetic acid) as a chelating agent 

in photo-Fenton process for WW treatment. This compound is used in different processes but mainly 

used in agriculture and horticulture as an organic fertilizer. For instance, DTPA is included in the 

register of fertilizer products in the Ministry of Agriculture, Fisheries and Food of the Government 

of Spain. 

Therefore, the main objective of this work is to evaluate the efficiency of organic fertilizer as a 

chelating agent in photo-Fenton at neutral pH in different WW matrices. In addition, comparisons are 

established with conventional chelating agents (EDTA and EDDS). Finally, the inactivation of the 

coliforms after the treatment (photoFenton + DTPA) is studied to see if the treated water satisfies the 

requirements for agricultural reuse. 

The experiments were carried out in a tubular semi-continuous photoreactor provided with eight 

LEDs with a wavelength of 365 nm (irradiance: 2.66·10-7 Einstein·L-1·s-1). Two different WW 

secondary effluents from two Wastewater Treatment Plants (WWTP) in Barcelona (Spain) were 

tested: Conventional Activated Sludge (CAS) (24.1 mg C L-1, turbidity 8.9 NTU) and Membrane 

Bioreactor (MBR) (5.3 mg C·L-1and 1.0 NTU) (see Table 1). A concentration of 0.18 mM of Fe(II), 

4.41 mM of hydrogen peroxide and 1.9 µM of propranolol (PROP) as a target compound were used 

in each experimental condition. The molar ratios of chelating agent:Fe(II) were 1:1 for EDTA and 

DTPA and 2:1 for EDDS, based on previous experiments. 

PROP concentrations were analysed by HPLC. Total Coliforms were analysed using the 
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Chromocult® TBX agar prepared in plates and incubated for 24 hours at 35ºC. Figure 1A shows the 

results obtained for PROP degradation with different chelating agents. Figure 1B presents the results 

obtained in different experimental conditions for Total Coliforms inactivation. 

 

Figure 1. PROP removal (A) and TC inactivation (B) for different chelating agents in CAS and MBR 

with photo-Fenton at neutral pH. (open marks: MBR; closed marks: CAS). 

As obvious, when MBR was tested three chelating agents presented better results than CAS 

for PROP removal and TC inactivation. The explanation is due to the matrix influence (TOC and 

turbidity). Regarding the efficiency on PROP removal the results suggested that EDTA was the best 

for two WW. However, the iron precipitation was higher in EDTA and EDDS than in DTPA, making 

unattractive their application due to the sludge formation and the lowering of the efficiency when 

hydroxyl radicals attack to the complex chelating agent:Fe(II). TC inactivation is higher with DTPA 

probably due to the internal damages (affecting DNA) caused, because the stability of the chelating-

Fe complex is higher for DTPA than for EDTA or EDDS. However, in EDTA and EDDS the external 

damages probably were higher than internal hurts due to the rapid precipitation of iron affecting 

mainly in the membrane and producing lower damages in the DNA. 
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Nowadays, global energy demand has increased considerably due to the growing global 

economy and industrialization. In order to reduce the increasing usage of fossil fuels, the usage of 

renewable energies is being promoted. The use of bioelectrochemical systems (BES) to valorise 

wastewater is a promising renewable energy alternative. There are different types of BES depending 

on its function. Some of these systems are: microbial fuel cell (allows electricity generation), microbial 

electrosynthesis cell (produces chemical products), microbial desalination cell (allows the 

desalination), and microbial electrolysis cells (MEC) which are a type of BES that allows hydrogen 

production, being H2 a valuable energy carrier and a feedstock for many chemical processes [1]. 

One of the current bottlenecks in view of MEC scale-up is the need of cheap and efficient cathode 

materials to drive hydrogen evolution at low cathode potential [2]. The cathode is usually the limiting 

electrode since hydrogen production reaction at the conventional operational conditions has slow 

kinetics. In order to catalyse the proton reduction reaction, the most used and efficient cathodic 

catalyst is platinum (Pt) [3]. Despite its high cost, Pt is the usual choice in MECs. It is usually formed 

by coating a carbon-Pt ink deposited on a carbon based surface, commonly carbon cloth [3]. Hence, 

the objective of this study was to enhance efficient Pt distribution on carbon cloth and to assess its 

impact in the H2 production. To this aim, the performance of different deposition techniques (spray, 

electrospray, sputtering, brush painting and doctor blade) was screened and compared. A high number 

of experiments in 35 ml methacrylate MECs were conducted in duplicate. The performance of each 

cell was studied by monitoring the current intensity, with cyclic voltammetry and electrochemical 

impedance spectroscopy for a better understanding of the process. Furthermore, the cells were 

characterized using scanning electron microscope (SEM), together with energy dispersive X- ray 

spectroscopy (EDS) in order to study their surface aspect and its composition, respectively. 

When the Pt was deposited using brush painting (catalyst layer is deposited by a brush) and 

doctor blade (catalyst layer is deposited by a blade), the deposition formed a rigid and smooth layer 

on the electrode surface (figures 1 a and b) and the individual fibres could not be distinguished. The 

SEM images show some cracks caused by the pressure that the ink suffers due to its rigidity when it 

is dried. However, thanks to these cracks, the electrode increases its active area, which causes an 

increase in the current intensity. In addition, as the table 1 shows, with these techniques, the intensity 

is higher leading to higher hydrogen production. On the other hand, the current intensity per unit of 

Pt added (mA/mg Pt) was lower than with the other techniques (spray, electrospray and sputtering) 

because brush painting and doctor blade contain more Pt. On the contrary, when the Pt is deposited 

using a spray technique (such as spray and electrospray) or sputtering (catalyst layer is deposited using 

scattered Pt), the deposition is more effective and selective. Spray techniques and sputtering allow 

impregnating only the external carbon cloth fibres with the ink instead of creating a compact layer as 

in the case of the brush painting and doctor blade (figures 1 c, d and e). The absence of a compact 

layer increases the active area of these electrodes and, therefore, the current intensity per unit of Pt is 

also increased. This means that when the electrode has high active area, as it is the case of spray, 
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electrospray and sputtering, where the fibres are clearly exposed, MECs can drive more energy per 

milligram of Pt. 

The main outcome of this work was not only to find that the quantity of Pt used as a catalyst is 

an important factor but to verify that how the Pt is deposited and the homogeneity of the cathode are 

also key factors. Furthermore, using great amounts of Pt is not economically viable at full-scale. For 

this reason, a deep study is warranted to identify the optimal amount of Pt along with the optimal 

dispersion technique for a given material. 

Table 1. Data obtained with the different cathodes used in this study. 

Technique mg Pt/cm2 Imax (mA) mA/mg Pt H2 (m
3·m-3·d-1) 

Brush Painting 0.5 10.6 1.77 1.98 

Spray 0.13 3.2 2.05 0.86 

Electrospray 0.24 5.8 2.02 0.84 

Sputtering 0.01 2.1 17.5 0.52 

Doctor Blade 0.5 7.9 1.31 1.55 

 

 

Figure 1. SEM images of a) paint brush b) doctor blade c) spray d) sputtering e) electrospray. 
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Contaminants of Emerging Concern (CECs), present in wastewater, have a negative impact on 

human health and aqueous ecosystems, even at low concentrations. Conventional wastewater 

treatment processes are not able to completely eliminate these pollutants, which causes their presence 

in the aquatic medium. Therefore, it is necessary to use alternative methods for an effcient removal of 

CECs in water effluents. Advanced Oxidation Processes (AOPs) are based on the generation of 

hidroxyl radicals, highly reactive species with a high oxidation potential, capable of reacting with 

organic compounds in a non-selective manner (Salimy, M. et al., 2017). 

Among the differents AOPs, heterogeneus photocatalysis is highly efficient in the treatment of 

wastewater with low or moderate concentrations of organic contaminants. This process is based on 

the excitation of a catalytic solid, usually a semiconductor as TiO2. By the absorption of photons, 

electrons of valence band get the energy needed (band gap energy: 3.2 eV for anatase) to be excited 

to the conduction band (Kabra, K. et al., 2004) and generate hydroxil radicals as oxidizing agent of 

organic mass. 

It is reported that TiO2 has been found to be one of the most effective and efficient 

semiconductor photocatalysts using UV radiation, because of its high stability and high ultraviolet 

absorption that allows the photocatalytic degradation of pollutants in water. 

Taking this into account, the goal of this work is to study the influence of irradiance emmited 

by UV-radiation and the initial concentration of the pollutant in the degradation of Ofloxacin (OFX), 

chosen as model of CEC, from wastewater with synthetized TiO2- Nanotubes (NTs) array (Al-

Mamun, M.R. et al., 2019). An experimental design was planned to quantify and optimize the effect 

of the above factors and the interaction between them. 

The photocatalysts used are generated by anodizing titanium plates (5x5 cm; 1mm thickness). 

To do this, an electric current is passed through two electrodes, the titanium plate, that is used as 

anode, and a nickel plate used as cathode. The electrodes are immersed in an electrolyte solution (250 

ml of NH4F 0,1M in a solvent formed by 20% v/v of water in ethylene glycol) achieving the surface 

oxidation of the anode. Then, an electrical potential of 2 V/min was applied for the first 30 minutes, 

and continued at 60 V for 90 minutes. Before starting the anodization, the titanium plate requires a 

previous treatment consisting of  cleaning the plate with water and drying it with paper; and after that, 

placing it in an ultrasonic bath, first with acetone and then with distilled water, for 15 minutes each of 

these baths. After anodizing of the titanium plate, it is cleaned with a small flow of water and dried 

with a stream of nitrogen. And finally, heat treatment was applied to the plate reaching 450 ºC. In this 

way, nanotubes of titanium dioxide crystallized in its anatase form, thus increasing its catalytic 

capacity. Figure 1 shows the SEM micrograph of TiO2-NTs formed by the anodizing process. 
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Figure 1. SEM micrograph of TiO2-NTs formed by anodizing process. 

To evaluate the influence of UV radiation and initial concentration of OFX, a two level factorial 

design of experiments was performed in which the different initial concentrations (15, 25 and 35 

mg/L) and irradiances (5, 10 and 15 W/m2) were combined for each type of UV radiation (UV-A, UV-

B and UV-C) and kinetic constant was used as response variable. 

The photocatalysis of OFX was carried out in a reactor with agitation at 25 ºC, with 600 mL of 

OFX solution used as wastewater. The photocatalyst was immersed in the reactor, so that the radiation 

emitted by ultraviolet lamps fell on the anodized surface and activate the photocatalyst. OFX 

concentration is analyzed by spectrophotometry. 

For experiments using UV-B radiation, it is observed that for a constant initial concentration, 

degradation of OFX increases with irradiance. Additionally, for constant irradiance, degradation 

decreases as the initial concentration increases; so there is no control of mass transfer to the catalytic 

surface. This may be caused by interferences between OFX molecules. The effect of these variables 

was statistically significant. Figure 2 shows the degradation of OFX for which have been proved to 

be the best operating conditions for UV-B radiation, 15 W/m2 and [OFX]0 = 15 mg/L. 

 

Figure 2. Degradation of OFX by heterogeneous photocatalysis with TiO2-NTs arrays. UV-B (15 

W/m2), [OFX]0 = 15 mg/L. 
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INTRODUCTION 

Antibiotics, for human and veterinary uses, are chemical substances used to fight bacterial 

infections. After use, they can appear in natural waters, since their removal is not regulated in the 

water treatment plants, which can cause a sanitary and environmental problem. 

According to the European Medicines Agency, under the "European Surveillance of Veterinary 

Antimicrobial Consumption", Spain is the country with the highest sales of antibiotics for veterinary 

use, with tetracyclines, penicillins and sulfonamides being the best-selling antibiotic families in 

Europe. In particular, the presence of enrofloxacin (the antibiotic object of this study) has been 

demonstrated in different European wastewater treatment plants (WWTPs) with concentrations of up 

to 60 ng L-1 (Lor et al., 2011; Gros et al., 2013; Senta et al., 2013; Birošová et al., 2014). Enrofloxacin 

has also been detected in surface waters with concentrations up to 200 ng L-1 (López-Serna et al., 

2011, Lor et al., 2011, Wagil et al., 2014). 

Given that conventional wastewater treatments are not effective in the removal of antibiotics 

from water, the study of other technologies for this purpose is proposed. The search for new treatments 

has led to the study of Advanced Oxidation Processes (AOP), based on the generation of reactive 

oxygen species capable of mineralizing pollutants without generating by-products. Among them, 

photocatalysis with titanium dioxide, is a process that uses a catalyst (TiO2), UV radiation and an 

oxidizing agent (O2) to carry out the degradation of many organic micropollutants, such as antibiotics. 

The objective of this work is to study the effectiveness and recovery of different TiO2 catalysts 

in the removal of enrofloxacin from water. Specifically, five catalysts of titanium dioxide with 

different configurations are studied: powder, suspension, fixed bed, microfibrillated and layers of 

TiO2. 

METHODS 

In addition to the conventional titanium dioxide catalysts in powder (1 g L-1, P25 Degussa) and 

in suspension (1 g L-1, FN2 Levenger), both recovered by decantation, the following configurations 

are used: 

1. TiO2 in fixed bed: it is a configuration in the cilindrical form, with dimensions of 10 cm in 

diameter and 2 cm in height. Its recovery is extremely simple (removed from the solution). 

2. Microfibrillated TiO2: it is the catalyst in the form of microfibers, with a larger particle size 

than the powdered catalyst and therefore easier to recover by filtration. It is applied with a 

concentration of 1 g L-1. 

3. Layers of TiO2: it is the catalyst supported between two layers of filter media and with 

dimensions about 150 cm2. Its recovery is also very simple (removed from the solution). 

All tests are carried out with a solution of enrofloxacin of 15 mg L-1. The treatment time is 2 h. 

A CPS+ Atlas solar camera is used as a radiation source. The enrofloxacin concentration is measured 

using a Helios UV-VIS ThermoSpectronic spectrophotometer ( = 271 nm), before and after each 

treatment to calculate the removal percentages. 
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RESULTS AND CONCLUSIONS 

The removal of enrofloxacin by photocatalysis with TiO2 is shown in Figure 1. It should be 

noticed that, after 2 hours of treatment, all the configurations used were very effective (more than 

90% of enrofloxacin removal) except for the configuration in layers that only achieved a removal of 

17% (so it is not represented in the figure). 

º 

Figure 1. Enrofloxacin removal by photocatalysis with different configurations of TiO2. 

The highest removal yields were obtained with the P25 Degussa catalyst but it was the most 

difficult to recover. The fixed bed configuration obtained a slightly lower performance but the catalyst 

recovery process was the most simple. 

This work was financed by Gobierno de Aragon (Spain) (Research Reference Team Water and 

Environmental Health T51_17R) and co-financed by Feder 2014-2020 “Building Europe form 

Aragon”, by the project JIUZ-2018-TEC-08 (University of Zaragoza) and by the project EFA 

183/16/OUTBIOTICS (Interreg-POCTEFA 2014-2020). 
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P41 Mirando a través del agua VR360, la divulgación como herramienta de educación y 

concienciación ambiental. una experiencia digital 4.0 

G. Carpes, M. Amaya, Á. Melgar, R. Vera, S. Romero, C. García, E. Toro 

EMASESA 

gcarpes@emasesa.com 

Entre las actividades de sensibilización y educación ambiental, EMASESA lleva a cabo el 

programa El Agua en las aulas en los centros escolares con el objetivo de mostrar las relaciones 

existentes entre el agua y el medio ambiente, en el marco del abastecimiento y la depuración. Para 

EMASESA esta actividad es prioritaria y dedica recursos desde hace más de 30 años. 

 

Por otro lado, según diferentes estudios, la realidad virtual, RV, permite a los usuarios 

interactuar con un mundo virtual, desde un punto de vista acústico y visual. En este sentido, se ha 

venido observando en experiencias con alumnos, que se potencia la atención y la motivación, 

facilitándose de este modo la comprensión de contenidos complejos. Así, la realidad virtual, se ha 

convertido en una herramienta para mejorar la comprensión de contenidos difíciles de explicar. 

Precisamente, aprovechando el potencial de esa herramienta en el campo de la Educación 

Ambiental, se decidió su uso para mostrar el complejo proceso de que entraña el ciclo del agua, 

aducción, potabilización, saneamiento, depuración y vertido. 

La motivación de este trabajo partió de la dirección de Calidad, Medio Ambiente y 

Sostenibilidad. Esta dirección, hizo un llamamiento, propuso un reto a los empleados, a fin de que 

aportasen propuestas, que de algún modo pusiesen en valor, la calidad del agua suministrada, 

haciendo énfasis en las personas que velan por este precioso recurso. Fruto de este llamamiento se 

pusieron en marcha varias iniciativas. 

En total se propusieron cerca de 20 proyectos, desarrollados en diferentes espacios de la ciudad 

y poblaciones abastecidas, en los que se pudo disfrutar de diversas actividades durante todos los 

meses de la campaña. 

Uno de los proyectos presentados ha sido “Mirando a través del Agua VR 360” en los que se 

incluye la producción de dos videos de realidad virtual. El primero “El increíble viaje de una gota de 

agua” en los que se cuenta la historia de una gota de agua, desde que cae en forma de lluvia a un 

embalse hasta que es servida a un cliente. A esta primera parte le hemos llamado “El increíble 

viaje de una gota de agua”. Después, se ha avanzado en el proyecto realizando la segunda parte del 

ciclo del agua, no menos importante, en el que se visualiza como el agua es recogida de cada una de 

las casas y resto de clientes, una vez utilizada y se conduce a las depuradoras para su saneamiento y 

vertido al río. 

mailto:gcarpes@emasesa.com
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Imagen real y virtual del embalse de El Gergal. 

Una de las características que tiene esta tecnología, es que permite generar un escenario de 

360º, que envuelve al usuario en un mundo virtual, generando en este una experiencia inmersiva. 

En el ámbito de este proyecto, se decidió emplear la tecnología RV360, en este caso enfocada 

en el Ciclo del Agua, como herramienta educativa. En este sentido, y dentro de las posibilidades que 

plantea esta tecnología, se han realizado un total de dos producciones, videos de algo más de cuatro 

minutos, en el que se trata de recrear el ciclo del agua, desde el punto de vista subjetivo de una gota 

de agua. 

La primera historia reproduce el viaje de una gota de agua, desde que cae de una nube 

hasta que llega a la casa de un usuario, pasando por los diferentes procesos de depuración, control de 

calidad y distribución. La segunda, comienza en la vivienda, y cuenta, también en primera persona, 

los procesos de saneamiento depuración y vertido a los que se somete el agua para devolverla al 

medio. 

El primer aspecto a tener en cuenta a la hora de desarrollar un proyecto de esta índole es la 

composición del equipo de trabajo. Este equipo debe ser dinámico y multidisciplinar, ya que es 

necesario coordinar a diferentes áreas, entre las que no existe una relación explícita. La elección de 

los componentes debe realizarse atendiendo a las aptitudes de los miembros, que por otro lado deben 

estar motivados para trabajar en el proyecto. Por otro lado, es muy importante que la coordinación 

del equipo de trabajo se deba realizar sin atender a rangos jerárquicos, pues este aspecto limita la 

generación de ideas y propuestas, muy necesarias en estos casos. 

Una vez definido el equipo de trabajo que participaría en el proyecto, se consensuó el 

StoryBoard. En esta actividad se definió la historia que se contaría en la producción, de la que 

partiría el guion y la animática del proyecto. 
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P42 Efforts to flush the sewer monster out. Standardization as a solution. 

C. Hernández de Vega 

Asociación Española de Abastecimientos de Agua y Saneamientos (AEAS) 

Introduction to the problem 

As sanitation has developed throughout history, society has evolved and prospered till 

developed countries has presumed the protection of public health and the environment. 

At present, flush the toilet means for many people getting rid of a problem but more and more 

our networks end up suffering the problems. Traditionally, domestic discharges mostly contained 

waste organic matter, detergent and toilet paper. However, last 20 years, there has been a massive 

consumption of wet wipes and other products that have subsequently been flushed because of bad 

labelling that did not meet contrasted technical criteria. 

Since then, it is increasingly common to find news reporting the huge economic and 

environmental disasters caused by this problem. 

First concerns and regulation lacks 

Between the beginning and the mid-2000s, problems arise and first world countries meet 

fatbergs. Specifically, in 2005 in the United Kingdom the problem begins to become vox populi and 

the Water Resources Council begins to put in the spotlight wet wipes. 

In Spain, this issue was showed by Commission V of AEAS for the first time in CONAMA 

2010, publishing in its later version (2012) the Manual de buenas prácticas urbanas en sistemas de 

saneamiento público. The GT Inspección de Vertidos y Laboratorio of this commission, quantified 

the unblocking of sewage networks between 4 and 6 €/person per year. 

After the detection of the problem came the study of it. In 2016, OCU and AEAS carried out a 

study that put in check the main brands of wipes in the market, evaluating them and highlighting their 

inability to disintegrate and biodegrade in sewerage. 

As a warning to find a solution, in 2016, 250 associations and operators of urban water services, 

including 77 Spanish public and private companies, signed the International water industry position 

statement on non-fluchable and “flushable” labelled products where it is said that flushable products 

must meet three requirements, 1 – breaks into small pieces quickly, 2 – not buoyant and 3 - not contain 

plastics, only materials readily degraded. 

Looking for regulation 

Due to the lack of regulation, the European and International manufacturers associations (INDA 

and EDANA) were the first to publish guides, which have been updated over this years, to try to solve 

the problem (GD1 in 2008, GD2 in 2009 , GD3 in 2013 and GD4 in 2018). First version was new as 

well as original and was a first step to get a regulation however, urban water services companies did 

not consider it adequate. It did not involve any change in the market because it was too soft, almost 

all the products were considered flushable. 

Regarding legislation, the first step was taken by Belgium adding GD3 into its laws in 2015. 

The same year, the City Council of València approved an ordinance prohibiting flushing wipes. 

Unfortunately, in 2017 they found 1 kilometre blocked length in one of its main sewer pipes, taking 

more than 1 year to unclog it. Finally, in 2019 Europe has approved the Directive on the reduction of 

the impact of certain plastic products on the environment where labelling requirements are introduced 
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as well as extended producer responsibility schemes and awareness campaigns for certain products 

that contains plastics (wipes, tampons, compresses, etc) and people is used to flush. 

In 2014, international manufacturers and water services operators formed a working group 

to develop ISO 24524, which was intended to be a technical standard tool to identify which 

products were flushable and which were not. However, because of the great international pressures this 

document ended up as a technical report that only describes the conditions of the sanitation 

infrastructures without providing any condition for the products (published in 2019). Foreseeing the 

future failure of the long awaited ISO, in 2016 two ways emerged in Spain. 

The international one was a group of operators and associations from Canada, USA, Japan, 

Australia and Spain (AEAS) who formed the International Water Services Flushability Group 

(IWSFG) and published their own guidance document in 2018. At national level, the GT1 – Preductos 

desechables was formed in the CTN 149 – Ingeniería del Agua in UNE, who, after a lot of negotiations 

and consensus between manufacturers and water operators, managed to publish its own standard UNE 

149002:2019 in 2019. 

Standard UNE 149002:2019 

This standard is a novelty at national as well as international level. Spain is the first country 

that has got an agreement to publish a standard. 

The objective is determine through 5 test what can be flushed. In case of not complying with 

some of the test, the product should be labelled as not flushable. The test, which are aligned with the 

requirements established in 2016 declaration, are the following: 

• Does not contain plastics → Composition test 

• Do not float → Settling test 

• Only materials that degrade easily → Disintegration test (sloch box), aerobic biodegradation 

test and anaerobic biodegradation test. 

To homogenize the products labelling and improve their understanding by the consumer, there 

is also a labelling standard for flushable and non-flushable products related to contrast, size, location 

and nomenclature. 

Conclusions 

Currently we have a directive that does not distinguish products and a standard that is not 

mandatory so voluntary as well as other initiatives trying to align this previous ones, for instance, 

STANPA assumed UNE 149002:2019 in a code of good practices for their associated. 

In the next few years, great efforts must come from the consumer to become aware and to 

dispose each waste to their collection way. However, companies should not discharge their 

responsibility on consumers because they are the ones that should make an effort to have an informed 

and responsible consumer. 

Step by step, year by year, it is possible to get solutions and improve. This is an example of 

cooperation and agreements between sectors to provide solutions to a common problem. 
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Increasingly, composite indicators and multi-criteria approaches are applied in environmental 

assessment and decision-making. There are lots of examples applied in the water field, especially in 

environmental water quality of rivers (Kefayati et al., 2018; Mao et al., 2019). 

In this study, a composite indicator is used to know the perception of the users about the water 

service in their municipality. With this objective, the Composite Indicators method is used instead 

of other methodologies based on surveys and statistical analysis. 

There are numerous methodologies for the construction of composite indicators and there is not 

an international consensus that determines which of them is the most appropriate (Domínguez et al., 

2011; Díaz-Balteiro et al., 2017). In this study, it is used for the calculation of Composite Indices the 

multi-criteria decision analysis model (MCDA) with common weights based on the data envelopment 

analysis (DEA) proposed by Hatefi and Torabi (2010). 

The selection of the MCDA model evaluates all the units through the same set of weights in 

order to allow a fair comparison between them. In this way, it is intended to eliminate the subjectivity 

of the surveys and obtain an assessment of the water service that users receive that is objective and 

replicable. 

The proposed approach relies on the six most important variables to know the user perception 

as in the literature review recommended, as an example: water price, total number of written 

complaints, total number of unplanned interruptions, water quality, water distribution network 

efficiency and number of actions that involve inconvenience on the day of the users (Molinos-Senante 

et al., 2016; Maziotis et al., 2017). 

The MCDA model with the aforementioned variables has been applied to 34 municipalities of 

Valencia and its metropolitan area. The results show the users' valuation of the water service of their 

municipality objectively. In addition to this, the MCDA model shows the importance of the variables 

in order to know which is the best way to improve the water service in each municipality. 

The results show the application of MCDA model it is very useful for water managers and 

politicians because it allows to know the users' opinion in order to improve the water service in this 

municipality. In addition, the MCDA Model shows the importance of all the variables in the users’ 

opinion. With this information, water managers and politicians could prioritize to improve the water 

service. 
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Los Alcázares is an urban area belonging to the Campo de Cartagena, on the shores of the Mar 

Menor. It is located in a complex Hydrogeology area on the Segura River Basin. It is at the confluence 

of “Las Ramblas de La Maraña”, which a volume of water of 161,94 km2. To the south of the town 

there is the “Rambla del Albujón”, (it collects water from an area of 680.64 km2). Los Alcázares is 

situated in a risk flooding area (100-year return period -SNCZI-). The both ending at the Mar Menor, 

a hypersaline coastal lagoon of 135 Km2 in surface area of high conservation and very sensitive to the 

changes that have occurred in the last 40 years. 

The severity of the impacts of flooding in Los Alcázares in the last years, mainly in the year 

2016, demands an equivalent response. Poor urban planning, a lack of infrastructure investment, 

poor integrated water resources management in the Campo de Cartagena and its influence on the 

floods, unregulated development, critical infrastructure, are some of the causes that aggravate flood 

risks. 

One of the mitigating measures is channeled the water from the Ramblas de La Maraña (A) 

through the Canal D-7 to Rambla del Albujón (B), evacuated directly to the Mar Menor. Another 

new infrastructures such as the AP-7 (C), buildings (D, E, F) interrupt the natural riverbeds and 

have been aggravating the floods that have been happening in recent years. This is also a clear sign 

of the gradual disconnection between water management and management of the river Segura and 

other natural water courses of the basin, which ultimately leads to a loss of environmental 

functionality. 

This article presents an analysis of potentiating causes destructive effects of floods by high 

volumes of precipitation in a short period of time and the mitigating measures with right governance 

and integrated resources management. Floods that are expected to become more frequent and more 

intense with climate change. 

 

Figure 1. Flood areas- 100-year return period. 
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Figure 2. Break D-7 Drainage Canal 
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Understanding the factors that determine the use of rainwater harvesting systems (RWHS) can 

help the correct implementation and sustainability of the system, especially in regions where this 

option becomes the most (and often only) feasible solution. 

The free trade agreement in North America has prompted a boom in extensive agriculture that 

is leading to over-exploitation of Mexico's aquifers (Nadal and Wise, 2004). Groundwater, the main 

source from which pipe water is extracted in the northern state of Guanajuato (Mexico), is 

increasingly contaminated mainly by arsenic and fluoride (Esteller et al., 2012) causing dramatic 

health problems in the rural communities. In the last two decades, rainwater harvesting systems 

followed by a filtration process have been strongly promoted in some rural communities as an 

alternative for domestic uses (drinking and cooking) (see Figure 1). 

Figure 1. RWHS in San Cayetano-San Luis de la Paz (Gto.-Mexico). 

This study has focused on understanding the factors that are affecting the willingness to use 

these systems for domestic purpose. Using a multi-methods approach based on interviews to 

community leaders and fifty-five structured questionnaires to female heads of household in eight 

remote communities in San Luis de La Paz and San Diego de la Unión (Guanajuato) were developed. 

The importance of eleven different factors extracted from the literature review, observation and 

critical thinking (see Table 1) were evaluated. Special emphasis was placed on the understanding of 

these factors in the study. The psychological model of behavioural change Health Belief Model 

(HBM) was used as a conceptual framework to interpret the results, relating the factors analyzed and 

the theoretical constructs of the HBF (see table 1). 
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Table 1. Relation between identified factors and HBM. 

Factors identified from literature review, observation 

and critical thinking 

Health Belief Model (HBM) constructs 

Household size Modifying variables 

Ratio women/men  

Ratio children/adult  

Education  

Media exposure  

Household income  

Knowledge about the associated risk Perceived severity/susceptibility 

Perception quality, quantity and convenience Perceived benefit/barriers 

Community participation Cues to action 
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The Chair "Cátedra FACSA de Innovación en el Ciclo Integral del Agua de la Universitat Jaume 

I" is an association between a private company, FACSA, and a university, Universitat Jaume I (UJI). 

The Chair promotes research, innovation and exchange of knowledge in the full water cycle. It was 

born in 2015 as a link between research groups, teachers and students of the UJI and the different 

fields of study related to the full water cycle and has tried to guide and support their study and 

knowledge among the university community. Therefore, the first grants were convoked three years 

ago and different Degrees, Masters and PhD thesis have been awarded during three editions. 

Moreover, different courses have been organized focussing on catchment and treatment of drinking 

water, treatment of wastewater and construction of waste water treatment plants. 

Additionally, the Chair has become an open forum to provide qualified knowledge to water 

professionals and institutions by recognized experts. Nowadays, water can entered on the different 

leading sciences such as Artificial Inteligence, genomics or Virtual Reality so that the Chair tries to 

be a link between researchers and water professionals to solve actual problems. To couple with this 

goal, we organize seminars, conferences, and other dissemination activities that bring together 

business and administration technicians, researchers and experts in different areas related to the full 

water cycle. Accordingly, it has been organized more than 25 seminars and 6 conferences about 

different topics such as advanced oxidation processes, wastewater treatment and water resources 

management. The audience of the seminars and conferences are technicians, researchers and experts 

working on the full water cycle from Castellón province and nearby provinces. With these activities, 

the water professionals and researchers can build lines of investigation together to elucidate problems 

related to the full water cycle. 

The Chair has been growing as a source of knowledge since 2015 with the aforementioned 

actions. Nevertheless, the European Commission with the Horizon Europe program for 2021-2027 is 

planning to promote missions able to solve climate crisis, involve citizenship on their social 

transformation and generate greater impact on citizens (European Commission, 2018). Accordingly, 

we have decided to open the chair to the surrounding citizenship promoting campaigns of awareness 

and knowledge about the full water cycle. Therefore, we have organized different activities focused 

on providing qualified information to different target groups. 

The first activity focussed on the society was a hydraulic heritage conference about water mills 

(see Figure 1 a). In this day, we gathered more than 60 persons to learn about these ancient structures 

that were really important for the society of the Castellón province in the past centuries. At the end 

of this day, a hiking route with different experts was done to see an ancient water mill grinding 

cereals. This conference has been held within the work line of the hydraulic heritage that the Chair 

promotes because it has many benefits for society, highlighting the increase of awareness in the 

culture of respect and appreciation of water and its infrastructure. 

Attending to the climate crisis, a worldwide event called Climathon has been organized during 

the last years to help humanity achieve zero emissions in 20 to 30 years. The 24 hours event is funded 

by the European Union and opened to entrepreneurs, students, developers, policymakers and other 

citizens worried about climate change. It is celebrated on the same day in different cities of our planet 



 

202 
 

and the Chair and Castellón municipality were the organizers of the Climathon event in Castellón the 

26th of October 2018. The challenge of Castellón’s Climathon was focussed on “La Marjalería" 

which is a peri-urban wetland associated with the city aquifer where the phreatic water surfaces. 

Water was the main issue of the challenge where water management and treatment and land planning 

of the area were some of the topics exposed to the participants. The participants created during 24 

hours different solutions for the challenge being water the core of their projects and being conscious 

of the great importance of water for their life in the city (see Figure 1 b). 

The 22nd of March is the World Water Day so that the chair organized on 2019 an activity for 

secondary school students. In this event, more than 150 students and teachers came to our university 

to discover the motto of the World Water Day 2019 campaign (Water for all, leaving no one behind). 

Additionally, the activity was focussed on the dissemination  of information and awareness on current 

issues such as tap water, the Sustainability Development Goals and use of plastics (see Figure 1 c and 

d). 

As exposed with the different activities done by the Chair, its target public is sorted in three 

different stakeholders: institutional and water professionals, the university community and the 

society. Accordingly, the chair is aimed to be an institution focused on innovation at the service of 

the society fighting on the century's challenges such as water management and climate crisis. The 

Chair promotes the dissemination of knowledge to society creating scenarios that allow researchers 

to explain properly their investigations to the society. 

 

a) b) c) 

 

 

 

 

 

Figure 1. Photos from a) Hydraulic Heritage conference b) Climathon event in Castellón and 

c) World Water Day. 
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P47 The operational water systems as a cornerstone for water management in Spain: an 

analysis of these systems in the light of the general restrictions that are imposed on them 
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This paper tries to approach the relevant role played by operational water systems in modern 

Spanish water law. The exploitation systems are the unit of reference for achieving an integral use of 

water in the basin river. Its regulation defines water policy and systematizes the uses and destinations 

of water resources. Hydrological, but also legal, economic, environmental, social or even political 

issues influence in its calculation. 

In accordance with the objectives pursued by water law, it is necessary to rethink the limits and 

restrictions imposed on them; above all, when these limits are discretionary or not. To this end, the 

paper exposes an idea that can be as paradoxical as revolutionary (metaphorically speaking): the only 

way to ensure the general interest is to comply with River Basin plans. In both dimensions: from 

quantitative and qualitative aspects of water management taking into consideration the following 

strength ideas:  

1. The quantitative aspects of water management in Spain and singularity of Spanish conditions. 

2. The water resources evaluation and stochastic methods of calculation relates to climate change 

policies from a legal perspective. 

3. River Basin plans as a general framework for resolving conflicts related to water management. 

4. The operational water systems as a technical for the resolution of conflicts related to water 

management. 

5. The priority of water supply as a general rule. 

6. Restrictions on operational water systems and their impact on the integration of economic, legal 

and environmental variables. In special, the determination of ecological flows and other 

environmental restrictions. 
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Fluoroquinolones (FQs) are broad-spectrum antibiotics extensively used in veterinary and 

human medicine. In terms of popularity, FQs are the third largest group of antibiotics accounting for 

17% of the global market share (Hamad, 2010), so being highly consumed worldwide. On the other 

hand, these antibiotics are excreted unmetabolized up to 70%, as well as their metabolites could be 

just another FQ, as it is the case of enrofloxacin, which is excreted as ciprofloxacin (Van Doorslaer, 

Dewulf, Van Langenhove and Demeestere, 2014). Therefore, these drugs are released to the 

environment not only from the manufacturer plants, they also do it from hospitals, residential areas, 

aquaculture facilities or animal farms. Having all these in mind, is understandable that FQ could easily 

lead to an increase of bacterial resistance or induce toxic effects on aquatic organisms if it is not 

properly eliminated from water bodies. Hence, alternative degradation treatments should be 

investigated. In this work, we report on the degradation of the FQ enrofloxacin (ENR) by direct 

photolysis AND (photo)-Fenton processes under different operating conditions (water matrices and 

initial pH). In all cases, the experiments were performed in open glass reactors with magnetic stirring 

containing 250 mL of solution. The initial concentration of  ENR was 25 mg/L, also containing 5 

mg/L of Fe(II) (added as FeSO4·7H2O). The studied aqueous media were MilliQ water, tap water and 

highly salted water, the initial pH was adjusted to 2.8 or 5 with H2SO4 0.5 M. For (photo)-Fenton 

experiments, an initial stoichiometric concentration of H2O2 of 125 mg/L was employed. Experiments 

were run for two hours taking samples at selected reaction times. Irradiations were performed with a 

solar simulator (Oriel Instrument) equipped with a high pressure Xe short arc lamp (Ushio UXL-302-

0). The most efficient ENR removals were obtained in MQ and TW, thus reflecting that high 

concentrations of chloride present in SW could play an inhibitory role by means of antibiotic 

degradation. HPLC analyses showed fast total removal of ENR by (photo)-Fenton treatments in 

MilliQ and tap water, whereas in photolysis a 40% removal was observed after 2 h. However, total 

organic carbon  measurements showed that only PF was able to produce significant mineralization 

(up to 80% in 2 h). The negligible mineralization observed in F and P indicates that ENR removal 

results in the release of important amounts of reaction by-products. Fluorescence excitation-emission 

matrices (EEMs) combined with parallel factor analysis (PARAFAC) were employed to gain further 

insight into the nature of these by-products (García-Ballesteros et al., 2019). A five-components 

model was obtained, which can be associated with the parent pollutant and different groups (figure 

1). All five components, and their time evolution were observed in (photo)-Fenton processes, whereas 

the EEM recorded at different times of photolysis were always coincident with the factor attributed 

to a FQ. This indicates that although photolysis is able to remove ENR, is not able to produce 

important changes in the FQ structure. Only under stronger oxidizing conditions (e.g. formation of 
•OH) the core of the FQ is attacked. In line with expectations, agar diffusion tests employing 

Escherichia coli showed that after 5 min of (photo)-Fenton treatment the inhibition halo was 

completely removed (Milli-Q water, pH = 2.8), whereas in photolysis the inhibition halo was constant 

even after 2 h of irradiation. This might indicate that the destruction of the FQ structure is needed to 

eliminate the antibiotic properties. According to our search, it is the first time a FQ degradation is 

studied with this technique. Until now, the combination of EEM-PARAFAC with FQ antibiotics was 

slightly employed for chemometrics or chemical interactions studies only. This technique could be a 
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complementary method to mass spectrometry, which is far more expensive and scarcely present in 

laboratories. 

 

 

 

 

 
Figure 1. Modelled by-products fingerprints obtained with EEM-PARAFAC analysis. 
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Introduction: The importance of microalgae in wastewater treatment is growing nowadays. 

This is reflected by the number of publications that can be found on ScienceDirect when 

microalgae&wastewater terms are searched: increasing from 22 publications in 2000 to 1122 in 2018. 

The relevance of microalgae-based wastewater treatments resides in its applicability in the field of 

urban wastewater [3], but also in other fields like aquaculture [9]. Mathematical models offer a great 

opportunity for the study of its implementation in wastewater treatment plants (WWTP) and water 

resource recovery facilities (WRRF). Numerous models have been developed for microalgae growth 

modelling, but only a lower number are integrated models [7]. In addition, it has been suggested the 

integration of microalgae-based processes in plant wide models as a next step, but the development 

of new state variables and processes is necessary [6]. 

Under this framework, the Plant-Wide Modelling (PWM) methodology developed at Ceit 

[1,2,4,5] allows an accurate estimation of pH and physio-chemical transformations, a detailed 

description of liquid-gas transfers, and also ensures the elemental mass (in terms of C,N,O,H,P and 

additional elements), charge and energy continuity in all transformations based on the principles 

described in traditional models (ASM models, ADM1 and RWQM1). These features are paramount 

when modelling microalgae and microalgae-bacteria interactions. The objective of this study was to 

develop a microalgae-processes model that is embeddable in PWM, meaning that microalgae-based 

treatments could be implemented and studied in a complete WWTP simulation. 

Materials and Methods: Modelling methodology (PWM) is explained in the aforementioned papers. 

Mathematical model construction has been done following PWM procedures [2]. Based on RWQM1 

and [8], a new category including all biochemical processes related with microalgae was implemented 

in the PWM library taking into account the definition of new model components (i.e. XALG for 

microalgae biomass), as well as new variables for the implementation of the diurnal-nocturnal cycles 

or external irradiance (seasonal variable), both paramount for microalgae. Main model component 

implemented is XALG, defined as C10H24.9O11N1.52P0.11 (adapted from bibliography). Growth of XALG 

was considered phototrophic and using as substrates nitrogen (ammonium SNH4+, nitrate SNO3-, 

ammonia SNH3), phosphorous (phosphate SPO4-3) and carbon (carbon dioxide SCO2, bicarbonate 

SHCO3). As a first approach, only XALG decay was considered. This was implemented as follows: 

Kinetic Vectors: 

ρ∗[X𝐴𝐿𝐺 growth on ammonia] = km,XALG ∙ fL(I) ∙ fPR(SO2) ∙ ACO2,ALG ∙ ANH4+,ALG ∙ APO4-3,ALG ∙ MXALG 

ρ∗[X𝐴𝐿𝐺 growth on nitrate] = km,XALG ∙ fL(I) ∙ fPR(SO2) ∙ ACO2,ALG ∙ ANO3,ALG ∙ APO4-3,ALG ∙ ICS,IN,ALG ∙ MXALG 

ρ∗[XALGdecay] = kdeath,XALG ∙ MXALG 
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Preliminary results: Calibration and validation of the model is being done based on laboratory 

experiments, pilot-scale experiments and bibliography data. Case study: The comparison of different 

case studies implementing microalgae in a conventional WWTP configuration is being done. 

Conventional WWTP (Figure 1a) has been constructed, based on BSM2 configuration. Microalgae 

processes are to be implemented in this configuration in different scenarios: i) Figure 1b: implemented 

in sludge line in order to treat centrate from dewatering of anaerobic digestion sludge, together with 

the effluent from an air flotation unit and effluent of the WWTP. Biogas from the anaerobic digestion 

could be used as a source of CO2 in order to enhance microalgae growth and nutrient removal. 

Microalgae wastage will be separated using a filtration step and returned into anaerobic digestion. 

This presents the advantage that biogas produced could be pre-treated removing CO2 to upgrade it. ii) 

Figure 1c: implemented as polishing in order to upgrade an existing WWTP to meet the upcoming 

regulations about effluent quality in terms of nutrients. Expected results are implementation of this 

processes in the PWM library in addition to a comparison of alternatives and assessment of the 

implementation of microalgae-processes in WWTP. 

 

Figure 1. Case studies based on different WWTP configurations: a) Conventional, b) microalgae as 

centrate and biogas treatment and c) as a polishing step. 
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for Enterococcus sp. inactivation: water matrix effect 
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Water disinfection is a complex process highly dependent on environmental factors and target 

microorganisms. Chlorination is the most commonly used disinfection agent worldwide. However, 

the generation of disinfection by-products (i.e. trihalomethanes) has raised significant concern among 

water treatment plants and regulators. 

Advanced oxidation processes (AOPs) are emerging as effective alternative water treatments, 

which combine the oxidation of contaminants and disinfection. The AOPs based on sulfate radicals 

(SR-AOP) involve the application of chemical oxidants such as peroxymonosulfate (PMS, HSO5
-). 

PMS by itself, as with H2O2, do not show disinfectant activity at low doses, but their action increases 

significantly when they are activated: i) thermally; ii) by UV radiation; and iii) by the addition of a 

transition metal [1, 2]. 

In previous studies, Fe-citrate has demonstrated to be the most efficient iron specie among the 

studied (Fe2O3, FeSO4, Fe(III)-citrate and Zero Valent Iron (ZVI) nanoparticles) in the activation of 

persulfate and PMS for the elimination of Enterococcus sp. in simulated wastewater [3]. The presence 

of this microorganism is a common indicator of fecal contamination in the analysis of water and 

wastewater. 

The main objective of this study is the in-depth evaluation of Fe-citrate combined with UV-A 

irradiation as a metallic activator of PMS and H2O2 for the inactivation of wild Enterococcus sp. strain 

present in wastewater, varying the operating conditions (concentration, irradiance and medium). 

Disinfection experiments were carried out in two different reactors: batch and tubular reactor 

(Figure 1). The radiation used was UV-A at a wavelength of 365 nm and the experiment had a 

maximum duration of 120 mins. Three different aqueous media (distillated water, saline solution and 

simulated wastewater) were used. The medium was inoculated with wild strains of Enterococcus sp. 

isolated from wastewater from a real wastewater treatment plant to obtain a microorganism 

concentration of 106 colony forming units (CFU)/L. The determination of Enterococcus sp. was 

performed on the selective culture medium Slanetz&Bartley agar (Scharlau) and the colonies were 

counted after remaining 48h at 37°C. 

 

Figure 1. Scheme of the tubular reactor with continuous recirculation. 
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The optimization of the photo-assisted treatments was carried out with different doses of PMS 

(0.01 - 1 mM), H2O2 (0.01-1.5 mM) and Fe-citrate (0.001-5 mM). Preliminary results reveal the 

increase of bacteria inactivation efficiency by photocatalytic activation of H2O2 and PMS compared 

to UV-A activation. However, high Fe-citrate concentrations might act as scavenger in H2O2 

activation since the best performance for H2O2 is achieved with a molar ratio 3:1 [H2O2/Fe-citrate] 

when using the batch configuration. Moreover, much better results have been reached in the tubular 

reactor due to a better distribution of the radiation in the reactor. 

Given the interesting results obtained so far, we continue to study the influence of the media 

and the type of radiation on the disinfection treatments. 
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Constructed wetlands (CWs) are engineered systems that have been designed and constructed 

to utilize natural processes involving wetland soils, vegetation, and microbes to treat wastewater 

(Vymazal, 2018). In CWs substrates or filling material act as carriers for biofilm development, 

medium for plant growth and adsorbent for pollutant removal. 

In recent years, many alternative substrates have been studied and applied in CWs in order to 

increase the treatment capacity or to minimize the clogging problem (Yang et al., 2018). Regarding 

phosphorus (P) removal, several sorbent materials have been tested (Vohla et al., 2011; Yang et al., 

2018) but most of them using synthetic wastewater at lab-scale. One of the materials studied is alum 

sludge (DWTS), a by-product of drinking water treatment plants (DWTP) (Babatunde et al., 2009). 

This material has a high content of aluminium (Al), which could potentially lead to the adsorption of 

substances, specially P. This adsorption capacity will depend strongly on the characteristics of alum 

sludge derived from different raw waters (dose and type of coagulant used). 

The purpose of this study is to assess the applicability of using DWTS as substrate in 

constructed wetlands to enhance the removal of nutrients, and other persistent pollutants, from 

secondary effluent of wastewater treatment plants (WWTP). The advanced treatment proposed will 

reduce the impact of these effluents on the receiving environment and enabling to obtain a water 

source for environmental uses. These benefits are especially important in deficit basins as the 

Mediterranean area, in which the reuse of WWTP effluents is present as a measure to face water 

scarcity problems. 

The DWTS tested in this study was obtained from the DWTP La Presa (Valencia, Spain), in 

which aluminium polychloride is used as flocculant and activated carbon powder as sorbent of organic 

compounds. The daily volume of wet sludge obtained is about 12 m3. 

In a first phase of the study, batch adsorption isotherms were carried out. Values were fit to the 

Langmuir model, determining a maximum adsorption capacity value of 13.8 mg P- PO4
3- /g for a 

grain size between 0.83 and 2.38 mm. This value is higher than maximum obtained with a man-made 

filter media Filtralite (12 g/kg) (Vohla et al., 2011) and moreover, it is a waste that is reused, easily 

available and cost-free. 

In a second stage of the study, two vertical flow constructed wetlands pilot plants (VFCW), 1 

m2 surface, 0.37 m of thickness of DWTS and planted with Phragmites australis (density of 10-11 

plants m-2), have been placed in Quart-Benáger WWTP (Valencia, Spain) in order to treat the effluent 

from its secondary treatment (Figure 1). One of them operates using intermittent flow (cycles of fill, 

contact and drain) and another one, continuous flow (flooded porous media). During the testing 

period, samples of influent and effluent from each VFCW were collected, filtered and analysed 

periodically for BOD5, COD, SS, VSS, TP, P-PO4
3-, N-NH4

+, N-NO2
-, N-NO3

-, TN, turbidity, Al, 

pathogens (measured as Escherichia Coli) and pesticides determination. All analytical methods 

applied were according Standard Methods (APHA, 2005). Conductivity, pH and dissolved oxygen 

were also measured in situ by means of manual probes. 
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Figure 1. Vertical flow constructed wetlands pilots plants with alum sludge as substrate. 

The obtained removal efficiencies depended on the operation mode, intermittent (CW1) or 

continuous (CW2). The best removals of organic matter, TP, TN, SS, pathogens and pesticides have 

been obtained in the VFCW operating under continuous regimen (Table 1). This was probably related 

to the higher contact time between the pollutants and the substrate. However, the ammonium, 

precursor of eutrophication process and toxic for aquatic organisms, has been removed at higher 

efficiencies in VFCW operating under intermittent mode. This could be related to a better medium 

oxygenation in this VFCWs provoked by an improvement in oxygen diffusion during the draining 

periods. 

Table 1. Mean volume of water treated daily (m3 d-1) and mean removal efficiencies. 

 Volume BOD5 COD TP TN Ammonium E.Coli Pesticides SS 

CW1 3.75 60% 30% 57% -3% 91% 75% 34% 64% 

CW2 3.01 59% 32% 83% 15% 15% 97% 74% 72% 

Regarding Al concentrations measured in the effluents from VFCW, these were always below 

the detection limit (0.05 mg L-1), according to previous lab-scale experiments. Thus, the risk of 

mobilisation of Al is very low. 

The preliminary results obtained from the pilot plants seem to confirm previous lab-scale 

assays, in terms of P removal, but it is necessary to reach a steady state before definitive findings. 
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Although the ability of certain bacteria to generate electrical current was first described more 

than 100 years ago (Potter, 1911), it was not until the beginning of the present century that this 

phenomenon started to draw real interest from scientists and engineers. But don’t worry! you don’t 

have to wait 100 more years. Everything you always wanted to know and never asked about BES is 

here. But first of all, let’s examine what a BES is. 

1. What a BES is? 

From a practical point of view, it can be said that bioelectrochemical systems (BES) are 

conventional electrochemical systems that convert chemical energy into electrical energy (and vice 

versa) using microbes as catalysts (San-Martin et al., 2018a). 

2. What are BESs for? 

To date, the range of applications has broadened dramatically, extending to such diverse fields 

such as desalination (Borjas et al., 2017), bioremediation of contaminated water and soils (Pous et al., 

2013), nutrients recovery (Kelly and He, 2014) or the synthesis of valuable chemicals (Mateos et al., 

2020) among many others. Moreover, the versatility and multifaceted nature of BES opens the way for 

applications that lay far beyond bio-based industrial processes. 

3. What are the basic principles of operation of BESs? 

BES can be understood as electrochemical systems in which at least one of the electrode 

reactions (anodic and/or cathodic) is biologically catalyzed (Rabaey et al., 2007). They share with 

conventional electrochemical systems the key feature of being operationally reversible: they can be 

run as galvanic cells or as electrolytic cells, depending on whether the redox reactions are spontaneous 

or not spontaneous, respectively. BES prototypes operated in galvanic mode were referred as 

microbial fuel cells (MFC), and reactors operated in electrolytic mode they were usually termed to as 

microbial electrolysis cells (MEC). Although this terminology is still useful as it reflects the two basic 

modes of operation of electrochemical systems, it is beginning to fall short as a result of the growing 

number of BES typologies and architectures that have appeared over the last decade. 

4. What are their advantages over conventional wastewater treatment systems? 

As an alternative to conventional wastewater treatment processes, bioelectrochemical systems 

offer new advantages. The first advantage is that BES allow to limit the energy requirements by 

exploiting the energy content of the organic matter present in waste streams. 

Formation of oxidants and reactive species like OH-, O-, etc. is another added advantage of 

BES, especially for the treatment of complex wastewater streams (Mohanakrishna et al., 2015). 

Moreover, when BESs are used only small amounts of sludges are produced. Consequently, there is 

no need of additional sludge management and treatment strategies (Bajracharya et al., 2016). For all 

these reasons, wastewater treatment is one of the most important applications of BES. 
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5a. You convinced me. Where can I buy it? 

It is important to keep in mind that BES are not yet a mature technology although the first pilot 

scale experiences are already underway (Baeza et al., 2017)(San-Martín et al., 2018). Experiences 

show that BES have the potential to become an alternative to conventional wastewater treatment 

systems. Nevertheless, more research is still required to make it economically competitive. 

5b. You have not convinced me yet. Where can I know more about BES? 

The number of publications about BES has grown exponentially during the last twenty years 

and proof of this growing interest is that you can find more than 250k results when you google 

`bioelectrochemical systems.`. Of course, if you really want to know more about bioelectrochemical 

systems, just let me know. 

References 

Baeza, J.A., Martínez-Miró, À., Guerrero, J., Ruiz, Y., Guisasola, A., Bioelectrochemical hydrogen production from urban 

wastewater on a pilot scale. J. Power Sources. (2017) 

Bajracharya, S., Sharma, M., Mohanakrishna, G., Dominguez Benneton, X., Strik, D.P.B.T.B., Sarma, P.M., Pant, D.,. An 

overview on emerging bioelectrochemical systems (BESs): Technology for sustainable electricity, waste remediation, 

resource recovery, chemical production and beyond. Renew. Energy. (2016) 

Borjas, Z., Esteve-Núñez, A., Ortiz, J.M., Strategies for merging microbial fuel cell technologies in water desalination 

processes: Start-up protocol and desalination efficiency assessment. J. Power Sources. 356, (2017), 519–528. 

Kelly, P.T., He, Z., Nutrients removal and recovery in bioelectrochemical systems: a review. Bioresour. Technol. 

153, (2014),351–360. 

Mateos, R., Escapa, A., San-Martín, M.I., De Wever, H., Sotres, A., Pant, D., Long-term open circuit microbial 

electrosynthesis system promotes methanogenesis. J. Energy Chem. 41, (2020) 3–6. 

Mohanakrishna, G., Srikanth, S., Pant, D., Bioelectrochemical Systems (BES) for Microbial Electroremediation: An 

Advanced Wastewater Treatment Technology, in: Kaushik, G. (Ed.), Applied Environmental Biotechnology: Present 

Scenario and Future Trends. (2015) pp. 145–167. 

Potter, M.C., Electrical Effects Accompanying the Decomposition of Organic Compounds. Proc. R. Soc. 

London.Series B, Contain. Pap. a Biol. Character 84, (1911) 260–276. 

Pous, N., Puig, S., Coma, M., Balaguer, M.D., Colprim, J., Bioremediation of nitrate-polluted groundwater in a microbial 

fuel cell. J. Chem. Technol. Biotechnol. 88, (2013) 1690–1696. 

Rabaey, K., Rodriguez, J., Blackall, L.L., Keller, J., Gross, P., Batstone, D., Verstraete, W., Nealson, K.H., Microbial 

ecology meets electrochemistry: electricity-driven and driving communities. ISME J. 1, (2007) 9–18. 

San-Martin, M.I., Leicester, D.D., Heidrich, E.S., Alonso, R.M., Mateos, R., Escapa, A., Bioelectrochemical Systems for 

Energy Valorization of Waste Streams, in: Energy Systems and Environment. IntechOpen. (2018a). 

San-Martín, M.I., Mateos, R., Carracedo, B., Escapa, A., Morán, A., Pilot-scale bioelectrochemical system for 

simultaneous nitrogen and carbon removal in urban wastewater treatment plants. J. Biosci. Bioeng. 126, (2018b) 758–

763. 

  



 

214 
 

P53 PE removal by means of heterogeneous photocatalysis 

E. Menaa, E. Menárguezb, A.J. Larac, A. Pagánc 

aEmpresa Municipal de Aguas y Saneamiento de Murcia 
bAquambiente Servicios para el Sector del Agua S.A.U. 

cCentro Tecnológico de la Energía y del Medio Ambiente 

Water is a key factor for the welfare of living beings and ecosystems, as well as for social and 

economic development. Reduction of availability and quality of water is a global problem which will 

be increased due to unequal distribution and contamination. Improvements in the efficiency of 

management and the use of non-conventional resources are key factors in order to mitigate the effects 

of water shortage. 

Use of reclaimed water for agricultural irrigation seems to be part of the solution, but there are 

some risks associated that are delaying its full implementation. According to the scientific 

community, one of the main drawbacks is the presence of Pharmaceutical and Personal Care Products 

(PPCP). Nowadays in the Wastewater Treatment Plants (WWTP) these kinds of compounds are not 

completely removed from wastewater by means of conventional treatments. For this reason, trace 

concentrations of PPCP can be discharged to water bodies. 

Presence of Emerging Pollutants (EP) in water resources is a great concern issue at European 

level, so the integration of advanced technologies for EP removal will be crucial to obtain reclaimed 

water efficiently, with quality and in safe way, enabling a correct management of the resource and 

increasing the confidence of farmers, but also of consumers. 

The main goal of REUSAGUA project is to develop the knowledge and to identify management 

practices to get sustainable agricultural production using reclaimed water, improving technologies, 

defining innovative solutions and best operational practices in the use of regenerated water, to get an 

efficient and safe use. Specific objectives are: i) Development and validation of innovative 

wastewater treatment processes aimed to remove EP, ii) Development of technologies and action 

protocols to improve the efficiency of the use of reclaimed water in agriculture and, iii) Development 

of an ICT platform to integrate and manage the information about reclaimed water use. 

The strategic project Ris3mur REUSAGUA, funded by Consejería de Empleo, Universidades, 

Empresa y Medio Ambiente (Government of Murcia) under the European Regional Development 

Fund ERDF 2014-2020, started in January 2018 and will run until the end of June 2020. The partners 

involved are: Centro De Edafología y Biología Aplicada Del Segura (CEBAS), AZUD, Empresa 

Municipal de Aguas y Saneamiento de Murcia (EMUASA), Hidrogea, Instituto Murciano de 

Investigación y Desarrollo Agrario y Alimentario (IMIDA), Centro Tecnológico de la Energía y 

Medio Ambiente (CETENMA), Entidad de Saneamiento y Depuración de Aguas Residuales de la 

Región de Murcia (ESAMUR), Universidad de Murcia (UMU) and Universidad Politécnica de 

Cartagena (UPCT). 

One of the tasks of Emuasa in this project is the design, construction, operation and validation 

of a pilot plant to remove EP by means of a photocatalytic treatment (Figure 1). The pilot plant has 

been designed to treat flow rates between 10-50 L/h through a semi-continuous process and includes 

a heterogeneous photocatalytic system with LED-UV technology (40 W maximum power), but it also 

incorporates a cylindrical solar collector (CPC), being able to work using both technologies, 

independently or at the same time. Efficiency of the treatment can be increased by using catalyst and, 

for this project purposes the catalyst selected has been titanium dioxide (TiO2). Regardless of the 

photoreactor (solar or LED), the catalyst is recovered by a microfiltration stage, made up of a ceramic 

membrane, producing two effluents, the permeate and a mixture of concentrated catalyst/water that is 
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returned to the process. As figure 1 shows there are three independent hydraulic lines: i) Blue line, 

photocatalytic stage; ii) Green line, catalyst recovery; and iii) Grey line, heat exchange circuit, and 4 

tanks, 3 of them store the water for the different stages of the process and the other tank stores treated 

water, that can be used for membrane cleaning. 

 
Figure 1. Pilot plant for heterogeneous photocatalytic treatment. 

The pilot plant has been launched in early 2019 and will be operated until the end of the project. In 

order to in order to assess the technical and economic feasibility of the process, there has been defined 

three sampling points (input, photocatalysis stage and output) and a monitoring plan, including 

analytical and operational parameters: (i) Analytical parameters: pH, turbidity, conductivity, 

Suspended Solids (SS), Chemical Oxygen Demand (COD) Biological Oxygen Demand (BOD5), 

Total Nitrogen, E-coli, spores of Clostridium perfringens and total coliphages (F-specific coliphages 

and somatic coliphages) and EP (chlorpyrifos, erythromycin, ketoprofen, diclofenac, naproxen, 

carbamazepine, sulfamethoxazole and acetaminophen), being the sampling points but also operational 

aspects are being recorded: flow rates, working hours, energy consumptions, solar irradiance and 

pressures of the photocatalytic and microfiltration stages. 

During the experimental stage there will be modified the following aspects: i) Photocatalytic reactor: 

solar, LED-UV or both, and (ii) Catalyst concentration: 0, 100, 500 and 750 mg/l. 

Initially, a blank test was carried out: 0 mg catalyst/l and modifying the operation conditions of the 

photoreactor (solar, LED-UV and both). Preliminary analytical results show complete E. coli removal 

by means of the three photocatalysis options, but, of the selected EP, only Ketoprofen and Diclofenac 

has been detected. For this reason, it has been decided to dope the influent, so that tests will be carried 

out feeding the prototype with raw water and with known EP concentrations. 

During the project it is expected to validate a treatment that will allow the complete elimination of 

the selected PE with a low operating cost, mainly due to the high solar irradiance levels in Murcia 

and to the low energy consumption of LED-UV lamps, allowing the safe use of reclaimed water. 
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Water contamination comes in many forms and types, so it is imperative to develop new 

technologies and processes that remove different pollutants with high effectiveness while being 

harmless to humans and ecologically sustainable. Water regeneration allows societies to reuse hydric 

resources, but the wastewaters must have been conveniently purified in Wastewater Treatment Plants 

(WWTPs) or other similar facilities before being suitable to even regenerate. Also, water reuse is 

legally limited to certain specific purposes, such as irrigation or industrial processes. 

Most of the times, purified wastewaters still contain microbiological pollutants like Escherichia 

coli or Legionella, that can pose a threat to sanitary safety if they are not treated adequately. 

Conventional systems used to disinfect wastewater, such as chlorination, ozonation or UV-C 

radiation, present different risks that have to be carefully evaluated before applying them. For 

example, chlorination, the most extended disinfection method [1] can generate dangerous disinfection 

by-products (DBPs) like trihalomethanes, which are proven to be highly carcinogenic [2]. Advanced 

Oxidation Processes (AOPs) represent an alternative to the conventional disinfection technologies. 

They are based on the generation of high oxidant free species such as ·OH or ·SO4- [3]. 

Sulfate radical based AOPs can be performed through the previous activation of 

peroxymonosulfate (PMS) or persulfate (PS). This activation is required because of the low oxidation 

potential of the substances by themselves. The main activation techniques are (i) thermal, (ii) UV-

radiation, and (iii) transition metals or metal oxides as catalysts [3]. These are the most common 

activation methods, but there are others that are less explored. TiO2 is the most studied semiconductor 

photocatalyst for water purification. Some authors have explored the activation of PMS by TiO2 [4]. 

It seems that a synergistic effect occurs when both substances are coupled: TiO2 decomposes PMS 

molecules, increasing the radical generation rate, and the photolysis of PMS can enhance the 

reactivity of TiO2 and inhibit the recombination of the electron–hole pair through trapping photo-

induced electrons (Figure 1). 

The main objective of this work is the study of the disinfection effectiveness of the PMS 

photocatalytic activation with TiO2 and ZnO in the advanced treatment of synthetic wastewaters. 

Other secondary objectives determined are, in example, the construction of a UV-A radiation system 

or the optimisation of factors such as photocatalyst concentration or intensity of radiation. 
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Wastewater reuse presents a promising way to mitigate the global water resource risks and 

achieve sustainability in water, especially in agricultural areas with increasing scarcity of freshwater 

such as the southeast of Spain. At European level. In 2018, the European Commission put forward a 

proposal for a regulation setting EU-wide standards that reclaimed water would need to meet in order 

to be used for agricultural irrigation, with the aim of encouraging greater use of reclaimed water and 

contributing to alleviating water scarcity. The Commission estimates that the proposal could increase 

water reuse in agricultural irrigation from 1.7 billion m³ to 6.6 billion m³ per year, thereby reducing 

water stress by 5 % (EU, 2018). The use of reclaimed water requires a quality control for each use, 

guaranteeing satisfactory sanitary conditions. In Spain, the quality of reclaimed water is regulated by 

Royal Decree 1620/2007, which established the legal framework for the use of reclaimed water for 

different purposes. However, the presence of certain pollutants that are not found in the current 

legislation (as the so-called “emerging contaminants, ECs”) and the lack of information on the risks 

that an extended use of reclaimed water can pose for public health, constitute a serious obstacle to 

generalize the use of this practice. 

One of the main sources of water for potential reuse comes from municipal wastewater 

treatment plants (WWTPs). However, conventional secondary (usually activated sludge processes) 

and tertiary (filtration and disinfection) effluents from WWTPs are not effective in ECs removal. (Li 

et al., 2011; Krzeminski et al., 2018; Rizzo et al., 2015). Continuous discharge and chronic exposure to 

these products can pose a risk even at trace levels. This problem is aggravated when it is intended to 

take advantage of EDAR effluents as irrigation water in crops. In this area, the possible absorption of 

the different ECs by crops irrigated with reclaimed water has a high interest due to the risk posed to 

human health by the possibility of the incorporation of ECs into the food chain. So, to further the 

advancement of municipal wastewater reclamation, it is essential to choose a suitable treatment for 

the removal of ECs. 

The aim of this work was the integration of an energy self-sustainable prototype in a 

conventional WWTP with agricultural reuse purposes. The prototype (with a maximum capacity of 

1200 L/h) was based on three modules. The first module integrated different disc filters in series with 

a minimum filtering degree of 5 µm. The filters were provided by an automatic air-assisted 

backwashing filtration. The second module included activated carbon (AC) for ECs removal and the 

third module was an UV lamp with disinfection purposes. The prototype was provided by a solar 

panels system for an energy autonomy of the plant. The system was installed directly to a secondary 

effluent of a conventional WWTP located in Murcia Region (Roldán-Balsicas-Lo Ferro). 

Several physico-chemical parameters (pH, turbidity, conductivity, DOC, TSS, TDS, BOD5, 

TN, ions and some metals), microbiological analyses (Escherichia coli, total coliforms or 

Clostridium) and a group of selected emerging contaminants (acetaminophen, carbamazepine, 

diclofenac, erythromycin, ketoprofen, and naproxen) were followed weekly for a period of one year in 

the prototype. 
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Figure 1. Pilot plant prototype design. 

Results indicate that the reclaimed effluent complied with the Spanish regulations for 

wastewater reuse (i.e., TSS < 20 mg/L; Turbidity < 10 NTU or Escherichia coli < 100 UFC/100 mL). 

pH values remained constant around 7-7.6 in all cases while DOC, TN or BOD5 values decreased 

during the process. Sodium adsorption ratio (SAR) was in all cases bellow 6 meq/L indicating a good 

quality for irrigation water. 

The use of activated carbon reduced significantly the concentration of ECs, showing results 

below < 0.2 µg/L for erythromycin, ketoprofen, diclofenac, carbamazepine and sulfamethoxazole and 

below <0.4 µg/L for acetaminophen and naproxen (analytical detection limit values). So, results 

evidenced a higher adsorption capacity of activated carbon. 

The study clearly showed the efficiency of proposed prototype for the decontamination and 

disinfection of secondary treated wastewaters with agricultural purposes. The adsorption of ECs by 

activated carbon and the energy autonomy of the prototype resulted in an efficient and economically 

viable methodology for the implantation in WWTPs due to the removal efficiency at low cost in 

comparison with other advanced methodologies. 
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Solar water disinfection (SODIS) is a simple, effective, sustainable and low cost treatment that 

uses solar radiation as a biocide to improve the microbiological quality of drinking water. It is based 

on the exposure of water in polyethylene terephthalate (PET) bottles to the sunlight during at least 6 

h (SODIS Foundation). Several factors influence the SODIS efficacy such as temperature, radiation 

intensity, turbidity, dissolved oxygen and salts, organic matter, material and shape of the container 

and the exposure time (Nelson et al., 2018). This method is one of the World Health Organization 

recommended treatments of drinking water at household level in developing countries. 

Cryptosporidium is a genus of emerging waterborne protozoan parasites, which infectious form (the 

oocyst) is highly resistant to common water disinfectants such as chlorine and ozone (Robertson 

2015). For this reason, this parasite causes important outbreaks in developed countries and it is a 

significant endemic factor in developing countries, being responsible for approximately 202,000 

deaths in children under the age of 2 (Sow et al., 2016). The objective of the present study was to 

evaluate the individual effects of temperature and radiation intensity in the inactivation of 

Cryptosporidium by SODIS method. 

For that, a reaction-jacketed borosilicate beaker was filled with 400 mL of distilled water, spiked 

with 30x106 purified oocysts of Cryptosporidium parvum and exposed to different temperatures in 

dark (30, 40, 42-45, 50ºC) and under simulated solar conditions (30, 40 and 44ºC) at different 

intensities of radiation (30, 40 and 50 W/m2, 290-390 nm) for a maximum exposure time of 6 h. The 

oocyst viability was determined by inclusion/exclusion of the fluorogenic vital dye propidium iodide 

(Dowd and Pillai, 1997). 

In dark conditions, a progressive decrease in the oocyst viability was observed as temperature 

and exposure time increase, except at the temperature of 30ºC, to which no statistically significant 

differences were detected after 6 h of exposure with respect to the initial viability of the isolate 

(91.01±1.91% vs 95.03±0.70%, respectively). However, at a temperature of 50ºC, the oocyst viability 

was strongly reduced, reaching an inactivation close to 90% after 2 h (Figure 1). Under simulated 

solar conditions and at 30ºC, C. parvum oocysts were almost inactivated at an intensity of radiation 

of 50 W/m2 after 6 h of exposure (3.46±2.05%), whereas at 40ºC, the oocyst viabilities were 

2.65±1.33%, 2.57±1.40% and 2.26±1.86% after 4, 5 and 6 h of exposure at radiation intensities of 

50, 40 and 30 W/m2, respectively (Figure 2.A and 2.B). At a temperature of 44ºC, the oocyst viability 

was almost annulled after 2.5, 3 and 3.5 h of exposure time (0.80±1.01%, 0.92±0.71% and 

0.58±0.51% of oocyst viability for intensities of solar radiation of 50, 40 and 30 W/m2, respectively) 

(Figure 2.C). Considering the intensity of radiation, similar kinetics of inactivation were observed at 

the three intensities established, shortening the exposure time needed to inactivate the oocysts. 

This study confirms the existence of a synergistic effect between temperature and ultraviolet 

radiation, proving the important role of the temperature in the solar disinfection procedures against 

Cryptosporidium. 
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Figure 1. Inactivation kinetics of Cryptosporidium parvum oocysts exposed to different 

temperatures in dark conditions, determined by inclusion/exclusion of the fluorogenic vital dye 

propidium iodide. 

 

Figure 2. Inactivation kinetics of Cryptosporidium parvum oocysts exposed to temperatures of 30, 

40 and 44C (A, B and C, respectively) and three intensities of UV radiation (30, 40 and 50 W/m2) 

under simulated solar conditions, determined by inclusion/exclusion of the fluorogenic vital dye 

propidium iodide. 
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Conventional wastewater treatment technologies reveal a lack of efficiency for the degradation 

of emerging contaminant (Błedzka D. et al., 2008). A particular case of contaminant of emerging 

concern are Parabens. Since they are hardly degraded, parabens have been found in rivers and 

wastewater treatment plants. Due to their antibacterial and antifungical activity, these compounds are 

extensively used as preservative agents in pharmaceutical, cosmetics and food products. Because of 

their absorption and endocrine toxicity, there is increasing worry about the human and other animals 

health risk (Darbe et al., 2008; Boberg et al., 2010).  On another hand, advanced oxidation processes 

(AOP) have widely demonstrated its efficiency for the elimination of contaminants of emerging 

concern (Malato 2009). 

In that context the aim of this work is to use different advanced oxidation processes for parabens 

elimination, to gain further insight on the degradation mechanisms and to compare the efficiency. 

Prior to study the degradation and in order to know the biodegradability and toxicity of the 

sample COD, BOD5 and respirometry on activated sludge were analysed. The value for DBO5/COD 

coefficient was around 0.15 indicating a low biodegradability. Regarding to the respirometry assay a 

considerable decrease on the breath rate with the increment of parabens concentration was observed, 

indicating a possible cumulative toxic impact (Figure 1). 

 

Figure 1. Effect of the increase in the concentration of a mixture of five paraben on activated 

sludge breath rate. 

Photo-Fenton process, ozone and ozone/UV combination were applied to a mixture of five 

parabens (methyl, ethyl, propyl, iso-butyl and benzylparaben). In each treatment, different 

experimental conditions were tested. Moreover, in the case of photo-Fenton process humic-like 

substances (HLS) were employed as iron complexing agent to increase the pH range. Photo- Fenton 

experiments were performed employing a cylindrical Pyrex vessel and a solar simulator as irradiation 

source. For each experiment, a solution containing the parabens mixture (5 mg/L each) and, when 

need, HLS (20 mg/L), iron (5 mg/L) and hydrogen peroxide (stoichiometric) was prepared. The pH 

was adjusted to the desired value by adding diluted sulphuric acid or sodium hydroxide. Ozonisations 

were performed in a cylindrical glass reactor with 1 L capacity. Ozone was supplied by a generator 

(Ozogas, T.R.C.E. 4000). UV irradiations were conducted by means of a low-pressure mercury lamp 

(15 W, Heraeus TNN 15/35), emitting nearly monochromatic light at 254 nm. The lamp was placed 

axially inside the cylindrical reactor and thermostatised by water. For every experiment, the reactor 
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was loaded with 250 mL of the parabens mixture. Solutions were treated and samples were 

periodically taken for UHPLC, TOC and fluorescence analysis. 

As we can observe in Table 1, in the case of foto-Fenton, at pH 2.8 (optimum for the process) 

and pH 6 there is no significant differences between the experiment with and without HLS, while at 

pH 5 HLS improve considerably the degradation. These results show that HLS from olive oil mill 

are good iron-complexating agents to drive photo-Fenton at pH 5, however logically, the efficiency 

is higher at optimum pH. Further experiment are need to optimize the reaction at pH 5 with HLS. 

Regarding to ozonation, the synergetic effect when combining ozone with UV light is only observed 

for the worst conditions (pH 5), while at pH 6 no differences are observed and at pH 9 it show a 

slightly negative effect. Comparing all the treatments tested, better results are obtained for ozonation 

at optimum pH. Additional analysis (as mineralization grade, toxicity decrease or fluoresce) have to 

be done. 

Table 1. Time (minutes) to degrade a mixture of five parabens in a 50% (t50%) of its initial 

concentration by different advance oxidation processes. 
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Introduction 

In a circular economy context, agrofood industries have to seek more efficient ways for 

water and resources management. However, for an efficient management of water and 

wastewater, different aspects, all of them interrelated, must be taken into account: water-energy 

nexus, economical costs, potential resource recovery or social and environmental impacts among 

others. This makes that selecting the optimum solution for water management in an industry is not 

a straightforward task. Industrial operators face two main challenges trying to obtain these 

solutions in their industries. First, to obtain reliable information about water consumptions and 

qualities at different points of the water network and second, to identify the best solution for water 

management considering at the same time water quality, energy, costs and possibility of resources 

recovery. In an industry 4.0 context and considering these two aspects, it´s clear that new tools for 

acquiring relevant information of the studied water network and simulation tools for decision-

support for the exploration of different alternatives are presented as very useful tools for finding 

efficient solutions. 

According to this, the goal of this paper is to present a decision methodology based on 

measurement/modelling/validation to improve the environmental impact of agrofood 

industries by optimising the management and treatment of water. This methodology, developed in 

the framework of LIFE MCUBO project “Modelling, Measurement and improvement of the water 

management environmental impact in the food Industry” (LIFE15 ENV/ES/000379), has been 

validated in different food sector scenarios providing different solutions for a more efficient 

water management and treatment. In this paper, the application of this methodology in a canned 

vegetable industry located in Navarra (Spain) will be presented as a real case study showing the 

potentiality and usefulness of this methodology. 

Methodology 

The methodology consists of four steps: (1) Identifying critical points in the water network 

and compiling information related to water consumption and quality or energy requirements at 

these points. For this, a wireless monitoring system Plug&Lean (Figure 1a) validated on the 

framework of the Life MCUBO project is proposed. This system does not perturb the industrial 

production processes, is portable, easy to install, does not require access to the data information 

systems and has wireless monitoring of water consumption, quality (chemical oxygen demand, 

temperature, total suspended solids, pH and conductivity) and energy consumption. (2) 

Construction and experimental validation of the mathematical model describing all 

processes in the water network. For this, from the Plant wide Modelling (PWM) library (Grau et 

al., 2007; Fernández-Arévalo et al., 2014, 2017, Lizarralde et al. 2012, 2015), the required unit 

models are selected and combined to describe the water network of the studied industry. These 

models are able to represent in a dynamic way the water quality, energy consumption and costs of 

the most common water consuming processes in the food sector, and wastewater treatments 

(WWTs). The model constructed and validated describing the water network on the canned 

vegetable factory is shown in Figure 1b. (3) Exploration by simulation of different scenarios for 
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the optimisation of water management in industry. Once the model is constructed and 

experimentally validated, an exploration by simulation will be carried out analysing the effect of 

different alternatives (reusing/recycling water, introducing new WWT technologies, etc.) on the 

global water/energy consumption, effluent quality and economical costs. (4) When necessary, 

testing in pilot plant to check the solution before its implementation on a real scale (Figure 1c). 

 
Figure 1. (a) Measurement equipment; (b) Water network model of the canned industry; (c) 

Pilot plant equipment for checking products quality. 

Results 

The vegetable canning industry analysed has modern production facilities and a WWT plant 

(WWTP) to treat the generated wastewater. The first step consisted in the analysis of the global 

water network through measurements (Figure 2a) and analysis of historical data, in which possible 

points of improvement were identified in the WWTP. In a second step, the mathematical 

modelling (Figure 2b) allowed the quantification of the improvements identified. A reduction of 

15% or 50% in aeration costs (15% for the solution that implied changes in the operation of the 

plant, and 50% for the solution that required the incorporation of frequency variators), and the 

possibility of recirculating 40% of the treated water if an ultrafiltration unit/disinfection system 

were incorporated, were the most outstanding results. In order to analyse the water recirculation 

more carefully, the pilot scale testing of the production system of a specific product using 

regenerated water was carried out, obtaining encouraging results after tasting the product (using 

regenerated water Vs using process water). 

 
Figure 2. (a) Monitoring campaign; (b) West simulation tool layout; (c) Comparison of the 

water at the outlet of the WWTP and the reclaimed water. 

This abstract has shown how the use of MCUBO methodology can reduce the 

environmental impact of water management in the agro-food sector (can be applied to other 

sectors), reducing the associated energy consumption, and allowing to know and reduce the main 

sources of water consumption in the production process. 
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Abstract 

Membrane (bio)fouling is the major limiting factor affecting widespread application of 

membrane bioreactors (MBR) for wastewater treatment (Monclús et al., 2011). Lots of efforts and 

studies have been devoted to mitigate this negative phenomenon to date but there is no unique solution 

to solve it yet (Hamedi et al., 2019). Modification of membranes using zinc oxide nanoparticles (ZnO 

NPs) appears to be a promising option for biofouling mitigation (Jo et al., 2016). Thus, the main 

objective of this study is to evaluate the fouling mitigation of ultrafiltration membranes modified with 

nanoparticles in short-term and long-term filtration experiments. 

Firstly, flat-sheet ultrafiltration membranes were prepared with antibacterial properties given 

by surface-functionalized ZnO NPs. The functionalization of ZnO NPs was achieved by silane 

coupling agent (APTES) according to (Jena et al., 2015) resulting in bonding of amino groups in 

APTES with sulfone groups of sulfonated polyethersulfone (SPES). The membrane matrix consisting 

of a mixture of polyethersulfone (PES) and SPES was doped by the surface- functionalized ZnO NPs. 

The modified membranes were then examined for changes in permeability, antimicrobial properties, 

leaching of ZnO NPs and contact angle. This modified procedure for functionalization (i.e. chemical 

anchoring of ZnO NPs) led to stable fixation of ZnO NPs in the membrane polymer matrix as six 

times lower leaching of ZnO NPs was observed compared to non-functionalized ZnO NPs (62.4% 

vs. 10.3%). 

A lab-scale bench test has been used to evaluate the liquid permeability in water and the fouling 

rates of different membranes (reference or non-doped membranes, PES/SPES/ZnO membrane 

(without chemical anchoring of ZnO NPs) and PES/SPES/ZnO-APTES membrane or doped with 

functionalized NPs) (Figure 1). Preliminary results indicate that membrane doped by functionalized 

ZnO NPs shows permeability values of about 260 L.m-2.h-1.bar-1, comparable to reference membrane 

(PES/SPES without ZnO NPs, i.e. non-doped membranes). Membrane doped by non-functionalized 

ZnO NPs exhibited significantly lower permeability (about 50 L. m-2.h-1.bar-1). The presence of 

functionalized ZnO NPs also results in a higher hydrophilic character of membrane surface (water 

contact angle 80°) compared to contact angle of reference membrane (90°). 

Furthermore, all membranes, i.e. reference, PES/SPES/ZnO membrane (without chemical 

anchoring of ZnO NPs) and PES/SPES/ZnO-APTES membrane, were evaluated in short-term and 

long-term experiments with activated sludge from municipal wastewater treatment plant in order to 

determine fouling rates and permeability values with activated sludge. The flux-step methodology 

was applied to estimate the critical flux as well (Le Clech et al., 2003). Results will be presented 

during the conference presentation. 
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Figure 1. Lab-scale bench test used to estimate permeability, fouling rates and critical fluxes with 

water and activated sludge for flat sheets modules. 
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The objective of this study was to investigate a low cost and simple system that would treat 

urban wastewater to reuse and discharge standards. The treatment processes developed aim to be 

applicable to any location where low resources (natural, energetic, logistic or economic) sometimes 

make wastewater treatment and reuse impracticable. The reuse of pre- treated wastewater in 

hydroponic cultivation is a polishing step in the treatment system and a means of recycling nutrients, 

organic matter and water for efficient agricultural use (Vaillant et al., 2003). 

The raw urban wastewater of the Village of Vidigueira (approximately 5932 inhabitants) was 

treated by lime chemical precipitation with mixing by hand (LCPm). Initially CaO (quicklime) and 

CaOH2 (hydrated lime) were tested to determine the best precipitation reagent and the best pH for the 

treatment. Experimental results showed CaOH2, applied to a pH value of 11.5, as the most efficient 

reagent for the removal of organic matter (COD), when compared to CaO and other pH values. The 

supernatant coming from the lime addition (pH≈11,5) was naturally neutralized (NN) in 4–9 days by 

atmospheric CO2 absorption (pH ≈ 8), with and without injection of air. The fact that no reagent was 

added means this technology allows for some atmospheric CO2 mitigation. An NFT (Nutrient Film 

Technique) indoor hydroponics system with LED lighting (NFTLED) was developed with the aim of 

evaluating the reuse of the LCPm treated urban wastewater as nutrient solution (NS) for the 

cultivation of lettuce (Lactuca sativa var. crispa), Figure 1. The NFTLED system was composed of 

4 channels (4 plants each) - 3 channels recirculated the LCPm treated urban wastewater as NS and 1 

recirculated commercial NS for lettuce production. The NS were recirculated from reservoirs (volume 

= 4.5L) for a period of 14 days after which they were changed for fresh NS. 

The LCPm treatment and the NFTLED system were also tested at the Bulgarian Antarctic Base, 

Livingston Island, Antarctica, by applying the treatment processes to the domestic wastewater of the 

base and cultivating lettuce. At the end of the test agronomic parameters were noted and wastewater 

samples were collected and frozen at -20ºC for transportation and analysis in Portugal. 

The overall LCPm treatment system, with CaOH2, followed by NN and NFTLED polishing 

reached removal rates of 93% for COD, 91% for BOD5, 93% for total phosphorous (TP), 94% for 

total nitrogen (TN) and 100% for total coliforms, Table 1. The sensory analysis of the cultivated 

lettuce showed no relevant statistical difference in consumer preference between the plants cultivated 

in the different NS (LCPm treated wastewater and commercial). As to agronomical variables the 

plants cultivated in the commercial NS showed higher results in all observed agronomical parameters 

(plant total length, plant diameter, number of leaves, fresh weight and leaves dry weight). 

Though lettuce growth was limited by using LCPm treated wastewater as NS crops were raised 

successfully and urban effluent was effectively treated in the experimental LCPm+NN+NFTLED 

system to Portuguese discharge standards (Decree-Law no.236/98, and Decree-Law no.152/97). 

Additional nutrients may have to be added (depending on the effluent characteristics and the crops 

nutritional requirements) to the treated effluent for better commercial crop yield. The system could 

be adapted to for plant production in NFT hydroponic system without LED lighting, but further 

research is needed. The need for supplemental LED lighting in this study came from the test in 
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Antarctica where the plants needs could not be met by natural light (Bamsey et al., 2015). 

 

Figure 1 – NFTLED hydroponic system developed (a: light system; b: cultivation channels; c: NS 

recirculation hoses and d: NS reservoirs). 

Table 1- Effluent final quality and contaminant removal rates for the Urban Wastewater of the 

Vilage of Vidigueira treated by LCPm+NN+NFTLED. 

Parameters Units Average ± SD Removal (%) 

COD mg L-1 106 ± 20 93 

BOD5 mg L-1 40 ± 0 91 

TP mg L-1 0,9 ± 0,1 93 

NO3 mg L-1 1,0 ± 0,6 -130 

NH4
+ mg L-1 1,6 ± 0,9 98 

N-Kjeldahl mg L-1 7,4 ± 2,8 95 

N-Organic mg L-1 5,8 ± 3,1 92 

TN mg L-1 8,4 ± 3,0 94 

Total coliforms UFC/100 mL 0 100 

Keywords: Urban wastewater treatment; Antarctica; Lime chemical precipitation; CO2 capture; 

Nutrient film technique 
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Central message 

Due to the residential decentralization and the increase and diversification of the production 

processes that have taken place since the beginning of the 80s in the metropolitan area of Madrid, it 

has been necessary to adapt the different specifications of the technical conditions to the existing 

reality in each one of the borough. This has motivated the realization and execution of different Master 

Plan both in the supply and sewer network. 

Furthermore, due to this population growth and on the need to adapt urban networks to future 

benefits, councils such as Leganes have included in their technical specifications the obligatory nature 

of updating and maintaining the system of geographic information such as modelling and study of the 

hydraulic behaviour of the municipal sewer network. 

Key words: hydraulic modelling, Geographic Information System (GIS), network inventory, 

sewer network. 

Description of the Interventions 

The first step to execute the Master Plan consist of the description and study of the existing 

network of the borough of Leganes, analysing and compiling existing available information 

(inventories and GIS cartography, among others). In this way, the river basins and the different 

elements that make up the network are located and delimited (wells, spillway, pumping systems, etc.). 

This study provides an exhaustive diagnosis of the actual operation of the sewerage network. The 

study help up forecasting a correct urban horizon, considering, among others, the increase of 

population and the PGOU (General Plan for Urban) of the district of Leganes. 

This study provides a complete revision of the system and the existing layout, in order to solve 

the problems and build a hydraulic simulation model of the network, based on the Infoworks-CS 

program. In this tool we have worked introducing different parameters, such as: physical-geometric 

information of the network elements, delimitation of the river basins, project rainfall, and, finally, the 

residual water data collected, as a result, it allow thus allowing us calibration and diagnosis of the 

main problems detected. 

Once the deficiencies are detected, several prioritization criteria are established to improve the 

functioning of the network (high, medium, medium-low and low) and design for the renovation, 

replacement and new installation of the Leganes sewerage network, assessing economically each and 

every one of the actions, based on the criteria mentioned above. 

As a result of all the above, a simulated model of the future sewer network for a rainfall of 

P90T10 (for a duration of 90 minutes and return period of 10 years) and a peak wastewater flow is 

designed considering. The solutions proposed in the plan (new collectors, spillways, storm tanks, 

etc.) to ensure a precise operation, avoiding relief on rainy days through the network´s wells. 
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Contributions of the study 

The realization of the Master Plan has represented a significant advance in several aspects: 

• Update of the sanitation networks and the different elements of the networks, been of great 

importance the location of spillways points. 

• Delimitation of the general river basins and sub-basins of contribution 

• Location of problematic points such as; areas with bad odors, counter slopes, insufficient 

hydraulic capacities, etc. 

• Modeling of the entire sanitation network, thus allowing its correct study and behavior. 

• Improvement in the maintenance and conservation of the network. 

• Economic valuation of the actions to be carried out. 
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The purpose of this work is the development of sustainable colorimetric sensors for the 

detection of toxins in drinking water. These sensors are based on azulene and guaiazulene, two 

molecules with unique optical and chemical properties. 

Due to natural and man-made processes, many drinking water reservoirs in developing 

countries have been contaminated by toxins such as mercury, lead, fluoride or arsenic. The areas 

affected can be very remote and difficult to access. The affected population may not have the 

economic means to check the safety of their water by conventional methods. There is subsequently a 

need for cheap and easy-to-use sensors that are highly selective and sensitive. Colorimetry is the ideal 

technique for this purpose as the chemosensors can be synthesised from cheap organic molecules and 

the signal is easy-to-read and does not require further instrumentation than the human eye. 

This project has colaborated with scientist and communities affected by fluorosis in Tanzania 

and Kenya. From this colaboration, very useful information regarding the use of bone-char filters for 

fluoride removal was obtained.  

 

Figure 1. Left. Fluoride-bone char filter, top bucket contains spring water that flows into the bottom 

of the bone-char column (green bucket), the defluorinated water reaches the top and is collected in 

the final bucket. Right. Government-sponsored bone char. 

A selective fluoride sensor was synthesised using boronic esters as sensing element. The sensor 

was able to work in real samples of water contaminated by fluoride thanks to the addition of a 

surfactant. This sensor could help communities affected by fluorosis by letting them know if their 

bone-char filters are exhausted or if new water sources are clean.  
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