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Welcome 
After the first and second edition, which took place in Seville and Madrid, respectively, the 3rd ANQUE-
ICCE International Congress of Chemical Engineering  will be held in Santander (Spain) 
from June 19th to 21st, 2019. It will be organized by ANQUE, the Spanish National Association of 
Chemists and Chemical Engineers, in collaboration with AQUIQÁN, the Association of Chemistry 
and Chemical Engineering of Cantabria. 

This international congress, event no. 757 of the European Federation of Chemical Engineering (EFCE), 
aims to be a reference in the field of chemical engineering and chemistry applied to the industry. All key 
areas for chemical engineers will be included in the program, providing ample opportunities to exchange up-
to-date information and extend professional and personal networks. 

The congress motto, “Building Bridges in Chemical Engineering”, is also an invitation to establish and 
strengthen connections among Iberoamerican colleagues, incorporating the specific event “1er Congreso 
Iberoamericano de Ingeniería Química (CIBIQ)”. We are also very pleased to present the 
“ICCE Student Conference”, which is scheduled for June 17th and 18th, 2019 as a unique opportunity 
to join together chemical engineering students, with a variety of activities and competitions that will be useful 
for their training. 

The ANQUE-ICCE will take place in an excellent place and time. Santander is one of the most 
engaging cities of the North of Spain, mainly settled along the Bay of Santander, considered one of the 
most beautiful bays in the world. Moreover, Santander is the capital of Cantabria, a region described as 
one of Spain’s unexpected treasures, recently declared as the second destination in Europe by the prestigious 
Lonely Planet’s Best in Travel for 2018. The Organizing Committee is committed to offering an 
exceptional social program to make your days in Santander memorable. 

Welcome to Santander and the ANQUE-ICCE-CIBIQ 2019! 

Ernesto Castañeda  President of ANQUE 
Manuel Alvarez-Guerra  President of AQUIQÁN 
Raquel Ibañez President of the Student Conference 

Carlos Negro President of CIBIQ 
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Honour Committee 
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Scientific Summary
ICCE 2019 has been organized including seven general topics, nine symposia and four workshops, as follows: 
General Topics (A1-A7)
A1. Knowledge, Education and Training.
A2. Unit Operations and Separation Processes.
A3. Chemical reaction Engineering.
A4. Process Systems Engineering.
A5. Product Engineering and Advanced Materials.
A6. Applied Biotechnology.
A7. Environmental and Sustainable Engineering.

Symposia (S1-S9)
S1. Lignocellulosic wastes valorization. 
S2. Bioeconomy: renewable resources for energy and chemicals production.
S3. Sustainable Development Goals: a challenge for Chemical Enginering  
S4. Membranes for the Water-Food-Energy Nexus.
S5. First International Young Researchers Symposium on Applications of Electrochemical Technology (IYRS-
AET) 
S6. Food process by-products valorization 
S7. 1st Mediterranean Symposium on Life Cycle Assessment (MeSyLCA 2019) 
S8. Molecular Modeling Applied to the Chemical Industry 
S9. 4th European Conference on Fluidization.

Workshops (W1-W4)
W1. Mitigation of the environmental impact of fluorinated gases.
W2. Renewable Hydrogen Energy World.
W3. Catalyst Deactivation and Regeneration (CD&R).
W4. Process simulation in academy, R+D+i and industry: Present and future 
After the call 419 abstracts from 24 countries were received corresponding 308 to Spain and near 25% to the rest of the countries. 
The main international abstracts were from Portugal, 24; Brazil, 15 and  Columbia, 13. Once the abstracts evaluation went to the 
end 192 Oral presentations were selected,182 Posters and 45 Flash presentations.
The organization of the sessions were established in five main groups: 
Group 1. Chemical Engineering Fundamentals 
Group 2. Process and Product Engineering 
Group 3. Applied Biotechnology and Bioeconomy
Group 4-5. Environmental and Sustainable Engineering

The Open Plenary Lecture, “Catalyst-based Emerging Technologies for the Abatement of Water Pollutants” was 
in charge of Prof. Dr. Juan Jose Rodriguez Jimenez from Universidad Autónoma de Madrid, Spain; the 
Industrial Plenary Lecture,  “La Química en CEPSA” was assigned to Mr. Pedro Miró Roig, Vice Chairman and 
Chief Executive Officer from CEPSA and the Education Plenary Lecture “Education in Chemical Engineering” 
was in charge of Prof. Dr. David Bogle, EFCE Scientific Vice-president from UCL, Prof. Dr. Raquel Ibañez from 
Universidad de  Cantabria and Prof. Dr. Guillermo Calleja from Universidad Rey Juan Carlos. 
The Closing Plenary Lecture “Modeling and Computacional Challenges in the Optimization of Chemical Process 
Systems” was assigned to Prof. Dr. Ignacio Grossmann from Carnegie-Melon University, USA 

On behalf of the Scientific Committee we would like to thank to the local organization the facilities and the support and to the 
participants the interest and high level of the contributions.

In Santander (Spain) 11th June 2019
Angel Irabien (UC) and Felix Garcia-Ochoa (UCM)

Scientific Committee ANQUE-ICCE 2019
Comité Cientifico ANQUE 2019 scientific.secretariat@anque-icce2019.com
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Dr. Juan José Rodríguez Jiménez from Universidad Autónoma de Madrid. 

Efectividad del Biolopímero Quitosano Proveniente de Desechos de la Industria 
Pesequera para el Tratamiento de Aguas Contaminadas. Prof. Noemí 
Zaritzky from Universidad Nacional de la Plata. 

La Química en Cepsa. Mr. Pedro Miró Roig, Vice Chairman and Chief 
Executive Officer from CEPSA.

Education in Chemical Engineering. Prof. Dr. David Bogle, EFCE Scientific Vice 
President from UCL, Prof. Dr. Raquel Ibañez from Universidad de Cantabria and 
Prof. Dr. Guillermo Calleja from Universidad Rey Juan Carlos.

Modeling and Computational Challenges in the Optimization of Chemical Process 
Systems. Prof. Dr. Ignacio E. Grossmann from Carnegie Mellon University. 
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Catalyst-based emerging technologies for the abatement of water pollutants 
Juan J. Rodríguez 

Universidad Autonoma de Madrid, Chemical Engineering Department 

Abstract 

Catalysis has been a key ingredient in the development of chemical processes. Around 40 % of the current catalysts 
market (the automobile sector not included) is associated with environmental-related applications. However, so far it 
has been devoted almost completely to gas emissions control, while very scarce implementation has occurred for 
water and wastewater treatment. In the last decades there has been a growing research interest on catalyst-mediated 
processes for the removal or degradation of pollutants, most in particular harmful species, from aqueous phase. Three 
main blocks can be stablished: (1) Hydrotreatments, including hydrodechlorination and selective nitrate reduction, (2) 
Advanced Oxidation Processes, addressed to bio-recalcitrant pollutants and (3) the so-called Aqueous Phase 
Reforming (APR), a newly emerging concept, integrating the treatment of high organic load wastewater with the 
valorization of that organic load into hydrogen-rich gas. All these approaches, with the exception of the conventional 
Fenton process, are still at the stage of emerging technologies, not demonstrated at full-scale. Results on some of 
them will be presented.    
Catalytic hydrodechlorination is addressed to organochlorinated species, which are among the most harmful 
pollutants, due to their toxicity and persistence.  Catalysts based in precious metals (Pt, Pd and Rh) over different 
supports, like alumina or activated carbon, have demonstrated a high activity under ambient-like conditions. However, 
there is a lack of knowledge on their stability, critical for the economy of the process. Results of continuous long-term 
experiments will be presented, using different target compounds. Real industrial wastewaters from chlorine-bleaching 
of cellulose pulp were also tested. The structure-sensitive character of the reaction is revised, as a relevant issue for 
catalyst design. 
Nitrate pollution of natural water bodies is of major concern. Catalytic reduction is emerging as potential solution, 
with the main challenge of achieving almost complete selectivity towards molecular nitrogen, given the harmful 
character of nitrite and ammonium, the two other main reaction byproducts. Bimetallic catalysts consisting of Pd with 
Cu, Sn or In appear as the most active and selective and the support seems to play also an important role, although 
much work needs still to be done for a comprehensive understanding. The stability of the catalysts remains a main 
drawback, especially when dealing with natural waters containing ions and organic matter which have proved some 
negative effects.  
Advanced oxidation processes (AOPs), based on the action of hydroxyl and other oxidizing radicals have been 
extensively investigated in different modalities, being the Fenton process the most developed technology. Some 
important drawbacks of that homogeneous catalytic process can be overcome by the heterogeneous version, the so-
called Catalytic Wet Peroxide Oxidation (CWPO). Iron catalysts have been the most widely tested, using different 
supporting materials. Results will be presented focusing on that crucial issue, including work with some real industrial 
wastewater and economic comparison with conventional Fenton. Results on the application of solar photocatalysis to 
the removal of contaminants of emerging concern from the effluents of municipal wastewater treatment plants will 
be shown, including economic estimation. 
The newly emerging concept of Aqueous Phase Reforming (APR) will be revised, with some results obtained with 
brewery wastewater. Much work is still needed to improve the performance of the catalysts in this attractive approach 
for the treatment and valorization of biomass-derived wastewaters with high organic load. 
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Efectividad del biopolimero quitosano proveniente de desechos de la industria 
pesquera para el tratamiento de aguas contaminadas 

Dra Noemi Zaritzky

Centro de Investigación y Desarrollo en Criotecnología de Alimentos (CIDCA - CONICET, UNLP, CIC) y Facultad de 
Ingeniería, Universidad Nacional de La Plata. Calle 47 y 116 La Plata. ARGENTINA 

Email: zaritzky@ing.unlp.edu.ar, zaritzkynoemi@gmail.com 

Abstract 

El problema de la disposición de desechos industriales ha contribuido a incrementar el interés por la búsqueda de 
opciones para su reducción y aprovechamiento, siendo el tema de gran relevancia y de alcance tanto internacional 
como nacional y regional. En ese marco, en la presente disertación se describen los resultados desarrollados en nuestro 
grupo de investigación sobre la aplicación de quitosano (un biopolímero que se obtiene de exoesqueletos provenientes 
de desechos de la industria pesquera) en distintos casos de tratamiento de aguas El quitosano es un polisacárido lineal 
formado por cadenas de β-(1-4) D-glucosamina (unidades deacetiladas) y N-acetil-D-glucosamina (unidad acetilada). 
Se discute la utilización de quitosano para i) desestabilizar emulsiones acuosas conteniendo petróleo y ii) para el 
tratamiento de aguas contaminadas con cromo hexavalente y con arsénico.  
El biopolímero quitosano fue obtenido de residuos de crustáceos marinos y caracterizado a través de su grado de 
desacetilación y peso molecular. Se analiza su acción como agente desestabilizante de emulsiones de petróleo para la 
clarificación de aguas residuales en presencia de un tensioactivo aniónico biodegradable (dodecilsulfato de sodio). Los 
fenómenos de desestabilización se analizan mediante determinaciones de turbidez, demanda química de oxígeno 
(DQO), mediciones ópticas basadas en la dispersión estática de la luz y Potencial-Z y se muestra la optimización del 
proceso. 
Con respecto al cromo como contaminante, éste se utiliza en el curtido de cuero y pieles, así como en las aleaciones 
del acero, galvanoplastía, tinción de textiles, lo cual resulta invariablemente en las descargas del metal al medio 
ambiente con sus consecuencias. El Cromo hexavalente [Cr(VI)] y el Cromo trivalente [Cr(III)] tienen importancia 
desde el punto de vista ambiental, pues son las formas de oxidación más estables en el medio ambiente. Ambas formas, 
se encuentran en aguas residuales. El Cr(VI) se encuentra principalmente como aniones cromato o dicromato 
dependiendo del pH de la solución. Ambos son muy solubles en agua por lo que son muy móviles y representan un 
gran riesgo para la salud de animales y humanos, ya que son muy tóxicos, mutagénicos carcinogénicos y/o 
teratogénicos. En contraste, las formas de Cr(III), predominantemente hidróxidos, óxidos o sulfatos, son mucho 
menos solubles en agua, menos móviles, 100 veces menos tóxicas y 1000 veces menos mutagénicas. Se realizó la 
síntesis de micro/nanopartículas de quitosano (MQS) utilizando tripolifosfato de sodio como agente reticulante que 
confiere estabilidad al quitosano a bajo pH. Se llevaron a cabo estudios de adsorción de Cr(VI) en MQS bajo diferentes 
condiciones de pH, tiempo de contacto y concentración Cr(VI) inicial. La isoterma de equilibrio de Langmuir y el 
modelo cinético de pseudo-segundo orden proporcionaron los mejores ajustes a los datos experimentales. Se 
analizaron los espectros infrarrojos FTIR de las partículas antes y después de la adsorción. Mediante técnicas químicas 
y de Espectroscopía de Absorción de Rayos X (XANES) se analizó la capacidad reductora de las micropartículas de 
quitosano que permitieron que el Cr(VI) adsorbido pase a Cr(III). Ambas técnicas demostraron la presencia de Cr 
(III) en las MQS. La técnica de XANES permitió determinar que la concentración relativa de Cr (III) sobre las MQS
fue del 98%, con lo cual se confirmó la acción reductora de MQS reticuladas ( Dima y col. 2017).
La presencia de As en aguas para consumo humano en Argentina ha ocasionado la existencia del hidroarsenicismo
crónico regional endémico (HACRE), enfermedad que se manifiesta principalmente por alteraciones dermatológicas,
evolucionando hacia patologías más graves como distintos tipos de cáncer. Debido a los graves efectos del As en la
salud de la población, la Organización Mundial de la Salud ha recomendado un límite máximo permitido de 10μg/L
de As en agua apta para consumo humano por lo tanto es importante la remoción de arsénico de aguas de
consumo.Para el tratamiento de aguas con arsénico As(V) se sintetizaron partículas de quitosano que incluyen iones
férrico (partículas Q-Fe). La estructura de las partículas Q-Fe fue analizada por Microscopía Electrónica de Barrido
Ambiental. La concentración de As se determinó por Espectroscopía de Absorción Atómica. Se analizó la remoción
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de As en función de la concentración de partículas Q-Fe, el pH y el tiempo de contacto. Se pudo determinar que las 
partículas Q-Fe fueron efectivas en la remoción de As(V) para un amplio rango de concentración de adsorbente y pH. 
Se modelaron las isotermas de adsorción. El mayor porcentaje de remoción de As(V) fue de 97.9% para pH=5.12. 
alcanzándose una concentración residual de As inferior a 10 μg/L (límite establecido para aguas de consumo por la 
Organización Mundial de la Salud). Se analizó la cinética de adsorción de As(V) y se modelaron los resultados 
obtenidos ajustando una cinética de segundo orden. Se observó que en 0.5 h se alcanzaban porcentajes de remoción 
superiores al 85%; a las 24 h los porcentajes de remoción resultaron superiores al 95%. 
Los resultados obtenidos permiten concluir que la utilización de quitosano y la síntesis de micropartículas reticuladas 
con TPP permiten adsorber las especies aniónicas de Cr(VI) con mucha eficiencia a bajos pH y que además en dicha 
matriz se produce la reducción del Cr(VI) adsorbido a Cr(III) de menor toxicidad. Por otra parte, la inclusión de iones 
férrico en las partículas del biopolímero resulta muy útil en la remoción de arsénico. 
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Some Trends and Challenges in Chemical Engineering Education in Europe 
Prof. David Bogle 

Abstract 

The scope of Chemical Engineering has changed in recent years.  While the process industries still need a regular 
supply of graduates they enter roles well beyond this: in environmental management, in healthcare, in materials 
development and so on.  Our skills set enables them to work where there is a need for engineering approaches.  ‘The 
Engineering of Chemicals’ might be a better description.  The talk will discuss the consequences of this and ask some 
questions for us as educators.  Have our curricula evolved to support this wider role in terms of systems thinking, 
interdisciplinarity and transferable skills?  Are we in Europe investing enough in Chemical Engineering to produce 
the graduates needed by society?  Some data for a number of countries will be presented.  Do we need more consistent 
curricula and skills outcomes?  I will discuss accreditation and its role.  Finally, I will also discuss the changing nature 
of the doctorate and its role in training researchers for society well beyond academia. 

Prof Bogle is EFCE Scientific Vice President, Chair of the League of European Research Universities Doctoral Studies Policy Group, 
and Professor of Chemical Engineering and Pro-Vice-Provost of the Doctoral School at University College London. 
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Modeling and Computational Challenges in the Optimization of 
Chemical Process Systems 

Prof. Ignacio E. Grossmann 

Center for Advanced Process Decision-making 
Department of Chemical Engineering 

Carnegie Mellon University 
Pittsburgh, PA 15213 
grossmann@cmu.edu 

Abstract 

In this presentation we give an overview of challenges in the development of models and algorithms for the discrete 
and continuous optimization of a variety of applications in Process Systems Engineering, and that have been largely 
the result of collaborations with industry. We first provide a brief overview of deterministic models based on mixed-
integer linear/nonlinear programming (MILP/MINLP) to highlight the progress that has been made. We illustrate 
the application of these techniques in the integration of production planning and inventory control, as well as in the 
design of reliable chemical processes. Next, we provide a brief review of global optimization for which the progress 
is illustrated with the synthesis of integrated water networks, with the design of centralized and distributed 
manufacturing for biomass, and with the design and planning of infrastructures for shale gas production that involve 
large scale nonconvex MINLP models. We also address the handling of uncertainty in optimization models through 
approaches that are based on robust optimization and stochastic programming. For the former, we consider affine-
adjustable recourse to avoid overly conservative results, and illustrate its application in cryogenic storage in air 
separation plants that participate in the electricity and operating reserve markets. For the case of stochastic 
programming, we consider first the development of strategies based on decomposition and that can handle a very 
large number of scenario; this we illustrate with optimal design of supply chains that are subjected to disruptions in 
their distribution centers. Finally, we consider multistage stochastic programming models that involve exogenous and 
endogenous parameters for which effective theoretical and solution methods are proposed. These are applied to the 
design and planning of offshore facilities with uncertain crude oil prices and reservoir sizes. 
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A1: Knowledge, Education & Training 

A1.O.652607. Starting the chemical engineering education since the primary 
schools: project “La Universidad en tu Barrio”. G. Pérez-García. Universidad 
de Cantabria.

A1.O.679360. Collaborative project-based learning applied to engineering 
education using Computer Aided Design (CAD). I. De Las Heras-
López. Universidad Rey Juan Carlos.

A1.O.462081. “Zombie attack” a new way to teach Chemistry, M.M. 
López Guerrero. University of Malaga.

A1.F.356677. Innovation on Chemical Engineering Education in Spain: 
The role of the Conference of Directors and Deans of Chemical 
Engineering (CODDIQ). R. Ibáñez. Universidad de Cantabria.

A1.F.459665. Learning-by-Doing in Chemical Engineering: a 
successful innovative experience at the University of Cantabria. A. 
Dominguez-Ramos. Universidad de Cantabria.

A1.F.379110. “Education Network” a new way to teach Chemistry. 
M.M. López Guerrero. University of Malaga.

A1.P.859612. Promotion of entrepreneurship in the Degree in 
Chemistry through the subject "Projects in Chemistry”. A. Pérez de los Ríos. 
Universidad de Murcia.

A1.P.203611. Introduction to Entrepreneurship in a Master's course aimed 
at chemical engineers. F.J. Hernández Fernández. Universidad de Murcia.

A1.P.219603. The eco-learning experience: Life cycle assessment of 
digitizing university classes. R. Aldaco. Universidad de Cantabria.
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 Starting the Chemical Engineering Education since the Primary Schools: 
Project “La Universidad en tu Barrio” 

Gema Pérez*, Lucía Gómez-Coma, Guillermo Díaz-Sainz, Raquel Ibáñez 
Chemical & Biomolecular Engineering Department – ETSIIT – University of Cantabria  – Av. Los Castros s/n 39005 

Santander, Cantabria, Spain. 
*perezg@unican.es

Abstract 
The importance of chemical engineering education is being increasingly brought to the fore with the technological 
progress and societal challenges currently faced by humanity [1]. In this sense, current chemical engineers play an 
important role in the education of the future generations of engineers. In the last years, there has been an important 
increase in the dissemination activities developed by the scientific community to the society, specially promoted by 
International and European projects. For example, beneficiaries of the program Horizon 2020 should engage in 
dissemination and exploitation activities. As Horizon 2020 is financed by EU citizens, it should benefit to the largest 
number and the fruits of the research reach society as a whole [2].  Researchers from the research groups of the 
Chemical & Biomolecular Engineering Department of the University of Cantabria (UC) are currently involved in the 
different dissemination activities organized by the UC through the Scientific Culture and Innovation Unit (UCC+i). 
In this work, the participation in the project “La Universidad en tu Barrio”, organized by UCC+i in collaboration 
with the Ministry of Science, Innovation and Universities is presented. 

The first edition of the project “La Universidad en tu Barrio” has been developed during the current academic 
year 2018/19. In this project, a team of researchers from several UC 
Departments has offered extracurricular scientific workshops to students of the 
Primary School Gerardo Diego, located in 
Santander. It is an initiative of learning-service 
consisting in practical workshops involving the 
scientific community, people from the student´s 
environment and undergraduate students, 
previously trained by the researchers, as it is 
shown in Fig. 1. Specifically, the Chemical & 
Biomolecular Engineering Department 
participated in this project by supervising a 
workshop aimed at highlighting the importance 
of wastewater treatment to obtained reclaimed 
water by performing simple experiences like ion 

exchange treatment, illustrated in Fig. 2, bringing the scientific world closer to the 
students. In this way, the researchers that participated in this initiative approached 
the adult public and undergraduate students, making them participants of the experience and arouse the curiosity of 
the primary students and discovered them their own personal vocations. The impact of the learning service in the 
stackeholders was recorded in a video, available on https://youtu.be/tK1cZAjUQes. 

Acknowledgements  
The authors acknowledge the Chemical & Biomolecular Engineering Department for giving them opportunity to participate in 
this initiative and the UCC+i for the organization and financial support of the project “La Universidad en tu Barrio”. 
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Collaborative project-based learning applied to engineering education using 
Computer Aided Design (CAD) 

Igor de las Heras López1*, María Orfila del Hoyo1, Ángel Peral Yuste1 and Juan José Espada Sanjurjo1

1 Chemical, Energetic and Mechanical Technologies Department, University Rey Juan Carlos, Madrid, Spain 
*igor.heras@urjc.es

Abstract 
Nowadays, skilled professionals adapted to the current global context- collaborative, multidisciplinary and de-
centralized- are required in the engineering field. [1]. In order to train future engineers, teaching at universities must 
be reinforced in both technical and pedagogical issues using innovative tools. In this sense, collaborative project-based 
learning can improve students’ motivation and learning [2, 3]. In this work, we present a collaborative project-based 
learning method to teach chemical engineering students, and other specialties, industrial design using CAD software. 
The methodology is focused on emulating an engineering company environment in order to favor the interaction 
between the students in the decision-making process to achieve the best final representation of the case study. Within 
this format, it is expected that the students will get the required skills for industrial equipment design, as well as to 
achieve competences related to team work, bibliographic research and decision skills. 

The objective of the case study is to represent the basic equipment plans of a power plant (based on Rankine or 
Brayton cycles) existing in Spain by using AutoCAD software. For that purpose, the students were divided in different 
working groups of twenty people. In order to simulate an engineering company model, each group was divided in five 
subgroups following the framework shown in Figure 1. The subgroup called Reviser will manage the initial tasks 
concerning bibliographic review and they will establish the design specifications (dimensions and equipment type). 
According to these data, the rest of subgroups (Designers) will have to carry out the equipment plans. Each designer 
group will give their final plans to the Revisers. Finally, the Reviser groups will have to prepare the final layouts to be 
delivered to the professors.  

Fig. 1. Structure of working groups 

At the end of the project, the students will have to autoevaluate their own work and the rest of their group, and their 
scores will be compared to the professors´ ones to check the agreement between them. In addition, the students will 
have to fill a survey concerning acquired skills and their satisfaction level with the activity. These results will be valuable 
to check the strengths, weaknesses of the proposed methodology, which could be of interest to propose future 
improvements. Finally, the scores obtained by the students will be compared to similar previous results obtained using 
a traditional methodology of team work. 
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Abstract 

The Higher Education requires new models which allow training people able to adapt and survive in changing 
environments. It is based on the use of technologies and the adaptation of knowledge to people. It is about an 
education according to circumstances, which is adapted to context and virtual behaviour of people.  
One of the main difficulties that lecturers find in the classroom is how to maintain students' attention and interest in 
their subject, especially when students also think that the subject is not important for their training. In order to 
motivate these students, innovation in educational techniques and methodologies, such as experiential learning, are 
progressively being imposed to and/or coordinated with the traditional ones. Escape Room is a very modern concept 
in education, based on the development of mental skills for the solution of enigmas and problems. It is a tool to 
develop the cooperative, cognitive, deductive and logical reasoning skills of the students.  
In this work, an educational gamification experience based on the escape room concept is presented. The students 
have 1 hour and 30 minutes to carry out this activity. They will have to solve four puzzles and enigmas that will give 
them the key to open a treasure chest and finally let them escape from the classroom. Logic, ingenuity and teamwork 
will allow participants to develop not only chemical competence, but also other basic skills. The story that is told 
throughout the escape room is a zombie attack: the city has been infected (with a virus) and only the occupants of 
the room where the activity takes place have not been infected. In addition, they can all protect themselves if they are 
able to open the chest where the antidote is located. The aim of this activity is to enhance the knowledge acquired 
throughout the semester as well as the development of skills. 
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Innovation on Chemical Engineering Education in Spain: The role of the 
Conference of Directors and Deans of Chemical Engineering (CODDIQ). 
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Abstract 
The implementation of the European Higher Education Area (EHEA) following the Bologna Declaration meant the 
transformation of the Chemical Engineering studies in Spain. Resulting from this transformation, the general 
framework of the Chemical Engineering studies in Spain includes the Bachelor’s Degree (4 years), Master’s Degree 
(common duration is 1.5 years) and Doctorate (3-4 years). In 2008, the Conference of Directors and Deans of 
Chemical Engineering (CODDIQ) was constituted with the main objective of promoting and improving the quality 
of Chemical Engineering studies in Spain. Recently, CODDIQ authored a study presenting a global picture of 
education of Chemical Engineering in Spain [1] pointing out that most undergraduate and master degree programs 
include mandatory internships in companies during the training period and boost the international student mobility 
as core tools to maintain innovation in chemical engineering education. 

An outstanding contribution of CODDIQ to the harmonization of innovation in teaching is the biannual organization 
of the Conference on Innovation on Chemical Engineering Education (CIDIQ). This conference has evolved in 
accordance with the implementation of EHEA and the Bologna Process in Spain. Every two years, educators of 
Chemical Engineering meet to share and discuss their experiences in this forum. The main objective is to encourage 
lifelong learning of the Spanish educators to assure that students are well prepared to deal with the challenges ahead. 
Moreover, the conference acts as a network and tutorial forum for new generations of educators. The last edition (IV 
CIDIQ) congregated more than 145 participants. The contributions were related to five topic of interest: Teaching 
methods, e-learning; entrepreneurship; multidisciplinary and industry-academia linkages; competences and learning 
outcomes assessment and curriculum development and transformation. A number of representative contributions 
from IV CIDIQ have been included in a special issue of the journal Education for Chemical Engineers, which represents a 
remarkable opportunity to share the current status and perspectives of the Chemical Engineering education in Spain 
[2]. This international vocation is expected to increase in the editions to come. Additionally, CODDIQ is encouraging 
the exchange among the associates hosting a webpage (http://www.coddiq.es/innovacion/). This space is proposed 
as a meeting point to share materials, projects and teaching activities of chemical engineering, especially those that fall 
within the scope of educational innovation. 

The challenges defined by the CODDIQ for the coming years will be developed in different areas of action: (i) 
international projection and accreditation of chemical engineering studies in Spain,(ii) systematic monitoring of quality 
indicators related to chemical engineering at the Spanish level; (iii) creation of a video library in Spanish with aspects 
related to teaching activities in Chemical Engineering.  
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Abstract 
Learning-by-Doing (LbD) is a pedagogical tool which is not usually applied in teaching Chemical Engineering. While 
LbD is nothing conceptually new, its real application is [1]. The aim of this work is to describe how LbD was applied 
in the case of the undergraduate students from the Chemical Engineering Degree of the University of Cantabria (UC) 
from Spain in the Chem-E-Car Competition® in the 10th World Congress of Chemical Engineering (WCCE10, 
Barcelona). The Chem-E-Car Competition® is a world-known student event run by AIChE [2], which provides 
chemical engineering undergraduate students with the opportunity to participate in a team-oriented hands-on design 
and construction of a small prototype car powered by a controlled chemical reaction. Within the context of the 
WCCE10, the competition gathered as much as 18 teams from different countries. The UC team finished the 
competition in the 6th position and won the award to the best inherent safety design. From a teaching perspective, the 
use of this tool was of extraordinary value, as not only let the involved students to improve and to extend their level 
of competence but to assess those competences externally by means of the participation in the competition. Figure 1 
shows that this external assessment is only possible when several universities, students and teaching staff cooperate in 
a multiyear period, as these activities can be completed in just one year. 

A survey was performed in order to obtain 
feedback from the students. Results showed 
that “adaptation to new situations” and 
“problem solving” were the chosen 
competences by the students that they 
perceived were extended thanks to the 
participation in the competition. 
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Abstract 

The complexity of chemistry has implications for the teaching of chemistry. That chemistry is a very complex 
subject. The majority of the students at University think that chemistry is a difficult discipline and they have 
difficulty in understanding the concepts. Moreover, students' interest in chemistry decreases the first year at 
university. The reason for this decrease might be that the contents of chemistry laboratory classes are boring, out of 
date and lacking of dynamism that students experience through visual media tools.  

For these reasons, new programs and methodologies should be developed. Those are based on making chemistry 
relevant through problem solving and collaborative learning hold promise for reforming chemistry education. It is 
about an education according to circumstances, which is adapted to context and virtual behaviour of people.  

It's time to CRUSH boredom by transforming your classroom into an Escape Room adventure. School-based 
escape games are a great teaching tool. The students while playing, learn. The most important point is that they 
won’t realize they’re doing both at the same time. 

How Escape Games Help your Students Learn: 

• Critical thinking: In addition to reinforcing subject matter expertise, escape games also encourage critical
thinking, teamwork and communication skills, all of which are key to surve in today’s world.

• Attention: Timed challenges grab and keep students’ attention much better than lectures and other classroom
activities. Escape games involve elements that are similar to video games and role-playing games, resulting
in enthusiastic student participation. Intrinsic Motivation to Learn.

• Teamwork: Some students may emerge as leaders, allowing you to seek out constructive ways to leverage
their peer authority to improve classroom dynamics.

In this work, an educational gamification experience based on the escape room concept was developed. The first 
(Do It Yourself) DIY Escape Room was built the year before at Mechanical Engineer Degree started, that took more 
than three weeks of work. It was presented to other professors to the same subject at different degrees. That DIY 
Escape Room was modified and adapted to each group. Each professor changed the clues, problems and so on in 
order to orientate the topic as much as possible to their students. 
That year 2019, eight Professors of Malaga University created a network to share the results of the Escape Room 
and the pieces of that DIY Escape Room. That network was called “Red Docente de Excelencia INEDUQUIM: 
Red Docente de Excelencia en Innovación Educativa en Química”. 

The evaluation of the proposal was made by students of different Engineer Degrees at University of Malaga, with 
satisfactory results. 
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Abstract 
Entrepreneur education is the key to improving the employability of university students. For this reason, it is essential 
to include in the Degree and Master's Degree Plans that allow students to develop an entrepreneurial spirit. Although 
entrepreneurship is a transversal subject to all degrees, recent studies show that the teaching of this subject to students 
with training not related to economic sciences can be more effective if it is provided by professionals with technical 
training related to students but also have specific training in entrepreneurship. In this way, the student is reached with 
a language that is closer and clearer to them [1]. 

The subject "Projects in Chemistry" (6 ECTS credits) is taught in the 4th year of the Degree in Chemistry of the 
University of Murcia. The faculty of this subject belongs to the Department of Chemical Engineering and has 
completed a Master in Creation of Technology-Based Companies. Projects in Chemistry aims to provide training on 
the development of projects in the field of chemical industry and includes, among others, the following contents: 
documentation and drafting of the project, planning and control of projects and their economic evaluation by 
estimating the cost of a chemical plant and the analysis of the profitability of the investment. Because the subject is 
aimed at students of the Degree in Chemistry whose training in chemical plants is very limited, it is necessary to include 
also a brief introduction of the most representative concepts and equipment of a chemical plant. Thus, they are 
instructed on the different typologies of planes and the characteristic equipment in a chemical plant, as well as criteria 
for the selection of said equipment. The subject can be adapted to the degree of Chemical Engineer, avoiding 
everything related to the basic concepts in chemical engineering. 

The subject has a marked practical character, assuming the practical activities that raise 45% of the global qualification 
of the subject. Among the practical works developed, students are asked to develop a business plan on a hypothetical 
innovative chemical plant project. These projects are exposed at the end of the subject and students also participate in 
the evaluation of them, selecting the best project based on technical-economic criteria and the degree of innovation. 
Highlight the remarkable interest shown by students in this subject, and especially the interest shown in the 
development of the chemical plant project. 
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Abstract 
During the last decades, the importance of entrepreneurship has become evident, both for the economic and social 
development of the regions, as well as for its contribution to mitigate unemployment problems and improve 
competitiveness. As a result, a growing interest in entrepreneurship has emerged from the political, business and 
academic spheres, and especially towards everything that contributes to fostering and encouraging the creation of new 
companies [1]. It is important to create a culture of entrepreneurship from the classroom in both pre-university and 
university education. Knowledge of the techniques and tools for entrepreneurship can help and facilitate the 
entrepreneurial work of the graduate. In the degrees of economics and business sciences the tools are well known by 
the students, however the entrepreneurial action arises or can arise from any other degree whose degree and master's 
degree plans are generally omitted this training for entrepreneurship 

The subject "Information Management and Training of Entrepreneurs" taught in the Master of Environmental 
Engineering and Sustainable Processes of the Polytechnic University of Cartagena aims to provide basic training on 
the necessary tools in the entrepreneurial action to students of science and engineering. The subject taught is 3 ECTS 
credits and the following contents are worked on: (1) Information Competencies, (2) Research and Innovation and (3) 
Innovation and Technology-Based Companies. 

The study of entrepreneurship tools aimed at students with training not related to economic sciences, it may be 
important that it is directed by professionals with technical training related to students but also have specific training 
in entrepreneurship. With this, the student is reached with a language that is closer and clearer to them. The subject 
that is presented is directed by professors with a background in science and engineering and with a Master in Creation 
of Technology-Based Companies. 
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Abstract 

The introduction of life cycle assessment (LCA) and ecodesign concepts into the chemical engineering curriculum is 
essential to help these future professionals to face design problems with a holistic view of the technical, economic, 
social and environmental impacts of their solutions[1]. The eco-learning experience is a project that was born in the 
context of an optative subject “Life Cycle Assessment of Processes and Products” of the University master’s Degree 
in chemical engineering of the University of Cantabria/University of the Basque Country in Spain, answering to a 
contest where the University provides money for projects thought by students and workers of the University and 
where the winner is also voted by the community. 

The proposed teaching experience proposes an example of teaching method towards a new paradigm that integrates 
new technologies in the learning process and problem-based learning strategies. Additionally, the model is mainly 
focused on closing the loop of the learning activities.  

The goal of the designed project consist of reducing the environmental impact of university activity through 
eliminating or at least reducing the use of transport by students, as transport-related CO2 emissions are raising to 
levels incompatible with averting climate change. As a consequence, this subject could be turned to be non-presential 
and would be imparted using software for unified videoconferences  through Cisco WebEx [2], allowing students to 
stay at home instead of using means of transport to assist to classes.  

Accordingly, a LCA of the utility of digitizing classes has been performed using data obtained from the class students, 
like distance from their houses to university, necessary time to arrive to a class and means of transport used to assist 
to subjects. These have been complemented with an assessment of the savings of energy and fuel achieved to convey 
the applicability and desirability of shifting to new more sustainable teaching methods.  

This course experience of the master degree in green chemical engineering used a real-world’ problem as stimuli for 
learning. The students found that the workload was nicely adjusted, highlighting the acquisition of several 
competences preferentially: teamwork, creativity; relevance of environmental issues and initiative and 
entrepreneurship. On the other hand, the students suggest that the application of this methodology into their degree 
could motivate future students improving their performance. 
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Abstract 

The management of industrial wastes containing significant quantities of valuable metallic components to be 
potentially recovered for further reuse is within the scope of the circular economy principles. This approach faces two 
important sustainability issues: i) the minimization of raw materials consumption and ii) the environmental protection. 
Traditionally, spent sulphuric acid solutions have been treated by conventional technologies such as neutralization-
precipitation which exhibit some limitations such as the lack of selectivity, limited efficiency to reach the required 
concentration limits, waste generation, etc.; therefore, novel technologies are needed to overcome those limitations 
and also to provide selectivity in the recovery of the target metals.  

In this work, metal-containing acidic effluents in sulphate media were provided by a local waste management industry. 
The selective removal and recovery of nickel and copper were experimentally analyzed using the chelating resin 
MTS9600® (bis-picolylamine functionalization) (Purolite). After describing the adsorption equilibrium, the influence 
on the process kinetics of different operation variables namely pH and solid/liquid (S/L) ratio was analyzed. Finally, 
the regeneration of the loaded resins was assessed. In the adsorption equilibrium experiments, a certain amount of 
resin was contacted during 24 hours and constant temperature (25ºC) with spent acids with the following average 
composition: [Ni2+]=9 g/L, [Cu2+]=3 g/L, [Fe2+]=24 g/L and pH≈1). The equilibrium concentrations of nickel, 
copper and iron in the aqueous phase were analyzed by Plasma-Atomic Emission Spectrometer (4210 MP-AES, 
Agilent Technologies®) being the values fitted to theoretical equilibrium isotherms. Kinetic experiments were carried 
out at 298 K in a flask with continuous stirring during 3 hours under uncontrolled and controlled pH conditions using 
NaOH 5M. The S/L to liquid ratio varied from 1/10 to 1/2.5 mg/mL and the pH was set to values between 1.5 and 
3. Samples were taken at different times and metal concentrations were measured. Regeneration was performed by
contacting during 1 hour loaded resins with H2SO4 and after NH3 at different concentrations and S/L ratio.

The equilibrium data obtained for nickel and copper followed the Langmuir equilibrium model with values of the 
maximum adsorption capacity (qmax) of 50761 mg Ni/Kg dry resin and 97087 mg Cu/kg dry resin. The values of the 
equilibrium constants for copper and nickel are KL=0.063 L/mg and 1.47 10-3 L/mg respectively. It should be notice 
that the equilibrium constant for copper is more than 40 times higher than the value for nickel, thus confirming the 
preferential affinity of the resin towards copper ions. From the kinetic experiments, it was observed that in the case 
of the copper the removal percentages at equilibrium conditions, near 100%, do not depend on the pH. On the 
contrary, the nickel removal yields decreased from 90% at pH≥2 to values lower than 50% at pH<2. By varying the 
S/L ratio it was concluded that the lower the ratio, the slower the nickel kinetics and the smaller the extraction 
percentages (20% for S/L=1/2.5 and 90% for S/L=1/10).  

From the experimental results it can be concluded that the chelating resin MTS9600® is a suitable separation agent to 
recover the target metals from industrial wastewater at low pH values, since it gets to metal removal percentages of 
nickel and copper of≈90% and ≈100%.  It was also proved that the methodology proposed can lead to two high purity 
solutions of each metal after two in series regeneration stages with H2SO4 1 M and NH3 2 M.  
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Abstract 
The World Health Organization (WHO) has categorized arsenic as one of the ten chemicals of major public health 
concern and provisionally recommends a maximum concentration of 0.01 mg L−1 in drinking water [1]. Among the 
common technologies proposed for arsenic removal from polluted water streams, adsorption stands out for its 
versatility, operation simplicity and low cost. However, the preparation of adsorbents selectively designed for arsenic 
treatment must face some problems due to the multiplicity of potential species: inorganic, organic, neutral, ionic, and 
so on. For instance, inorganic trivalent As(III) is 60 times more toxic than pentavalent As(V); but its neutral form 
(H3AsO3) is predominant for pH < 9 and the typical removal procedures based on anion sorption or anion 
exchange are ineffective. That’s why trivalent arsenic adsorption is frequently preceded by an oxidation step [2]. 

The aim of this report, conversely, is to evidence the ability SBA-15 mesoporous silica functionalized with different 
organic chains as direct adsorbent of aqueous As(III) and/or As(V). Thiol and amino groups have been selected to 
adapt the crude SBA-15 silica surface [3]. The influence on the arsenic adsorption of the organosilane type, 
anchoring route, pH, and functionalization extent has been studied. As illustrative result, Figure 1 displays the 
isotherms at 25 ºC of As(III) adsorption on thiol-modified SBA-15 materials with different Sulphur loads. 

Fig. 1. Adsorption isotherms at 25 ºC and pH = 8 for aqueous As(III) on thiol-functionalized SBA-15 materials. 

Thiol containing samples were found selective for As(III), whereas materials functionalized with amino groups seemed 
more appropriate for the removal of As(V). However, it was verified that pentavalent arsenic uptake with pure amine 
SBA-15 samples was too scarce. By contrast, when the same materials were previously loaded with metal cations, such 
as Fe(III), Cr(III) or Cu(II), their adsorption capacity significantly improved. 
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Abstract 
Carbon dioxide capture and storage (CCS), which involves the processes of capture, transport and long‐term storage 
of carbon dioxide, is a technology aimed at reducing greenhouse gas impacts from fossil fuels combustion in industrial 
and energy‐related processes. However, CO2 capture is the bottleneck step where efforts have to be applied in order 
to develop more sustainable processes from a technical and economical point of view [1]. 

Chemical solvent absorption is based on reactions between CO2 and one or more basic absorbents, such aqueous 
solution of amines or solvents with lower vapor pressure such as ionic liquids. An advantageous characteristic of 
absorption is that it can be reversed by sending the CO2-rich absorbent to a stripping phase where CO2 is removed 
[2]. 

In order to avoid gas-liquid direct contact, the non‐dispersive absorption using hollow fibre membrane 
contactors (HFM) offers several practical advantages including high surface area per unit volume [2]. On the other 
side, the use of solvents with lower vapor pressure such as ionic liquids avoids solvent losses caused by 
volatilization into the gas stream [3]. However, compared with the intensive studies on CO2 absorption, membrane 
contactors have not been well developed on the regeneration of liquid CO2 absorbents via stripping of dissolved 
CO2 through the membrane [4]. 

The main objective is to design methodology and construction of an experimental laboratory plant to 
regenerating CO2 from ionic liquids on HFM using low temperature and applying vacuum on the permeate side of 
the contactor. The experimental setup can be applied to different kind of modules, ionic liquids and a wide range of 
parameters and methodologies.  

Fig. 1.  Experimental setup of CO2-rich ionic liquid regeneration by using membrane vacuum technology: (1) CO2 gas cylinder; 
(2) valve; (3) Ionic Liqud tank; (4) heater; (5) liquid pump; (6) hollow fiber membrane contactors; (7) vacuum regulator; (8) trap;

(9) vacuum pump;

The experimental results will be reported in terms of the percentage recovery of the absorbed CO2 in the stripped gas, 
the concentration of CO2 in the stripped gas and the volumetric rate of enriched CO2. 
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Abstract 
Nowadays, sustainability challenges have advanced the research in unconventional solvents, extraction techniques and 
drug development. Additionally, an emerging research field of interest is the use of ionic liquids (ILs) and deep eutectic 
solvents (DESs) in aqueous biphasic systems (ABS) and pharmaceutical applications. 
ILs have emerged as one of the most attractive solutes for ABS, with outstanding performance in the extraction of 
targeted biomolecules.[1] Recently, we have proposed a benign route for ABS containing cholinium-based ILs,[2] 
disclosed novel ABS composed of fluorinated ILs (FILs) [3] and demontrated that FILs reduce the impact of the 
addition of water upon the IL’s H-bond aceptance ability,[4] which is a key factor to obtain functionalized materials 
to be used e.g. in the dissolution of biomolecules or extraction processes. The superior extractive performance of IL-
based ABS results from the broad hydrophobic-hydrophilic range exhibited by the coexisting phases when ILs are 
employed.[1] Herein, bioprivileged ILs and DESs were implemented to develop more versatile and amenable to be 
tuned ABS. To understand the phase formation process of these novel ABS and their potential as extractive platforms 
of biomolecules, the ternary phase diagrams, the polarity parameters of aqueous media in the coexisting phases, and 
the partition coefficients of biomolecules (from simple systems like amino acids (e.g. tryptophan) to complex systems 
as proteins (e.g. lysozyme)) were determined. Additionally, the standard batch (macroscale ABS extraction) was 
compared with flow-through processes (ABS in microfluidic setups), since ABS are particularly suitable for continuous 
operation in microfluidic devices, where the laminar regime and the low interfacial tension favour interface 
stabilization, a key requirement in ABS [5] 
Likewise, the so-called third generation of ILs (API-ILs) has taken a further step in developing ILs that are themselves 
APIs (strategy already implemented by us [6]). Some of the benefits of the ILs building-up platforms include the 
potential to modulate the water solubility of an API, and its membrane permeation properties. ILs and DESs 
constituents that are suitable for pharmaceutical use remain to be fully enumerated, but over 370 substances are listed 
as “Generally Regarded As Safe (GRAS)” by the FDA, including vitamins, food additives and other well-accepted 
substances. The presented results clearly demonstrate that, within the green chemistry framework, a bioprivileged IL 
and DES platform constitutes a viable alternative for enhancing the bioavailability of poorly water-soluble APIs. 
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Abstract 
Aqueous Two-Phase Systems (ATPS’s) are a type of water + solvent + electrolyte systems that can be used in the 
separation and purification of compounds. These systems contain regions where the mixtures split into two liquid 
phases in equilibrium and both phases contain a high percentage of water. They can be obtained by mixing aqueous 
solutions of different constituents that become partially miscible above certain critical conditions, such as 
temperature or concentration. Since water is the solvent in both phases, ATPS can provide adequate and non-
destructive conditions for the separation and recovery of labile biomolecules (proteins, enzymes, DNA or RNA) 
and also of biological particles (cells, bacteria or viruses). Traditionally, the solvents used in this type of systems are 
mixtures of two polymers or of a polymer and a salt. However, salt + alcohol ATPS are considered a promising 
alternative because they are much cheaper than polymers and copolymers blends [1], and they can easily prevent 
other disadvantages such as high viscosity of the mixture, the difficulty of their separation and the tendency to form 
emulsions. 

It is well known that the short-chain alcohols -methanol, ethanol, 1-propanol, 2-propanol and tert-butanol- are 
completely miscible in water at any temperature. However, the presence of certain salts in sufficient quantity can 
cause splitting of the mixture into two liquid phases [2], both containing a high concentration of water leading to an 
ATPS that can be used to carry out the aforementioned separations.  

There are some requirements to split this kind of systems into two liquid phases, depending on the components of 
the mixture. Mixture composition must be within a very specific range. A minimum salt content is necessary to 
cause the phase splitting and, in addition, the water/alcohol ratio must be between certain values. In fact, the water 
+ alcohol mixtures rich in alcohol are unable to split. The temperature is also a critical value for these processes.
There are systems where no liquid phase splitting occurs below a given temperature, independently of the mixture
composition. Above this specific temperature -the Low Critical Solution Temperature (LCST)- there are mixture
compositions that produce phase splitting [3]. This is the minimum temperature at which the phase splitting can
occur and is particular of each system.

Despite of the potential of water + alcohol + salt ATPS, the type and amount of salt and alcohol and the 
temperature that can cause phase split are difficult to find in the literature. It limits the potential development of this 
new technology since it makes difficult the research in this field. The aim of this research was to build a table 
containing some of the most common salts (those with the cations Na+, K+, Ca2+, Mg2+, NH4+ and the anions Cl-, 
SO42-, CO32-, NO3-) with the LCST and the minimum salt concentration to cause phase split in water + 1-propanol 
and water + 2-propanol mixtures. The used methodology to determine these experimental data was described 
previously [3]. This table can be helpful for researchers interested in the biomolecules separations, so they can 
explore how the biomolecules can be distributed between the phases and improve the separation sequence. 
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Abstract 

Hyperbilirubinemia is aserious illness caused by an irreversible liver failure which leads to an increase of the bilirubin 
concentration in blood. The most common complication in these patients is a simultaneous liver and kidney 
failure, reason why two million people need hemodialysis treatments every year. However, current treatments are 
complex, expensive and not selective towards bilirubin. Hence, the development of a new material for efficient and 
selective removal of bilirubin is clearly justified. 

To achieve this aim, in this work P(St-co-MMA) particles superficially modified at the identity point with a lineal 
PEGMA and further biofunctionalized with Bovine Serum Albumin (BSA), suitable for common hemodialysis 
cartridges, have been developed. The lineal PEG allows to improve the compatibility of the material with blood[1] 
and provide the particle with a filament structure that facilitates the bilirubin access to the BSA by reducing the steric 
hindrance. The biofunctionalization of PEGMA coated particles took place by Bovine Serum Albumin (BSA) 
immobilization via non-site specific and non-covalent way.  

The particle size was a critical issue for the application of the material: lower particle sizes means higher surfaces 
for albumin immobilization, increasing the removal efficiency; but also make easier the coagulation of blood in the 
bed of particles. Thus, the influence of the particle size in the kinetic of bilirubin removal was studied. 
Particles with a diameter of 800 μmand bigger than 1mm were used in in vitro experiments to remove bilirubin 
fromdifferent media: Phosphate Buffer Solution (PBS) and human blood. The bilirubin removal with particles of 800 
µmwas in both cases, 2 mg / g of BSA biofunctionalized particles. In the case of particles bigger than 1 mm, the 
bilirubin removal in PBS was 0.8 mg/g of BSA biofunctionalized particles and when the particles weretried in human 
blood, the bilirubin removal was also 0.2 mg/g of BSA biofunctionalized particles. As expected, the higher particle 
size, the lower bilirubin removal due to the lower surface available for BSA immobilization.  

After that, in vivo experiments in a porcine model were carried out with the particles with a diameter of 800 µm, 
obtaining the same capacity of the particles for selective removal than in vitro experiments in less than two 
hours. 

Considering the mentioned results, it can be stated that the new synthesized particulate material is suitable for an 
efficient and fast bilirubin removal completely compatible with a conventional hemodialysis system. 
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Abstract 
The heavy crude oils (HCOs) have gained relevance due to conventional crude mitigation. HCOs are characterized 
by high quantity of heavy polyaromatic compounds, called asphaltenes, with high molecular weight, low H/C ratio 
and notable presence of heteroatoms [1]. Their exploration, production, transport and treatment, leads to several 
problems related to flow assurance, catalysts deactivation, expensive treatment, etc. [2]. Due to its behaviour, 
asphaltene separation processes are in the point of view of researches, with the objective to obtain better products 
from low quality crude oils. Solvent deasphalting is a widely extended option to eliminate asphaltenes from crude oil 
[3]. 
Therefore, the simulation of this process becomes more interesting since there is no need for several experimentation, 
which most times is difficult due to the complexity of managing crude [4]. 
This work develops a synthetic crude oil model, based on pseudocomponents, which has been used to emulate heavy 
polycyclic aromatic hydrocarbons extraction from crude oils. The versatility of this kind of simulation gives the 
opportunity to obtain reliable results in a short time and to change process operation conditions as well as to be 
adjusted for any complex system, as crude oils are. 

A simple Synthetic Crude Oil (SCO) has been developed, to emulate solvent deasphalting extraction process, by means 
of Aspen Plus V10 software.  The SCO has been divided by saturates, aromatics, resins and asphaltenes (SARA) 
analysis families and the molecules have been based of thermodynamic properties from a realistic HCO [5]. Dortmund 
Modified Unifac is selected as thermodynamic model. One equilibrium step extractor was selected as the simulation 
equipment for extraction simulation purposes. 

The target of the simulations was to ensure a separation of, at least, a 50% of the heavy polyaromatic compounds and, 
at the same time, avoid losing a considerable amount of the high value products of the extract stream. The variables 
evaluated have been temperature, solvent/crude ratio and selectivity of several solvents. Conditions optimized by the 
simulation confirms technical viability of the deasphalting process and are close to real data from industrial plants. 
However, a precise selection of the SCO molecules and thermodynamic model are the key for the obtained results. 
This methodology points to be a powerful and versatile tool to simulate and obtain useful estimation of heavy crude 
oil behavior in process separation technologies. 
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Abstract 

Lignocellulose biomass is produced in nature in abundant quantities. Some types are technologically important as for 
example trees, agricultural plants and energy crops while others have to be regularly harvested in order to maintain 
green areas or preserve natural balance. Different residues are generated as a result of processing and harvesting. 
They are in most cases burnt or deteriorate in nature, however they contain high added value components, e.g. 
cellulose, hemicelluloses, lignin and extractives which can be efficiently isolated and used. 
The purpose of our work was chemical characterization of six selected waste biomass samples, isolation of cellulose 
fibers, determination of their morphological and mechanical properties as well as evaluation of their papermaking 
potential. In the focus of our research were stems of two highly invasive plants – Acacia and Canadian golden rod, a 
grassy plant common reed, agricultural residues wheat straw and corn stover as well as jute sacks (waste packaging). 
The samples were chemically analyzed according to the scheme (Figure 1) and delignified on laboratory level using 
alkaline conditions. The most important morphological and mechanical properties of isolated fibers were determined 
and compared (Figure 2).   

Figure 1. Chemical characterization Figure 2. Delignification and characterization of fibers 

The tested materials contained 35 % to 55 % of cellulose and approximately the same was fiber yield of the 
laboratory delignification. Lignin contents were relatively low (< 20 %) while the values for extractives and ash were 
higher compared to wood. Morphological and mechanical properties were similar to typical hardwoods used in paper 
production.  
It can be concluded that cellulose fibers from some waste biomass sources may efficiently replace hardwood fibers in 
paper production. In this way high quality lignocelluloses residues are not lost. Instead, they can be converted to 
added value products,  which complies with the concept of circular bioeconomy.  
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Abstract 
Post-combustion CO2-capture is a convenient way to control the anthropogenic increase of CO2. The coupling of a 
hollow fiber membrane contactor (MC) with ionic liquids (ILs) for CO2 extraction from gaseous fluxes is an 
innovative intensified process coupling the advantages of membrane technology with unique properties of ILs such 
as high CO2 solubility and negligible vapor pressure. 

The present work focuses on CO2-capture using a mesoporous hydrophobic polypropylene MC (Liqui-Cel®, USA) 
and using two ILs: 1-ethyl-3-methylimidazolium acetate ([emim][Ac]) and 1-ethyl-3-methylimidazolium methyl 
sulfate ([emim][MS]) as extracting fluid. ILs and gas mixture (15% CO2) were introduced counter-currently into the 
shell and lumen sides of the contactor, respectively. IL was recirculated in the shell side during the absorption 
operation until reaching pseudo-steady state. The setup was tested for various operating conditions, temperature 
dependency of CO2 solubility and diffusivity, variation of overall mass transfer coefficient (Kov), membrane wetting 
and other parametric effects based on both experimental and modelling results. Experimental results were compared 
with simulations of a comprehensive dynamic mathematical model developed to extend the study for steady state 
and pseudo steady state modes. 

The results showed the negative effect of the temperature increase on CO2 absorption due to the strong 
dependence of this parameter on CO2 solubility and diffusivity in ILs. Moreover, [emim][Ac] resulted to be much 
more efficient CO2 absorbent than [emim][MS]. Kov measured for [emim][Ac] was 7.6*10-5 m.s-1, nearly double 
compared to that of [emim][MS] which is 3.7*10-5 m.s-1. Findings of the model showed 57% and 33% drop of CO2 
concentration inside wetted portion of membrane for [emim][Ac] and [emim][MS], respectively. 

As conclusions it can be asserted that findings of both experimental and modelling work suggests that in spite of the 
difference of extraction efficiency between [emim] [Ac] and [emim][MS], both are potential absorbents for CO2 in 
MCs. 
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Abstract 

Ionic liquids (ILs) have been used in several process areas due to their wide and versatile physical-chemical 
properties such as high miscibility in organic solvents, negligible vapor pressure as well as by their environmental 
benefits. In biodiesel production, ILs have been applied as catalysts or co-solvents mostly in bio-catalysis. However, 
in both cases the reaction conditions are demanding. Some ILs can exhibit surfactant features therefore, they can 
promote the reduction of the interfacial tension. With the use of ILs as additives in the transesterification, it is 
expected an improvement in the mass transfer limitations originated by immiscibility between the phases (oil and 
alcohol) and, consequently, the reaction rate and weight yield. This work studied the effect of the addition of protic 
ionic liquid (PIL) 2-hydroxyethylammonium hexanoate [2HEA][Hx] in the alkaline transesterification of soybean oil 
and methanol in order to improve the weight yield. The highest yield in mass was 92.64% for the process conditions 
of 2% wt/wt of PIL [2HEA][Hx], 3:1 methanol to oil molar ratio, 1% wt/wt of KOH as catalyst, temperature of 30 
°C for 30 min of reaction. The test in absence of the PIL under the same condition reached only 46.78%.The results 
have shown that the addition in small amount of [2HEA][Hx] increase the solubility of the reagents, even using 
approximately room temperature in the process and the minimum stoichiometric molar ratio required. The addition 
the PIL could lead the reaction to moves more efficiently towards the side of products and consequently it can be 
completed. It could be attributed to the fact that the PIL contributes to the reduction of viscosity in the mixture thus 
it promotes faster mass transfer. This behavior was also proved when the reaction time was varied of from 30 min to 
10 min keeping all other process conditions constant.  
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Abstract  
Besides being the simplest element in the universe, H2 molecule has the highest energy content per unit weight of any 
known fuel. However, H2 is not a primary fuel source, which means that it needs to be produced [1]. The production 
of H2 using biological processes has attracted growing attention because they are less energy intensive and their 
operation conditions are close to ambient temperature (303 – 313 K) and atmospheric pressure (100 kPa) [2]. Despite 
the recognized potential of biohydrogen (bioH2) for sustainable development, there are still challenges to be overcome 
regarding its production and purification, such as the elimination of CO2, N2, and other impurities (H2O and H2S), 
so that an enriched H2 stream can be obtained for efficient energy generation [3].  
Ionic liquids (ILs) have been used as a successful platform to design novel task-specific materials for CO2 separation 
[4]. In an effort to improve the CO2 permeability and permselectivity properties of supported ionic liquid membranes 
(SILMs), we recently reported the use of different ILs based on the [C2mim]+ cation and different anions based on 
fluorosulfonyl derivatives, such as [TFSAM]–, [FSI]– or [BETI]–. The results showed that both [C2mim][TFSAM] and 
[C2mim][FSI]-based SILMs present remarkable CO2 permeabilities and CO2/N2 permselectivities [5]. However, and 
considering that the long-term stability and industrial operation of SILMs are still compromised due to the possibility 
of IL draining from the membrane pores, different studies have been unveiling that the use of poly(ionic liquid)s 
(PILs) and their composites (PIL–IL) is a powerful strategy to design improved CO2 separation membranes [4]. In 
this work, PIL–IL membranes of pyrrolidinium-based PILs containing [TFSAM]–, [FSI]– and [TSAC]– anions were 
prepared by the incorporation of ILs containing the same anions. The composite membranes as well as both pure PIL 
and IL components were characterized by different techniques (TGA, DSC, FT-IR and Raman) and their CO2/H2 
and H2/N2 separation performances were evaluated using the time-lag method at biohydrogen production conditions. 
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Abstract 
The "Working Party on Thermodynamic and Transport Properties" of the European Federation of Chemical 
Engineering (EFCE) published an article some years ago highlighting that mixtures with electrolytes are one of the 
research areas where additional data is needed the most [1]. This interesting article presents the results of a study on 
industrial needs related to thermodynamics and transport properties. One of the conclusions reached by the article is 
the need for improving the thermodynamic characterization of water + solvent + electrolyte systems, so that all 
types of phase behavior can be reproduced (including wide ranges of temperature and pressure, as well as high salt 
concentrations). 
On the other hand, the literature on SLLV, SLV, LLV, and LV of these systems is scarce [2], and the relatively small 
amount of experimental data obtained at the boiling temperature is incomplete. Furthermore, in some cases, the data 
presented important inconsistencies [3]. Consequently, the thermodynamic models that can be used to fit these 
systems are not based on sufficient and reliable equilibrium data to allow an accurate estimation of the interaction 
model parameters.  
This acute need for high-quality experimental data can be due to the lack of commercial equipment used to obtain 
reliable experimental equilibrium data. Our research group has been pursuing a new line of investigation developing 
appropriate equipment and methodology of analysis, as well as acquiring a deep knowledge of this type of systems. 
With the experience obtained in determining SLLV, a new patent has been requested (Application number: 
P201830582). 
With this novel equipment some equilibrium diagrams were investigated at different temperatures. The studied 
mixtures were formed by water, 1-propanol and 2-propanol, and inorganic salts such as strong electrolytes (NaCl, 
KCl and NH4Cl). The equilibrium data of these ternary mixtures was experimentally determined, the topology of 
their equilibrium diagrams was analyzed and the thermodynamic consistency rules that they must comply were 
established. Finally, using various methods such as the effective excluded volume (EEV) theory, Setchenov-type 
equations, and the plait point of the liquid-liquid region, the different salt and alcohol systems have been classified. 
In addition, the viability of the UNIQUAC model extended to electrolytes [4] was studied to calculate the 
equilibrium data of these systems. Analyzing the results obtained one important problem arises. Since the 
experimental data are scarce and untrustworthy, the models based on these data are not able to reproduce the reality 
properly. It is important to eliminate experimental outliers because not only improve quantitative descriptions of the 
system’s equilibrium but also facilitate the findings of better theoretical explanations, which might otherwise be 
obscured by undetected systematic errors [5]. 
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Abstract 

In order to build an industrial adsorber the as synthesised material should be formulated and shaped. Most of the 
commercial adsorbents are shaped as pellets or spheres, however their performance properties are enhanced when are 
shaped as monoliths [1]. The objectives of this work are: (i) to shape the NaX zeolite material in pellet and monolith 
forms, and (ii) to evaluate the adsorption properties of the materials using N2 and CO2.  

The NaX shaped materials have been used as selective adsorbents for CO2 capture from flue gas. The adsorption 
equilibrium was evaluated using a volumetric equipment (ASAP 2010) at three different temperatures (298K, 313K 
and 338K). The kinetic parameters have been measured in a fixed bed adsorber. A mathematical model based on 
conservation equations has been developed to describe the process. 

Experimental results 
The powder NaX has been successfully shaped as pellets and monoliths. As can be seen in the figure, the affinity of 
NaX in pellet form to CO2 is higher than the affinity to N2. 

Adsorption isotherms at different temperatures Shaped NaX zeolite as Monolith and Pellets 
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Abstract 
The contamination of ground and surface waters with organic pollutants and the increasing scarcity of the available 
water resources have been recognized as problems of growing importance in recent years. Among them, dye 
containing wastewater from industry is of the major environmental concern. 

Dyes are coloured organic compounds that give bright and firm colour to other substances, being suitable for 
colouring textiles, wools, and fibres. Dyes are widely used in many industrial fields as textile, paper, leather tanning, 
food processing, plastics, cosmetics, rubber, printing and dye manufacturing industries. Majority of dyes are 
synthetic, usually composed of aromatic rings, which make them carcinogenic and mutagenic, exerting potent acute 
and/or chronic effects on exposed organisms. They are inert and non-biodegradable when discharged in waste 
streams, giving undesirable colour to the water, reducing sunlight penetration and thereby inhibiting photosynthesis.  

Azo-dyes are the main chemical class of dyes used in the industrial fields. These dyes are characterized by one or 
more azo-linkages (R–N=N–R’) and by aromatic structures. Acid Orange 6 (AO6) is one of these azo-dyes, used in 
research laboratories, as pH indicator, and as food additive in some parts of the word. 

Various techniques have been applied for the azo-dyes removal from aqueous solutions, including adsorption, 
photocatalytic, sonochemical and electrochemical degradations, membrane processes (micellar enhanced 
ultrafiltration, nanofiltration and ion exchange), and integrated treatments (iron(III) photoassisted biological, solar 
photo-Fenton biological and Fenton-biological). 

Adsorption is gaining popularity as an effective removal technology of nitrophenolic compounds due to its low 
initial cost, simplicity of design, ease of operation, insensitivity to toxic substances, high removal efficiency and the 
non-formation of harmful substances. It is a useful and simple technique that allows kinetic and equilibrium 
measurements without the need for highly sophisticated instrumentation. Various potential adsorbents have been 
assayed for the removal of nitrophenolic compounds from water, being activated carbon the most popular due to its 
large porous surface area, controllable pore structure, thermostability, wide spectrum of surface functional groups, 
high adsorption capacity, fast adsorption kinetics, and ease of regeneration.  

The high price of activated carbon has leaded to a growing interest in developing low-cost adsorbents. Agricultural 
wastes are receiving increasing attention in this sense due to their abundance and renewable nature. Different studies 
have showed that olive stones could be used as biomass sources to eliminate different kinds of pollutants. More 
than 370,000 tons of olive stones are generated per year as byproducts (usually crushed and retrieved as small 
particles) in the olive-oil industry in Spain. Stones represent approximately ten percent by weight of the olive fruit 
and they contain as main components cellulose (28.1-40.4%), hemicelluloses (18.5-32.2%) and lignin (25.3-27.2%).  

In this communication, the use of crushed olive stones, activated by calcination and further acid treatment, has been 
tested to the removal of AO6 from aqueous solutions using batch experiments. Removal efficiency, equilibrium 
(adsorption isotherms) and kinetics of AO6 adsorptive removal process have been analyzed. 
In order to describe how AO6 interacts on activated olive stones and to quantify its adsorption capacity, sorption 
isotherms were obtained through the amount of dye adsorbed on the activated olive stones surface at the 
equilibrium concentration. Kinetic models based on the experimental data were also used to investigate the 
mechanism of adsorption of AO6 on the activated olive stones.  

ISBN: 978-84-09-12430-5 50



Synthesis of high homogeneity liposomes in large scale microdevices 

Priscilla Cibelle Oliveira de Souza Firmino1*, Ângelo Luiz Gobbi2 , Renato Sousa Lima1,2 y Lucimara 
Gaziola de La Torre1

1 State University of Campinas 
2 National Center for Research in Energy and Materials 

*cibelle.priscilla@gmail.com

Abstract 
Microfluidics is defined as the science and technology that allows manipulating small amounts of fluids (10-9 to 10-18 
liters) using microchannels. The high interest in this area occurs through the advantages such as the use of small 
samples; low cost; and short analysis time. The high surface-to-volume ratio allows us to observe various reaction 
conditions, varying process conditions to obtain products in a controlled way. Allied to advantages offered by 
microfluidics, such as the possibility to control the synthesis of nanomaterials, the synthesis of liposomes presents 
high appeal for several technological applications. Liposomes are vesicles formed by a lipid bilayer that when present 
in excess aqueous medium is added. The high interest in the liposomal vesicles is related to their composition that 
make them biodegradable, biocompatible, non-immunogenic and also with low toxicity. Therefore, microfluidics has 
been explored for the synthesis of liposomes since it allows greater reproducibility of particle size and homogeneity 
obtained by controlling the flow and the mixture in the high flow microfluidic platform in a microdevice capable of 
producing liposomes with low dispersion at an effectively higher flow rate than the conventional microdevices operate. 
For that, a solid micro-device of Polydimethylsiloxane (PDMS) (Camargo et al., 2016) was constructed with a central 
channel in which the entry of a lipid solution containing dry ethanol and a low purity soy phosphatidylcholine (45%), 
and two confocal channels in which ultra-pure water is added. Several conditions were tested by modifying the fluid 
flow rate ratios, concentration and flow rate. Based on the obtained results, as shown in Fig. 1, it was demonstrated 
that the microdevice assembled liposomes of low dispersion and also with high productivity, achieving optimum 
operating conditions at fluid flow rate ratio of 10, concentration of 10 mM and flow rate of 5 ml/min for the 
production of liposomes with an average size of 140 nm and dispersion (PdI) of 0.1. Then, this work shows that it is 
possible to synthesize homogenous liposomes with high productivity. This result represents is important to the design 
of large-scale processes, allowing the application of these nanoaggregates in different areas of science.  

 

Fig. 1. Hydrodynamic diameter - z-average (full square) and polydispersity index (empty square) varying with the FRR to 
liposomes formed from S45 at a concentration of 10Mm and a flow rate ratio of 5 ml/min. 
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Abstract 
Emerging pollutants are now being widely detected and have the potential to generate a negative ecological and 
human health impact [1]. Adsorption with activated carbons in liquid phase is one of the most studied technologies 
to remove emerging pollutants from water and, thus, in this communication we report the preparation of lignin-
derived activated carbons with different porosities and their evaluation as adsorbents to treat water solutions that 
contain acetanilide or antipyrine at low concentration (<10 mg/L), to simulate real concentrations in a wastewater. 
Among other pharmaceutical compounds, antipyrine and acetanilide are analgesic and antipyretic detected in the 
streams exiting wastewater treatment plants, which removal is an interesting aim of study. Activated carbons were 
prepared by using Organosolv lignin (OL), as a renewable carbon precursor, through chemical activation with 
H3PO4. The effect of the weight impregnation ratio, which varies from 0.5 to 3.0 (H3PO4/lignin), and the activation 
temperature (500, 700 and 900 ºC) on the porous texture and surface chemistry was studied. 

Table 1. Textural parameters and maximum acetanilide and antipyrine adsorption capacities (evaluated at an equilibrium 
concentration of 10 mg/L and 20 ºC) 

Activated 
Carbon 

ABET 
(m2/g) 

At
(m2/g) 

Vt 
(cm3/g) 

V0.995 
(cm3/g) 

Vmeso 
(cm3/g) 

ACO2DR 
(m2/g) 

VCO2DR 
(cm3/g) 

qacetanilide
(mg/g) 

qantipyrine 
(mg/g) 

OL-0.5-700 719 21 0.280 0.303 0.024 534 0.214 46 7 

OL-1-700 778 28 0.331 0.361 0.030 501 0.201 58 29 

OL-2-700 930 168 0.361 0.504 0.142 415 0.167 61 37 

OL-3-700 1031 421 0.294 0.716 0.422 481 0.193 45 32 

OL-2-500 661 81 0.273 0.351 0.078 324 0.130 20 8 
OL-2-900 851 98 0.369 0.463 0.094 456 0.183 82 39 

Mainly microporous activated carbons were obtained when lower H3PO4 impregnation ratios were used (0.5 and 1). 
At higher impregnation ratios, an increase of the micropore and mesopore volume was observed, obtaining 
activated carbons with specific surface areas close to 1000 m2/g (Table 1). Activation temperature also played an 
important role in the carbons porous texture, with the maximum porosity development reached at 700 ºC. 
Equilibrium and kinetic adsorption experiments were carried out in a batch system at 20 ºC. Acetanilide and 
antipyrine adsorption equilibrium was explained by the isotherm equation proposed by Langmuir. Kinetics 
experiments results showed a strong influence of the activated carbon pore size on the adsorption rate, favored in 
activated carbons with wider porosity, that is, those prepared at higher temperatures and/or higher impregnation 
ratios. Furthermore, adsorption and desorption experiments were carried out in a microcolumn system. Higher bed 
service times were obtained with activated carbons that showed a wider porosity. Desorption experiments showed 
that around 85-95% of adsorbed acetanilide and antipyrine could be regenerated at 20 ºC by flowing distilled water 
through the adsorption bed.  
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Abstract  
Lignocellulosic biomass has become an alternative source for the production of chemicals and bio-fuels such as bio-
ethanol. Fast pyrolysis is an emerging technology to transform the lignin into gases, liquids, and char. Among the many 
compounds obtained during this process, sugars are growing in importance since they can be converted into bioethanol 
by fermentation. A conventional method to separate sugars from pyrolysis oil is based on liquid extraction using water, 
which leads to two fractions: a sugar-rich aqueous fraction and an oil fraction Nevertheless, the presence of aromatic 
compounds, particularly phenolic compounds, in the aqueous phase is a drawback due to their toxic nature and their 
ability to act as strong inhibitors for growth microorganisms [1]. Hence, removal of such aromatic compounds is 
critical to perform a subsequent fermentation of the pyrolytic sugars to bioethanol. 
Although solvent extraction using volatile organic compounds (VOCs), such as ethyl acetate or methyl isobutyl ketone, 
has been reported as an effective method to remove aromatic compounds, current regulations limit the use of these 
toxic and flammable solvents while promoting more sustainable alternatives. In this work, the use of Deep Eutectic 
Solvents (DES) is proposed as a potential alternative to traditional organic solvents. Specifically, the extraction of three 
phenolic compounds (i.e. phenol, guaicol, and syringol) from water was tested using DES based on L-menthol and 
carboxylic acids (octanoic, decanoic and dodecanoic acid) as extractants [2], as summarized in Figure 1. Experimental 
essays were carried out through equilibrium distribution studies and the concentration of phenol was recorded via 
absorbance measurements. From the obtained results, the effects of initial phenol concentration and chemical 
structures (of both phenols and DES) on the extraction process was analyzed and discussed. 

Fig. 1.  Liquid extraction of phenolic compounds with DES. 

Overall, high extraction efficiencies were achieved, meaning that the proposed DES could be used as solvents to 
remove phenols from aqueous streams resulting from biomass fast pyrolysis.  Based on the promising results obtained 
in this preliminary study using binary (phenol + water) samples as model mixtures, further studies will be performed 
using more complex mixtures (including sugars) to test the efficiency of these new solvents in the treatment of actual 
aqueous fast pyrolysis effluents. 
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Abstract 
Gas hydrates are compounds in which water molecules are bound by hydrogen bonds forming a 
thermodynamically unstable crystalline structure called the host network. The structure become stable due to the 
inclusion of small molecules (guest) in the cavities, frequently gases such as methane or natural gas. Apart from 
its possible use as an alternative energy source to other fuels such as oil or coal and their applications in the capture 
and sequestration of CO2 [1], water desalination [2] or hydrate-based phase change materials for refrigeration [3], 
they have received much attention in recent years as advanced materials for storage and transportation of natural gas 
[4].  

Since the formation of clathrate hydrate requires high pressure, low temperatures and a high amount of gas or 
liquid hydrocarbon dissolved in water, the study of their formation process is a very difficult task limited by 
the availability of suitable equipment, which explains the scarcity of experimental equilibrium data available in the 
literature. High-pressure microcalorimetry (HP-µDSC) is a powerful technique for phase‐transition characterization. 
However, since gas hydrates formation is controlled by mass transfer of gas through the hydrate structure, the 
use of the technique for determining enthalpy of gas hydrates is limited due to the difficulty of mixing inside the 
cells. Results can be reliable if a multi-cycle procedure is used to increase water conversion [5]. In this work, new 
experimental equilibrium data for methane, CO2 and ethane hydrates were obtained through HP-µDSC. 
Dissociation enthalpies of the hydrates formed were determined using the multicycle procedure to increase water 
conversion into hydrate up to minimum 97%. The experimental results for these systems were compared with 
simulations using the Multiflash 6.0 software, which uses the Cubic Plus Association (CPA) equation of state for 
liquid and vapor phases and the van der Waals and Platteeuw model for the hydrate phase [6]. 
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Abstract 
Separation processes are very important in the chemical industry, since it is where the added value of the final products 
is increased. Distillation is the most widely used separation process, separating about 90% of liquid mixtures. However, 
its operation requires 25-40% of the energy usage in the chemical and petrochemical industries [1]. In addition, the 
operation of the distillation column requires special attention, since it is exposed to constant disturbances, such as 
changes in operation, variations in power conditions, among others. Therefore, it is necessary to develop and 
implement methodologies that keep the process variables constant, that is, design and implement robust control 
schemes. In general, the control objective focuses on the regulation of distillate concentration, for which different 
control proposals have been reported, including predictive control, schemes based on neural networks, parallel control, 
cascade control, among others [2]. Although these works present significant advances on the design and 
implementation of control schemes for distillation columns, the proposals are based on previously established 
columns, that is, they do not consider design variables, such as the feed plate. Several works have shown that the 
location of the feeding plate can maximize the performance of the distillation column and have even been proposed 
as a variable of anticipated control [3]. Other studies have reported that the number of stages and the location of the 
feed plate can be considered as variables for the optimization of the distillation columns [4]. However, in practical 
applications where the distillation column is already available, the variation of the number of stages is complicated, 
while changing the feeding plate is not complicated to implement. In this regard, a study on the effect of the feeding 
plate in the controller design for a distillation column is presented in this work. For simplicity, it is proposed to regulate 
the distillate by means of a composition-temperature cascade controller considering binary and multicomponent 
mixtures, under different external disturbances. The results indicate that the feed plate should be considered in the 
design of the controller, since it can improve the overall performance of a controller by up to 80% compared to the 
McCabe-Thiele method (plate 6). By means of numerical simulations, the location of the feed plate was determined, 
which allows to maximize the controller's performance, and distillate flow with the lowest energy consumption (Figure 
1). 
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Fig. 1. a) Controller performance as a function of feed plate, and b) global performance of the distillation process.  
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Abstract  
Synthetic dyes are widely used in many industries such as textile, paper, printing, leather tanning, food technology, 
hair colorings, etc. Biosorption has proven to be an attractive alternative to classic methods for dyes removal from 
liquid effluents. In this work the effect of pH and the kinetic adsorption of an azo dye (orange II, acid orange 7) by 
treated orange peel is investigated. 
Adsorbent. The solid used as adsorbent was obtained by treatment of orange peel. This material was washed with 
boiling water, treated with hot ethanol and then was oven dried at 50–60 ºC, crushed and sieved to obtain a particle 
size lower than 1 mm. 
Effect of pH. The effect of pH was studied in batch experiments (pH range: 2-10). A set of tests were carried out with 
pH controlled and several experiments were conducted without pH control.  The removal of orange II (O-II) 
(Figure 1) was maximum at pH 2 (qe = 16.9 mg·g-1), and decreased strongly until pH 6 (qe = 3.8 mg·g-1) and then it 
remains practically constant. 
Biosorption kinetic. Batch kinetic experiments were carried out at pH = 2 and at 10 ºC, 25 ºC, 40 ºC and 55 ºC. Orange 
II solution (100 mg O-II·L-1) was contacted with sorbent (dose: 4 g·L-1). Samples were collected at selected contact 
times. The residual dye concentration was determined by spectrophotometry (λ= 485 nm), after the centrifugation of 
the collected samples. The dye uptake was rapid (90 % of the equilibrium adsorption capacity was reached before the 
first 60 minutes at 10 ºC and 25 ºC and before the first 25 minutes at 40 ºC and 55 ºC). Afterwards, the removal rate 
diminished due to the approach to the equilibrium (reached before 270 minutes at all studied temperatures) (Figure 
2). The pseudo-first-order, pseudo-second-order, Elovich, intraparticle diffusion and Bangham kinetic models were 
used to elucidate the biosorption mechanism [1]. The Bangham model provides the best correlation data. The 
Arrhenius equation was used to obtain the activation energy of sorption, Ea. The value of  Ea was 20.1 kJ·mol-1 that 
suggests a chemisorption mechanism. 
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Abstract 
Oil-in-oil (o/o) emulsions, composed of two immiscible non-aqueous or oil phases, have been rarely studied as 
evidenced by the low number of publications on this subject. However, o/o  emulsions would be useful for a variety 
of applications where the presence of water is undesirable, for example in the field  of  cosmetic formulations and 
drug delivery systems, cleaning systems, lubricants for  metalworking, etc. [1-2]. 
Here, non-aqueous emulsions of polyethylene glycol (PEG4000), with a melting temperature of 58-61ºC, and silicone 
oil have been successfully obtained by using a silicone surfactant that is composed of diblock copolymers along with 
bulky silicone chains. The present work studies the effect that processing conditions exert on the thermomechanical 
behaviour and stability of the emulsions. The morphology by means of optical microscopy, rheological behavior and 
thermal properties were measured and analysed. According to the obtained results, such operational parameters greatly 
affect both mechanical properties and microstructure. In general, stable emulsions can be obtained by selecting specific 
processing conditions. Finally, some unexpected effects have been found related to the miscibility of the silicone 
surfactant with the deposed phase that yields a modification of the crystallinity. 
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Abstract  
Ionic liquids (IL) have blossomed during the last 15 years as alternative materials to obtain advanced membranes 
delivering CO2 separation performances that could not be afforded by conventional polymer membranes [1]. In this 
context, significant research efforts have been made towards the development of iongel membranes using different 
strategies, such as the simple blending of ILs with polymers, in situ free-radical polymerization of acryl or vinyl IL 
monomers in the presence of free ILs, sol-gel processing and the use of low molecular-weight gelators or triblock 
copolymers. Particular attention has been given to the preparation of iongels with polymer networks, since this 
approach allows for the fabrication of CO2 separation membranes with high IL contents and liquid-like gas transport 
properties, while maintain a good mechanical strength [2, 3].  
In this communication, we present free standing iongel membranes consisted of cross-linked poly(ethylene glycol) 
diacrylate (PEGDA) and up to 90 wt% of IL content. The membranes were prepared by UV-initiated free radical 
polymerization of PEGDA in the presence of different ILs, based on the 1-ethyl-3-methylimidazolium cation 
([C2mim]+) and anions such as bis(trifluoromethylsulfonyl) imide ([TFSI]–), bis(fluorosulfonyl) imide ([FSI]–), 
tricyanomethanide ([C(CN)3]–) and tetracyanoborate ([B(CN)4]–), which choice was dictated by their recognized high 
CO2 permeabilities and selectivities [1].  

Fig. 1. Picture of PEGDA-based iongel with 80%wt of [C2mim][FSI]. 

The compatibility and miscibility of the different ILs with the polymer network was evaluated. The obtained cross-
linked iongel membranes were characterized in terms of structural, thermal, mechanical and morphological properties 
and their interrelation, as well as their dependence on PEGDA/IL composition was studied. In order to evaluate the 
CO2 separation performance, single gas permeation experiments for CO2, H2 and N2 were performed and the results 
were compared to the Robeson’s upper bound limits.  
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Abstract 
Zinc(II)-amino acid chelates have been interested with their anti-flammatory, antiulcer, and even anti-tumoral 
activities. Generally, amino acid molecules have to act as negatively charged chelating ligands for the chelating 
reaction of amino acids with metal ions [1]. Since L-methionine (L-Met) molecules have two functional groups 
which are the carboxylic acid (-COOH) and the amino (-NH2) groups, three ionized species exist in an aqueous 
solution with pH: cationic, zwitterionic, and anionic forms as shown in Figure 1. In the present work, zinc(II) 
chelates of L-Met (Zn(L-Met)2) were precipitated by reactive crystallization in which an aqueous solution of zinc 
salts such as ZnCl2, ZnSO4·7H2O, Zn(CH3COO)2·2H2O or Zn(NO3)2·6H2O was injected into a high pH 
aqueous solution of L-Met. It was found that the recovery of chelate crystals was influenced by anion species of zinc 
salts. The recovery of chelates was estimated from the calculation of amount of free zinc ions in filtrates by a 
complexometric titration with ethylenediaminetetraacetic acid (EDTA) at pH 5.5 [2]. Here, xylenol orange which 
color is changed from yellow to red when complexed with zinc ion was used as an indicator [3]. Table 1 shows the 
recovery of chelates according to the anion species of zinc salt used. Therefore, it can be concluded that when 
anions that do not participate in the chelating reaction are dissolved in the mixed solution, the extent of the decrease 
in Zn(L-Met)2 chelate solubility increases in the order of SO4-2 > CH3COO- > Cl- > NO3-. 

Fig. 1.  Percentage distribution of L-Met molecules dissolved in water with pH 

Table 1. The recovery of Zn(L-Met) 
zinc salt used ZnSO4·7H2O Zn(CH3COO)2·2H2O ZnCl2 Zn(NO3)2·6H2O 

titration time (min) 33 36 40 42 
zinc ions in filtrates (mol) 1.65×10-3 1.8×10-3 2.0×10-3 2.1×10-3 

recovery (%) 93.4 92.8 92.0 91.6 

Acknowledgements 
This work was supported by CJ CHEILJEDANG, Inc. (Seoul, Korea). 

References 
[1] Wagner, C.C., Baran, E.J., 2009. Vibrational spectra of Zn(II) complexes of the amino acid with hydrophobic residues,
Spectrochim. Acta A 72, 936-940.
[2] Novick, S.G., 1997. Complexometric titration of zinc, J. Chem. Educ. 12, 1463.
[3] Studar, K., Janousek, I., 1961. The photometric determination of zinc with xylenol orange. Talanta 8, 203-208.

ISBN: 978-84-09-12430-5 59



A novel bioscrubber for the abatement of  gaseous ammonia emissions at high 
loads: characterization of  the absorption step 

Eloi Morral1*, David Gabriel2, Antonio D. Dorado1,  Xavier Gamisans1 

1Department of Mining, Industrial and ICT Engineering, Universitat Politècnica de Catalunya, Bases de Manresa, 61-73, 08240 
Manresa, Spain 

2Department of Chemical, Biological and Environmental Engineering, Universitat Autònoma de Barcelona, Edifici Q, 08193 
Bellaterra, Spain 

*Corresponding author email

Abstract 
At present, the management of industrial and municipal wastes is one of the major problems of society 
development. A wide range of pollutants is emitted from industrial facilities such as VOCs, NH3 or H2S, apart from 
odours. Among them, the presence of high concentrations of ammonia (NH3) can be alarming on the exhausted 
gas of composting plants, reaching often concentrations up to 300-500 ppmv. Besides, concentration peaks up to 
700-1000 ppmv have been also reported [1]. Ammonia is a colorless, strongly odorous, toxic, reactive and corrosive 
gas that is a by-product of the biological degradation of urea, proteins and amino acids found in the organic 
fraction of municipal solid wastes [1][2].  

Traditionally, physical-chemical processes such as activated carbon, wet-scrubbing, incineration, and air stripping 
have been used for the abatement of gaseous pollutants. However, high operational cost and secondary pollutant 
streams are the main disadvantages of this kind of treatment [3]. Biofiltration is an environmentally friendly 
technique which interest in implementation has been increasing in the few past decades. Low operational costs and 
reduction or elimination of secondary pollutants are their main advantages. . Bioreactors are classified in biofilter 
(BF), biotrickling filter (BTF) and bioscrubber (BS) depending on their set up and performance. 

Bioscrubbers seems to be the best option when hydrophilic compounds (such as ammonia) are treated. A bioscrubber 
is formed with one absorption column and a stirred tank (bioreactor). In the column the polluted gas is mixed with 
the liquid phase, thus the pollutant is transferred from the gas phase to the liquid phase. The liquid phase is constantly 
recirculated between the column and the tank, where the pollutant absorbed in the column is degraded by the 
suspended biomass in the bioreactor [4]. 

The aim of this work was to describe a bioscrubber system for the treatment of gaseous ammonia. For this reason, the 
first step of a bioscrubber (absorption step) was characterized in a lab-scale plant. The effects of different key 
parameters on the air treatment, like EBRT, ammonia concentration, pH and liquid flow was studied. Also, the possible 
changes of the overall ammonia abatement performance, due to nitrite and nitrate presence (both are by-products of 
ammonia degradation), was studied.  
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Abstract 
The coupling of magnetophoresis and microfluidics has emerged as a promising separation alternative with great 
potential in biomedical applications. Thereby, the removal of sepsis-causing agent (Lipid A) from blood is considered 
the most direct conceivable treatment against this infectious illness. Specifically, the laminar flow pattern developed 
in microfluidic channels allows co-flow of parallel streams with stable interface, while the magnetic beads provide the 
selective capture of the target substance and promote their recovery by external magnetic fields. [1, 2] Unfortunately, 
achieving high system performance, in terms of both magnetic particle capture, and throughput remains challenging. 

Here, we address the optimization of multiphase continuous-flow Y-Y shaped microfluidic devices, by assessing the 
influence of microchannel geometry (i.e cross section shape and length) in the system performance, accounting for 
the limitations of current chip fabrication methods. In the proposed system, magnetic beads suspended in Human 
Whole Blood (HWB) are continuously injected through one of the Y-Y shaped channel inlets and collected in the co-
flowing buffer stream by the application of an external magnetic field. We introduce a Computational Fluid Dynamics 
(CFD)-based Eulerian-Lagrangian approach using the commercial software FLOW-3D, which was linked to a Fortran 
code to combine the magnetic and fluidic analysis so as to accurately describe the bead trajectories. The model results 
were experimentally validated through fluorescence microscopy for two of the microchannels under study. 

According to both experimental and computational results, cross section shape highly influences the velocity profile 
developed inside microfluidic channels and thus the range of flow rates that could be used to obtain maximum bead 
capture. Thereby, for obtaining particles recoveries higher than 95%, rectangular cross sections allows to work with 
velocities one order of magnitude higher than U-shaped cross sections. Besides, by increasing 5 times the chip length 
the separation efficacy increases as much as 68% for all the devices, promoting the use of higher flow rates and thus 
enhancing the system throughput. 

Overall, the theoretical and experimental methodology introduced in this work provide a power tool for the rational 
design of microfluidic-magnetophoretic devices that can be applied to magnetically driven purification, enrichment 
and isolation of cells or substances in lab-on a chip devices. 
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Abstract 

The current world consumption of crude oil and the constant growing of energy demand point out the need of 
maximizing the refineries global yields. Thus, hydroprocessing stands out as a good alternative to exploit secondary 
streams, obtained from crude oil [1], as Light Cycle Oil (LCO), providing liquid product streams (naphtha, diesel) 
with suitable properties for their use as fuels and reduced sulphur and aromatic content. 

The behaviour of PtPd-based catalysts over different supports (SiO2-Al2O3, HY, discarded FCC catalyst) has been 
studied in the second stage of a two-stage hydrotreatment-hydrocracking strategy for LCO hydroprocessing. The 
LCO was previously hydrotreated over NiMoP catalysts [2], in order to minimize the amount of sulphur for 
preventing noble metal catalyst poisoning. The fresh catalysts have been characterized through several techniques: 
N2 adsorption-desorption, X-ray diffraction (XRD) and NH3-TPD. Hydrocracking runs have been carried out in a 
fixed bed reactor under the following conditions: 450 ºC; 65 bar; H2:feed ratio, 1000 mLNH2 mLLCO-1; space time, 
0.21 gcat h gfeed-1; and time on stream (TOS), 8 h. The liquid hydrocracking products were analysed by means of 
bidimensional chromatography with a FID detector and a mass spectrometer coupled in-line (GCxGC-MS), allowing 
to identify different lumps according to a boiling point criteria (naphtha, 35-216 ºC; diesel, 216-350 ºC; and gasoil, 
>350 ºC) and also according to their chemical nature (n-paraffins and isoparaffins, naphthenes, single ring aromatics
and polyaromatics).

The results obtained at 450 ºC have shown hydrocracking conversion values of 27.0 % and 28.8 % using the 
PtPd/SiAl and PtPd/FCC catalysts. These catalysts mainly provide a liquid product, prevailing interesting lumps. 
Thus, the PtPd/SiAl catalyst provides 40.8 wt% naphtha and 50.1 wt% diesel yields whilst the FCC-supported 
catalyst produces 46.9 wt% naphtha and 38.6 wt% diesel yields. On the other hand, the PtPd/HY catalyst resulted in 
severe product overcracking towards gas products: liquid product was retrieved below 14.0 wt%. In terms of liquid 
product composition, the PtPd/FCC catalyst was the most suitable for hydrodearomatization purposes while the 
PtPd/SiAl proved to enhance aromatization reactions, obtaining a higher aromatics content because of disfavoured 
equilibrium of aromatic hydrogenation reactions at high temperature. In terms of catalyst deactivation, reactions 
carried out using PtPd/SiAl and PtPd/FCC catalysts, in which polyaromatic compounds formation has taken place, 
show a heavier coke formation, whereas the PtPd/HY spent catalyst shows that a lighter coke has been formed due 
to aromatic reversible adsorption. 
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Abstract 

1,3-Butadiene is a key monomer in the production of numerous artificial elastomers. It can be produced directly 
from ethanol through the one-step Lebedev process, or through the Ostromislenky process in two-stages. The first 
stage involves ethanol dehydrogenation into acetaldehyde, while the second one involves the further transformation 
of the ethanol-acetaldehyde mixture into 1,3-butadiene. The two-step process presents the advantage of using more 
specific catalysts for each stage, what made them overall more selective to 1,3-butadiene, minimizing the separation 
costs. Likewise, Ta-Si system have been highlighted as the more promising catalysts for the two-step process. That 
way, the Ta2O5-SiBEA-15 catalyst reported by Chae et al. [1] has been chosen for this study. 

The effect of the ethanol/acetaldehyde molar ratio (2.7 and 1.7), was studied at three temperatures (300, 325, 350 
°C) and four space velocities (WHSV = 0.22, 0.44, 1.03 and 1.62 h-1). All experiments were carried out with 1 g of 
catalyst 2% Ta2O5/SBA-15 (300-500 μm) in a tubular bed reactor at atmospheric pressure and with an ethanol 
partial pressure of 0.13 bar. 

Results show that, at the same WHSV, ethanol conversion increases significantly with temperature, while 
acetaldehyde conversion varies to a lesser degree, since its conversion is already high because it is the limiting 
reactant (the stoichiometric ethanol/acetaldehyde ratio is 1:1). Total conversion, therefore, increases with 
temperature, mainly due to the increase in the conversion of ethanol to side-products, since the variation of 1,3-
butadiene selectivity with temperature and space velocity is slight (between 70 and 80%). Moreover, as the 
temperature increases, the selectivity to ethylene and diethyl ether also rises but, at the same time, ethyl acetate and 
oxygenated compounds selectivities decrease, what leads to a small variation in 1,3-butadiene selectivity. Finally, 
butenes selectivity is not very temperature sensitive for a fix space velocity and ethanol/acetaldehyde ratio. 

Besides, for any temperature, butadiene selectivity barely depends on the ethanol/acetaldehyde ratio at a fix total 
conversion. Higher performance was achieved with an ethanol/acetaldehyde ratio of 1.7 due to the fact that more 
feedstock was converted because of a less ethanol surplus. As the presence of ethanol increases, ethene and diethyl 
ether selectivity increases too.  

The final goal of this study is not only analyzing the catalyst behavior in order to find and optimum operation point, 
but also the development of a kinetic model that will be used in the design of an industrial scale plant. 
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Abstract  
The amination of alcohols is of high industrial interest since it is an atom efficient and environmentally friendly route 
to produce amines. The overall process in the case of cyclohexanol (CHOL) consists of several reactions in series, in 
the presence of an appropriate catalyst, yielding cyclohexylamine (CHA). Ni-based catalysts have showed high 
selectivity for primary amines which is pivotal for industrial application [1]. Prior to the amination reaction the 
catalyst must be reduced, and the reduction conditions optimized. Catalytic experiments were carried out in a fixed-
bed reactor. Firstly, different reduction temperatures were tested, ranging from 423.15 to 723.15 K, under constant 
H2 flow rate (0.02 m3 h-1 NTP), pressure (20 barg) and time on stream (6 h, ensuring steady-state conditions). 
Catalytic performances were compared in terms of yield for CHA and heavy-end products (HE). The obtained yields 
were kept almost constant for every reduction temperature except for 723.15 K, which led to lower CHOL 
conversion and yield. Additionally, it was found by TEM image and XRD analyses that the average Ni particle size 
increased, showing that the Ni-based catalyst was somehow deactivated, most likely by a sintering mechanism. By 
those means, and analysing the TPR profile of the fresh catalyst, an optimum set of operating conditions was 
established with reduction at 423.15 K. A parametric study was, then, established to optimize the operating 
conditions. In such a study, pressure ranged from 1 to 4 barg, temperature from 373.15 to 473.15 K and NH3:H2 
molar excess ratio to CHOL from 1.2 to 3.2 while keeping CHOL weight hourly space velocity (WHSV) constant. 
Overall, the obtained results showed that the amination reaction of CHOL is highly temperature-dependent while 
pressure slightly affects conversion and increases the HE products selectivity. At 423.15 K, 1 barg and using a 
NH3:H2 excess of 2.2 molar, an interesting set of both selectivity and conversion was obtained to produce CHA, 
maximizing its selectivity and lowering HE products as shown in Figures 1 A and B. 
High selectivity towards CHA accompanied by low HE products selectivity were obtained, using an industrial Ni-
based catalyst in the amination of CHOL with NH3 in the presence of H2, for much smoother operating conditions 
than those previously reported, representing a highly interesting approach to apply at the industrial scale. 

Fig. 1.  Selectivity towards CHA, aniline and HE products as a function of the operating temperature (A) and of the CHOL 
conversion (B) at 1 barg, molar NH3:H2 excess of 2.2 and CHOL WHSV of 14.1 h-1. 
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Abstract 
In Ecuador, artisanal and small-scale gold mining is the primary source of gold production, around 85% of total 
production, the main activity is located at south of Ecuador in a Portovelo- Zaruma, but in the mining process there 
are produced a metal-sludge or tailings that are considered as industrial wastes for their high content of metals mainly, 
iron, copper, gold, phosphates and other. 
Given its pollutant nature, the metal-sludge waste of mining (tailings) needs treatments and final technical disposition 
environmentally accepted. For these reasons, this work is focused on valorization through catalytic material synthesis 
from residual sludges from the mining industry based in their high metal content. 
The tailings were obtained from a communal tailing facility called El Tablon located at Portovelo, south of Ecuador. 
The catalyst material has been obtained from a thermal process based on dried between 100-120°C and calcination of 
sludges between 300 to 500 °C for 2h. The physical-chemical properties of the catalyst have been analyzed by several 
techniques, physisorption of N2 and chemisorption of CO of the material, X-Ray Diffraction and, SEM images. 
Catalytic activity was analyzed by thermogravimetric analysis of a thermo-catalytic decomposition of crude-oil. 
The best conditions for catalyst synthesis were calcination at 300 °C, the temperature of reduction between 300 and 
700 °C for 15 min. The catalytic material can be considered a tri-metallic catalyst because had mainly Fe, Cu and, Au 
as active phase, with a specific surface between 6 m2/g and promotes around 8 % more weight-loss of crude-oil in the 
thermal decomposition compared with assays without the catalyst.  
Results proposed an alternative way to the valorization of residual sludges derived from the gold mining process, 
transforming them in another chemical with multiple uses as cracking of hydrocarbons. 
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Abstract 

Fossil fuels depletion, together with an increasingly stringent in the environmental regulations, are the driving force 
in seeking for alternative clean energy resources. Thanks to its physical and chemical properties, similar to liquified 
petroleum gases (LPG) and conventional diesel, plus the clean combustion achieved when used as fuel, dimethyl 
ether (DME) is considered as one of the most promising alternatives to petroleum derived fuel and, thus, its 
production is the object of different researches [1]. Currently, DME production is carried out via methanol 
dehydration on solid acid catalysts [2]. The use of activated carbons as catalysts for this aim has been little studied to 
date. In this work, we examined the selective methanol dehydration to DME using a Zr-loaded P-containing 
activated carbon catalysts. 
The activated carbon was prepared by chemical activation of olive stones with phosphoric acid, with an 
impregnation mass ratio value (H3PO4/carbon precursor) of 2 and an activation temperature of 800 ºC. Then, the 
resulting activated carbon was loaded with a 5 % (wt) of Zr by incipient wetness impregnation.  
The results highlighted the presence of zirconium phosphate species bonded to the activated carbon surface. These 
species were responsible for the high steady-state methanol dehydration achieved when using the activated carbon as 
catalyst, keeping a selectivity to DME higher than 97 % at a reaction temperature of 400 ºC. A kinetic study for the 
selective methanol dehydration to DME was carried out and the corresponding kinetic and thermodynamic 
parameters were calculated. Three reaction mechanisms were proposed. A Langmuir-Hinshelwood like mechanism 
was the one that better reproduced the experimental data. Fig. 1 displays the experimental methanol conversion 
(dots) and the results predicted by the model (solid lines). The model here presented reproduced the experimental 
data with a high accuracy. 

Fig. 1.  Experimental (dot) and simulated (solid line) steady-state methanol conversion as a function of the reaction temperature 
at different Wcat/FMeOH with a constant partial pressure of methanol PMeOH = 0.04 atm 
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Abstract 
Caprolactam is used as a monomer in the nylon 6 production process. The most common caprolactam material raw 
is cyclohexanone, which is obtained by oxidation of cyclohexane. This step promotes a reaction mixture known as 
KA-oil, which contains cyclohexanone, cyclohexanol and other impurities [1-3]. Cyclohexanone must be purified by 
distillation to react with hydroxylamine, and subsequently caprolactam is obtained by Beckmann rearrangement of 
cyclohexanone oxime [4]. The quality of the nylon 6 fibers is closed affected by type and amount of the impurities 
presented in caprolactam. The most important impurities are those whose boiling point are close to the 
cyclohexanone’s (151 ºC), such as 2-cyclohexen-1-one (161ºC) or 2-methylcyclohexanone (162ºC).  

In order to improve the general knowledge of the process, the pure ketones were used to synthetize their oximes 
using hydroxylammonium sulfate at pH 5. The final reaction mixture was characterized by NMR and gas 
chromatography using a mass detector (GC/MSD). It was found that 2-cyclohexen-1-one produces two 
stereoisomers: (Z)-1-cyclohexen-1-one oxime and (E)-2-cyclohexen-1-one oxime in a ratio of 27:73%wt, 
respectively. On the other hand, 2-methylcyclohexanone also promoted two oxime stereoisomers: (Z)-2-
methylcyclohexanone oxime and (E)-2-mehylcyclohezanone oxime in a ratio of 13:87%wt, respectively.  

The kinetic model for oximation of 2-cyclohexen-1-one and 2-methylcyclohexanone was obtained at two 
temperatures (353.15 and 358.15) within the pH range 3.5-6, simulating the industrial conditions. Oximation runs 
were carried out in an isothermal semicontinuous stirred reactor, where NH3 solution was continuously fed to 
neutralize the acid promoted and keep a constant pH. The kinetic model proposed was based on a previous model 
obtained for cyclohexanone oxime found elsewhere [5]. In Table 1, the values of the kinetic apparent constant of 
Eq.1 are provided. As can be seen the higher temperature, the higher constant rate. pH effect presents a maximum 
due to the contrary effects of dissociation of hydroxylammonium cation and dehydration of a reaction intermedia in 
the oximation mechanism.  

−𝑅𝑅𝑗𝑗 = 𝑘𝑘𝑎𝑎𝑝𝑝𝑗𝑗 · 𝐶𝐶𝑗𝑗
𝑜𝑜𝑜𝑜𝑜𝑜 · �𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻

𝑎𝑎𝑎𝑎 �0.5 · 𝑆𝑆 (1) 

𝑘𝑘𝑎𝑎𝑝𝑝,𝑖𝑖 · 1011 
𝑘𝑘𝑔𝑔1.5 · 𝑚𝑚𝑚𝑚𝑚𝑚𝑙𝑙−0.5 · 𝑚𝑚𝑚𝑚𝑚𝑚−1 · 𝑐𝑐𝑚𝑚−2 

j T, K 3.5 4.5 6.0 

2-cyclohexenone
353.15 0.93 1.18 0.57 
358.15 2.15 2.36 1.41 

2-methylcyclohexenone
353.15 1.07 1.60 0.48 
358.15 2.07 2.68 1.44 
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Abstract 
Low molecular weight polycarbonate polyols are biodegradable polymers suitable for large scale polyurethane 
synthesis. They are obtained from CO2/epoxide ring-opening copolymerization in the presence of Zn-Co double-
metal cyanide compounds (ZnCo-DMC) as a catalyst [1]. This process is environmentally friendly, because CO2 
substitutes conventional monomers, of petrochemical origin, as raw materials. A life-cycle assessment has shown that 
the synthesis of polyols with a 20 wt% CO2 allows for reduction of greenhouse gas emissions in the range 11-19% 
and a reduction in the consumption of fossil resources of 13-16% [2]. ZnCo-DMC catalyst is commonly prepared by 
the precipitation of a Zn2+ precursor and a hexacyanocobaltate(III) precursor. Both the use of an organic 
complexing agent (CA) and an excess of Zn2+ precursor increase the activity of these catalysts [3]. However, the 
catalytic activity has also demonstrated to be related with the nature of raw materials and preparation method [3-4]. 
This work has been focused on the study of the effect of the nature of the Zn2+ precursor, its excess in the medium 
and the type of CA used on the physico-chemical properties and activity of ZnCo-DMC catalysts. For that purpose, 
six catalysts have been synthetized and characterized by different techniques: XRD, XRF, elemental analysis, FTIR, 
N2 physical adsorption at 78 K, NH3-TPD and SEM. The catalytic activity has been evaluated by carrying out 
CO2/propilene oxide copolymerization reactions in a discontinuous reactor during 16 h at 90 ºC and 15 bar in the 
presence of Sebacic Acid (SA) as a chain transfer agent. The polycarbonates thus synthesized have been 
characterized through FTIR and 1H-NMR. Table 1 shows the synthesized catalysts and their catalytic activity. 

Table 1. Results obtained in the activity tests with the different ZnCo-DMC complexes studied 
 a: FCU= Molar percentage of 
carbonate units incorporated to the 
structure. Measured from 1H-NMR. b: 
WPC= Mass percentage of propylene
carbonate sub-product formed. 
Measured from 1H-NMR. 

Results show an 
important effect of the 

nature of Zn2+ precursor and CA used during the synthesis on textural and morphologic properties, crystalline 
structure and acidity of the ZnCo-DMC catalyst. Furthermore, there exists an important synergic effect between 
both. The use of an excess of Zn2+ precursor has demonstrated to be necessary to obtain catalyst with high activity. 
The ZnCo-DMC catalyst with the highest activity is the one with the lowest crystallinity and high acidity. A 
reduction in the crystallinity leads to catalysts with lower specific surface but high acidity an activity, which indicates 
that the amorphous phase in the catalyst increases the accessibility to the active centers and, probably, their density. 
CO2 incorporation in the polymer structure (FCU) has been very different among the different catalysts synthesized, 
which reveals that i) the mechanism of CO2 incorporation is significantly different from the mechanism of 
propylene oxide (PO) incorporation and ii) the nature of the active centers is quite different in the synthesized 
catalysts. 
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Cat. Zn2+ Precursor CA Zn2+ excess, % Activity, 
g pol. g cat.-1 

FCUa, 
% (mol/mol) WPC b, % (m/m) Mn, g/mol 

1 ZnCl2 - 500 96.3 58.0 0.4 327.3 
2 ZnCl2 TertButanol 0 87.3 57.7 0.3 279.5 
3 Zn(CH3COO)2 1,2-Propanodiol 500 163.1 56.4 6.4 345.8 
4 ZnCl2 1,2-Propanodiol 500 131.8 70.2 1.6 318.4 
5 Zn(CH3COO)2 TertButanol 500 81.2 72.4 2.2 274.1 
6 ZnCl2 TertButanol 500 1399.3 14.0 6.0 1427.2 
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Abstract 
After a long period of reduced production in the European countries, being most rosin imported from China (the 
major producer of gum rosin), the new economic situation during the Great Recession (from 2008) in conjunction to 
EU regulations boosting forestall and agriculture activities, has permitted the renewal of traditional work on pine 
forests from 2013 onwards, both in Spain and Portugal, and new companies interested in the production of terpenes 
from turpentine and on the chemical modification and stabilization of rosin. The progressive depletion of fossil 
resources is boosting a revival of biomass as a renewable raw material, building on the idea of biorefineries as 
integrated and complex factories where an enormous variety of energy vectors, chemicals, materials, food and feed 
ingredients can be obtained. However, some natural products, as rosin, have always kept their ground, being hardly 
replaceable by oil-derived chemicals. Rosin is well-accepted in the adhesive, coating, paper and polymer industries, 
with new applications being developed in the pharma and cosmetic industries, due to its nature as ingredient for 
controlled-release materials [1, 2]. However, the abietic and pimaric acids that constitute rosin are prone to oxidation 
and other reactions that reduce its applicability by degrading color and mechanical properties. To avoid this 
phenomenon and create new ingredients of major interest to the polymer industry, processes such as hydrogenation, 
adduct formation with fumaric acid and other dicarboxylic acids, and disproportionation are common to the rosin 
industry.  
This work is focused on the study on the mechanism and kinetics of the thermal and catalytic disproportionation of 
rosin. To this end, the thermal disproportionation is studied within the temperature range usual in the rosin industry 
for the esterification processes with polyols (due to the fact that, during this process, esterification is not the only 
reaction of interest, being disproportionation looked for as a critical reaction leading to products stable to oxidation 
and, thus, less prone to coloring). At the same time, Sulphur compounds (Sulphur was a common disproportionation 
catalyst, now banned due to environmental reasons) act both as antioxidant, bleaching and disproportionation 
catalysts, and are usually added to the reaction media; a mixture of this type is AT-323, whose main ingredient is a 
nonylphenol disulfide oligomer. It is a good substitute of more expensive industrial disproportionation catalysts, as 
Pd/C. The experimental conditions here studied were 260-280 ºC and 0 to 1 % AT-323 (usual industrial interval up 
to 0.5%).  
GC-MS analysis permitted to define the reaction network, observing several isomers of abietic acid (neoabietic and 
palustric acids), as well as hydrogenation products (dihydroabietic acid) and dehydrogenation products 
(dehydroabietic acid). Their relative molar ratio suggested a combination of dehydrogenation with 
disproportionation, probably acting heat or AT-323 as boosters of transfer hydrogenation for the dihydroabietic acid 
formation. In parallel, pimaric acid was not disproportionated by this catalyst (or by heat), as it is usual in the process 
catalyzed by Pd/C [3], but it was isomerized to, at least, three isopimaric acids. A subsequent modelling of the 
thermal process, followed by kinetic modelling of the catalytic process, indicated that rosin disproportionation in the 
presence of this homogeneous catalyst (AT-323) includes a thermal and a catalytic reaction. From the five proposed 
kinetic schemes (and the kinetic models derived from them), after applying non-linear regression coupled to 
numerical integration, the most suitable kinetic model suggested abietic acid first-order disproportionation occurring 
concomitantly with abietic, neoabietic and palustric acid first-order dehydrogenation. 

References 
[1] Kumar, S., Samal, S. K., Mohanty, S., Nayak, S. K. Recent development of biobased epoxy resins: a review (2018) Polymer-

Plastics Technology and Engineering, 57(3), 133-155.
[2] Ladero, M., de Gracia, M., Tamayo, J. J., de Ahumada, I. L., Trujillo, F., Garcia-Ochoa, F. Kinetic modelling of the

esterification of rosin and glycerol: application to industrial operation (2011) Chemical Engineering Journal, 169(1-3), 319-
328.

[3] Souto, J. C., Yustos, P., Ladero, M., Garcia-Ochoa, F. Disproportionation of rosin on an industrial Pd/C catalyst: reaction
pathway and kinetic model discrimination (2011) Bioresource Technology, 102(3), 3504-3511.

ISBN: 978-84-09-12430-5 71



Electrospun CuO/ZnO/ZrO2-ZSM-5 fibrillar bifunctional catalysts for the direct 
DME synthesis 

José Palomo1, Miguel A. Rodríguez-Cano1, José Rodríguez-Mirasol1, Tomás Cordero11  
Universidad de Málaga, Andalucía Tech, Departamento de Ingeniería Química, Campus de Teatinos s/n, 29010 Málaga, Spain 

mirasol@uma.es*Corresponding author email 

Abstract 
Dimethyl ether (DME) is receiving a great attention as a potential renewable substitute for petroleum derivative due 
to the possibility of producing it using synthesis gas coming from biomass gasification and its environmentally 
benign fuel properties [1]. The prospects for the development of a DME economy are related to the implementation 
of the direct synthesis of DME. In this process, synthesis gas is fed to a reactor containing a bifunctional catalyst, 
where both methanol synthesis (on the Cu-based sites of the bifunctional catalyst) and methanol dehydration (on the 
acid sites of the catalyst) take place. 

In this work, we present a simple and straightforward method for the preparation of CuO/ZnO/ZrO2-ZSM-5 
fibrillar bifunctional catalysts, by using the electrospinning technique. The prepared fibers presented a high aspect 
ratio and a mean size of 1.7 µm. Zeolite aggregates, with a mean size of 300 nm, are also attached to the surface of 
the CuO/ZnO/ZrO2 fibers. A fairly good dispersion was observed for these particle aggregates along the surface of 
the fibers, highlighting an enhanced contact between the two phases involved in the syngas-to-DME process (see 
Fig. 1). 

The fibrillar structured bifunctional materials were directly used as catalysts in a fixed-bed reactor for the direct 
synthesis of DME from syngas. The catalytic results showed high CO conversion values and a selectivity to DME 
higher than 63 % (95 % when considering only the products in the organic phase). It is also worth mentioning that 
the fibrillar catalysts made use of the submicrometric effective dimension of the two active phases (radius of the 
fibers < 1 µm, size of zeolite aggregates < 300 nm), in terms of intraparticle mass and heat transfer, avoiding, at the 
same time, the problems related to pressure drops of fixed-bed reactors working with such a reduced particle size. 

Fig. 1.  HAADF-STEM image, and Cu (red) and Si (green) EDXA elemental mappings composite of the bifunctional fibers. 
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Abstract 
Lignin is a biopolymer that can be found as the main component of plants. It is obtained as a coproduct in the 
papermaking and biofuel industries. Owing to its high carbon and aromatic content, high availability and reduced 
cost, it is an excellent precursor for the preparation of highly valued carbon materials. Electrospinning is a suitable 
top-down technique for the preparation of polymeric fibers using high voltage electrical fields and polymer solutions 
of proper viscosity and conductivity. Alcell lignin, which are extracted from lignocellulosic biomass using organic 
solvents, are soluble in ethanol, obtaining a solution that matches the requirement of the electrospinning process. In 
this way, it is possible to produce lignin-based porous carbon fibers using a coaxial electrospinning device [1]. 

Fig. 1.  SEM images of different lignin-based materials that have achieved using co-axial and tri-axial electrospinning. 
This contribution summarizes our findings about the preparation of carbon materials with different morphologies 
and composition by processing lignin using electrohydrodynamic forces. Lignin spheres, beaded fibers, straight 
fibers, beaded tubes and straight tubes are obtained by using coaxial and triaxial spinnerets that allows the 
electrospinning of two or three different solutions at once [1], Fig. 1. Thermal stabilization in air is needed in order 
to avoid melting of lignin fibers during carbonization. Stabilization times of 48-96 hours are usually required in this 
step, decreasing the sustainability of the production process. Phosphoric acid can be added in small amounts to the 
lignin solution, shortening the time for achieving a successful thermostabilization of the fiber [2]. The carbonized 
materials show narrow microporosity and large surface area values (SBET from 600 to 1000 m2g-1) and additional 
pore size and volume can be developed by controlled gasification. Moreover, small amounts of metallic salts can be 
solved in the lignin solution or feed on the outer or the inner surface of lignin fibers and tubes, allowing one-pot 
preparation of fibrillar carbon catalysts [3]. All these carbon materials have been successfully tested in different 
applications such as heterogeneous catalysis, energy storage and environmental protection [1-4], confirming that 
electrospinning is a powerful tool for maximizing the value of lignin as carbon precursor. 
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Abstract 
The methanol dehydration to produce dimethyl ether (DME) is an important process for the chemical industry. 
DME can be produced by methanol dehydration over solid acid catalysts or directly from syngas over bifunctional 
catalysts. The catalytic dehydration of methanol to DME has been widely studied in the literature over pure or 
modified γ-aluminas (γ-Al2O3) and zeolites. Nevertheless, there are only a pair of works on the study of methanol 
dehydration on activated carbons [1,2], despite their great potential and wide range of applications as catalysts and 
catalysts supports[3].  

We have recently reported the catalytic dehydration of methanol on an acid carbon catalyst prepared by chemical 
activation of olive stone with H3PO4 [2]. The carbon obtained by this preparation method showed a particular 
surface chemistry as a consequence of the phosphorus groups that remain over the carbon surface in form of C–O–
PO3 and C–PO3. This provides the carbons a high oxidation resistance and surface acidity, with acid surface groups 
of high thermal stability. The novelty of this research concerned the high catalytic stability in air atmosphere of this 
type of carbon with a steady state methanol conversion of 20% at 300ºC and selectivity towards dimethyl ether of 
95%. However, in the absence of oxygen, the catalyst suffered a progressive deactivation due to both coke 
deposition on the strong acid sites (P-OH) and reduction of the moderate-strength acid P-surface groups (from C–
O–P to C–P type ones). 

In the present work, a reaction mechanism and kinetic model has been stablished for the dehydration of methanol to 
DME on this P-containing acid carbon catalyst in air atmosphere. The absence of mass and heat transfer limitations 
for the decomposition of methanol on the activated carbon in the fixed-bed tubular reactor was also evaluated 
theoretically. The dehydration of methanol to DME over this P-containing activated carbon involves two key steps: 
formation of methoxy groups on the acid active sites and the ether formation. The kinetic model also considers that 
the presence of molecular oxygen in the reaction gas is responsible of the continuous (re)oxidation of the reduced P-
surface groups, producing the active C–O–P ones, of weak acid strength, water and other oxygen surface groups of 
lower thermal stability. The evolution of the oxygen surface groups on the carbon during methanol dehydration in 
air was characterized by temperature-programmed desorption (TPD) and X-ray spectroscopy (XPS), which support 
the reaction mechanism proposed. The effect of water vapor on the reaction (adsorption on the acid active sites) has 
been also considered, taking into account the partial inhibition of active site activity. The rate expressions derived 
from the model described properly the experimental results, being the value of the activation energy obtained for the 
formation of DME around 85 kJ/mol. 
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Abstract 
Advanced oxidation processes (AOP) constitute a technology that is based on the generation of hydroxyl free 
radicals of great oxidizing power. These radicals can be produced from different combinations of oxidants, catalysts 
and radiation. One of the AOP technologies of greatest interest in water treatment is photocatalytic oxidation using 
solar radiation or low-cost energy sources. The quest for photocatalysts with efficient absorption of visible radiation, 
easy separability and reusability is challenging.  In this work a novel magnetically separable composite [UETiO2(Fe)] 
was synthesized and its photocatalytic activity tested. 

[UETiO2(Fe)] samples were prepared by a facile method mixing  FeCl2·4H2O, H2BDC and P25 titanium dioxide in 
aqueous solution at basic pH and room temperature. After the synthesis, the solid obtained was repeatedly washed 
with water to eliminate the traces of free H2BDC, thus obtaining [UETiO2 (Fe)]. The product was characterized by 
XRD, FT-IR, Surface Area, X-ray fluorescence and scanning electron microscopy (SEM). The catalyst shows a 
homogeneous structure of P25 and magnetite. The photocatalytic activity of catalyst was tested using metoprolol as 
probe. 
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Fig. 1.  X-ray diffraction patterns and SEM of UETiO2(Fe). 

The degradation of MTP in the presence of 0.2 g·L-1 [UETiO2(Fe)] was approximately 90% after 3 hours of 
irradiation (simulated solar radiation). These results indicate good photocatalytic activity of the catalyst. Besides, the 
catalyst was easily separable and reusable. 
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Abstract 

2,3-butanediol (2,3-BDO) is a chemical which has important industrial applications, e.g. as antifreeze, as raw material 
for methyl ethyl ketone and 1,3-butadiene manufacturing by dehydration, and even as liquid fuel due to its heating 
value of 27198 kJ/kg which is comparable to those of methanol (22081 kJ/kg) and ethanol (29055 kJ/kg). Other 
potential applications include the manufacture of printing inks, perfumes, fumigants, moistening and softening 
agents, explosives and plasticizers, and as a carrier for pharmaceuticals.  
Almost the totality of the 2,3-BDO manufacturing processes described are based on fermentation of carbohydrates 
using many bacterial species [1]. However, all these methods have in common as main drawbacks a very low 2,3-
BDO productivity. There are also some chemical routes for obtaining 2,3-BDO from acetoin and hydrogen. 
Nevertheless, reaction times between 0,5 and 2 h are needed for full acetoin conversion [2], which results in low 2,3-
BDO productivities. To overcome these disadvantages, Tecnalia has developed an innovative milistructured reactor 
(Fig. 1) for the continuous production of 2,3-BDO through the hydrogenation of acetoin. This reactor enhances the 
mass transfer of the synthesis allowing a process performance of 100% with contact times below 3 seconds at 250ºC 
and 5MPa. The developed reactor consists of several fixed bed tubes with internal diameter of each tube of 1-4mm 
and 8cm length. Due to the fabrication method employed (laser manufacturing), the tubes are joined without moving 
parts, avoiding the formation of leaks or fragility points. The catalyst used in the reaction is 5% Ru supported on 
carbon and it is filling each of the tubes. The number of tubes in a reactor system will depend on the desired 
productivity of the process. The obtained results in the tests are presented in Table 1. 

Fig. 1.  Milistructured reactor with 16 channels 

Table 1. Results obtained at different process conditions 
Test Tube 

diameter, mm 
T, ºC P, MPa Contact 

time, s 
Acetoin 

conversion, % 
2,3-BDO 

selectivity, % 
1 4 250 5 2.1 90 100 
2 1,75 250 5 2.1 100 100 
3 4 150 0.5 2.1 97 100 
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Abstract 
The unflagging interest in the application of methane as a fuel in the automotive industry, elicit new environmental 
issues arise connected with unburnt methane released into the atmosphere. This contributes to the huge and still 
underestimated overall methane emissions both from stationary sources and dispersed ones. In fact, methane is an 
extremely active greenhouse gas, the effect of which is assessed to be substantially higher than that of carbon 
dioxide, what makes the problem more significant. 

It is proved that the catalytic combustion is the most efficient method of methane abatement from exhaust gases. A 
huge amount of research on methane oxidation catalysts has been conducted over the past years. Most of them have 
focused on γ-alumina-supported Pd, as the most effective [1]. However, the major problem associated with 
palladium catalysts is their deactivation connected with their relatively high volatility and sensitivity to poisoning by 
sulphur. Other metal oxides have also been found to exhibit also considerable activity towards methane oxidation 
and better stabilization [2]. Some of them, for example, ceria and zirconia, can be regarded as both active metal 
oxides and supports for palladium catalysts [3, 4]. It is clear that activity increases with active centres content and 
application of appropriate oxide support can additionally improve the activity of catalysts. Therefore the efforts of 
the researchers are focused on the development of new types of catalysts and their optimization.  However, 
previous in situ FTIR studies of the stable surface intermediate products of methane oxidation on Pd-based catalysts 
did not lead correct band assignment [5]. Additionally, it is not elucidated the mechanism of methane oxidation, 
whether it proceeds via adsorption step by forming methoxy groups or not. 

This study focuses on thorough characterization of active centres, structure-activity relationships, and reaction steps 
on metal oxide catalysts (Pd, Co) on different metal oxide supports (CeO2, ZrO2, Al2O3), using the in situ FTIR 
method with various probe molecules. The results show a substantial difference of activity in methane combustion 
according to the oxide support. The obtained IR vibrations of the methanol adsorption have been assigned to 
different surface products according to the type of active centres. Three types of active centres were found on the 
surface of the catalyst: acidic and redox on both the oxide support and oxide phase surfaces, and additional ones on 
the phase oxides. The reaction on the catalysts was shown to proceed via the formation of different intermediate 
products, which the assignment was supported by the in situ FTIR sorption experiments with CO, CH4 used as 
probe molecules.  
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Abstract 
Methane catalytic combustion is an attractive and efficient way to produce thermal energy. Additionally taking into 
consideration new regulation concerning different source of exhaust gases (including gases from ventilation systems 
of mines) the methane is used as a model compound for catalytic removal of diluted organic vapours because of the 
difficulty of organic oxidation and the important greenhouse effect of methane [1,2]. Even now the most frequently 
used in industry catalysts are those based on supported palladium oxide. This is because of the highest activity 
among other catalysts for complete methane oxidation. It has been shown that chemistry and reactivity of palladium 
catalysts can be modified by the choice of a proper support combination and by mixing with other promotors.   

Palladium catalysts have an important drawback, despite the high methane conversion rate during initial state of 
reaction, their activity is not stable. Thus, the PdO/Al2O3 catalyst deactivation is a major concern. In presented 
study, the structural properties of the cobalt and palladium-based catalysts deposited onto γ-Al2O3 were investigated 
by in situ Raman spectroscopy and X-ray diffraction technique. The catalysts have been prepared with classical 
wetness impregnation method. The activity test for methane abatement under oxidative conditions has been 
performed with the usage of a fixed-bed reactor and the low concertation of methane in the reactant flow. The 
obtained results proved high activity of palladium and mixed palladium–cobalt catalyst, and the ageing tests allows 
to draw conclusions concerning activation/deactivation properties of mixed catalytic systems with different amount 
of palladium.  

Fig. 1.  Light-off curves for catalytic oxidation of methane for selected Pd / γ-Al2O3 catalyst. Red hatched lines indicate 50 and 
90% conversion rate; Step 1 (red line) corresponds to the temperature ramp during the catalytic reaction - reaction conditions: 
flow 0.400 mol% CH4 in He and 21% O2 balanced by He to a total flow of 50 cm3 / min (WHSV equal to 120 L · (hg) -1) ; 
step 2 (green line) corresponds to catalytic activity during the 8 h load test under the above reaction conditions at 500 oC; step 3 
(blue line) corresponds to the re-ramp of the reaction conditions after prior catalyst regeneration in the pure oxygen flow.  
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Abstract 
Aromatic interaction between asphaltenes leads to the aggregation of these molecules which cause precipitation in 
pipelines, producing corrosion and clogging. This complex phenomenon has been put into study for decades, 
nevertheless, few reliable aggregation data and cluster distribution behavior can be found in bibliography. Current 
thermodynamic modeling has its limitations characterizing asphaltenes self-associating forces and parameterizing the 
Gibbs free energy of the system. Thus, in this work, we propose the study and comprehension of asphaltenes 
interaction using molecular dynamics (MD) simulation which serves as an optional complement of labs experiment. 
MD helps to understand microscopic interactions within structures that could not be studied in another way. Several 
authors have already done a good performance on this direction [1, 2] being able to predict different stages of 
aggregation, potential of mean force and density of the cluster with accuracy. 

Fig. 1.  Snapshot from simulation of 3 asphaltenes aggregated diluted in heptane 
MD simulation was carried out using the open-source software Gromacs 5.0. Different structures of asphaltene 
molecules have been proposed for the simulation, these structures were determined using nuclear magnetic resonance. 
There are two main simulation methods; All-Atom(AA) [3] and Coarse-Grained (CG) [4]. Here we make use of classical 
AA method (100 ns size) to simulate asphaltene molecules in different polar and non-polar solvents such as heptane 
and toluene. Free energies of solvation were estimated in order to predict asphaltene behavior. These results were 
compared with MD simulation of several asphaltene molecules solvated in a cubic box system. Atomistic MD has 
permitted the comprehension of tendencies in coagulation and precipitation phenomena to study the underlying 
function played by our structures (Fig. 1). Association strength is highly dependent on asphaltene structure and factors 
such as the size of aliphatic chains and H-bonding have been put into study. This kind of simulation has obtained 
believable results worldwide [1, 3] with the only inconvenient of big computational cost. We propose MD as a useful 
tool for obtaining properties of assembling and thermodynamic values for pre-big scale simulations.  
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Abstract 

Water Distribution Networks (WDN) are important systems used in industrial processes as in urban centers, 
responsible to lead water at appropriated pressures and velocities to nodes demand, in which it is consumed. Besides 
consumption nodes, these systems are also formed by one or more reservoirs, pumps, if not only gravity is necessary 
to ensure the water movement, pipes, with specific diameters and lengths and, very frequently, these pipes and the 
demand nodes form loops. The design of looped WDN can be proposed as an optimization problem, whose usual 
main objective is to minimize the total network cost. The cost depends on the length and diameter. Normally, a set of 
commercial diameters is available and flow directions in loops in the WDN are known, a priori. However, to find the 
optimal diameters values among that considered in the set of available ones, pressure drop and velocities calculations 
must be provided, using nonlinear hydraulic equations, as Hazzen-Williams, or using additional software (hydraulic 
simulators). Moreover, when designs of new WDN are necessary, flow directions are generally not known. An a-priori 
assumption of the flow directions inside a loop could produce suboptimal solutions or even infeasible designs. This 
situation is even more complex when different loops share some branches of the WDN.  In these cases, the 
optimization problem become more complex. In the current work, it is presented a Disjunctive Model reformulated 
as a Mixed Integer NonLinear Programming (MINLP) model for the optimal design of WDN with unknown flow 
directions. The nonlinear and nonconvex Hazzen-Williams equation is used in pressure drops calculation inside the 
model an all variables are optimized simultaneously. In order to make the model more robust some logarithmic 
transformations are introduced, the result is a model with larger number of linear terms and the only non-linearities 
are exponential terms that do not introduce numerical problems, but the model continues to be non-convex. A case 
study was used to apply the developed model and global optimization solver BARON was used in GAMS to solve the 
problem. Results showed that it is possible to achieve the global optima looped WDN total cost and flow directions 
without using additional software for hydraulics calculations.  
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Abstract 

Organic Rankine Cycle (ORC), as well as other thermodynamic cycles, are used mainly in power production, by means 
of physical changes imposed to the working fluid. Organic Rankine Cycle, compared to steam thermodynamic cycles, 
features bigger efficiency regarding the quality of energy required to generate work, which is due to lower boiling 
points of organic working fluids, in relation to boiling point of water. This feature turns ORC more indicated to be 
integrated into processes, aiming to generate work from the waste heat recovered from them. In the current paper it 
is presented an approach for the thermo-economic optimization (in terms of produced net power) of integration of 
an Organic Rankine Cycle (which uses n-hexane as working fluid) to a chemical process integrated by a heat exchangers 
network. The cycle mathematical model was implemented in C++, making use of CoolProp library for obtaining 
thermodynamic properties. Optimization was performed in two stages. In the first step, with formulation of type 
NLP, a Particle Swarm Optimization (PSO) algorithm was developed to maximize the net power, whose constraints 
optimization problem are the modeling equations of the cycle. In the second step, with formulation of type MILP, 
the number of thermal exchange units is minimized, using GAMS. The methodology is applied to a case study and 
the results demonstrates that it is possible to achieve a net power improvement in relation to the best value reported 
in the literature, which was obtained with a deterministic method, by means of CONOPT solver in GAMS. Such 
improvement suggests the efficiency of meta-heuristics methods in applications of integration of ORC into a heat 
exchanger network, in order to make better use of waste heat. 
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Abstract 
Non-aqueous emulsions, also known as oil-in-oil (o/o) or anhydrous emulsions, have been rarely studied and there 
are relatively few publications on the subject. Most of the research work on this area focuses on the preparation of 
cosmetic formulations and drug delivery systems [1,2], designed to replace conventional aqueous  emulsions, where 
the presence of water is undesirable or where higher temperatures need to be reached.  
The present work was aimed at formulating stable non-aqueous emulsions of polyethylene glycol (PEG4000) with a 
melting peak temperature of 58-61ºC and silicone oil in order to explore the possibility of using such systems as novel 
phase change material (PCM) emulsion with potentials for the use as heat transfer fluid [3]. Little work has been done 
in incorporating PCMs in water with the help of emulsifiers and, to the best of our knowledge, there are no other 
reports so far studying non-aqueous emulsions with such application. Manufacture of these emulsions has been a 
really complicated task due to the major difficulty in formulating stable non-aqueous emulsions, arising from the lack 
of data regarding the availability of suitable surfactants in such systems. 
Anhydrous PEG4000-in-silicone oil emulsions stabilised with a selected silicone surfactant containing diblock 
copolymers along with bulky silicone chains were prepared in this study. The morphology, thermophysical properties, 
rheological behaviour and viscosities of the emulsions were measured and analysed. According to the results, fresh 
emulsions tend to destabilise during cooling from the processing to the room temperature (after PCM crystallization). 
However, after a stabilization post-treatment at temperatures above the melting point of the PCM, emulsions are able 
to resist heating cooling cycles and remain stable at ambient temperature for at least one month. 
Therefore, resultant emulsions are very promising materials not only for its potential use in cosmetic and 
pharmaceutical applications thanks to its oily composition but also for heat storage technologies   
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Abstract 
In the last decade, the accessibility to 3D printing equipments for, both at industrial and domestic scale, has 
experienced a huge growth. In fact, according to a recent report, the global sales of equipment, materials and services 
related to this market accounted for 4.1 USD billion in 2014, mainly due to the expiration of some patents related to 
processes and devices [1]. Today, there is a wide variety of equipment for printing polymers and, in fact, they can be 
found in several schools, public libraries and even at the domestic level [2]. This rapid growth has been driven mainly 
due to the possibility of producing customized products in the medical sector, but also for low-volume production 
series or specific tools and products with complex geometries [3]. 
One of the main advantages of 3D printing is the capability of this technology to vary the orientation of certain parts 
of products. Depending on the part application or purpose, certain features may be more important than others. In 
fact, it is well known that in polymer technology and, especially when involving reinforcement with high aspect ratio, 
the orientation of the material and the processing technique have a direct impact on the resulting mechanical properties 
[4]. In addition, the raster angle when building up the piece in 3D printing also has a direct impact on the resulting 
properties, especially in those applications where unidirectional stresses are applied [5]. 
On the other hand, legislation concerning plastic products is becoming stricter due to their high impact into the 
environment, especially if they are not properly managed at their end-of-life. In fact, it is completely understandable 
that the European Commission launched a new Directive to directly facing plastic contamination, especially for the 
case of single-use plastics (SUP) [6]. Although the amount of plastic used in conventional plastic transformation 
processes is incredibly higher than the amount of polymeric filaments used in 3D printing, sustainability must be one 
of the drivers of this new technology. 
For all the above, the present work aims at developing polylactic acid (PLA) and polycaprolactone (PCL) blends 
reinforced with bleached kraft eucalyptus fiber (BKEF) as natural fiber reinforced biocomposite for 3D printing 
applications. Standard tensile specimens (ASTM D638-I, dog bone) were printed in two different positions and the 
raster angle was varied from 0 to 90º. The obtained results exhibited that depending on the position of the specimen, 
physical properties like apparent density significantly changed, as well as their behavior under stress at constant 
elongation rate. In addition, the results showed that the raster angle plays a key role on the tensile properties of the 
3D printed composites and the need of improving the inter-layer bonding was apparent. In some cases, a tensile 
strength higher than 45 MPa was achieved, being about 70 % of the obtained value by means of injection molding, 
but exhibiting a significantly higher strain at break. 
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Abstract 
The study of cellulose nanofibres has experienced an exponential increase in recent years. One of the main applications 
foreseen for the future of these cellulose nanofibres is in the production of nanopapers with special properties. In this 
work, the modification of the properties of nanopapers through the incorporation of additives has been evaluated. 
TEMPO oxidized cellulose nanofibers (CNF) have been used with various cheap additives that are widely available 
and easy to use. 
The nanopapers were produced by means of a modified paper sheet former, in order to increase the water removal 
capacity and the use of a membrane in order to retain the cellulose nanofibers. This study was carried out with different 
pulps: bleached eucalyptus kraft and pine (BKEP and BKPP, respectively), which were subjected to three different 
degrees of oxidation. The nanopapers prepared from BKPP at an oxidation level of 10 mmol/g presented the most 
balanced performance in terms of mechanical, optical and morphological properties and were selected for study with 
glycerol and AKD. The results obtained showed that as the amount of glycerol increased, the mechanical properties 
decreased due to a plasticizing effect, with no influence on water contact angle (WCA) and transmittance. On the other 
hand, through the addition of AKD, and AKD with glycerol, the mechanical properties improved significantly, mainly 
due to the esterification reaction. In general, the present work shows different ways of adapting the mechanical, optical, 
surface and morphological properties of nanopapers, obtaining significant improvements in several properties with 
the combination of other additives, which can be easily found in the industries based on cellulose. 
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Abstract 
Thermochemical heat storage based on reversible chemical reactions is a promising route to store solar energy in 
concentration solar power plants [1]. Among the available systems, the CaO/Ca(OH)2 dehydration/hydration 
couple presents high reaction enthalpy, fast reaction rates, reversibility and low-cost. Moreover, CaO and water may 
be stored indefinitely at room temperature, preventing energy losses. However, there are two important drawbacks 
avoiding its practical application: important volume change of CaO/Ca(OH)2 during cycles, which leads to pellets 
cracking and attrition, and the particles agglomeration and sintering caused by the continuous exposure to high 
temperatures (≈ 500-550ºC). One solution proposed to overcome this issues is the preparation of core-shell 
materials by coating CaO nanoparticles or pellets with harder metal oxides, such as zirconia, ceria, or alumina [2, 3].  
In this work we study this strategy by coating 60/40 wt% Ca(OH)2-alumina mixed pellets with dense or porous 
silica and porous alumina prepared by a sol-gel method. The coverings were deposited on the external surface of the 
pellets by a dip-coating procedure. The mechanical resistance of the resulting pieces was measured in a Chatillon 
gauge. Dehydration/hydration tests were carried out in a Netzsch thermo-microbalance coupled with a water vapour 
generator. Dehydration was performed at 600 ºC in argon flow (20 mL/min) and hydration was performed at 250 ºC 
under a 0.96 g/min steam flow in argon. Samples were subjected to 1 and 10 consecutive cycles. The morphology of 
the pellets before and after the hydration tests was analyzed by scanning electron microscopy in a Hitachi TM-1000 
microscope. 
The results show that the pure Ca(OH)2 pellets resistance to crushing (< 2 N) can be increased above 10 N when 
alumina (40 wt%) is used as binder. This strength is improved above 15 N when dense silica is used as coating of the 
mixed pellets. Outstanding hydration yields were obtained after 10 dehydration/hydration cycles – 79% for dense 
silica and 90% for porous silica and alumina coatings – without detecting any loss along the 10 cycles (Figure 1). 
Hence, these coated Ca(OH)2/alumina pellets hold promise for practical applications in thermochemical heat 
storage. 

Fig. 1.  Hydration capacity along consecutive cycles. 
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Abstract 
The applications of magnetic methods and magnetic particles in the Chemical Engineering area, have been increasing 
in the last years. This is mainly due to the alliance between gentle magnetic separation methods and magnetic carrier 
and tagging techniques. In this presentation we will present a critical review of the fundamentals and application of 
magnetic separation in the chemical engineering area (namely for environmental processes, green catalysis, 
biotechnological applications, purification processes, etc.), use of magnetic particles (including nanosized particles) 
with or without functionalization, and their regeneration and re-use by magnetic separation techniques. 
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Abstract 
Quality by Design (QbD) requires a thorough understanding of a product and its manufacturing process, needing 

an investment in time and resources upfront in the discovery and development of a product. Consequently, there must 
be a solid understanding of the relationship between a process and a product’s critical quality attributes (CQAs) [1]. 

DoE (Design of Experiments) reveals relationships between input and output factors and its prevalence over the 
traditional univariate approach to development studies is the ability to properly uncover how factors collectively affect 
the output responses [2]. DoE minimizes the number of experiments while allowing the obtainment of the most 
important information [3]. When implementing DoE, the acceptable ranges for critical process parameters are defined 
in a design space, as well as the response factors that can be impacted. The data obtained is used to feed mathematical 
models, which can be used to predict the response factors, in order to define process operating parameters where the 
responses are within the design space and meet the desired specification [4]. Ultimately, the Food and Drugs 
Administration (FDA) and other regulators require an assurance that the response predicted will meet the specification. 
Thus, the objective of the DoE is also to define a processing window that provides a high level of confidence to meet 
specifications [5]. Hence, the operating window obtained as a result of the DoE, should indicate the operating 
conditions where there will be the highest probability of the response to be within specification [6]. 

In previous work [7], statistical models were developed to correlate the percentage of volume of suspension 
occupied in the reactor and power per volume and tip speed with the CQA particle size distribution (PSD) parameters 
Dv10, Dv50 and Dv90 of an API (Active Pharmaceutical Ingredient), obtained in an anti-solvent crystallization. 

The main goal of this study is to quantify the probability of success of the previously developed statistical models. 
To accomplish the goal, two methodologies were explored and compared. The first approach consisted in quantifying 
the probability of simultaneously obtaining the PSD parameters within specification, considering that the events are 
independent. On the other hand, the second approach considered the existence of correlation among the PSD 
parameters and therefore Monte Carlo (MC) simulations were performed to calculate the probability of success of 
having the three PSD parameters within specification. This work allowed to obtain a narrower design space comprising 
the optimal percentage of volume, power per volume and tip speed operational values to be used in the anti-solvent 
crystallization process, in order to minimize the risk of failure and consequently help reduce the financial loss caused 
by out-of-specification batches. 

 

 References 
 

[1] Rathore, A. S., Winkle, H., 2009. Quality by design for biopharmaceuticals. Nat. Biotechnol., vol. 27, 1, 26–34.
[2] Yu, L. X. et al., 2014. Understanding Pharmaceutical Quality by Design. AAPS J., vol. 16, 4, 771–783.
[3] Kim, D. W., Cho, M. W., Seo, T. Il, Lee, E. S., 2008. Application of design of experiment method for thrust force

minimization in step-feed micro drilling. Sensors, vol. 8, 1, 211–221.
[4] Weissman, S. A., Anderson, N. G. 2015. Design of Experiments (DoE) and Process Optimization. A Review of Recent

Publications. Org. Process Res. Dev., vol. 19, 11, 1605–1633.
[5] Whitcomb, P., Anderson, M., 2011. Using DOE with Tolerance Intervals to Verify Specifications. 11th Annu. ENBIS

Conf.
[6] De Gryze, S., Langhans, I., Vandebroek, M., 2007. Using the correct intervals for prediction: A tutorial on tolerance

intervals for ordinary least-squares regression. Chemom. Intell. Lab. Syst., vol. 87, 2, 147–154.
[7] Tulcidas, A. et al., 2019. Statistical methodology for scale-up of an anti-solvent crystallization process in the

pharmaceutical industry. Sep. Purif. Technol., vol. 213, 56–62.

ISBN: 978-84-09-12430-5 89



Development and characterization of electrospun fibers mats from egg albumen 
protein/alginate/PEO blends 

J.E. Martín-Alfonso*, C. Valencia, and J.M. Franco 
Department of Chemical Engineering and Material Science, Campus de El Carmen, University of Huelva, Chemical Product 

and Process Technology Research Center 
(Pro2TecS), 21071 Huelva, Spain 

*jose.martin@diq.uhu.es

Abstract 
Currently, the excellent properties exhibited by biopolymeric materials at the nanometer scale for specific applications 
have attracted significant scientific interest in the electrospinning process, which can consistently produce a wide 
variety of fibers from biopolymeric solutions that are submicron in diameter [1]. Among biopolymers used are found 
the proteins and polysaccharides because of their biodegradability, biocompatibility and renewability. Egg albumen is 
a water-soluble and highly functional globular protein. It is available in abundance as a byproduct of food processing 
and, hence, is economically viable [2]. On the other hand, alginate (AL) is one of the widely used polysaccharides in 
several applications including stabilizers, thickeners, gelling agents and biomedical applications in the form of alginate 
hydrogels, due to its excellent non-toxicity. 
This work describes the development of egg albumen/alginate-based fiber mats produced by electrospinning aqueous 
dispersions of albumen (EA), alginate (AL), and polyethylene oxide (PEO). The resulting composites fibers displayed 
several morphologies and properties. PEO was used as a co-spinning polymer in the process to improve the 
spinnability of EA/AL blends. A complete morphological, chemical, thermal and wettability characterization of the 
developed materials was conducted. This allowed gaining insight into potentially of these blends for various 
engineering applications. 

Fig. 1. SEM micrographs of electrospun fiber mats obtained from polymer solutions containing: a) EA/AL solution, 1:3 with 6 
wt.% PEO solution, 1:3 and b) EA/AL solution, 3:1 with 6 wt.% PEO solution, 1:3. 
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Abstract 
The application of nanoparticles (NPs) in science and technology is a fast growing field. Therefore, reliable and 
straightforward analytical methods are required for their fast determination in different types of samples. In this 
work, a method that enables the determination of the average size of ZnO NPs, besides their concentration, 
discriminating them from ionic zinc, has been optimized. The method is based on solid sampling high-resolution 
continuum source electrothermal atomic absorption spectrometry (SS-HR-CS-GFAAS), and has been applied to 
determination and characterization of ZnO NPs in cosmetic samples.  

Recently, graphite furnace atomic absorption spectrometry has been introduced as a new tool to determine the size 
of nanoparticles by evaluation of the following parameters: atomization delay (tad) and atomization rate (kat). In this 
work both parameters (besides peak area) have been obtained from absorbance signals for a line of Zn with low 
sensitivity. Two multiple response surface designs have been used in order to optimize the adequate furnace 
program to achieve our aims. All the optimization experiments were performed using baby´s skin irritation 
protective cream. The optimized furnace program is shown in Table 1. 

Table 1. Optimized furnace program 
Step Temperature (C) Ramp (C/s) Hold Time (s) 
Drying 80 6 20 
Drying 90 3 20 
Drying 110 5 10 
Pyrolysis 300 50 20 
Atomize 1300 1500 3 
Clean 2450 500 4 

The size calibrations were performed against solid (powered) ZnO standards, from 50-nm to 500-nm sized 
nanoparticles. The correlation coefficients (R value) of the linear calibration were not worse than 0.9982. The 
optimized method was tested in other types of cosmetic samples such as eyeshadow samples with good results. The 
determination of the MNPs’ size was validated by transmission electron microscopy (TEM) and the Zn 
concentration in the solid samples was validated by atomic fluorescence spectroscopy (AFS). 
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Abstract 
The production of pure isomers of Lactic acid is critical to improve the thermal and mechanical properties of 
theirpolymers (i.e. Polylactic acid –PLA-). The production of the L- isomer has been highly studied, but there is not 
the same development on the D-lactic acid production process. 
The biotechnological production of this isomer could be profitable only depending on the cost of the raw material, 
so the use of biomass residues from foods and food production could be a very good solution. In this work, orange 
peel wastes hydrolysates have been used as raw material as obtained in [1] 
In previous works, the good results obtained from this waste were demonstrated using the strain Lactobacillus 
delbrueckii spp. delbrueckii CECT 286 both as growing [2] and resting cells [3]. And also a kinetic model for the 
production using growing cells was developed [2]. 
In this work, a kinetic model able to describe the production when using resting cells has been developed and 
applied to experiments carried out for real orange peel wastes hydrolysates (Figure 1, B and C) and a simulated one 
(Figure 1, A). The simulation of all the results using the kinetic model is very good, as shown in Figure 1. It can be 
pointed out that, when using real hydrolysates, it is observed a biomass growth due to the waste composition. 
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Fig. 1.Experimental data (points) and kinetic model predictions (lines) for D-lactic acid production in resting cell from: orange 
resembling sugars of orange peel hydrolysate (A), 100 % of orange peel hydrolysate (B) and 80% of orange peel hydrolysate. 

Symbols: biomass (♦), glucose (●), fructose + galactose (▲) and D-lacticacid (). 
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Abstract 
Human cytochrome P450 (hCYPs) are a super-family of human membrane enzymes involved in the elimination of 
drugs and xenobiotics from human plasma. Due to its key function, the interest of this family of enzymes has 
exponentially increased during the last years. Aiming to obtain a high amount ofhCYPwhich enables to perform 
enzyme pharmacokinetic analyses, some successful attempts of heterologous hCYP production have been madeusing 
bacteria, yeast and mammalian cells as hosts.Since hCYP come from human and are associated to cell membrane, 
bacterial expression systems usually fail to express them due to the lack of post-translational modifications, 
inefficient secretory pathways which are needed to direct the protein to the membrane, and differences in lipid 
bilayer composition.On the other hand, mammalian expression systems are able to produce high quality membrane 
proteins, but their cultivation is much more slow and expensive compared to bacterial and yeast expression systems. 
Altogether, the yeast expression systems have emerged as a rising candidate for hosting hCYP recombinant 
production, concretely Pichia pastoris, because of its ability to grow up to very high cell density in defined media and 
its capacity to perform eukaryotic post-translational modifications. 

In this work, the recombinant production of a hCYP of interest such as CYP2C9 have been successfully achieved in 
P. pastorisaswhole cellsbiocatalysts. As a hCYP, CYP2C9 requires the presence of a cytochrome P450 reductase
(CPR)for electron transfer from the co-factor NAD(P)H. Therefore, an innovative strategy based on dual gene
expression on one single plasmid using different bidirectional have been implemented. Furthermore, the effect of
different operational conditions and the use of methanol as a recombinant expression booster was studied in
different fed-batch cultivations.Regarding the methanol-freeexperiments, three fed-batches in C-limiting conditions
were performed using glycerol as sole carbon source at different specific growth rate (µ). Alternatively, as the
heterologous expression is further boosted in presence of methanol, the performance of methanol-added process
concerning the CYP2C9 production was also checked.

As major results, it has been proventhe influence of µon CYP2C9 the specific production rate (qp).This last 
parameter increases exponentially with µ, reachingup to 5- fold qp values comparing the lowest µtested (0.05 h-1) 
withthe highest one (0.15 h-1) using glycerol as sole carbon source.However, the product titer reachedthe highest 
value at lowest µ. Besides, methanol has been confirmed as a strong inducer of CYP2C9-CPRco-expression. More 
specifically, its use leaded to qpimprovements of up to 2.5-fold, on product-to-biomass yield (YP/X) up to 3-fold, and 
on protein titer up to 84 %, comparing to methanol-free processes at the same nominalµ of 0.05 h-1. 

In conclusion,the C-limiting strategy at high µ is maybe the best choice because allows maximization of production 
rate, running the bioreactor efficiently. Moreover, the no utilisation of methanol would increase the process 
feasibility avoiding the important methanol-associated drawbacks, mainly high oxygen demand, heat production and 
difficulties in storage, transportation and handling. 
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Abstract 
Endocrine disruptors compounds (EDCs) are chemicals that interfere with the endocrine system and produce 
adverse effects in both humans and wildlife. Numerous studies have reported the feminization and/or 
masculinization of freshwater wildlife exposed to estrogens and/or androgens in polluted rivers [1,2]. Natural 
estrogens and androgens enter the environment through the excretions of humans, domestic or farm animals, and 
wildlife. These compounds contaminate the effluent and occur at low concentration (ng l-1 to µg l-1) [3]. 17β-estradiol 
(E2) (estrogen) and testosterone (TES) (androgen), are the most ubiquitously sexual hormones found as pollutants in 
soil and water systems [3–5]. Microbial degradation is a crucial mechanism to eliminate steroid hormones from 
contaminated systems. Novosphingobium tardaugens NBRC 16725 (strain ARI-1) was isolated due to its capacity to 
mineralize the estrogenic endocrine disruptor 17β-estradiol but we have demonstrated that this strain is also able to 
mineralize the androgenic endocrine disruptor testosterone. The recently genome sequence assembly of this 
bacterium in only one contig [6] allowed us to identify the gene cluster responsible for the catabolism of TES and 
other C-19 steroid compounds, like androst-4-en-3,17-dione (AD) and androsta-1,4-diene-3,17-dione (ADD). The 
genes of this new C-19 degradative cluster resemble those involved in testosterone degradation in Comamonas 
testosteroni but their organization showed significant differences. A whole genome transcriptomic analysis of N. 
tardaugens revealed that the genes of the C-19 cluster are expressed constitutively. The 3β/17β-hydroxysteroid 
dehydrogenase involved in the first metabolic step of testosterone degradation was identified and partially 
characterized by using genetic and biochemical approaches. Finally, mutagenic experiments carried out in the C-19 
cluster showed an important gene redundancy in the genome of N. tardaugens.The data presented enabled us to 
expand our knowledge on the metabolic pathways and biotransformation capabilities of a Gram-negative bacterium 
that becomes a new model system in the steroid field. Moreover, N. tardaugens NBRC 16725 might cover a wide 
spectrum of steroid biotransformation reactions and its improvement as an efficient biocatalyst may lead to 
promising alternative biotechnological processes. 

Acknowledgements 
The bioinformatic support of L. Agudo is greatly 
appreciated. We acknowledge the financial support 
provided by the Ramón Areces Foundation. 

References 
[1] Milla, S., Depiereux, S., Kestemont, P.,2011. The effects
of estrogenic and androgenic endocrine disruptors on the
immune system of fish: A review. Ecotoxicology. 20, 305–
19.
[2] Chen, Y., Wang, C., Yang, F., Wael, I., Wang, P., 2016.
Identification of Comamonas testosteroni as an androgen 
degrader in sewage. Sci. Reports.6, 35386.  
[3] Fan, Z., Wu, S., Chang, H., Hu, J., 2011Behaviors of
glucocorticoids, androgens and progestogens in a
municipal sewage treatment plant: Comparison to
estrogens. Environ. Technol. 45, 2725–33.
[4] Fan, Z., Casey, F.X.M., Hakk, H., Larsen, G.L., 2007.

Persistence and fate of 17β-estradiol and testosterone in agricultural soils. Chemosphere. 67, 886–95. 
[5] Bradley, P.M., Barber, L.B., Chapelle, F.H., Gray, J.L., Kolpin, D. W., & McMahon P.B., 2009. Biodegradation of 17β-
estradiol, estrone and testosterone in stream sediments. Environ. Sci. Technol. 43, 1902–10.
[6] Ibero, J., Sanz, D., Galán, B., Díaz, E., & García, J.L., 2019. High-Quality Whole-Genome Sequence of an Estradiol-
Degrading Strain, Novosphingobium tardaugens NBRC 16725. Microbiol. Resour. Announc.,8(11), e01715-18.

Fig. 1. A) Growth curve (OD 600 nm) of N. tardaugens NBRC 
16725 when cultured in M63 minimal medium containing (Δ) 2.8 

mM androstenedione (AD), (□) 2.8 mM 1, 4-androstenedione 
(ADD), (●) 2.8 mM testosterone (TES) and (◊) 20 mM 

cyclodextrins solvent (CDX); B) TLC analysis of the organic 
extraction of the culture of N. tardaugens NBRC 16725 grown for 

18 hinAD, ADD and TES. 
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Abstract 

Microbial Desalination Cell (MDC) is the integration of a MFC and an electrodialysis (ED) cell in order to treat 
wastewater and desalinate seawater [1]. By using the energy provided by the oxidation of organic matter, contained in 
the wastewater, this system drives the migration of ions and the desalination process. Thus, MDC technology is able 
to desalinate saline water without consuming electric or thermal energy and allowing the use of the energy for any 
other processes. In this sense, MDC technology could be employed to save energy and avoid the greenhouse gases 
related to the conventional processes (seawater RO produces 1.78 kg of CO2 per m3 using 600 g CO2 kWh-1 in the 
average European Union (EU) energy mix). The versatile and simultaneous applications of MDC have made it a real 
and feasible alternative for both desalination and wastewater treatment.  

Fig. 1.Left:MDC pre-pilot system at IMDEA facilities. Right: Production of fresh water vs initial salinity. 

In this sense, the merge of microbial electrochemical cells with ion exchange membranes could bring new processes 
and concepts in the field of waste water treatment and sustainable desalination[2]. In this communication, a rational 
discussion on the future applications of such technology is presented.  
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Abstract 
Biorefinery concept emanates from the increasing environmental awareness in Society and from the inevitable 
evidence that Humanity is slowly depleting fossil resources. It's mainly based on the use of biomass (such as 
lignocellulosic or from agro-industrial wastes) as raw material on industrial processes, looking for the production of 
high-added value products. Industrial processes could be progressively less dependent on non-renewable raw 
materials and energy sources, while providing Society with energy, materials and goods, promoting Circular 
Economy and, as a consequence, Sustainable Development [1]. 
The use of agriculture and agro-food wastes is a way to valorize them throughbioprocesses, which can provide for 
several strategies with this purpose in mind. These are materials produced on great quantities (only food waste is 
yearly produced in amounts exceeding 1.3 billion tons) and they have a composition highly prone to transformation 
by biocatalysts. 
Fumaric acid is a substance of notable interest to the pharmaceutical and food industries, as its high acidity facilitates 
its use as a powerful nontoxic antimicrobial agent and as an acidulateagent substituting citric and lactic acids. 
Moreover, fumaric acid has a huge potential on polymer industry, as a viable C4 alternative for petroleum-based 
monomers [2]. 
Chemical fumaric acid production is a very contaminant process, so new biotechnological production ways must be 
found using biomass or biomass-containing waste and microorganisms. Rhizopus fungi are very good producers of 
fumaric acid but they have several limitations due to their growth through hyphae. 
In this work, several protocols and procedures have been developed to control and stabilize fungi morphology, after 
previous inoculum stages have been studied for culturing R. arrhizus NRRL 1526 focusing on the data reproducibility 
and the optimization of the fumaric acid production. To carry out these studies, biomass tracing and quantification 
techniques and protocols have been developed to achieve a high biomass production and test fumaric acid 
production using the classical conditions of Rhodes et al. [3]. 
The influence of different previous stages strategies (number and duration) and process conditions on previous and 
production stages have been studied through preliminary runs and design of experiments, carrying out an 
optimization on the final biomassconcentration and production rate. 
To complete this work, kinetic modelling will provide for an in-depth perspective of the process, helping to optimize 
operating conditions through process simulation. For this analysis of the producing system, the evolution of growing 
biomass, carbon source and products in broth have been performed. Liquid samples have been analyzed by HPLC 
techniques and a mathematical fitting of kinetic models has been performed, finding, till now, an excellent fitting of a 
modified Hinshelwood model that considers the pH inhibition as a key phenomenon limiting biomass growth. 
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Abstract 
Lipopolysaccharides (LPS), the major structural component of Gram-negative bacterial outer membranes exhibits 
toxics effects in different organisms. The release of LPS into systemic circulation in humans leads to an endotoxic 
shock which is mostly characterized by hemodynamic abnormalities and multiple system organ failure[1]. In fact, 
several efforts have been carried out in order to describe the interaction between  lipid A, the lipopolysaccharide 
domain responsible of the toxicity, and different ligands to make 
progress on effective methods for sepsis treatments. These ligands 
extend from antibiotics as polymyxin B (PMB), organic solvents as 
Triton X-114 to biomolecules as proteins such as heparin, CD14, 
TLR4 and LBP among others [2]. 
In this context, a detoxification process has been designed coupling a 
magnetophoretic microfluidic device to an endotoxin sequestration 
stage with the challenge of LPS removal from a biological stream. 
Achimeric  proteinhas been synthesized capable to bind to a solid 
matrix (microbeads) and with enough affinity for LPS inmobilization. 
Once the trimolecular complex has been formed, the stream is driven 
into the magnetophoreticmicrodevice where it is contacted to a saline 
buffer that receives the complex detoxifying the initial fluid as depicted in figure 1.In order to produce the 
heterologous protein, it was initially designed an optimized plasmid tagged with histidines to assure the protein-beads 
binding. Afterwards, it was transformed into competent host cells, overexpressed at low temperature and finally 
purified with affinity liquid chromatography techniques. The experimental procedure consisted of a first contact 
between the protein and the microbeads and then, the functionalized beads were brought in contact to a fluorescent 
lipopolysaccharide conjugated with fluorescein isothiocyanate (FITC-LPS) stock solution of 500µg/mL in order to 
analyze the selective binding of endotoxins. Preliminary studies removed 85% of the contacted LPS, which is a very 
encouraging result considering that LPS concentration in septic patients is around 300pg/mL [3].  Either way, 
further work is needed focusing on the kinetic study of the interaction lipid A-protein in order to contribute to 
microseparators design for endotoxin detection and removal. 
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Abstract 
Lipases are some of the most widely used enzymes as they are capable of catalysing not only hydrolysis of esters but 
also other relevant synthesis and transesterification reactions. In this study, methylotrophic yeast Pichiapastoris has 
been employed to express two different sequences of Rhizopusoryzae lipase, one formed just by the mature sequence 
(rROL) and the second one formed by the mature sequence plus 28 amino acids of the C-terminal of its native 
prosequence (proROL). Both lipases are 1,3-regiospecific and have been utilised for biodiesel production, avoiding 
the final production of glycerol and obtaining 2-monoglyceryde as added value product. Biodiesel synthesis is a 
bioprocess under tight economic competition with conventional chemical processes. Thereafter, stable and cheap 
biocatalyst are needed for this biotransformation. However, as two of the main drawbacks of lipases are their poor 
stability in presence of alcohols and their cost, significant efforts on genetic engineering and applied biocatalysis 
have been done to improve enzyme stability and to diminish its production price. 

rROL was genetically modified by adding 28 amino acids of its prosequence. These amino acids have been 
described to have a positive effect over enzyme stability and toxicity during its synthesis and to modify its specificity 
[2]. Considering bioprocess engineering, a comparison between both enzymes’ fed-batch production under regulated 
methanol-inducible alcohol oxidase 1 promoter (PAOX) showed a 1.6 times higher µmax of proROL, proving its fewer 
toxicity. Moreover, unless with rROL, it was possible to produce proROL under the constitutive glyceraldehyde 3-
phosphate dehydrogenase promoter (PGAP), what highlights the fewer toxicity of the former one.In addition, 
stability assays in different pH and temperature conditions, as well as in different ethanol and methanol 
concentrations, showed a better stability of free enzyme proROL in comparison to rROL.   

Regarding to applied biocatalysis, previous studies have shown that covalent immobilisation of rROL onto a mild-
hydrophobic support and stepwise addition of the alcohol, both ethanol and methanol, highly increased the stability 
of the biocatalyst [1]. In this study, a more hydrophobic support was employed in order to reduce alcohol 
concentration in the micro-environment of the biocatalyst, so enzyme inactivation will be reduced. Results 
concurred with the hypothesis in all the studied cases. For example, retained activity after five consecutive batches 
of five pulses of methanol (2:1 methanol:triglyceride molar ratio) was 20 times higher. In the case of ethanol, 
retained activity after five batches of one pulse of ethanol (2:1 molar ratio) was doubled. 

In conclusion, proROL has showed a better performance than rROL in terms of production and applied 
biocatalysis, reducing the cost of the biocatalyst and making feasible a future production of biodiesel by an 
enzymatic approach. 
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Abstract 
Nowadays, there is a growing interest looking for alternative biofuels to bioethanol, among them stands 
outisobutanol [1]. This alcohol can be used as an additive, mixed with gasoline to improve its properties, but it could 
even be a potential substitute used directly as biofuel. Isobutanol can also be employed as chemical plattform to 
produce solvents and plasticizers agents [1]. The potential of S. blattae(p424IbPSO)to produce isobutanol from 
glucose has been previously reported [2]. The main objective of this work is to study the influence of the initial 
glucose concentration on the isobutanol production from glucose and to propose a kinetic model for the process. 
Experiments were carried out in STBR employing S.blattae (p424IbPSO) as biocatalyst. Five runs were performed 
employing different initial concentrations of glucose (30, 40, 45, 50 and 70 g.L-1). The experiments were carried out 
employing the medium and the optimal conditions previously determined[3]. The bacterial growth wasmeasured by 
measuring spectrophotometric absorbance, and the time of course of glucose, isobutanol and other by-products 
concentrations were determined by HPLC. The fitting of the kinetic model to experimental data was carried out 
using the software Aspen Custom Modeler. 
The highest values of yield, productivity and selectivity were obtained employing an initial glucose concentration of 
45 g.L-1. Higher initial glucose concentrations produce inhibition in the production of isobutanol. Nevertheless, 
biomass growth is more dependent on the oxygen availability, and it is not influenced by the initial glucose 
concentration. 
An unstructured and non-segregated kinetic model was proposed to describe the growth rate, the metabolite 
(isobutanol, ethanol and organic acids) production rates and the glucose consumption rate. The kinetic model 
proposed fitsvery well to the experimental data as can be seen in the Figures. The kinetic parameter values depend 
on the initial glucose concentration employed in each run, describing well the product distribution of the 
metabolites. 

Figure 1. Experimental results (symbols) and kinetic model fitting (lines) of the biomass, substrate and metabolites for the run 
carried out using initial glucose concentration of 45 g.L-1. 
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Abstract 
Renewable chemicals production should circumvent the use of petrochemicals. Carboxylates (VFAs) are called to 
become an important biotechnological platform for the production of a wide range of products [1]. Pursuing that 
objective, the use of traditional technologies such as anaerobic digestion (AD) for VFAs production is gaining 
interest. In this sense, AD robustness is already widely known when targeting biogas production. However, 
information is still scarce when it comes to VFAs production. Perturbations such as temperature, pH and OLR 
changes can alter the normal behaviour of the reactor. With regard to OLR changes, a good recovery of the process 
yields after a starvation period is crucial for future applications of this technology. Thus, in the present study, a 
starvation period was studiedin terms of VFAs production andanaerobic population levels. AD was carried out at 
T= 25ºC and HRT 8 days-1using microalgae Chlorella vulgaris as substrate. Three scenarios (Sc.) were evaluated 
namely: Sc. I: 3 g COD/Ld; II: lack of feed (starvation); III: 3 g COD/Ld. Parameters including total and soluble 
COD, VFAs, pH and ammonium were assessed. DNA was extracted to analyze population dynamics developed 
upon the feeding disturbance. Results showed that Sc. I achieved high organic matter conversions efficiency into 
VFAs (COD-VFAs/CODin0.41±0.4 vs 0.32±0.2 determined in Sc. III). In addition, COD removal (8±4% Sc. I vs 
29±6% Sc. III) and the methane content (%v/v) exhibited at the end of each scenario (Sc. I: 25%; Sc. III; 39%) 
suggested that a recovery of methanogenic population during the starvation period took place. Regarding VFAs 
profiles, they remained similar and butyric acid was the most abundant product obtained (23-25%) followed by acetic 
acid (19-18%).  Population dynamics revealed that even though Sc. II showed a relative abundance decrease in 
species belonging to Euryarchaeota (Figure 1B) their activity was favored by the starvation period showing the 
adaptation capacities of these microorganisms. Likewise, Bacteroidetes population decreased in Sc. I but slowly 
increased over Sc. II and III. Members of the family Syntrophaceae from Proteobacteria, whose members are known to 
syntrophically degrade fatty acids, were absent regardless of the scenario. This fact most probably mediated VFAs 
accumulation regardless of the scenario evaluated. In conclusion, the starvation period (Sc. II) had a negative effect 
on VFAs production due to archaea population recovery. Strategies such as increasing OLR or decrease the HRT 
might help recovering the biological system to values attained before Sc. II in terms of VFAs accumulation. 

 
 

 

 

 

Figure 1. VFAs production in Sc. I and Sc. III (A) and population dynamics (B) throughout the different scenarios. 
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Abstract 
Efficient volatile fatty acids (VFAs) production via anaerobic digestion (AD) requires the inhibition of the 
methanogenic step. Reactor configuration and operational conditions can affect VFAs production yields, profilesand 
anaerobic population. Increasing organic loading rate (OLR) can lead to pH drop, methane inhibition, and VFAs 
accumulation (Khan et al., 2016). With regard to reactor configuration, CSTR provides perfect mix while UASB 
reactor produces better quality effluents with a less amount of solids.This study aimed at elucidating VFAs 
production,profiles and microbial dynamics from enzymatically pretreated microalgaeChlorella vulgarisin CSTR and 
UASB reactors at different OLR values.AD instability was evidenced in both reactors (% COD removal: 10- 29% in 
the CSTR;41-13% in UASB). Additionally, inhibitory ammonium concentrations were achieved (3 g L-1in CSTR  at 9 
g COD L-1d-1)(Yenigün and Demirel, 2013).Registered VFAs evidenced the differences between both reactor 
configurations (Figure 1A). CSTR conversions(32 - 36% VFA-COD/CODin) were comparably higher than the ones 
attained in the UASB (15 -33% VFA-COD/CODin). VFAs profiles were reactor-dependent. Butyric acid (29% out 
of the total VFAs) was the most abundant in the CSTRwhereas propionic acid (35% out of the total VFAs) stood 
out in the UASB. DNA analysis showed the relevance of Firmicutes phylum (63%) in the inoculum andan archaea 
population (Euryachaeota) of 9% (Figure 1B). From that point, UASB configuration enhanced Euryarchaeota 
phylum when compared to CSTR (especially at low OLR values: 17% UASB vs 5% CSTR) allowing the 
methanogenic step to take place and thus, favoring VFAs consumption. Opposite to that, CSTR configuration 
promoted Firmicutesdominance (77% CSTR vs 31% UASB). In conclusion, this study made evident the advantages 
of using a CSTR for VFAs production when using microalgae biomass as substrate. 

reactors

Figure 1. VFAs productions and profiles (A) and population dynamics (B) determined in CSTR and UASBreactors. 
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Abstract 
The rapid increase in biodiesel production as an alternative biofuel to meet local energy demands and reduce fossil 
fuel dependency has led to a glut in the glycerol market (as main byproduct of biodiesel produced by 
transesterification). This surplus of crude glycerol constitutes an environmental issue that must be overcome [1].Its 
transformation into value-added products is a good solution to achieve a more sustainable and competitive biodiesel 
manufacturing process. Dihydroxyacetone (DHA) is one of the most interesting products that can be obtained from 
glycerol, since it is used in self-tanning lotions and as building block in organic synthesis. It can be advantageously 
produced by Gluconobacteroxydansthrough aerobic fermentation. However, complex organic nitrogen sources, such as 
yeast extract, are required to stimulate bacterial growth and produce glycerol dehydrogenase enzyme, which is 
responsible for glycerol transformation into DHA. This kind of nutrients has a negative impact on the subsequent 
DHA isolation and purification steps [2]. Therefore, operating with resting cells is of great interest, since the medium 
contains just the carbon source (glycerol) and a buffer, thus little impurities that could interfere with DHA 
purification process. The aim of this work is to study the main operational conditions to produce DHA from 
glycerol with G. o oxydans resting cells: buffer used, biomass concentration and agitation speed. 

Buffer selection is of special relevance because this bioprocess is inhibited when pH drops below 4 and glycerol 
complete conversion is not achieved. Two buffers (acetate and phosphate) were tested in the experiments with 
different biomass concentrations and the results after 40 h of fermentation were analyzed. It was found that the 
increase in biomass concentration involves a decrease in pH because of the increase in glyceric acid production, 
which is the main byproduct of the process.Only 
acetate buffer ensured a final pH above 4 and complete 
glycerol conversion when high biomass concentration 
isused. Thus, acetate buffer was selected to the 
following studies.The simultaneous effect of agitation 
speed (N = 100-400 rpm) and biomass concentration 
(Cx =0.01-1 g·L-1) on DHA production with resting 
cells was studied. It can be highlighted that at low 
agitation speeds, DHA production rate 
remainedpractically constant despite having increased 
biomass concentration tenfold. By contrast, initial DHA 
production rate using 1 g·L-1 of biomass is increased 
almost four times when the agitation speed is changed 
from 100 to 400 rpm. This reveals that oxygen transfer 
rate (OTR) plays a crucial role in DHA production 
from glycerol to ensure that oxygen requirements of 
every cell in broth are satisfied. 

Fig. 1. Influence of biomass concentration together with 
agitation speed on initial DHA production rate using G. oxydans 
resting cells with 25 g·L-1 of glycerol and 20 mM of acetate buffer 
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Abstract 
Lactic acid is a high added value product used in a variety of industries such as food, pharmaceutical or plastics 
manufacture with increased consumption manly due to its high demand as a precursor of biodegradable plastics such 
as polylactic acid. The industrial strategy of production of lactic acid is currently based on fermentation of rich 
substrates using appropriate microorganisms. In the last decades, waste from different industries is being studied as 
fermentable substrates containing sugar, starch or lignocellulosic sources. This fermentative process requires 
previous hydrolysis steps and subsequent purification and concentration steps of the acid obtained. 
This lactic acid is generated in the fermentation broth and must be separated from the large amount of impurities 
present [1]. Some examples of these impurities are the unfermented sugars, the additives used in the neutralization of 
the acid produced and its reconversion, the salts contained in the substrate or the fermenting microorganisms. 
Most common methods reported in the literature for the production, separation and purification of lactic acid use 
exhausted fermentative broth in which the acid has been neutralized producing lactate. These methods are 
precipitation with sulfuric acid, ion exchange, distillation, crystallization or extraction with organic solvents. Among 
membrane technologies, ultrafiltration is reported specifically for the separation of microorganisms, however there is 
less information about the application of nanofiltration (NF), which in previous experiences allows the selective 
separation of lactic acid. In this work, the feasibility and operating conditions of a commercial nanofiltration 
membrane, AFC040, are evaluated as a stage for the purification of lactic acid. The study will focus on the 
elimination of lactose in two stages, applying NF to lactic acid biotechnologically produced according to the process 
presented by our research group and in the same operational conditions (30 bar, 35ºC and 400 L/h) [2]. 
The results obtained are shown in Fig. 1 and 2, a stabilization of the permeate flow can be observed in values very 
similar to those already reported for the production stage. The lactic acid rejection values lower than 30% that allows 
the concentration does not look very reduced while the lactose rejections are always greater than 90%, preventing 
their passage in the purification stages and therefore reducing their lactose concentration from 600 to less than 20 
mg/L in one stage and in case of need of greater lactic acid purity below 1 mg/L in two stages. 

Fig. 1. Rejection and permeate flux in the 
purification steps. 

Fig. 2. Lactic acid and lactose concentration in the 
purification stages 
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Abstract 
Ionic liquids (ILs) are organic salts that remain liquid near room temperature. They consist of  an organic cation and 
polyatomic inorganic or organic anion. Examples of  cations are imidazolium, pyridinium, pyrrolidinium, 
phosphonium, ammonium, and anions are tetrafluoroborate, hexafluorophosphate, chloride, 
trifluoromethylsulfonate, and bis[(trifluoromethyl)sulfonyl]imide). Microbial fuel cells (MFCs) are bioelectrochemical 
reactor in which organic substrates are oxidized by microorganism and electricity is simultaneous produced. 
Membranes based on ionic liquids were used in the last generation of  MFCs. Some research lines on MFC try to 
integrate microalgae on the cathode in order to produce oxygen, which is needed by the cathode reaction, and also 
produced microalgae biomass.  For those newintegrate systems the used of  biocompatible ionic liquid on microalgae 
is essential [1].  

Chlorophyll fluorescence analyses are new method that has been used to study the photosynthetic toxicity and other 
pollutants on algae in recent years [2]. Chlorophyll fluorescence analyses are based on the photosynthetic theory, 
using chlorophyll fluorescence in vivo as a probe to study the photosynthetic physiological state of  organisms under 
the influences of  various external factors. Chlorophyll fluorescence analysis is rapid and sensitive, and it can also 
detect the photosynthetic toxicity with no damage to algae.  

Until now, chlorophyll fluorescence assays of microalgae have been used for determining the toxicity of organic and 
metal ions pollutant to microalgae.  In this work, for the first time, the toxic effects of 21 ionic liquids on the green 
algae Pseudokirchneriellasubcapitatawere studied by chlorophyll fluorescence analysis by using a Junior-PAM 
fluorometer (Walz-Germany). The different anion and cation composition allow us to analyze the effect of the ionic 
liquid composition and establish qualitative structure–properties relationships in order to designing ionic liquids with 
less ecotoxicological risk than conventional organic solvents. 

It is worthy to highlightthat some of the ionic liquids tested result to be biocompatible at low concentration such us 
1-ethyl-1-methyl pyrrolidinium bis[(trifluoromethyl)sulfonyl] imide, (poly[oxy(methyl-1,2-ethanediyl)]-a-[2-
diethylmethylammoniumetyl]-w-hydroxy chloride, choline dihydrogen phosphate, etraoctylphosphonium bromide
and tributyl(tetradecyl)phosphonium dodecylbenzene sulfonate.
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Abstract 

Bioleaching is an effective bioprocess that has been extensively used for extracting metal from low-grade ores and 
mineral concentrates [1]. In recent years, it has also been proposed as a sustainable alternative to both conventional 
micromachining and extracting processes for recovering valuable metals from electronic waste [2, 3]. 

Nevertheless, the use of free cells and low microbial density are two of the factors limiting the industrial scaling-up 
of these new applications. Several authors have proposed immobilizing the bacteria on different support materials 
for increasing cell density, and thereby also increasing metabolic activity in bioleaching reactors. These materials can 
be classified into inorganic beads, synthetic polymers, and polymers from renewable resources.  

The purpose of this research was to select the most adequate support material for the immobilization of the 
bacterium Acidithiobacillus ferrooxidans in bioleaching reactors. Several biopolymers, such as bacterial cellulose, 
polyvinyl alcohol (PVA) based hydrogels, chitosan, and cellulose acetate were selected for their contribution to the 
efficiency and sustainability of the whole process. These materials were synthetized and tested in wet form 
(hydrogels) and after freeze-drying (dry porous support). A bacterial immobilization protocol was established, and 
the best candidates were selected following the decision-making flowchart shown in Figure 1.  

Fig. 1.  Decision-making flowchart for material selection. 

The immobilization of the acidophilic bacteria A. ferrooxidans on suitable biopolymers significantly improved the 
process, which will require designing a new continuous bioleaching system in further studies. 

Acknowledgements  
The authors wish to acknowledge the financial support received from the Spanish Government’s State Agency for Research 
(AEI) and the European Regional Development Fund (ERDF/FEDER, EU) (Project CTM2016-77212-P). 

References 
[1] Watling, H., 2016. Microbiological Advances in Biohydrometallurgy. Minerals. 6, 49-68.
[2] Hocheng, H., Jadhav, U., 2015. Handbook of Manufacturing Engineering and Technology. Springer-Verlag, London.
[3] Isildar, A., van Hullebusch, E. D., Lenz, M., Laing, G. D. Marra, A., Cesaro, A., Panda, S., Akcil, A., Kucuker, M. A., Kuchta,
K., 2019. Biotechnological strategies for the recovery of valuable and critical raw materials from waste electrical and electronic
equipment (WEEE) – A review. J. Hazard. Mater. 362, 467-481.

Microorganism growth 
Does the material halt 

bacterial growth? 

YES 

Synthesized 
material 

Material degradation 
Does the material degrade in 
an abiotic growth medium? 

NO 

YES NO 

Bacterial immobilization 
Is a bacterial biofilm formed? 

NO 

YES Suitable material 
for A. ferrooxidans 
immobilization 

ISBN: 978-84-09-12430-5 108



0 10 20 30 40 50 60
0

1

2

3

4

5

6

Bi
om

as
s,

 P
H

B 
(g

/L
)

time (h)

0

5

10

15

20

25

Biomass

PHB

Su
bs

tra
te

 (g
/L

)

Substrate
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Abstract 
Poly(3‑hydroxybutyrate)(PHB) is a biodegradable polymer and a biocompatible thermoplastic that can be used as a 
substitute for polyethylene and polypropylene[1].The PHB production by Azotobactervinelandii has been previously 
described for bioreactor cultures [2] but the models to predict its production by A. vinelandii are scare. The 
implementation of mathematical models that correctly describe the kinetics of production processes are useful for 
design and evaluate bioreactors at greater scale. The aim of this work is to obtain a kinetic model able to describe the 
production of PHB by A. vinelandii. A. vinelandii OP was cultivated in a 30-L bioreactor (Infors HT) with 20 g/L of 
sucrose. The batch cultures were performed to 30°C, pH 7.0 and 20 L/min of airflow. The biomass was measured 
gravimetrically, the sucrose (substrate) was hydrolyzed and quantified the reducing sugars with DNS reagent. 
ThePHB was estimatedby acid digestion from the measurement of crotonic acid in HPLC-UV. The kinetic model 
proposed is formed by the following set of reaction scheme and kinetic equations: 

𝑌𝑌𝑆𝑆/𝑋𝑋 · 𝑆𝑆
𝑟𝑟1→ 𝑋𝑋 + 𝑌𝑌𝑃𝑃/𝑋𝑋 · 𝑃𝑃𝑃𝑃𝑃𝑃𝑟𝑟1

= 𝜇𝜇 · 𝐶𝐶𝑋𝑋 · �1 −
𝐶𝐶𝑋𝑋
𝐶𝐶𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚

�𝑌𝑌𝑆𝑆/𝑃𝑃 · 𝑆𝑆
𝑟𝑟2→ 𝑃𝑃𝑃𝑃𝑃𝑃𝑟𝑟2

= 𝐾𝐾𝑃𝑃 · 𝐶𝐶𝑆𝑆 · 𝐶𝐶𝑋𝑋

The biomass (without PHB) was 1.7 g/L and the PHB 
concentration reached 5.9 g/L. A maximum 
accumulation of PHB of 80% of dry weight was 
obtained. Biomass, substrate (sucrose) and PHB time 
courses werefitted using Aspen Custom Modellerby means 
of a non-linear fitting algorithm together with a 
numerical integration algorithm. The values of the 
parameters obtained show very good statistical meaning 
and the model is able to describe in a very correct way 

the experimental data (Figure 1).The model proposed 
could be extrapolated to fed-batch cultivation and 
evaluate the PHB production to greater scale.  
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Fig. 1.  Experimental data for biomass, PHB production and 
substrate consumption (points) and model predictions (lines) 

ISBN: 978-84-09-12430-5 109



Q
A

lg
 (g

 L
-1

 h
-1

)

0.00

0.05

0.10

0.15

0.20

kLa (h-1)

0 20 40 60 80 100

A
lg

in
at

e 
 (g

 L
-1

)

0.0

2.0

4.0

6.0

Alginate production by Azotobactervinelandii under different oxygen transfer levels 
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Abstract 
Alginates are polysaccharidesproduced by algae and bacteria. These exopolysaccharides have a high commercial 
interest and are composed of (1-4) β-D mannuronic acid and C-5 α-L-gulurónico acid. Azotobactervinelandii is a strict 
aerobic bacterium capable of producing alginate with potential to be used in the pharmaceutical and biomedical 
industry [1].Oxygen transfer rate is an important parameter in alginate biosynthesis by A. vinelandii[2].The aim of this 
work is to evaluate the effect of different volumetric mass transfer coefficient (kLa) on the production of alginate. 
Batch cultures were carried out in a 3-L Applikon bioreactor (1.5 L of culture medium), aerated at an airflow rate of 
1.5 L min-1 at 30oC and pH 7.0 and agitated at 300, 500 y 700 rpm. A. vinelandii ATCC 9046 was grown under 
nitrogen-free conditions withsucrose (20 g L-1) as carbon source. Biomassand alginate concentration was quantified 
gravimetrically, and were modeled using the logistic and Luedeking-Piretmodel, respectively. The kLa was 
determined using gassing-out method. The results indicate that the specific growth rate (µ) was not affected by the 
kLa and using ahigher kLa (87 h-1), adecrease in the biomass and yield sucrose on biomass (Yx/s) was observed.  

Table 1.Fermentation parameters of A. vinelandii cultures under different kLa. 
Agitation rate (rpm) Aeration flow (L min-1) kLa (h-1) µ (h-1) Xmax (g L-1) Y x/s(g g-1) 

300 1.5 25.8 ± 1.0 0.107 ± 0.014 4.97 ± 0.48 0.27 ± 0.02 
500 1.5 59.1 ± 2.3 0.108 ± 0.001 4.86 ± 0.13 0.24 ± 0.01 
700 1.5 87.0 ± 9.4 0.111 ± 0.002 3.61 ± 0.23 0.17 ± 0.01 

Fig.1 shows the volumetric productivity of alginate(QAlg) and maximum alginate concentration under different kLa 
level. An increase in the oxygen transfer (kLa from 26 to 60 h-1) improved the alginate production. However, the 
alginate production not varied by increasing the kLa above 60 h-1. It is possible that using higher kLa, the cells have a 
greater respiratory activity and a TCA more active, which could affecting the availability of carbon precursor for 
alginate biosynthesis. From an operational perspective, the utilization of kLa about 60 h-1 could be adequate to scale 
up the alginate production. 

Fig. 1. Alginate volumetric productivity (white circles) and maximum alginate concentration (dark circles)under differentkLa in 
batch cultures of Azotobactervinelandii. 
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Abstract 
There is a growing importance that the consumer gives today to the care of their health and well-being. This causes 
a growing demand for natural products with functional benefits. Vegetable snacks can represent an attractive option, 
to increase consumption by providing similar to nutritional characteristics as fresh consumption. The crispy 
characteristic of the snacks comes from the vitreous condition of the starch at low humidity (2%).Enzymatic 
hydrolysis is important, as it is reduced from starch (during or after gelatinizeing the starch), cutting the chains of 
the polymers of Amylose and amylopectin in chains of regular size. However, the biosynthesis of starch in the food 
structure is a complex process and is not fully understood. Therefore, the object of this work was to evaluate 
process enzymatic degradation of the starch of arracacha flakes for the elaboration of healthy snacks in order to give 
natural flavor to the product without the need to add sucrose, as well as to reduce the Starch content as a source of 
complex carbohydrates. The arracacha was washed, disinfected and cut into slices transverse to the length of the 
root. For the starch hydrolysis, ENZIMEX 5000 (commercial fungal α-amylase, obtained from AspergillusOryzae) was 
used in doses of 0.5% and 1% in aqueous solution. Whereas, the ratio of vegetable in enzymatic solution was 
1:5.The assays were incubated at a temperature of 40 ± 2 °C for 90 minutes. Every 30 minutes, moisture, starch, 
soluble solids and instrumental color were analyzed. The results (table 1) show that the content of soluble solids 
(Brix) increases up to 30 min time and then stops at the two enzyme doses. Whereas, starch has a degradation over 
time, with similar results for the two doses of enzyme. The color of the arracacha increases with the use of the 
enzyme doses and the exposure time with respect to time value 0.In this sense, the evolution of the red tone is 
similar in both doses of enzyme, increases over time to 60 min and decreases when reaching 90 min. This same 
behavior is obtained with the yellow tone, whereas the luminosity increases in time with the enzyme dose of 5g/L 
and decreases for the dose of 10 g/L. 

Table 1. Effect of enzyme dose and hydrolysis time in arracacha 
Time (minutes) Dose (g/L) Brix %Starch Δa* Δb* ΔL* 

0 5 7,85 ± 0,07a 71,52 ± 0,25a 0,00 ± 0,00a 0,00 ± 0,00a 0,00 ± 0,00a

30 5 15,05 ± 0,21 39,44 ± 0,09b -4,92 ± 0,02b -10,36 ± 0,1b -8,05 ± 0,05
60 5 14,10 ± 0,14b 40,54 ± 0,73b -5,19 ± 0,05b -10,21 ± 0,50b -13,74 ± 0,15
90 5 14,10 ± 0,14b 32,03 ± 4,99c -2,55 ± 0,00c -6,46 ± 0,03c -19,73 ± 0,02
0 10 7,85 ± 0,07a 71,51 ± 0,25a 0,00 ± 0,00a 0,00 ± 0,00a 0,00 ± 0,00a

30 10 14,45 ± 0,07b 44,07 ± 0,50d -4,33 ± 0,21b -10,36 ± 0,01b -7,02 ± 0,04
60 10 14,15 ± 0,21b 36,10 ± 1,42e -5,19 ± 0,05b -10,46 ± 0,01b -6,74 ± 0,06
90 10 14,65 ± 0,21b 36,11 ±0,93e -2,66 ± 0,01c -6,57 ± 0,08c -4,19 ± 0,02

p-valor <  0,05 0,000 0,000 0,000 0,000 0,000 
Mean ± Desv. Tip, Equal letters in files does not exist significant statistical differences 

The dose of enzyme and the time of exposure of the arracacha modifies significantly the variables Brix,% starch and 
color. DMS shows that in the times of 30 and 60 min isn´t significant differences in Brix,% starch and color in dose 
of 5 and 10 g/L. It can be concluded that the dose of 5 g/L at a time of 30 min presents the best results. 
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Abstract 
The aim of this research was to establish the technological processes for the elaboration of snacks from rootsTo 
usedradish, carrot, arracacha and beetroot washed with sodium hypochlorite at 50 ppm (t=3min), subject to 
technological processes: manual peeling, slice (2 mm), blanching, hydrolysis, draining and in tunnel of forced air 
drying (v = 3.76, 6 and 8 m/s, T = 60 º C).The effect on the characteristics of color, moisture and minerals, was 
evaluated using analysis of variance, with a significance level of 5%. Blanching causes a significant color loss (a *) in 
the carrot, with respect to fresh carrots (isn´t pretreatment). The color of the arracacha is more luminous (L *), 
property that is modified significantly by blanching and hydrolysis. Hydrolyzing radish with α-amylase, a significant 
loss of 79.26% in luminosity, 54.86% in red and 61.88% in yellow, with respect to fresh. The Carrot records 3.5% 
moisture at 7 h of drying. The pretreatment of hydrolysis and blanching extend the drying process in the arracacha to 
8 h, and the beetroot with treatment of hydrolysis. The technological processes of blanching, hydrolyzing and drying 
develop significant changes in the moisture percentage of all the vegetables considered in the present study, 
necessary and expected changes to allow a greater conservation of a product snacks. 
Table 1. Chemical physical Properties 

Color 
L* a* b* L a* b* L* a* b* L* a* b* 

T0 76,75±
3,12ª 

1,10±0
,41a 

4,69±0,
49ª 

71,08±
0,13ª 

36,68±
3,21a 

60,14±
2,36a 

84,46±
2,34ª 

5,82±
0,62a 

41,73±
1,34a 

24,00±
5,58ª 

19,46±
7,16 a 

9,32±5,
03 a 

T1 74,31±
7,38ª 

13,88±
9,5ab 

6,707±
1,11ª 

79,26±
1,91ª 

31,40±
1,45a 

36,63±
1,51a 

82,63±
2,11ª 

7,15±
0,01a 

27,41±
0,01a 

28,31±
4,27ª 

16,65±
0,52a 

9,18±1,
48abc 

T2 76,06±
0,45ª 

20,20±
1,09a 

5,197±
0,42ª 

60,60±
0,90b 

28,35±
1,02b 

38,27±
2,16a 

69,27±
8,84b 

7,05±
1,38a 

45,92±
1,72b 

23,39±
1,27ª 

11,32±
0,20b 

7,34±1,
71b 

T3 94,57±
1,35b 

3,85±0
,88b 

12,84±
4,29b 

71,29±
0,15c 

25,22±
1,11c 

37,75±
5,22a 

71,68±
5,51ª 

7,08±
1,40a 

37,53±
2,79c 

43,23±
0,92b 

13,73±
0,38c 

12,09±
1,06c 

ρ-
val
or 

0,002 0,030 0,024 0,000 0,002 0,977 0,078 0,994 0,000 0,000 0,000 0,019 

Moisture (%) 
Radish Carrot Arracacha Beetroot 

T0 94,92±1,66ª 87,55±0,49a 72,02±0,17a 84,67±1,02a 
T1 3,55±0,01b 3,27±0,31b 4,43±0,89b 7,20±0,42b 
T2 3,81±0,04b 3,70±0,28b 4,70±0,98b 6,19±0,00bc 
T3 3,67±0,24b 3,77±0,45b 4,28±0,47b 4,08±0,21c 
ρ-
val
or 

0,000 0,000 0,000 0,000 

Mineral (%) 
T0 0,58±0,00a 0,47±0,12a 0,72±0,03a 0,68±0,08 a 
T1 14,83±0,01b 6,08±0,21bcd 4,09±0,06b 8,14±0,07b 
T2 10,03±0,46c 5,15±0,08c 3,36±0,16c 5,99±0,12c 
T3 13,59±0,20d 6,69±0,46d 3,96±0,01b 8,87±0,18d 
ρ-
val
or 

0,010 0,000 0,369 0,189 

T0=Fresh, T1=fresh/dry, T2=blanching/dry, T3=Hydrolysis/dry; n= 3 ± D.T.; p-valor ≤ 0,05 Significantdifferences; 
a,b,c..Differentlettersbetweenrowsthere are significantminimumdifferences 
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Abstract 
Xylitol is a polyalcohol widely used in pharmaceutical, medicine and food industry because ofits anticariogenic 
properties and low caloric value, with a sweetness equal to sucrose. Traditionally, it is produced by the catalytic 
hydrogenation of pure xylose,however it requires high temperatures (80-140°C), pressures above 50 atmospheres, as 
well as multiple purification processes, which causes high production costs [1]. In recent years the biotechnological 
production has been proposed from the xylose present in hemicellulose hydrolysates of agroindustry residues such as 
wheat straw, rice straw, palm, corn cobs, corn stalks, sugarcane bagasse, among others. Fermentation is carried out 
by microorganisms (Candida genus is the most used) that can reduce xylose to xylitol by the action of the enzyme 
xylose reductase. To improve the conversion, it is possible to immobilize the microorganisms and thus reduce their 
contact with toxic compounds in the medium and can be reused [2]. 
Despite the advantages, the production of xylitol through the biotechnological route still does not reach the yields to 
satisfy the industrial needs. This is mainly due to the complexity to determine the operating conditions, including 
type of microorganisms, environmental conditions, means of immobilization, among others. An alternative for the 
reduction of costs of the experimentation is the development of mathematical models that can describe the dynamic 
process of fermentationand by means of numerical simulations to determine the operating conditions necessary to 
improve the production of xylitol [3]. In this work, a mathematical model of a batch fermenter for xylitol production 
from sugarcane bagasse is presented. For the description of microbial growth rate, two situations are considered: free 
and immobilized microorganisms. The parameter estimation was performed by the Levenberg-Marquardt method 
and the model was validated using experimental data. The best experimental fitis obtained when the effects of 
inhibition by substrates are included in the kinetic model reaching a global determination index R2> 0.95 (Figure 1a). 
In addition, the sensitivity analysis allows to identify the regions where the enhancing xylitol production can be 
favored (Figure 1b). 
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Fig. 1. a) Comparison between the model proposed versus experimental data, and b)sensitivity analysis for xylitol production at 
different operation conditions of initial substrate and operation time.   
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Abstract 
Currently, anaerobic digestion (AD) is an attractive alternative for the treatment of organic waste, because it allows 
the reduction of the organic load and produces methane which can be used as energy resource. The biomass with 
wide applicationsare found lignocellulosic waste, municipal waste, vegetal food waste, manures and dairy industry 
waste [1]. In particular, the dairy industry produces 22.7 million tons of cheese every year [2], equivalent to 227 
million tons of cheese whey, which is considered as a highly contaminant waste, due to its high organic matter 
content, attributable to its contents of lactose, protein and lipids. Further, the whey has chemical oxygen demand 
values ranging from 60 to 190 gCOD L-1, and a biodegradability from 60 to 99 %. For the implementation of AD, 
using complex waste as cheese whey, it is necessary to evaluate not only their potential as a substrate but also, define 
the operation condition to assure the reactor stability, to improve the methane production and avoided the inhibition 
microorganisms consortia. pH, temperature, proportion and substrate composition are considered determinant 
factors, due to their influence in the chemical intermediate and products formation, microbial communities structure, 
metabolic pathways, kinetics and thermodynamic of the microbial reaction [3-4]. However, the effect of the 
interaction of these factors on the methanogenesis phase in AD of whey is not completely understood yet. For this 
reason, in this work a study on the effect of pH, substrate-inoculum ratio (S/I) and its interaction during mesophilic 
anaerobic digestion of raw cheese whey is presented.The interactions of the parameters are evaluated by the response 
surface analysis (Figure 1). The results show that in mesophilic range, the pH suitable for the anaerobic digestion of 
whey is slightly alkaline (pH=8). Production and methane yield improved, increasing the proportion of raw whey, 
which means that it is possible to operate with high organic loading rate, maintaining adequate operation conditions 
(pH=8 and T=40°C). Intermediate compounds (volatile fatty acids, NH3 and / or H2S) were accumulated during 
the AD operation, which could have influenced the performance of the reactor; therefore, it is advisable to study 
them to elucidate their effect on the global process. 

Fig. 1. Response surface plot of the methane production respect to pH and S/I; a) 20°C andb) 30°C 
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Abstract 

Enzymes are compounds used in many industrial fields. But they have a great inconvenient, in many cases they 
possess low stability even in medium-soft working conditions. Generally, they are a very thermolabile compounds 
and very sensitive to mechanical operations that cause their loss of activity and, then, become unusable for the 
desired application.  
To avoid that, encapsulation with silicananoparticles is employed and a basic emulsion technique. Sunflower oil 
(5mM stearic acid) is used as continuous phase and dispersed phase is composed of an aqueous solution of silica 
nanoparticles (Aerosil A380) in which enzymes can be added for their encapsulation. 

The first step is to characterize produced capsules in microscope. Using Scanning Electron Microscope 
(SEM)demonstrate that spherical particles whit a diameter around 50 nm are obtained (Fig. 1). 

Fig. 1.SEM images of formed capsules 

After that, it is interesting to studythe behavior of a dye showed in the release curves. BSF (Bath substrate flow) 
system (Jurado et al., 2003) is used to develop this experiments. In this equipment is possible to modify some 
parameters like flow rate, temperature or nanoparticles concentration to get different curves. Fig. 2 illustrates curves 
for three different concentration of nanoparticles in aqueous solution at 30 ºC, flow rate 60 L/h. 
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Abstract 

Citric Acid is an organic acid with several industrial uses, particularly in the food and pharmaceutical industries due 
to its low toxicity, easy assimilation and palatability. Its global production reaches 1.7 million tons and its 
consumption and demand grows between 3.5 and 4% annually, bringing interest and studies to cheaper and 
economical technological processes. Brazil currently does not have its own technology in the scientific literature for 
this process. Thus, there is a need to aid in this developmental using a knowledge of the metabolic pathways, since a 
model based on metabolism generates a deeper understanding of the aerobic process, besides assisting in the 
development of genetic functions that may improve industrial productivity.The purpose of this work is to show part 
of the modelling already in progress and review deeply the knowledge of citric acid production for using of kinetic 
data, either from the literature or from experimental essays, to develop a mathematical model using metabolic 
pathways and free software; in other words, to study an organism In Silico. For this model,metabolic pathways and 
rate flow equations involved in the process by the fungus Aspergillus sp., Will be used, divided into three stages: 
glycolysis, tricarboxylic acid cycle and oxidative phosphorylation. The hypotheses of accumulation of citric acid in 
the cell, transport circuits involved and possible interference to the main pathway will also be considered. 
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Lubricants affect the natural world all stages of their production, usage and disposal. Conventional mineral lubricants 
derived from petroleum are poorly biodegradable. Thus, there is an impetus towards developing synthetic and 
environmentally friendly lubricants that are produced from renewable agricultural sources [1]. Vegetable oils, 
synthetic esters and polyalkylene glycols have been used as biodegradable lubricants. Diesters are currently used in 
many applications because of their good extreme temperature performance [2], which can be improved with the 
branching at the end of a linear diester[3]. 
Obtaining of synthetic diesterscan be approached using several processes. Most of them involve the use of catalysts 
like acids, bases or metal salts at high temperatures and vacuum but many undesirable products may be formed in 
these conditions. Recently, lipase-catalyzed production offatty acid esters has become of great interest owing to its 
feasibilityunder mild conditions, easy handling and reusability, which canalso avoid the problems caused in chemical 
processes [1]. 

In this work the biocatalytic synthesis of high quality 
di-2-ethylbutyl sebacatehas been optimized using
the well-known immobilized lipase Novozym® 435
in a solvent-free medium. The transesterification
reaction was carried out in a batch reactor provided
with vertical stirring and using diethyl sebacate and
2-ethyl-1-butanol as substrates. In order to
overcome mass loss in the reactor due to the high 
alcohol volatility, different reaction strategies have 
been tested. The best operation conditions are: 25% 
alcohol excess (molar ratio 2.5:1 alc:ester), 50ºC, 
2.5 % lipase and 350 rpm. As can be seen in the 
figure, the final conversion is 95.36% and only 1.3% 
of alcohol and 3.34% ethyl 2-ethylbutyl sebacate 
remained in the reaction mixture. 
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Abstract 
Pharmaceuticals and personal care products (PPCP),as well as metal oxide nanoparticles (NPs) have found extensive 
usage in a wide range of domestic services and industries. Theycan be released into environment and finally end up 
in water bodies. Substantial work have been done over their toxicity and risk assessment on natural environment, but 
little on engineered systems, e.g. activated sludge, widely used for wastewater treatment plants. In addition,limited 
information is available for about regarding the effects of combined pollutants on the performance, microbial 
enzymatic activity and microbial community of activated sludge. 

The aim of the work was to evaluate the influence of NPs, alone and in combination with PPCP, on bioreactor 
performance parameters, as well astheir influence on the activity of some key parameter associated with oxidative 
stress upon 14 days exposure. The performance of three continuous activated sludge bioreactors treating synthetic 
wastewater, containing emerging contaminant CeO2 NPs, alone and in combination with Ibuprofen (IBU) or 
Levoxoflacine (LEV) as representative PPCP usually found in domestic wastewaters were analyzed.Reactors were 
operated under 0.5 days of HRT with an initial COD of 300 ppm. Micropollutants were added during two weeks 
operation, at two different concentrations.Along the operation, it was determined the organic matter concentration 
as TOC, Biomass concentration by OD, ions by IC, IBU and LEV by HPLC. Fluorimetric technique was applied for 
the estimation of viable cell of the sludge and Reactive Oxygen Species (ROS) using a FLUOROSKAN ASCENT 
FL (Thermo). Fluorescein Diacetate (FDA) and 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) were used as 
substrate, respectively. 

Our results demonstrate that the presence of NPs negatively affects 
the performance of the reactors. The simultaneous presence of 
Levofloxacin tends to moderate the negative effect of the NPs, 
except in the nitrification process.However, in the case of bioreactor 
feed with mixed Ibuprofen-NPs, no significant differences are 
observed with respect to NPs alone. 
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Fig. 1. Image of three activated sludge 
bioreactors used for work at lab-scale. 
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Abstract 
Esters from neopentyl glycol (NPG) with fatty acids are industrially appreciated because of their low melting point, 
moderate viscosity values, stability against oxidation anda good biodegradability [1, 2]. Among neopentyl glycol 
esters, neopentyl glycol diheptanoate (NPGDH)is one of the most valued for cosmetic purposes as it can be used as 
a substitute of volatile cyclomethicones, cyclic silicones whose environmental and health safety is now under 
question [3]. 
Therefore, this work deals with the enzymatic solvent-free production of NPGDH by using Novozym® 435, the 
well-known biocatalyst from Candida antarctica lipase B. For this purpose, an open-air batch reactor equipped with a 
vertical stirrer and containing 40 g of reagents were used. The inhibiting effect of heptanoic acid (HA) on initial 
reaction rate was first studied by varying acid: alcohol ratio, proving the unfeasibility of the one-step synthesis of the 
ester when stoichiometric quantities of substrates (2:1) were used. As a consequence, the optimization of the 
stoichiometric process through the stepwise addition of the acid was performed, and it was observed that best 
results were obtained when four additions of the same amount of HA were added at unequal time intervals, when 
the acid from previous addition was already consumed. The mass of Novozym® 435 used was also optimized. 
Results showed that increasing biocatalyst’s amount leads to higher reaction rates, thus requiring shorter reaction 
times between each HA addition. Under best reaction conditions (3 g IME, 70 ºC) low quantities of substrates or 
monoester (NPGMH) were found in final product, and yields over 95% of NPGDH were achieved (Figure 1). 

Fig. 1. Stepwise synthesis of NPGDH under best reaction conditions. 
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Abstract 

A dust explosion may occur when five factors are present: (1) presence of combustible dust, (2) dispersion of the dust 
particles in the air, (3) confinement, (4) oxygen and (5) an ignition source (e.g. spark, hot surface, etc.) (Eckhoff, 2003). 
There are several prevention and protection measures that can be undertaken, in this regard venting is the technical 
solution more commonly used in the industry. However, sometimes the installation of vent panels is not technically 
feasible because of the cost that is incurred with this type of projects. Current standards usually overestimate the 
dimensions of the venting areas determined (Tascón, et. al., 2009). Nowadays, more data is still needed in order to 
predict more accurately these areas according to the different slenderness of the vessel or the different ways of filling 
that occur in the industry. Experiments have been carried out in a steel vessel to determine the influence of the 
slenderness in the determination of the venting area. A 18.5 m3 vessel with a 0.52 m2 vent panel has been tested. The 
vessel has been instrumented with pressure sensors and equipped with injectors and solenoid valves. The main 
characteristic of this vessel is its modularity; several modules (slenderness) can be tested. Pressures obtained allowed 
to relate the static opening pressure (Pstat) of the vent panels with the reduced explosion pressure (Pred). The 
information obtained contributes to the understanding of the venting phenomenon and provide more data useful for 
standardization committees.       

Fig. 1.  Test facility for controlled dust explosions. 
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Abstract 
dDiNOX is a catalytic process that implies the simultaneous abatement of NOX and dioxins from Municipal Solid 
Waste Incinerators flue-gases. Previous work [1] demonstrated that widely marketed VOX/TiO2 based catalysts are 
suitable for simultaneous SCR of NOX with NH3 and for o-dichorobenzene oxidation (o-DCB is used in the labs as 
model compound for dioxins). However, the temperature range to achieve high conversion of both pollutants is 
relatively narrow and high. MnOX-CeO2 based catalysts have been found to widen and reduce such temperature range 
in SCR, especially due to the high efficiency showed at low temperature [2]. Therefore, the goal of this work is to study 
the influence of preparation on MnOX-CeO2 catalysts co-precipitation or sol-gel to prepare bulk catalysts; and 
impregnation to prepare supported catalysts). Mn/(Ce+Mn) was between 0-1 for bulk catalysts and the amount of 

supported Mn was in the 0-8 wt.% range, which accounts for similar surface 
compositions in all catalysts. The most important results are discussed below. 
Catalytic tests are clearly affected by preparation method and composition. In co-
precipitated and sol-gel catalysts, higher Mn contents favors the elimination of NO, and 
total conversion is reached between 100 and 250 ºC with Mn/(Ce+Mn) above 0.8. 
Higher temperatures cause the decrease of NO conversion due to side reactions, such as 
NH3 oxidation. In o-DCB oxidation, the increase of Mn contents produces higher o-
DCB conversion at lower temperatures, and conversion above 80% is reached above 
200 ºC, with total conversion at 350 ºC. Regarding selectivity, N2O and CO were the 
main reaction by-products, although NO2 is also produced at high temperature. 
Supported catalysts show lower conversion in both SCR and oxidation (Fig. 1.). No 
change in NO and o-DCB conversion was observed with Mn, although lower Mn 
contents increase SCR selectivity, reducing N2O formation at lower temperatures. 
Catalysts were characterized to associate catalytic behavior and physico-chemical 
properties. XRD shows a decrease of lattice parameter with Mn contents, which suggests 
Mn incorporation to fluorite structure of CeO2 forming the solid solution. This behavior 
is not observed in supported catalysts. Higher Mn contents promote MnOX crystals 
segregation in co-precipitated and impregnated catalysts, whereas it promotes the loss of 
crystallinity in sol-gel catalysts, creating an amorphous solid. The formation of solid 
solution in bulk catalysts was confirmed by Raman, due to a slight shift of the F2g band 
to lower wavenumber. Moreover, the emerged Raman band at 597 cm-1 suggests the 
increase of oxygen vacancies with Mn contents. This result is in accordance with the 

lower crystal size of fluorite phase and the increase of BET surface area and pore volume, caused by structural defects 
due to Mn incorporation to the structure. H2-TPR shows the improvement of redox properties compared to pure 
oxides, due to the higher mobility of oxygen promoted by the interaction between Mn and Ce. Moreover, H2 
consumption suggests the coexistence of different oxidation states of Mn. NH3-TPD shows that acidity increases with 
Mn contents, mainly in the catalysts prepared by co-precipitation and impregnation. 
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Abstract 
The need to minimize greenhouse gases (GHG) emissions is one of the main goals of the scientific community. In 
the last decades, the concentration of these gases has been strongly increased. The Intergovernmental Panel on Climate 
Change (IPCC) reports that GHG emissions were 49 Gt CO2 eq in 2010. If nothing is done, the effects can be 
irreversible: the global temperature will be increased in 2100 from 3.7 °C to 4.8 °C compared to pre-industrial levels. 
For this reason, different mitigation proposals are being introduced to keep temperature change below 2°C in 2100.[1] 

Carbon dioxide (CO2) is the major GHG in the atmosphere (76% of total anthropogenic GHG emissions, 
approximately).[1] For this reason, it will be necessary a reduction in CO2 emissions. A group of proposals carried out 
for the CO2 mitigation are based on the CO2 recycling to other fuel products. This proposal is the main objective of 
our research team. 

In this work, different photocatalysts are synthesized in supercritical fluid medium (SCF). Their ability to activate and 
reduce CO2 molecule to other products (CO, CH4, etc.) with simulated sunlight and H2O vapor have been assessed. 
These photocatalysts are composed of reduced graphene oxide-supported metal (Cu, Pd, Pt)-doped titanium dioxide 
(TiO2) nanoparticles.   

TiO2 catalysts are common in photocatalysis due to their photostability, nontoxicity and activity.[2] The commercial 
TiO2 (P25) is composed of 75% anatase and 25 % rutile. However, the supercritical catalysts synthesized in this 
investigation are only composed by anatase allotropic form, which exhibits the highest photocatalytic activity. TiO2 
absorbs in the near UV wavelength range. It is necessary to extend the catalyst absorption threshold into the visible 
wavelength range if we want to make use of sunlight. When TiO2 nanoparticles are doped with metals such us Cu, Pt 
and Pd, the absorbance in visible range and the crystallinity will be increased. But the highest improvement of 
absorption in visible range takes place when the TiO2-metal nanoparticles are supported on reduced graphene oxide. 
Furthermore, reduced graphene oxide has other several advantages, such as high surface area, prevention of particles 
aggregation and electron transport capability.[3] 

The use of supercritical fluids in the catalysts synthesis has many benefits. SFC-processes are more environmentally 
friendly than traditional processes. Also, the catalysts properties (morphology, size distribution, surface area, etc.) are 
enhanced. This improves the photocatalytic activity. For instance, the photocatalytic conversion of CO2 with SFC-
catalysts synthetized in this work is almost twice higher than P25.  
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Abstract 
The production of manganese alloys generates particles that are emitted to the air by point and fugitive sources. Wet 
scrubbers are usually used to remove the particulate matter (PM) generated in the electric furnaces, while baghouses 
remove the fume hooded near the smelting units from tapping and casting operations. Baghouses are also used to 
remove the dust produced in the grinding and sieving of the ferroalloy products. However, small particles contained 
in the unhooded fume are emitted through the wall openings of the smelting buildings. Additionally, coarser particles 
are also emitted from ore, slag and product handling. All of these particles are mostly composed of Mn, Si and Fe [1], 
but other metals such as Zn, Cd and Pb can also be found [2]. This work aims at determining the size distribution of 
metals associated with the manganese alloy industry (i.e. Mn, Fe, Zn, Pb, Cd) in the vicinity of a FeMn plant located 
in Maliaño (Cantabria, Spain); results are discussed in the context of the sources and control technologies of PM from 
this industry. A Nano-ID Select (Model 005) was used to collect samples in two urban sites located less than 500 m 
from the FeMn plant: La Vidriera Cultural Center (CCV) and a primary school, C.P. Juan de Herrera (CPJH). In the 
later case, indoor and outdoor samples were collected. The PM sampler classifies particles in the range between 0.002 
and 35 µm (12 stages). It contains a cascade impactor for collection of coarser particles (between 35 and 0.25 µm) 
and a diffusion unit to collect nano-particles. However, the results from the diffusion stages are not included in this 
work because of the low amount of metals in relation with the filter blank impurities. The results (see Fig. 1) show 
that Zn, Cd and Pb are mostly found in the finer fraction of the outdoor samples; although Mn, Fe and Cu have a 
peak in the finer fraction, they show a higher contribution in the coarse fraction. However, in the sample collected 
indoor (CPJH), the coarse fraction of Mn, Fe and Cu was significantly reduced. The presence of Zn, Cd and Pb in the 
finer fraction may be explained by their content in the fume generated in the smelting process; it is assumed that 
baghouses are not efficient enough to remove the smaller particles; in addition, such small particles may be released 
from the wall openings of the smelting buildings. In the case of Mn and Fe, the higher contribution of the coarser 
fraction is attributed to the additional PM emissions from ores, slags and ferroalloy products handling. 

Fig. 1. Size distributions of Zn, Cd, Pb, Mn, Fe and Cu in PM samples collected near a manganese alloy plant 
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Abstract 
According to the last report of the IPCC, global CO2 emissions must be net zero by 2040-2050 in order to have 
chances to limit global warming to 1.5 °C. Delayed action will rise the risks of climate change [1]. Despite the 
decarbonization efforts, coal remains the main energy source for electricity generation globally. Moreover, there are 
still coal power plants under construction and in planning stage, and it is unlikely that these facilities will shut down 
in a timeframe consistent with the climate goals. CO2 capture and storage technologies will be necessary to mitigate 
the emissions from existing facilities.  
In this work the feasibility of adsorption technology to capture the CO2 emitted by an advanced supercritical coal 
power plant of 800 MW is assessed through process simulation, and compared to the benchmark technology: amine 
scrubbing.  
Different adsorption technologies are being considered for postcombustion CO2 capture: fixed beds, moving beds, 
fluidized beds, and rotary beds, where the adsorbent can be regenerated by temperature (TSA), pressure (VSA), 
concentration (CSA) swing or a combination of them. Different types of adsorbents are also under consideration, 
with solid amines, carbons, and zeolites at the forefront positions.  
In this work cyclic multibed processes with indirect heat transfer that make use of carbon adsorbents are considered. 
Indirect heat transfer entails reducing cycle time and save thermal energy within the process [2]. Several process 
configurations have been evaluated: TCSA, VTSA, and VTCSA. In the CSA processes evaluated, steam is used in 
direct contact with the adsorbent to recover the adsorbed CO2. The potential of such processes is assessed through 
simulation. First, a cyclic process configuration is proposed and simulated with Aspen Adsorption up to cyclic steady 
state (CSS), using a detailed non-equilibrium non-isothermal model that considers competitive adsorption between 
the main flue gas components (i.e., N2, CO2 and H2O) that has been validated against experimental results [3]. Process 
configurations capable of capturing at least 85% CO2 with purity above 95% (dry basis) are then identified and up-
scaled to treat the full flow rate of flue gas from the reference power plant. Aspen Plus is then used to calculate the 
energy demand of the overall process based on the CSS results. Up to date, among the configurations evaluated, the 
most promising is VTCSA making use of a biomass based carbon adsorbent. This process can meet the purity and 
capture constraints making use of waste heat and mild vacuum, with a lower specific energy penalty per avoided CO2 
than the benchmark technology. 
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Abstract 
Carbon capture and storage (CCS) technologies should play a relevant role towards low-carbon economy in the 
European Union by 2030, mainly in both the energy production and energy-intensive industrial process sectors. Partial 
oxy-combustion emerges as a promising CO2 capture approach to mitigate anthropogenic CO2 emissions. Its 
advantages respect to other technologies rely on the production of a higher CO2 concentrated flue gas than these 
provided by conventional air-firing processes. The presence of a higher concentration of CO2 in the flue gas increases 
the driving force in the separation process, typically based on chemical absorption, and hence it might lead to further 
reductions of the energy requirements for the overall CO2 capture process [1]. 
The use of a higher CO2 concentrated flue gas should enhance the CO2 capture by chemical absorption in two aspects: 
solvent kinetic and CO2 cyclic capacity. They have impact on the performance of the overall CO2 absorption process 
by reducing the solvent flow-rate required for a specific CO2 removal efficiency. Lower solvent flow-rates not only 
decreases the reboiler duty during the regeneration stage but also reduces the equipment size and pumping costs. In 
addition, research and innovation activities in this field are focused on the development of novel solvents and blends 
that provide lower CO2 absorption enthalpies and therefore lower energy penalties associated to the solvent 
regeneration. In this respect, sterically hindered amines are considered potential solvents for CO2 capture. They 
provide a low energy requirement during the solvent regeneration due to its molecular structure. However, the 
absorption kinetics related to these amines are slow and they must be promoted by blending with faster solvents such 
as monoethanolamine (MEA) and piperazine (PZ).  
In this work, the kinetic behavior of two representative sterically hindered amines, namely 2-amino-2-methyl-1-
propanol (AMP) and isophrondiamine (IF), were studied under partial oxy-combustion conditions. A lab-scale semi-
batch reactor was used [2]. The CO2 composition of the synthetic flue gas varied from 15% v/v – flue gas composition 
derived from conventional coal combustion – to 60%v/v – maximum CO2 concentration allowable for an efficiently 
maximized partial oxy-combustion operation. In general, the presence of higher CO2 concentration in the flue gas 
accelerated the CO2 absorption phenomena, producing higher CO2 absorption rates. In addition, the evolution of the 
CO2 loading also exhibited higher values in the experiments using higher CO2 concentrated flue gas. The steric 
hindrance causes a hybrid behavior in this solvent, between both fast and slow kinetic solvents. The kinetics rates 
observed in all the experiments carried out using AMP were higher than MEA, but lower than the IF which showed a 
‘fast kinetic’ behavior. The kinetic enhancement experienced by AMP at a high CO2 concentration is slightly over 
60%, instead of 70%-80% for IF. AMP also improved its CO2 absorption capacity by 24.7%, from 15%v/v to 60%v/v, 
almost double the improvements achieved by MEA. In the case of IF experiments, the CO2 loading increased around 
10% from 15%v/v to 60%v/v CO2 and it changed from 1.10 to 1.34 mole CO2 per mole solvent, more than a 20% 
of increase. 
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Abstract 
The potential role of treated wastewater reuse as an alternative source of water supply is now well acknowledged and 
embedded within international, European and national strategies [1]. However, how safe is to reuse wastewater?  

In the last decade, a wide range of technologies for wastewater treatment and reuse has been launched to obtain high-
quality effluents reusable for multiple purposes. However, many of those technologies are not able to remove emerging 
contaminants (ECs). These contaminants, such as pharmaceutical products and their derivatives, are raising concerns 
due to both their biological activity and their non-biodegradability which motivates their bioaccumulation in the food 
chain (for example, in plants in case of irrigation).  

The main objective of 4KET4Reuse project is the validation of four key enabling technologies (KET) for the removal 
of emerging contaminants in reclaimed water. Since the conceptual design of the four targeted KETs, sustainability 
and eco-friendly criteria have been adopted. The four KETs developed in the frame of 4KET4Reuse are:  

• biolectrogenic systems, based on the METlands concept (www.imetland.eu)
• filtering systems based on modified clays (nanomaterials) and.
• photo-catalytic systems.
• electro-kinetic processes.

In order to increase the replicability and extrapolability of results in the participating SUDOE regions (Andalucía, 
Lisboa and Languedoc- Roussillon), a common validation strategy was defined at the beginning of the project. That 
common approach involves the identification of relevant ECs: Ibuprofen, Diclofenac, Atenolol, Carbamazepine and 
Sulfamethoxazole, in the three participating regions; and, 5 more ECs of interest on each region (i.e, Salicylic acid, 
Ampyrone, Caffeine, Diazepam and Paracetamol, among others).  

The results are varied. Some KETs show an enhanced- efficiency in the removal of hydrophobic compounds. The 
time for the total degradation also varies from the different KETs and ECs.    
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Challenges associated to find new ways of obtaining nutrients for the production of fertilizers has become a 
concern by the agricultural sector, which seeks to stop the exploitation of non-renewable natural resources. The 
recovery of nutrients from the process water (PW) obtained through the hydrothermal carbonization (HTC) of 
high-mineral content wet biomass (sewage sludge (SS), animal manure, green waste (leaves and grass cuttings) or 
agricultural wastes) could help to overcome these challenges. The HTC is an exothermic thermochemical process 
in which wet feedstock is treated at about 180-250ºC under self-generated pressure. The final product is a value-
added aqueous suspending solution containing inorganic salts and organic compounds, a solid hydrochar with 
similar properties to lignite coal and a gaseous stream consists mainly of CO2 [1, 2].  
The aim of this study is to optimize the operating conditions of the HTC process (reaction temperature, residence 
time, addition of acids) to allow recovering nutrients (N and P) from liquid phase. The leaching of P to the liquid 
phase seems to be influenced mainly by pH and residence time [3, 4], while the recovering of N is mainly influenced 
by the temperature [5]. The addition of acids to the process (citric acid, HCl or H2SO4) facilitates the solubilisation 
in the LP of N in the form of NH4+ and P as ortho-PO43- [3], being necessary to carry out a strict control of the 
reaction time to avoid the recrystallization of P inside the hydrochar [6, 7]. 
A SS with 68 g N/kg, 20.8 g P/kg (d.b.) and a moisture 
content of 90% was selected as raw material. The 
process was carried out in a pressure reactor (1 h) at 
reaction temperatures within 170 and 230ºC, using 
different concentrations (0.1-0.5 M) of citric acid and 
HCl as leaching agents. During the reaction, samples of 
LP were withdrawn to analyze the evolution of nutrient. 
Fig.1 includes the results obtained in the citric acid-
promoted HTC of SS performed for 1 h at different 
temperatures and acid concentrations. The maximum 
concentration of P in the LP is obtained at 170 ºC (≈ 40 
%) regardless of the acid concentration. In the case of 
N, both the acid concentration and the temperature have 
influenced in the N concentration in the phase liquid. 
Similar recovery results is found at 170 ºC – 0.5 M and 
230 ºC – 0.1 M, being the maximum N recovery (≈ 70 
%) achieved at 230 ºC and 0.5 M. In the case of using 
HCl as leaching agent, the highest P and N recovery (81 
% in both cases) was obtained at 230 ºC and 0.5 M.  
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Fig.1. Nutrient recovery from acid-promoted HTC of SS 
using citric acid (a) and HCl (b). 
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Abstract 
The massive usage of plastic products and poor management of waste disposal has resulted in microplastic 
contamination of bodies of water, with the associated damage to wildlife through entanglement or ingestion of plastics 
and through the toxic and carcinogenic effect of some polymers. In this sense, novel industrial strategies are necessary 
to replace current plastic materials. 

Polyhydroxyalkanoates (PHAs) are the only bioplastics totally synthesized by microorganisms, which exhibit 
mechanical and thermal properties similar to those of synthetic polyesters (polyethylene, polypropylene) (Strong et al., 
2016), and additional advantages such as their biodegradability and their potential to be produced from renewable 
sources. PHAs are synthesized under nutrient-limited and carbon-excess conditions by different microorganisms. The 
most common feedstocks used for production of PHAs are glucose and fructose, but those carbon sources have a 
high price, which increases the market price of PHAs up to 4-20 € KgPHA-1. In this context, the utilization of low-
cost carbon sources such as biogas and Volatile Fatty Acids (VFAs) as a feedstock for PHAs production would 
considerably reduce production costs 

An innovative alternative is the bioconversion of biogas into PHAs, which could mitigate CH4 emissions from 
waste/wastewater treatment facilities and decrease the production of PHAs 

The potential of biogas to support microbial growth and accumulation of PHAs) in type II methanotrophs was 
evaluated batchwise under aerobic conditions. Methylocystis hirsuta was able to grow in artificial biogas (70% CH4, 29.5% 
CO2, 0.5% H2S) and accumulate PHA up to 45 ± 1% (wt.%) under nitrogen limited conditions (López et al., 2018). 
In addition, a mixture of activated sludge from Valladolid WWTP plus Sphagnum sp. was used as inoculum for the 
enrichment of microorganisms able to degrade CH4 and accumulate PHAs. Methylocystis became the dominant genus 
in the enrichment and likely increased PHAs accumulation up to 30% under N-limited conditions. 

On the other hand, residual algal-bacterial biomass grown in wastewater treatment photobioreactors represents a cheap 
raw material with a high content of carbohydrates, proteins and lipids. This biomass can be pretreated and hydrolysed 
enzymatically to produce VFAs, which can be further used to synthetize PHAs at a low cost and environmental impact. 
Assays were conducted to evaluate the potential of microalgal biomass to produce VFAs and to transform them into 
PHAs using Cupriavidus Necator.  
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Abstract 

ANSWER project combines Electrochemical Technologies as a promising way to treat wastewater, efficient 
energetically talking and obtaining added value products such as hydrogen or sludge for agriculture. This work presents 
the results obtained from 2016 to 2019, the period in which the project has been working, and demonstrate the viability 
and the advantages of applying Microbial Electrochemical Technologies (TEM) to treat industrial wastewater 
compared to conventional techniques.  
A pre-pilot plant is set up first by an Electrocoagulation (EC) and second by a Microbial Electrochemical Fluidized 
Bed Reactor (ME- FBR). The EC reactor contains parallels polarized plates of aluminium made by recycled cans 
working as sacrificial anode; intercalated with stainless steel plates that work as cathode. Parameters such as P, N, 
COD and TSS removal rate are studied to characterize the process. The sludge produced is used as a bio-fertilizer at 
the botanic garden of the University of Alcalá.  
The effluent of this electrochemical process feeds a ME-FBR of 400 L. In the reactor, electroactive anaerobic bacteria 
breaks down organic matter found in wastewater using as a final electron acceptor a polarized bed of conductive 
carbon fluidized, that constitutes the anode. In this process high quantity of biogas is produced that can be used as 
biofuel or cogeneration in the wastewater plant reducing operational costs. 

Fig. 1.  ANSWER Flow chart 
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Abstract 
Ionic liquids (ILs) are salts based on an organic cation and inorganic or organic anion with a great potential as 
substitutes for traditional solvents. Due to their high solubility in water, the ILs can appear in wastewater generated 
during their synthesis or application. This fact together with that, in general, ionic liquids are characterized by a low 
biodegradability and relative high toxicity, can cause an important problem in the environment, specifically in the 
aquatic medium, where these pollutants could accumulate. In this work, the imidazolium and choline ionic liquid 
families are selected, as target compounds, to study their behavior as pollutants in aqueous medium. Imidazolium-
based ILs present a ring structure with 2 non-adjacent N atoms, while the choline is a quaternary ammonium cation. 
The six ILs selected are based on the combination of 1-Butyl-3-methylimidazolium (Bmim+) or choline (Choline+) as 
cations, with three different anions (chloride (Cl–), acetate (Ac–) and bis(trifluoromethanesulfonyl)imide (NTf2–)). 
Figure 1 shows the sequence applied in the treatment of ILs in aqueous phase.

Bmim+ and NTf2– proved to be non-biodegradable and the most toxic 
ions, whereas Choline+ and Ac– were completely degraded by an activated 
sludge. For that reason, the Choline-based ILs were subjected to biological 
treatment in sequencing batch reactor (SBR) using a granular activated 
sludge, obtaining  high COD (80–90%) and TOC removal (75–85%) with 
initial concentrations of CholineCl and CholineAc in the range of 0.25–15 
mM. However, CholineNTf2 showed an inhibitory effect in the sludge [1]. 
On the other hand, due to the null biodegradability showed by Bmim-
based ILs, two different Advanced Oxidation Processes (AOPs) were 
applied for their degradation (Catalytic Wet Peroxide Oxidation (CWPO) 
and electrolysis). In CWPO of BmimCl, BmimAc and BmimNTf2, TOC 
conversions up 40 % were achieved using an iron oxide supported on 
alumina catalyst at 90 ºC using the stoichiometric dose of H2O2, remaining 
inalterable the Cl– and NTf2– [2]. In the electrolysis of the ILs with BDD 
without electrolyte (j = 30 mA cm-2), the BmimAc was the least degraded 
IL (TOC conversion: 57 %) whereas the BmimCl was the most one (TOC 
conversion: 85 %), remaining inalterable the NTf2– in the BmimNTf2 
electrolysis, sonoelectrolysis and photoelectrolysis [3,4].
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Fig. 1.  Sequence applied in the 
treatment of ILs in aqueous phase. 
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Abstract 
The project LIFE15 EMPORE ENV/ES/000598 (Sep.2016 to Aug.2019) aims to demonstrate an innovative, cost-
efficient and highly replicable technology for the removal of emerging contaminants (EPs) from European wastewater 
treatment plants (WWTPs). The beneficiaries are: Laboratorios Tecnológicos de Levante S.L., IHE-Delft, EPSAR, 
University of Alicante, AIDIMME and CONSOMAR S.A. 

A prototype plant (hydraulic capacity ∼ 5-5.5 m3·h-1) has been designed to remove EPs from the secondary effluents 
of WWTPs. The plant includes: conventional filtration; ultrafiltration (UF); reverse osmosis (RO); permeates: activated 
carbon (AC) and advanced oxidation processes (AOPs); rejections: electrochemical oxidation processes (EAOPs). 

Fig. 1.  Demonstration plant. Project LIFE15 EMPORE: membrane processes (left); EAOPs (right). 

The dimensionless Canadian Water Quality Index (CWQI) was selected to monitor the water quality regarding the 
presence and concentration of 20 EPs. The quality of the secondary effluent was poor during the period Jul. 2018 to 
Feb. 2019, evidencing the need to apply tertiary treatments (CWQI =42-52). The UF unit barely contributed to the 
removal of EPs (Fig. 2a). On the contrary, the RO unit produced good quality permeates (CWQI>80), with only 
presence of AMPA and traces of glyphosate, diclofenac and carbamazepine (traces were removed after posterior 
treatments AC/AOPs). The rejections exhibited low quality (CWQI < 40). EAOPs contributed to remove these EPs, 
improving the quality of the rejections (CWQI = 40-66); this process was very efficient for AMPA and glyphosate. 

Fig. 2.  Concentration reduction from S.E. in permeate line (a); Concentration reduction from rejections (b). 
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Abstract 

Wastewater treatment (WWTP) is commonly based on biological processes where determinate microorganisms 
digest organic or inorganic material from urban wastewater, which uses for their metabolism. Degradation of 
organic contaminants by microorganisms required the pass across cellular membrane of these substances. For 
that reason polymeric substances must be degraded previously by the actuation of hydrolytic extracellular 
enzymes (1). The addition of hydrolytic enzymes in WWTP could stimulate the organic material assimilation. 
Enzyme’s hydrolysis has been applied in industrial effluents (2) and for sludge digestion and reduction (3). 
Nevertheless, enzyme catalysis in WWTP is limited by high cost of commercial enzymes. In this sense, previous 
works have allowed the production of enzymes from organic by-products’ fermentation, like sewage sludge (4). The 
addition of these enzymes could improve the process, obtaining water with better quality, in less time and with a low 
price. 

This study aims at (a) the determination of the optimum conditions for the application of enzymes in the wastewater 
treatment and (b) the assessment of the effects on both intensive (activated sludge) and extensive treatment systems 
(constructed wetlands). In a first stage, lab scale pilot plants are employed for the assessment of the application 
enzymes to biological reactors. Both commercial enzymes and by-products of the sludge fermentation are 
being tested. Physicochemical and microbiological parameters are monitored. Besides, sludge production 
and “clogging” phenomena are being studied.  

Initial results show a slight increase in the treatment efficiency in both systems (larger organic matter removal) after 
the enzyme dosage. Besides, a reduction in sewage sludge production is observed in the SBR unit. Finally, it is 
observed a delay in the appearance of the clogging phenomenon in the horizontal flow constructed wetlands. Both 
effects are directly related to the solubisation of the organic matter.   

According to the results of Lab scale tests, the study will continue extrapolating to a large- scale pilot plants to identify 
possible operative problems under real condition. 
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Abstract 
This paper addresses the obstacles on introducing control systems in the study of anaerobic digestion processes to 
achieve required treatment efficiency. Due to the existing difficulties to measure biomass concentrations directly, a 
new reliable dynamic model reduction scheme for control purposes has been proposed, with a Luenberger observer 
stage. The observer was designed with an adjustable and robust convergence, using an experimental data set of 278 d 
from a pilot scale continuously stirred tank reactor operating on the anaerobic digestion of sewage sludge under 
thermophilic conditions. A steady-state step procedure over four solid retention times (STRs). To calibrate the model, 
an identification procedure based on optimization is presented. 

Material and Methods 
The data on this paper proceed from a 150L CSTR. The temperature inside the reactor was 55 ± 2 ºC. The experiment 
was conducted during 338 days; a data set of 278 days were selected in order to remove latency stage [2]. This study 
aims to adjust the AM2 model to the experiment using an identification procedure based on optimization. The results 
were tested using a Luenberger observer to perform an on-line estimation of methanogenic bacteria population [3]. 

Parameter Identification from experimental Data and Results 
The simplified AM2 model considers eight parameters [1]. All of them will be identified using real data from the pilot 
scale CSTR. To start an identification procedure, we use a function that minimize the difference between the state 
variables from experimental data and the model, 𝐽𝐽�𝒙𝒙�(𝑘𝑘),𝑲𝑲�𝒑𝒑(𝑘𝑘)� = ∑ �𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚(ℎ + 1|𝑘𝑘)− 𝑦𝑦𝑒𝑒𝑒𝑒𝑒𝑒(ℎ + 1|𝑘𝑘)�2𝑘𝑘+𝑁𝑁𝑝𝑝−1

ℎ=𝑘𝑘 .

(a) (b)
Fig. 1. a. Estimation of methanogenic archaea 𝑋𝑋2. b. Dilution rate. 

The estimation of 𝑋𝑋2 showed global convergence, adjustable speed, good performance, and robustness assuming 
parametric calculation and changes on inputs (dilution rate, 𝐷𝐷), concluding the technology is suitable for control 
purposes. The observer can be used as a software sensor, making it possible to use on control systems. 

References 
[1] Bernard, O., Hadj-Sadok, Z., Dochain, D., Genovesi, A., Steyer J. 2001. Dynamical model development and parameter
identification for an anaerobic wastewater treatment process. Biotechnol. Bioeng. 75, 424-438.
[2] De la Rubia, M.A., Perez, M., Romero, L.I., Sales, D. 2005. Effect of solids retention time (SRT) on pilot scale anaerobic
thermophilic sludge digestion. Process Biochem. 41, 79-86.
[3] Luenberger, D. 1971. An introduction of observers. IEEE T. Automat. Contr. 16, 596-602.

ISBN: 978-84-09-12430-5 139



Removal of metoprolol and metoprolol acid from hospital wastewater coupling fungal 
and activated sludge with UV/H2O2 processes 

Adrián Jaén-Gil1*, Gianluigi Buttiglieri1, Aleix Benito2, Josep Anton Mir-Tutusaus3, Rafael Gonzalez-
Olmos2, Glòria Caminal4, Damià Barceló1,5, Montserrat Sarrà3, Sara Rodríguez-Mozaz1 

1Catalan Institute for Water Research (ICRA), H2O Building, Girona, Spain 
2IQS School of Engineering, Universitat Ramon Llull, Barcelona, Spain 

3Departament d’Enginyeria Química Biològica i Ambiental, Escola d’Enginyeria (UAB), Barcelona, Spain 
4Institut de Química Avançada de Catalunya (IQAC), Barcelona, Spain 

5Institute of Environmental Assessment and Water Research (IDAEA), Barcelona, Spain 
*ajaen@icra.cat

Abstract  
Highly reactive and non-selective advanced oxidation processes (AOPs) are considered efficient tools for the 
remediation of low biodegradable effluents containing recalcitrant compounds. Therefore, AOPs can be used as a 
tertiary treatment to remove those compounds that have not been eliminated during conventional WWTPs. AOPs can 
also be used as a pre-treatment step to degrade the initial persistent contaminants and further coupled to a secondary 
biological treatment for a more efficient biodegradation [1]. During these treatment processes, the intermediate 
compounds generated can be more toxic or persistent that the initial ones. Therefore, it becomes necessary to monitor 
the presence of these substances along the treatments. Among β-blockers, metoprolol is a compound of high 
consumption and detected in wastewater in the range 160-2000 ng/l. Its main human metabolite, metoprolol acid, has 
been found at much higher concentration in wastewater and shown to be a recalcitrant to biological biodegradation, 
which indicates its potential environmental relevance [2]. 
In this study, a comprehensive overview of the elimination of metoprolol and metoprolol acid was performed treating 
pure water and hospital wastewater coupling fungal (FG) and activated sludge (CAS) treatments with UV/H2O2 
processes. Two different combinations were tested including UV/H2O2 as pre-treatment and post-treatment step. 
The extent on compound transformation was evaluated via a suspect screening methodology using a liquid 
chromatography system coupled to a high resolution mass spectrometer (LC-LTQ-Orbitrap-MS/MS). Results reveal 
how combined treatments may represent a feasible solution to improve total pollutant removal when treating complex 
wastewater matrices. While the different combinations attained high elimination rates of target pollutants in hospital 
wastewater, the extent on compound transformation differed in large proportion: higher abundance of persistent 
intermediates was actually detected at the end of the experiments when CAS+AOP, FG+AOP and AOP+FG 
combinations were performed.  
As a conclusion, comprehensive studies of the transformation products generated are highly recommended when 
evaluation of combined treatments, since the target analysis of parent compound did not provide complete information 
to draw conclusions of the best treatment performance to use.  
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Abstract  
Treatment of seawater has increased interest related to industrial activities that utilize substantial volumes of seawater 
in activities such as aquaculture or shipping. It implies associated risks due to the control of pathogens or undesired 
biofouling that must be prevented. Advanced Oxidation Processes are promising techniques for the treatment of 
different aqueous matrices [1]. They are based on the production of highly reactive radicals able to degrade recalcitrant 
components and accelerate disinfection processes. Hydroxyl radical-based AOPs (•OH) have been studied trough 
recent years, by showing great performance in the treatment of different water matrices. Nonetheless, it is denoted a 
renewed scientific interest in those processes that involve the 
production of sulfate radicals (•SO42-), which have high oxidation 
potential, higher life-time and are more stable by comparison with 
•OH [2]. Sulfate radicals can be produced by activation of persulfate
salts through several methods such as UV radiation, heating or
transition metals [2]. However, a few studies have been focused on
the use of persulfate salts as promoter of ozone degradation [3]. In 
this context, sulfate radical-based AOPs seems to be a good
alternative for the treatment of seawater.  
Consequently, the goal of this study is to evaluate the disinfection
efficacy of combining a persulfate salt (peroxymonosulfate, [PMS] = 
3 and 5 µM) with traditional water treatments currently implemented 
in this industrial activities, i.e. ozonation and UV irradiation. This 
combination may generate •SO42- that are able to reach higher cell 
damage and subsequently accelerate disinfection processes.  
Accordingly, different systems (O3, UVC, O3/PMS and UVC/PMS) have been investigated in batch mode. Ozone 
tests have been carried out with small contactors, in the form of bubble columns. Photolytic systems have been applied 
trough a collimated beam reactor. Traditional bacterial indicators have been used as target microorganisms: Enterococcus 
faecalis and Vibrio alginolyticus. Dose-Response curves (Fig. 1) have been obtained and modelling in order to obtain 
kinetic rate constants, which has been used as a variable response of disinfection efficiency. Synergistic factor has been 
obtained by application of O3/PMS and UV/PMS in comparison with O3 and UVC sole. 
Results showed an increase in disinfection efficiency by the application of persulfate salts with either ozone or UV-
irradiation; not only by increasing the kinetic rate constant but also in avoiding regrowth of microorganisms, which 
implies greater cell damage during treatment processes.  It suggests peroxymonosulfate as good promoter of powerful 
oxidant radicals in presence of O3 or UV light. Also, with the use of low chemical concentrations is possible to achieve 
sustainable practices (PMS can be consumed during the reaction time), considering this system a potential alternative 
to traditional techniques for water treatment. 
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Fig. 1.  Selected example for Dose-response curve. 
UV and UV/PMS system disinfection profile. 
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Abstract 
Anaerobic digestion (AD) has been used for producing methane-rich biogas and reducing the organic matter content 
of wastewater potentially polluting [1]. AD consists of four consecutive stages (i.e., hydrolysis, acidogenesis, 
acetogenesis, and methanogenesis) performed by a specific bacterial consortium, with different metabolic 
characteristics [2]. Although the energy productivity from AD, this system is highly complex, due to the interaction 
between bacteria themselves and their sensitive to operational perturbations. In general, the factors that have an impact 
on the overall stability of AD are the inoculum to substrate ratio, hydraulic retention time (HRT), pH and temperature. 
The evaluation effect of key variables is usually expensive and requires long experimentation time. Therefore, many 
researches have focused in mathematical modelling as an alternative for the study of AD, since it can contribute to 
evaluating the optimization and control strategies in advance [3]. In this work, a mathematical model for estimate the 
dynamic of key variables of tequila vinasses anaerobic digestion is proposed. The proposed model includes the effects 
of pH and temperature and was validated against experimental data at mesophilic range (Figure 1a). The parameter 
estimation was performed by the Levenberg-Marquardt method obtaining high determination coefficients (R2>0.99). 
Numerical simulations provide the operation conditions where the methane production can be favored (Figure 1b). 
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Fig. 1. a) Model parameter estimation: COD-R2=0.995, VFA-R2=0.997 and CH4-R2=0.996, b) methane production numerical 
simulation. 
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Abstract  
The treatment of leachates as pollutant concentrated wastewaters, is still an open issue, and although several different 
methods are applied for this goal, we are still far way from obtaining low-cost and at the same time efficient processes. 
Even for wastewater and water, removal of specific contaminants is far from being economical. 
Magnetic particles (nano or micron-sized), namely those based on iron oxides, have shown good sorption capabilities, 
which may be useful for removal/concentration of pollutants/nutrients. Joining this sorption capabilities with their 
magnetic properties, and with potential functionalization, makes the application of these particles for wastewater or 
leachate treatment very interesting, specially as we may use magnetic separation methods to further remove, recover 
and reuse these particles. 
In this work we have tested three different kind of magnetic particles, in order to remove/concentrate organic matter 
(DQO reduction), Nitrogen (Total Nitrogen) and Phosporous (Total Phosporous), during several time periods, being 
successful in removing between 4 and 65 % of them, depending on the controlled parameter, sorption time and type 
of particle. 
We have applied the same particles in three different water streams with different degrees of pollution, so we would 
be able to analyze the pollutant concentration influence: these being water, wastewater and leachate. In Figure 1 we 
present as example the case of removal for wastewater resultant from sludge centrifugation, by one of the three 
different magnetic particle systems we have used. 

Figure 1 – Treatment results 
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The widespread occurrence of micropollutants in the aquatic ecosystems represents an important threat for both the 
environment and public health. Current wastewater treatment plants (WWTPs) and drinking water treatment plants 
(DWTPs) are not specifically designed for the degradation of such complex substances and thus, they cannot usually 
warrant their complete removal [1,2]. Advanced Oxidation Processes (AOPs) are regarded as the most feasible 
technologies for the elimination of micropollutants. Among them, Catalytic Wet Peroxide Oxidation (CWPO), based 
on the decomposition of H2O2 into hydroxyl radicals over a solid catalyst, is one of the most cost-efficient [3]. This 
work aims at evaluating the feasibility of this technology for the removal of a wide range of representative 
micropollutants (µg L-1) including pharmaceuticals, neonicotinoid pesticides and cyanotoxins in relevant water matrices 
under ambient conditions using an inexpensive magnetite-based catalyst (Fe3O4-R400) [4]. 
CWPO runs were carried out in a glass batch reactor equipped with temperature (25 ºC) and stirring control (700 rpm). 
The initial concentration of the pharmaceuticals and neonicotionoid pesticides was fixed at 1000 µg L-1 and that of 
cyanotoxins at 500 µg L-1. Reactions were performed at circumneutral pH (pH0 = 5), using the stoichiometric amount 
of H2O2 (2–6 mg L-1) and a catalyst load within the range of 0.2–1 g L-1. The catalyst was prepared by thermal 
modification of natural magnetite (400 ºC in H2 atmosphere for 3 h). 
Complete removal of the target pollutants and the aromatic intermediates was achieved in relatively short reaction 
times (<60 min) in most cases. Among pharmaceuticals, the hormones (estrone, E1; 17-beta-estradiol, E2; and 17-
alpha-ethinylestradiol, EE2) were the most reactive compounds towards CWPO, followed by macrolide antibiotics 
(azithromycin, AZM; clarithromycin, CLM; and erythromycin; ERM) and finally, the anti-inflammatory diclofenac 
(DCF). On the other hand, the five neonicotinoid pesticides tested (acetamiprid, ACT; clothianidin, CLT; imidacloprid, 
IMD; thiacloprid, THC; and thiamethoxam, THM) showed a similar reactivity; while the reaction time required to 
achieve the complete degradation of cyanotoxins (microcystins, MC-LR and MC-RR; cylindrospermopsin, CYN; 
anatoxin-a, ATX; and saxitoxin, STX) was clearly dependent on their nature, being ATX and STX the most resistant 
species. Pseudo-first order rate constant values in the range of 0.16–0.65, 0.26–0.61 and 0.02–0.30 L gcat-1 min-1 were 
obtained for pharmaceuticals, pesticides and cyanotoxins removal, respectively. The applicability of the catalytic system 
was demonstrated using real WWTP effluents (pharmaceuticals) and surface water samples (neonicotinoid pesticides 
and cyanotoxins) as reaction matrices. Apart from the removal of the micropollutants, the complete toxicity abatement 
was reached with the harmful neonicotinoid pesticides and cyanotoxins. Remarkably, the catalyst showed a reasonable 
stability, with low iron leaching (<0.7 mg L-1) and maintaining its magnetic properties almost unchanged.  
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Abstract 
Triclosan (TCS), 5-chloro-2-[2,4-dichlorophenoxy]-phenol, classified as a PPCP (pharmaceutical and personal care 
product) is widely used as a broad-spectrum antimicrobial and antifungal agent in many professional and personal 
products [1]. However, triclosan is characterized by acute resistance to biodegradation, environmental persistence and 
high lipophilicity. Advanced Oxidation Processes (AOPs) have emerged as powerful alternatives to remove many 
chlorinated organic compounds. Electrochemical oxidation, among them, has been successfully applied to remediate 
aqueous solutions containing TCS [2]. However, powerful oxidation media can favor the formation of more harmful 
byproducts such as polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) [2,3]. In this work, the influence of the 
supporting electrolyte (NaCl and Na2SO4) in the aqueous solution and the initial concentration of TCS on the potential 
formation of PCDD/Fs has been studied [4]. In addition, along with the quantitative determination of the change in 
TCS concentration, GC-MS analysis were performed to identify intermediate products that could be formed through 
the oxidation pathways. Finally, the toxicity equivalent index (TEQ) has been calculated to indicate the degree of 
toxicity of samples containing 2,3,7,8-PCDD/Fs. 

The electrochemical oxidation experiments were carried out in batch mode in a laboratory system with a labELOX 
1/176 cell (APRIA Systems S.L.). The cell consisted of two regular electrodes: BDD as anode and titanium as cathode. 
An initial volume of 1 L was treated. Initial concentrations of TCS were 10, 100 and 150 mg L-1, and the current density 
applied was 6, 60 and 90 A m-2, respectively. The concentration of the supporting electrolytes was 56.34 mM NaCl 
and 21.11 mM Na2SO4. 

Complete degradation of TCS was achieved after 2, 3 and 4.5 hours when its initial concentration was 10, 100 and 150 
mg L-1, respectively. Along with the quantitative determination of the change in TCS concentration by HPLC, GC-MS 
analysis were performed to identify the main products that could be formed though the oxidation treatment. The 
qualitative analysis confirmed the formation of 2,4-dichlorophenol, 4-chlorocatechol, 2-chlorohydroquinone, among 
others, for both electrolytes used, NaCl and Na2SO4. Besides, different non-chlorinated products have been also 
detected, including diphenyl ether benzene and 4-methoxi-1-naphthalenol. A detailed reaction mechanism describing 
the formation of the main intermediate organochlorinated products from the oxidation of TCS was proposed and 
supported by the experimental results, starting by the H-abstraction from the phenol ring of TCS molecule. The total 
concentration of PCDD/Fs achieved values up to 3.68 x 102, 3.42 x 104 and 1.64 x 105 pg L-1 when the initial 
concentration of TCS was 10, 100 and 150 mg L-1, respectively. The International Toxicity Factor (I-TEF) increased 
with the initial concentration of TCS from 4.8 to 379.7 pg L-1 for 10 and 150 mg L-1 TCS samples, respectively, when 
NaCl was used as electrolyte. This value is higher than the maximum contaminant level established by the USEPA for 
drinking water, 30.00 pg L-1. A significant increase with the initial concentration of TCS is clearly observed, especially 
for oxidized samples using NaCl as electrolyte. Thus, these results could help in decision-making of the remediation 
technology to treat TCS contaminated waters. 
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Abstract 
The metal industry employs large amounts of metalworking fluids (MWF) every year (≈ 2M m3). These are oily 
emulsions used for cooling, lubricating and corrosion prevention in the metal cutting and molding operations. Besides 
an oily base, metalwork fluids are comprised by several chemicals such as surfactants (for emulsion stabilization), 
corrosion inhibitors, bactericides or fungicides, among others. They are recycled until they lose their lubricant 
properties. At this point they become an important environmental hazard because of their stability and high 
penetration in the ground. Usual treatments for this kind of wastewaters include a three-step chemical demulsification 
with the following sequence: (1) acidification, (2) coagulation and (3) separation. Recently, He et al. reported a 
microwave-enhanced coagulation process for heavy oil wastewater treatment using polyaluminium chloride as 
coagulant. In presence of microwaves (MW), oil removal was greatly enhanced even using lower coagulant doses [1]. 
On the other hand, MWF are non-biodegradable (BOD5/COD: 0.05). Thus, it seems interesting to apply an oxidation 
process for their detoxification, as Seo et al. successfully did when applying the ultrasound-Fenton process to real 
MWF [2]. The Fenton process consists in the generation of hydroxyl and hydroperoxyl radicals (HOX•) through H2O2 
decomposition in presence of an iron salt. These HOX• are highly oxidizing species that possess a very low selectivity, 
being capable of degrading a wide variety of pollutants. Adding up all the processes we studied the demulsification 
and detoxification of synthetic MWF by means of MW-coagulation and MW-Fenton. In order to evaluate the impact 
of MW radiation, initial assays were also performed in absence of MW.  
A 0.5% MWF solution was prepared using an industrial cutting oil 
provided by Tryun and deionized water (COD: 14.86 gO2/L, TOC: 
7.95 g/L). Initial assays were carried out using CFe2+: 500 mg/L 
(FeSO4·7H2O) and CH2O2: 15.7 g/L for Fenton. MW runs were initially 
carried out for 10 minutes at P: 800 W applying 12 s pulses (E: 240 kJ). 
Non assisted processes were carried out at 50ºC. COD and BOD5 were 
measured according to standard methods. TOC was measured in a 
TOC analyzer (Shimadzu) and short-chain acids were quantified by 
means of ionic chromatography (Metrohm). H2O2 was followed using 
the TiOSO4 colorimetric method.  
As may be seen in Figure 1, both coagulation and Fenton processes 
were favored working under MW radiation. Nonetheless, at the 
selected operating conditions the contribution of coagulation on the 
Fenton process cannot be neglected. Thermogravimetric analyses of the MW-Fenton sludge revealed a high content 
of organic matter. Thus, the Fe and H2O2 dosage must be optimized in order to maximize the organic matter 
oxidation.  
Also, MW power plays a crucial role in the process, when T rises above 100ºC the coagulated matter is disaggregated, 
resulting in an increase of the dissolved TOC and COD.  

Acknowledgements  
Authors would like to thank the Spanish Ministry of Science for the funding received through project CTM2016-76454-R. Alicia 
L. Garcia-Costa acknowledges the Spanish Ministry of Science and the European Social fund for PhD grant BES-2014-067598.
Angela Luengo thanks the Spanish Ministry of Education for the collaborating research grant.
References
[1] He, Y.M., Chen, K.Y., Zhang, T.Y. 2016. Advanced treatment of heavy oil wastewater for reuse by the combination of
microwave enhanced coagulation and iron/carbon micro-electrolysis. Journal of Water Reuse and Desalination. 6(1): p. 40-49.

Coagulation

MW-Coagulation
Fenton

MW-Fenton
0

20

40

60

80

100
 

XC
O

D,
 X

TO
C 

(%
)

 COD    TOC

Figure 1. MWF treatment

ISBN: 978-84-09-12430-5 146



Assessment of inhibition and toxicity of several families of ILs by activated sludge 

Esther Gomez-Herrero*, Montserrat Tobajas, Alicia Polo, Juan J Rodriguez, Angel F Mohedano. 
 Department of Chemical Engineering, Faculty of Science, Universidad Autónoma de Madrid. Campus de Cantoblanco, 28049, 

Madrid (Spain) 
*esther.gomezh@uam.es

Abstract 
Ionic liquids (ILs) are salts based on the combination of an organic cation and an organic/inorganic anion, which are 
characterized by interesting properties for numerous applications. The increasing industrial use of ILs forces to 
establish the potential ecotoxicity and biodegradability of the wastewater streams released [1]. In this work, the 
ecotoxicity of 13 ionic liquids in aqueous phase has been assessed by different respirometric tests using activated 
sludge. The effect of IL structure, anion, cation and alkyl-chain length on toxicity was studied by short- and long-term 
tests, as well as the biodegradable character of certain ILs. 

The sludge used in respiration assays was collected from a wastewater treatment plant and maintained in the laboratory 
in a Sequencing Batch Reactor supplied with a COD:N:P ratio of 100:5:1 (w/w). Short- and long-term inhibition 
assays and the biodegradability test were performed in a respirometer equipped with oxygen probes and aeration. The 
ecotoxicity of the ILs were also measured by the Microtox assay for 15 min, based on the activity of a luminescent 
bacteria (Vibrio fischeri) and expressed in terms of logEC50 (mM). 

The results of the short-term ecotoxicity showed that logEC50 values obtained from activated sludge by inhibition 
respirometric test and Microtox depicted similar trends for each IL family. In the case of Vibrio fischeri test, lower 
ecotoxicity was found due to the higher sensibility of the bacteria to these pollutants. Results agreed with data 
previously reported in the literature. The ecotoxicity of several groups of ILs indicated that the inhibition of the sludge 
increased as increase the number of carbons of the alkyl-chain, related to a loss of polarity [2]. A comparison of 
different anions by fixing the cation (Emim+, imidazolium-based cation) allowed to obtain the order HSO4->NTf2-

>Cl->EtSO4- from the most to the least ecotoxic anion, since EtSO4- possesses an organic part that could be
biodegraded by the sludge. The IL families containing an aromatic ring (pyridinium and imidazolium based ILs)
presented more ecotoxic effect than tetrabutylammonium and phosphonium families.

In order to study the inhibitory-toxic effect of the ILs on the biological reactor of a wastewater treatment plant, long-
term respirometric inhibition assays were performed, maintaining the pollutant in contact with the sludge for 24 h [3]. 
The results obtained indicated that long period of time caused more ecotoxic effect than LogEC50 values, affecting 
the recovery of the sludge to degrade sodium acetate, a biodegradable substrate used as reference. 

Finally, a fast biodegradability test was carried out. The biodegradable character of Choline+ was also confirmed by a 
decrease in total organic carbon (TOC) along the experiment. On the other hand, the exposure of sludge to ILs formed 
by the anions previously described as toxic (NTf2- and HSO4-) depicted a constant profile of oxygen consumption 
rate, causing cell lysis in case of the fluorinated anion, besides the harmless character of tretrabutylammonium family. 
These results confirmed that the nature of ILs depends not only on the effect of each part separately, but also on the 
combination of cation and anion, hence both parts should be considered for further applications and treatments. 
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Abstract  
The treatment of wastewater is a growing concern, especially with the changes in modern lifestyle in which society 
increased the use of chemicals (pharmaceuticals, personal care products, herbicides, etc). This problem is particularly 
relevant considering that in numerous small and rural populations no treatment is given to wastewater. Capability of 
Microbial Electrochemical Technologies (MET) based Constructed Wetlands was proven as a promising technology 
to reach standard water quality parameters related to removal of organic matter in small plants [1-2]. In this study, we 
analyze the performance of horizontal and vertical flow MET-based biofilters treating synthetic wastewater, containing 
emerging contaminants (pharmaceuticals) and priority pollutants (herbicides) under different organic loading rates and 
HRT. Lab-scale Horizontal Subsurface Flow and Vertical Up-flow biofilters were constructed using electroconductive 
material. Reactors were operated under 2-0.5 days of HRT and OLR ranged from 0.1 to 13 kg TOC/m3.days. 
Micropollutants were added as a complex multicomponent mixture of pharmaceuticals (13 and 7 different drugs 
selected) or six phenoxyacids herbicides.  
Along the long-term operation, the concentration of organic matter was measured as TOC, ions by IC, specific 
micropollutants by HPLC-QTOF and enantiomers for selected chiral pollutants. Two aquatic organisms, the green 
alga Raphidocelis subcapitata and the crustacean Daphnia magna, were used for ecotoxicity analysis.  
Our work points to significant advantages in shifting to MET-filters for the control of micropollutants in wastewater, 
leading to an almost complete removal of several compounds (many considered recalcitrant in conventional treatment). 
Additionally, using MET-filters the detoxification yield was also improved, reaching non-toxic levels for wastewater 
containing pharmaceuticals and a considerable reduction of toxicity of herbicides containing effluents. 

Fig. 1. Images of horizontal (A) and vertical (B) MET-filters operation at lab-scale. 
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Abstract 
Hot-dip galvanising (HDG) is widely employed to protect steel pieces from corrosion. The main inputs to this 
process are the consumption of zinc, pickling acid and energy. On the other hand, the environmental impacts of the 
HDG are related to the generation of spent pickling acids (SPAs), a type of waste that drags 8% of the overall zinc 
consumption (as average), zinc ashes and zinc bottom dross, together with the emissions to air. In this context, 
previous studies have assessed the environmental impact of steel production using the Life Cycle Assessment (LCA) 
approach, although very little information is available on the environmental performance of the HDG process itself. 
The aim of this work is to conduct the LCA of the HDG process, as one of the activities of the EU project LIFE-2-
ACID. 

The cradle to gate study includes the main stages of the HDG process (raw materials procurement, alkaline/acid 
degreasing, rinsing, pickling, fluxing, drying, galvanisation and cooling), as well as waste and wastewater treatment. 
The Life Cycle Inventory (LCI) was referred to one ton of galvanised steel, using data that were mined from two 
Spanish HDG companies, together with the use of Ecoinvent and PE International databases for the provision of 
secondary data. The system was modelled using Gabi software and CML 2001. The results indicate that steel 
production is the main contributor to all the environmental indicators except for Abiotic Depletion [kg Sb-eq.] and 
Ozone Depletion Potential [kg R11-eq.]. However, looking at the HDG process alone, its environmental impact 
come mainly from the stages of galvanisation and drying, as zinc consumption is the main contributor to all 
the environmental impact categories, excluding the Abiotic Depletion [MJ], that is mostly linked to the natural gas 
expenditure.  

With the aim of reducing the environmental impact of HDG, LIFE-2-ACID project is developing an 
innovative technology for the recovery of zinc from the SPAs, by the integration of membrane based solvent 
extraction (MBSEX) and electrowinning (EW). Also, the high selectivity of the separation process is expected to 
procure the recovery of iron chloride, a major chemical commodity for the water industry. This approach, that is 
schematized in Figure 1, will contribute to the circular economy strategy, by converting a hazardous waste (spent 
pickling acids) into new raw materials (zinc and iron chloride).  

Fig. 1.  Circular economy strategy applied to the HDG process. 
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Abstract 

Noise pollution is an important problem nowadays, increased by the progress of the business activities made by 
humans. In recent years, noise as an acoustic pollutant has increased, harming significantly the quality of life and 
establishing Spain as the noisiest country in Europe. The effects of this pollutant are usually seen in the long term but 
they are not less important given that the health damage because of noise usually involves irreversible losses (the best 
known is the professional deafness). 

This work studies the acoustic situation of the industrial noise as a result of the activities performed in a typical Waste 
Water Treatment Plant (WWTP), thus Moratalla WWTP. This plant is located in Murcia (SE Spain). Its water line 
treatment has the following parts: pretreatment, biological treatment and tertiary treatment. The biological reactor is 
an oxidation ditch in which takes place the removal of organic matter and also the nitrification-denitrification process. 
The tertiary treatment is composed by coagulation-flocculation with plate settler, ring filtration and UV disinfection. 
The sludge line consists of: gravity thickener, chemical conditioning and centrifuge dewatering. 

Continuous level of acoustic pressure 
equivalent [1] has been measured in 65 
different points of the plant using an 
integrating sound level. From these values, 
noise maps are carried out, with which the 
greater sound impact places can be located. 
Measurements were made for low and high 
level of operation status. At high operation 
level, the blowers that supply air to the 
biological reactor, the centrifuges of the 
sludge dewatering and the ring filters were 
in operational mode and these equipments 
were stopped at low operation level. 
Figure 1 shows a noise map at high 
operation level. 

Fig. 1.- Noise map at high operation level 

On other hand, for first time, a study of noise source apportionment has been developed applied to this case study. 
Some of the points that are part of the sampling are considered spotlights, by clearly being noise sources [2], which 
can be categorized and provide information about their contribution in the industrial noise in other points in the 
WWTP. 
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Abstract 
There are several technologies available for the abatement of chloromethanes (CMs) from residual streams. 
Nevertheless, the valorization of these compounds, aiming their transformation into valuable hydrocarbons for 
industry, such as hydrocarbons with more than one carbon atom (C1+) or light olefins, is a very interesting alternative 
to the traditional treatments of CMs. In a previous study, the gas phase hydrodechlorination (HDC) of 
dichloromethane (DCM) and chloroform (TCM) with Pd/C, Pt/C, Rh/C and Ru/C catalysts was investigated [1]. 
While Pt/C produced mainly CH4 and showed an exceptional stability, Pd/C, Rh/C and Ru/C exhibited the highest 
selectivity to C1+ and olefins but suffered a severe deactivation with time on stream (Fig. 1). In this work, the 
deactivation causes of Pd/C, Rh/C and Ru/C during the HDC of DCM and TCM are analyzed, and a catalyst 
regeneration treatment is proposed. M/C catalysts (1 wt.% M) were synthesized by incipient wetness impregnation 
and characterized before and after the HDC by adsorption-desorption of N2 at -196 °C, CO chemisorption, X-ray 
photoelectron spectroscopy, X-ray diffraction, electron microscopy and thermogravimetric analysis. The catalysts 
deactivation was carried out in HDC experiments at atmospheric pressure, using an inlet CM concentration of 
1000 ppm, a molar H2/CM of 100, a temperature of 250 °C and space-times of 1.4-1.7 kg h mol-1. In all cases, catalysts 
deactivation was attributed to the irreversible chemisorption of reactants and reaction products in the active centers. 
As a consequence, Rh/C and Ru/C suffered the blocking of their porous structure, due to the formation of 
carbonaceous deposits. In Pd/C, the strong chemisorption of DCM on Pd led to the formation of a new PdCx phase 
by the incorporation of carbon atoms into the metal lattice, enhancing Pd/C deactivation. The catalysts regeneration 
by oxidizing treatment at 250 °C led to the complete recover of initial activity, favoring the selectivity to olefins 
(Fig.  2).

Fig. 1.  Catalysts deactivation during HDC (1.7 kg h mol-1). 

Fig. 2.  Initial activity obtained for the HDC of DCM with 
Pd/C (1.4 kg h mol-1), and the HDC of TCM with Rh/C 
and Ru/C (1.7 kg h mol-1). The results after regeneration 

are represented as cycle 2. 
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Abstract 
Nowadays, the control of greenhouse gas emission and climate change have become one of the most complex that 
humanity has faced. This environmental situation has got worse as a consequence of the growing energy demand and 
demographic development experimented in the last years. In this context, more than 80% of the world's primary 
energy demand is fulfilled by fossil fuels, where the electricity and heat production sectors are the principal 
contributors to carbon emissions. Among the possible alternatives to mitigate CO2 emissions, Carbon capture and 
storage is considered as one of the future clean coal options, what it facilitates its implementation in the short and 
medium term. According to the closer-to-market options for CO2 capture, Oxy-combustion applicable to coal-fired 
power plants provides a series of advantages what it makes is a potential candidate to analyze and evaluate. This 
technology is characterized by using pure oxygen as comburent instead of face air in order to obtain a flue gas stream 
composed mainly of CO2 and water vapour. Currently, cryogenic air separation (ASU) is the only available mature 
option that is able to provide enough oxygen purity necessary during the Oxy-combustion process. However, this 
process is notable for requiring high energy and economic demand. As it consequence of disadvantages, last researches 
have focused on evaluating emerging technologies such as oxygen transport membranes in order to replace the ASU 
unit. In this sense, this work analyses the thermochemical stability of different OTM materials, which have been 
subjected to different Oxy-combustion atmospheres. The experiments were developed in a pilot scale facility by a 
sampling train (Fig.1) that has been designed to provide useful data from the composition and properties of the gas 
from the combustion chamber. The Oxy-combustion process in the facility takes place in a circulating fluidized bed 
(CFB), what it allows evaluating the behaviour of OTM materials, providing information required to study its strength 
and permeability under realistic Oxy-combustion conditions. 

Fig. 1.  Scheme of the experimental sampling equipment for thermochemical testing of OTM samples 
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Abstract 

In the last decade, the waste management is one of the principal issues in our society. The transition between a liberal 
economy based on the production, consumption and waste disposal, and a circular economy founded on the waste 
management, makes necessary the search of novel waste management techniques for recovering waste and turning it 
into an environmentally friendly resource. The waste hierarchy lays down the order to follow in the waste management 
to minimize the environmental impact. The highest priority is given to waste prevention, preparing for re-use, recycling 
or another recovery strategy in which the energy recovery is included. In this sense, the anaerobic digestion has 
increasingly attracted attention because it provides both a biogas which can be used in a thermal process as a biofuel 
and a solid digestate that can be recycled as an organic amendment for cropland.  
The region of Almeria (Spain) produces around 33% of horticultural waste from the intensive greenhouse agriculture. 
The chemical analysis of several samples received in the facilities at the School of Engineering of Seville showed a 
homogenous composition in carbon (C), nitrogen (N), chlorine (Cl) and sulphur (S) content along a year. However, 
the moisture content and the ash content changed during this period, being these values higher than 50 wt. % and 16 
wt. %, respectively.  Volatile matter (VM) and total solids (TS) were found between 65 wt. % and 90 wt. %.    
The performance of a digestion anaerobic operation is evaluated through the biochemical methane potential (BMP), meaning 
the volume of methane produce in the digestion of waste per mass unit of volatile solid feed to the digester.  This 
parameter is commonly measured in laboratory tests but it is possible to predict its value using theoretical models. This 
predictive tools achieve an accuracy higher than 96 % in some scenarios [1].  This fact might avoid an unnecessary 
investment in the assembly of a lab-scale digestion plant to evaluate waste with lower potential production of methane 
associated. In this sense, a theoretical model (fig. 1) is developed to evaluate the BMP associated with greenhouse 
horticultural waste (GHW) provided from the intensive greenhouse agriculture in the region of Almeria. 

Fig. 1.  Scheme of the theoretical model procedure for the estimation of BMPGHW. 

The results provided from a complete chemical characterization of this particular waste in the facilities and of the 
proper application of the theoretical model previously established determined a BMP value for greenhouse 
horticultural waste of 290 mL of methane per gram of volatile solids. This value results higher than the BMP values 
associated of other known waste such as alperujo (89 mL/g), pear fresh (250 mL/g) and cereal strew (243 mL/g). For 
this reason, the anaerobic digestion of this kind of waste could be interesting to generate a biogas to cover a thermal 
demand in a process, and that a previous analysis of the BMP with a theoretical model could save effort and money 
in order to consider later the installation of a laboratory-scale digestion plant.      
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Abstract  
Salinity Gradient Power (SGP) using Reverse Electrodialysis (RED) has emerged as one of the most promising green 
energy sources in recent years. SGP is based on the mixture between two streams of different concentration [1]. On 
the other hand, RED is a sustainable method based on the use of ion exchange membranes (IEMs) to harvest energy 
coming from SGP. According to recent estimates, the amount of theoretically available SGP energy that can be 
harnessed from the rivers discharges into oceans represents between 1.4 and 2.6 TW [2]. Moreover, the discharge of 
effluents from municipal waste water treatment plants (WWTP) into the seawater can offer a potential of energy 
generation of around 18.5 GW while desalination plants can generate up to 5 GW using their own streams.  

The practical implementation of RED technology still requires further research to understand and optimize its 
performance. In this sense, robust mathematical models able to predict the theoretical energy potential under different 
scenarios (e.g. brines-seawater, brines-WWTP effluents, seawater-river water, brines-brackish water…) are needed. 
Most of the models proposed in the literature focus on the use of pure sodium chloride solutions in the absence of 
divalent ions. However, the presence of divalent ions can lead to decrease the power performance and thus, it is 
necessary to consider their effect on power output when analyzing real water streams.  

This work aims at studying the combination of several water streams as potential scenarios for SGP harvesting through 
RED technology. Moreover, a mathematical model accounting for the effect of divalent ions has been developed to 
better predict the power performance when using real water streams. For this purpose, experimental data of membrane 
resistance were determined as function of the composition of real waters in terms of divalent ions (Mg2+, Ca2+ and 
SO42-); mathematical correlations of the experimental value were implemented in a previously reported mathematical 
model and validated with the performance data of a RED stack [2]. 
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Abstract 
One of the most important challenges that occur worldwide is the rapid increase in water consumption due to 
population growth, urbanization and industrialization. Daily, the water resources are contaminated by industrial 
effluents, affecting both the quality of ecosystems and the health of all living forms. One of the most relevant 
categories of environmental pollutants is the one caused by dyes, which are present in large amount in the 
wastewater from various industrial activities such as textile, dying, tanner, pulp and paper, paint and pigments. 
Nowadays, there are more than 100,000 commercial dyes with a rough estimated production of 106 tons per year, 
and recent studies have reported that over 15% from total quantity of dyes produced annually reach industrial 
wastewater, becoming contaminants of the environment because they are toxic and change the color of the water, 
reducing or completely blocking sunlight penetration into the stream and therefore reducing the photosynthetic 
reactions. 

Azo-dyes are the main chemical class of dyes used in the industrial fields. They are characterized by the presence of 
one or more azo bonds (R–N=N–R’) in association with one or more aromatic systems. These dyes are specifically 
designed to withstand long-term exposure to environmental conditions being resistant to light, oxidizing agents and 
microbial attack. Acid Brown 83 is one of these azo-dyes, used to wool and leather dyeing. 

Different physical, chemical or biological methods can be used for to remove dyes from aqueous media, including 
chemical precipitation, membrane processes (including ultrafiltration, nanofiltration and reverse osmosis), aerobic 
and anaerobic microbial degradation, coagulation/flocculation, electrochemical treatments, adsorption and advanced 
oxidation processes (AOP). 

The use of AOP for effective degradation of dyes has been extensively investigated in past decades. Some of the 
most extensively investigated AOPs are photocatalysis, Fenton (homogeneous/heterogeneous), ozonation and 
H2O2/UV]. All of these AOPs are based on production of highly reactive radicals such as HO•, O• and HO2•. 
These radicals have very high oxidation potential and as a result they can effectively oxidize and degrade azo dyes. A 
relatively new AOP is sonolysis (or sonication), in which the wastewater is subjected to ultrasound irradiation. 
Ultrasound produces cavitation, which essentially is nucleation, growth and collapse of tiny gas/vapor bubbles, 
creating immense energy concentration on extremely small spatial and temporal scale. The temperature and pressure 
conditions inside the bubble reach extreme at the collapse. The gas and solvent (usually water) molecules present in 
the bubble at collapse undergo thermal dissociation to generate numerous chemical species, some of them radical 
species, which are released into the bulk liquid medium, where they can induce oxidation reaction. 

In this communication, the effect of ultrasound on the degradation of Acid Brown 83 by hydrogen peroxide in 
aqueous sulfuric acid medium is studied by determining the degradation percentages and establishing the kinetic of 
the degradation process both in presence and in absence of ultrasound.  
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Abstract 
According to EU normative 2008/105/CE & 2015/495/EU, there are different chemical products listed as potential 
contaminants on water, such as steroid hormones, non-steroidal anti-inflammatories, antioxidants, UV filters, 
antibiotics, pesticide, neonicotinoid insecticides, and herbicides. The elimination of these modern pollutants in waters 
can be achieved by appropriate physical or chemical methods. In this work, the elimination of these pollutants has 
been carried out by adsorption onto commercial ALDRICH’s multi walled carbon nanotube (MWCNT). 

The aim of this work was to study the removal percentage and affinity between the contaminants showed in Figure 1 
and the MWCNT adsorbent. For this purpose, several experiments were realized. A solution of 25 ppm was prepared 
for each one of the contaminants and 25 mL from these solutions was in contact with 20 mg of MWCNT for a 
residence time of 7 days (time enough for the adsorption equilibrium to be established) at room temperature and at 
pH 7. The concentration of the contaminants was measured by UV spectrophotometry. 

Fig. 1.  Elimination percentage for the different contaminants. 

According to these results, MWCNT shows to be a good adsorbent for the different pollutants, most of them had 
been eliminated in higher percentages than 90%, and only three pollutants does not show affinity for this adsorbent. 
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Abstract 
The aim of this work was to obtain the adsorption isotherms in order to study the affinity related to the different 
pollutants listed in Table 1 onto commercial ALDRICH’s multi walled carbon nanotube. For this purpose, several 
experiments were carried out for each one of the contaminants. A solution of 25 ppm was prepared for each one of 
the contaminants and different volumes from these solutions was in contact with 20 mg of the multi walled carbon 
nanotube for a residence time of 7 days (time enough for the adsorption equilibrium to be established) at room 
temperature and at pH 7. The concentration of the contaminants was measured by UV spectrophotometry. 

Fig. 1.  Langmuir isotherm curves for sulisobenzone and thiamethoxam onto ALDRICH’s multi walled carbon nanotube. 

Table 1. Type, maximum capacity of adsorption and Langmuir constant for the different contaminant studied. 
Contaminant Type qm [mg·g-1] KL [L·mg-1] 

2-benzyl-4-chlorophenol Bactericide 
 

83,33 1,05 
4-chloro-3,5-dimethyl-phenol Insecticide 147,06 1,19 
Caffeine Analgesic 49,02 15,69 
Nalidixic acid Antibiotic 109,89 6,50 
Naproxen Anti-inflammatory and analgesic 113,64 0,44 
Sulfamethoxazole Bacteriostatic antibiotic 144,93 0,07 
Sulisobenzone UV filter 56,82 1,02 
Tetrahydroxybenzophenone Food preservative 100,00 3,45 
Thiamethoxam Neonicotinoid insecticide 84,75 0,19 
Tribenuron-methyl Herbicide 52,63 0,38 
Trimethoprim Broad spectral bactericidal 79.37 0.57 

Figure 1 shows Langmuir Isotherm successfully calculated for sulisobenzone and thiamethoxam. On the other hand, 
Table 1 which include the maximum capacity of adsorption and Langmuir constant for each one of the studied 
pollutants. 
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Abstract  
The importance of bisphenol A as an emergent environmental pollutant has risen lately. Its use has increased specially 
in polymer industry and even at low doses is able to act as an endocrine disruptor. Conventional biological methods 
are not able to completely remove bisphenol A, so different photochemical methods have been studied. Among the 
chemical methods, Advanced Oxidation Processes (AOPs) have been able to achieve complete mineralization of the 
most recalcitrant contaminants due to their high oxidant power. Among them, excimer lamps or excilamps are new 
UV sources based on transitions of exciplex (rare gas halides) or excimer molecules (rare gas or halogen dimmers), 
being their main advantage the emission in a narrow band UV radiation, nearly monochromatic. In this work, a KrCl 
excilamp emitting maximum UV radiation at 222 nm was used to study the photodegradation of bisphenol A in the 
presence of hydrogen peroxide. Bisphenol A remaining after treatment was determined by HPLC. The mobile phase 
was a mixture of acetonitrile and water (50:50 v/v) with a flow rate of 1 mL/min.  
The variation of bisphenol A concentration with time can be expressed as follow: 

dC
dt

= −krC 
With the initial condition: t = 0; C = C0, integrating the equation and using the conversion definition: 

ln �
C

C0
� = −krt C = C0e−krt X = 1 − e−krt 

The previous equation gives the theoretical reaction progress curves with time. For the fitting of the experimental data, 
the software Curve Expert V1.3. has been used. Table 1 shows the values of the pseudo first order kinetic constant, 
kr, and the correlation coefficients for the three experimental series. In Figure 1 the continuous lines correspond with 
the fitting of the experimental conversion data to the model for the variation of mass ratio [H2O2]:[Bisphenol A], 
being the dots the experimental values and the solid lines the values predicted by the model. 

Table 1. Experimental conditions for all series with KrCl excilamp and 
values of pseudo first order kinetic constant, kr 

Mass ratio 
[H2O2]:[Bisphenol A] 

[Bisphenol 
A]0

(mg/L) 

[H2O2]
0

(mg/L) 

V 
(mL) 

kr 
(min-1) 

r 

0:1 

50 

0 

250 

0.013 0.9982 
1:1 50 0.053 0.9996 
2:1 100 0.083 0.9998 
3:1 150 0.105 0.9998 
4:1 200 0.122 0.9998 
5:1 250 0.134 0.9999 
6:1 300 0.152 0.9999 
7:1 350 0.168 0.9999 
8:1 400 0.177 0.9999 

6:1 

25 150 

250 

0.2980 0.9999 
50 300 0.1523 0.9999 
75 450 0.1136 0.9997 
100 600 0.0797 0.9993 

6:1 50 300 
200 0.1909 0.9994 
225 0.1730 0.9999 
250 0.1523 0.9999 

As it can be observed, both in 
Figure 1 and in Table 1, an excellent 
fitting to the proposed model has 
been obtained. 

Fig. 1. Experimental and model 
bisphenol A conversion versus time 

for KrCl excilamp. Variation of 
[H2O2]0:[Bisphenol A]0 mass ratio 

between 0:1 and 8:1, [Bisphenol A]0 = 
50 mg/L and V = 250 mL. 
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Abstract 
Bisphenol A is catalogued as an emerging pollutant presented in the environment due to its extended use. Although 
the degradation of bisphenol A has been studied with conventional oxidation methods they suffer from the formation 
of chlorinated compounds or low efficacies. It has been described that the presence of hydrogen peroxide is essential 
in the oxidation process. In this work, two barrier discharge excilamps of XeBr and KrCl emitting maximum UV 
radiation at 283 and 222 nm were used to study the photodegradation of bisphenol A in the presence of hydrogen 
peroxide. The static lamps were of cylindrical geometry covered by a metal case having an UV exit window with an 
area of 75 cm2. The exit window was oriented at a fixed distance of 3 cm over a vessel of 250 mL of capacity. The 
average radiation intensity delivered to the solution was 17.12 and 2.47 mW/cm2 for XeBr and KrCl excimer lamps, 
respectively. Bisphenol A remaining after treatment was determined by HPLC. The mobile phase was a mixture of 
acetonitrile and water (50:50 v/v) with a flow rate of 1 mL/min. The obtained results for the experimental series of 
mass ratio H2O2:bisphenol A variation are shown in Figure 1 for both excilamps. 

Fig. 1.  Bisphenol A conversion versus time for KrCl and XeBr static excilamps. Variation of  
[H2O2]0:[Bisphenol A]0 mass ratio between 0:1 and 8:1, [Bisphenol A]0 = 50 mg/L and V = 250 mL. 

As it can be observed in Figure 1 KrCl lamp is clearly more 
effective in terms of degradation rate than XeBr lamp. Besides, 
bisphenol A photodegradation is lower in absence of hydrogen 
peroxide reaching a conversion value of 0.59 and 0.21 for KrCl 
and XeBr excilamps, respectively. Optimum mass ratio seems to 
be 6:1, for KrCl lamp and 7:1 for XeBr lamp as there is no 
significant improvement with the results corresponding to higher 
mass ratios.  

Figure 2 shows COD variation for [H2O2]0:[Bisphenol A]0 mass 
ratio where it can be observed that higher COD concentrations 
are obtained with XeBr lamp because this lamps is less effective 
and higher bisphenol A concentrations are remaining in the 
media as well as the untreated intermediates. 

Fig. 2.  COD variation with [H2O2]0:[Bisphenol 
A]0

variation for KrCl and XeBr static excilamps. 

0.0

0.2

0.4

0.6

0.8

1.0

0 25 50 75 100 125

C
on

ve
rs

io
n

Time (minutes)

KrCl

0:1

1:1

2:1

3:1

4:1

5:1

6:1

7:1

8:1
0.0

0.2

0.4

0.6

0.8

1.0

0 25 50 75 100 125

C
on

ve
rs

io
n

Time (minutes)

XeBr

0:1
1:1
2:1
3:1
4:1
5:1
6:1
7:1
8:1

0

100

200

300

400

500

0 1 2 3 4 5 6 7 8

C
O

D
 (m

g/
L)

[H2O2]:[Bisphenol]0 mass ratio

KrCl
XeBr

ISBN: 978-84-09-12430-5 159



Removal of chlorinated VOC by catalytic oxidation over Co3O4/H-ZSM5 catalysts 

Rubén López-Fonseca, Amaya Gil, Andoni Choya, Jose Ignacio Gutiérrez-Ortiz and Beatriz de Rivas 
Chemical Technologies for Environmental Sustainability Group, Department of Chemical Engineering, 

Faculty of Science and Technology, Universidad del País Vasco UPV/EHU, P.O. Box 644, E-48080 Bilbao, Spain. 
*beatriz.derivas@ehu.eus

Abstract 
Catalytic oxidation of chlorinated VOC is the preferred control strategy for emissions of these toxic atmospheric 
pollutants. The absence of costly noble metals in the commercial catalyst formulation is of high interest from an 
economical point of view. In this sense, cobalt-based catalysts appear as an efficient candidate for this environmental 
application [1]. This work focuses on the design of a new class of catalysts with a relative low amount of cobalt 
(10%wt.) and supported on an acid, high-surface zeolite, such as H-ZSM5. This formulation is expected to synergically 
combine the presence of both acid sites and highly active oxygen species to achieve a complete destruction of the 
pollutant at temperatures as low as possible. Particularly, the study compares the behavior of supported catalysts 
synthesized by a hydrothermal route (deposition-precipitation at 140 ºC - (Co(HT)/HZ)) and a methodology aimed 
to produce hollow prisms via the Kinkerdall effect - (Co(K)/HZ) [2]. Also the performance of the corresponding 
unsupported Co3O4 counterparts was analyzed. These samples were evaluated for the catalytic combustion of 1,000 
ppm of 1,2-dichloroethane (DCE), which has been chosen as a model of chlorinated VOC. 

Table 1. Main physicochemical properties of the cobalt supported catalysts. 

Catalysts Co,
% 

SBET, 
m2g-1 

Acidity, 
µmolNH3 g-

1

Acidic density, 
µmolNH3 m2 

Redox 500 ºC, 
mmolH2 g-1 

HZ --- 415 602 1.4 --- 
Co/HZ (HT) 11.3 335 502 1.5 1.97 
Co/HZ (K) 10.4 273 863 3.2 0.97 
Co (HT) 73.4 18 150 8.3 16.7 
Co (K) 73.4 9 48 5.5 16.5 

Figure 1 shows the corresponding light-off curves of the DCE oxidation to 
CO2 over the various examined cobalt catalysts. The profile of the bare zeolite 
(HZ) was also included for comparative purposes. It was noticed that both 
supported catalysts were efficient since they attained almost 100% conversion 
at 375-400 ºC, thereby pointing out that the proposed bifunctional catalyst 
formulation was promising. The Co(HT)/HZ sample gave a T50 value of 
around 300 ºC in comparison with 350 ºC over the Co(K)/HZ sample. The 
catalytic behavior appeared to be controlled by the amount of active oxygen 
species at low temperature, while the acidic properties were of secondary 
importance (Table 1). Due to the relatively small Co3O4 crystallite size obtained for the (Co(K)/HZ) catalyst (14 vs 
22 nm), the formation of inactive cobalt aluminate as a result of the interaction of Co3O4 and the aluminum of the 
zeolite was favored. Hence, this penalized the oxidation activity. By contrast, the Co3O4 generated by precipitation-
deposition was less prone to this undesired strong interaction. Interestingly, the performance of the Co(HT)/HZ was 
relatively similar to that exhibited by the bulk catalysts (pure Co3O4, 73%wt.Co). In fact, the specific reaction rate 
(per unit of Co mass) evaluated at 275 ºC of the supported samples was three times higher. In conclusion, highly 
active Co catalysts supported on an protonic zeolite can be obtained by a simple deposition-precipitation route for 
the complete destruction of DCE. 
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Abstract  
Bisphenol A (2,2-bis (4-hydroxyphenyl) propane (BPA) is one of the highest produced and consumed chemical 
compounds in the world with an annual production higher than 10 millions of ton [1]. This xenoestrogenic substance 
has been broadly used for the production of polycarbonate and epoxy resins, being used in the manufacture of dental 
sealants, cans, polycarbonate beverage dispensers, medical devices, shower curtains, pillow protectors, care products 
(such as sunscreen lotions, nail polish or face lotions), thermal paper and toys. 
Although they are usually detected in wastewater at very low concentrations (µg-ng/L), the exposure to endocrine 
disrupting compounds (EDCs) is extremely harmful to humans and aquatic organisms because they can interfere with 
the endocrine functions, either by directly activating or inactivating endocrine target receptors or by disrupting or 
inhibiting the synthesis of hormones and metabolism of enzymes [2]. 
In this context, adsorption has been proposed as an efficient and low-cost technology. In this work, two carbon 
materials were synthesized in the laboratory; a xerogel (RFX) prepared by an optimized conventional sol-gel method 
and a lignin-based activated carbon (KLP) obtained via chemical activation from Kraft lignin. These adsorbents were 
tested in batch mode operation and their efficiency in BPA adsorption from ultrapure water was compared to that of 
a commercial activated carbon F400. The adsorbents were fully characterized, exploring their textural, physico-
chemical and morphological properties by using several characterization techniques. The synthesized adsorbents (RFX 
and KLP) reached the equilibrium adsorption in only 24 hours, whereas F400 activated carbon required 48 hours. In 
addition, F400 and KLP materials showed higher BPA equilibrium adsorption capacity values (qe = 407 and 220 mg/g, 
for F400 and KLP, respectively) than that obtained for the xerogel (qe = 78 mg/g).  
The adsorption kinetic data were fitted to several kinetic models, e.g., pseudo-first order, pseudo-second order and 
Elovich equation. Thus, the adsorption process could be described by the intra-particle diffusion model [3], finding 
two steps associated to the main mass transfer resistances involved in the adsorption process. In addition, the 
experimental adsorption isotherms were fitted to several empirical models, finding the best agreement for Sips and 
dual-site Langmuir equations.  
Finally, the adsorption tests accomplished using environmentally-relevant aqueous matrices, e.g., WWTP effluent, river 
water and a hospital wastewater, spiked with BPA revealed a competitive effect between BPA molecule and the natural 
organic matter (NOM) content for the adsorbent active sites, resulting in a dramatic decreasing of the BPA adsorption 
capacity. Thus, the adsorption can be considered as an end-of-pipe technology to remove emerging contaminants from 
different kinds of wastewater matrices [4]. 
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Abstract 
It is well known that soluble microbial products (SMPs) are the main responsible for irreversible membrane fouling 
in membrane bioreactors (MBRs), which is also confirmed in recent publications [1]. In this way, a MBR operation 
under conditions that minimize the SMP production is of paramount importance in order to avoid frequent chemical 
cleanings that diminish the membrane life. In the tests, a MBR laboratory plant with capacity for an A4 size membrane 
was used. The membrane tested was a microfiltration membrane from KUBOTA. Firstly, the critical flux was 
determined. In this way, tests could be performed at feed flow rates near the critical flux, which means that irreversible 
membrane fouling may occur and the influence of the studied variables on membrane fouling could be clearer. The 
studied variables were the distance between membrane and walls and the air flow rate provided to prevent sludge 
deposition on membrane surface. SMPs were analyzed in terms of proteins and carbohydrates in order to find out the 
relationship between air flow rate and SMP generation and between these variables and membrane fouling. Figure 1 
represents the SMP concentration at different air flow rates (40, 700 y 100 LN/h) and distance membrane-wall (0.5, 
1 and 1.5 cm). It can be observed that only for the lowest separation between membrane and walls the air flow rate 
influenced on SMP generation. Measurements of SMP were performed both in mixed liquor (ML) and in membrane 
permeates (P). 

Fig. 1.  Concentration SMPs (protein and carbohydrates) in mixed liquor and permeate sample sunder different membrane-wall 
distances and air flow rates 

In this way, it can be concluded that an excessive turbulence caused by minimal distance membrane-wall and high air 
flow rate may lead to an increase of the SMP generation and, consequently, to an increase of the membrane fouling.  
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Abstract 
Organic contaminants of emerging concern are continuously found into aquatic environment in ng·L-1 or μg·L-1 range. 
Ozonation process is an effective advanced oxidation process (AOP) due to the fact that ozone decomposition in 
water involves a series of radical oxygen species (ROS), such as the hydroxyl radical. Carboxylic acids are known to be 
refractory to ozone direct reaction [1], which make them being useful hydroxyl radical probe compounds. Trimesic 
acid (1,3,5-hidroxibenzoic acid) is a soluble carboxylic acid widely used in different applications, from water soluble 
resin syntheses to pharmaceutical intermediate or as precursor for different metal organic framework (MOF) 
structures. 

This work is focused on the use of trimesic acid (TMA) as target compound in different ozone and radiation processes 
as part of a broader work about catalytic and photocatalytic ozonation using trimesic based MOFs as catalysts. Thus 
the determination of ozone direct rate constant and hydroxyl radical reaction constant at different pHs were 
accomplished.  Moreover, ozonation and solar photolytic ozonation is also investigated. 

Table 1. Ozone direct rate constant and 
hydroxyl radical reaction constant at 

different pHs. 
pH kO3-TMA

(M-1s-1) 
kHO-TMA 10-9 

(M-1s-1) 
2 0.011 n.m.
3 0.015 1.03
4 0.070 n.m.
5 0.213 1.49 
6 0.348 n.m.
7 0.343 1.42

n.m.: not measured
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Fig. 1.  Normalized TOC in different processes. Conditions: TMA: 7 mg·L-1 

(TOCr: 5 mg·L-1); pH= 4.4 (free), Qg = 20 L·h-1; O3,g = 6 mg·L-1; I: 550 W·m-

2. 

As shown in Table 1, TMA is a refractory compound to ozone, although rapidly reacts with hydroxyl radicals, as 
observed in other carboxylic acids [1]. In spite of the fact that TMA is removed in water in 30 minutes by ozone 
processes, it is only partially degraded (Figure 1), being the solar photolytic ozonation the most effective treatment. 
These results are fundamental to evaluate the stability of different MOFs structures under oxidizing conditions.  

Acknowledgements  
Authors thank to Junta de Extremadura for the economic support trough Project IB16022, co-financed by the European Funds 
for Regional Development.   

References 
[1] Hoigné, J., Bader, H., 1983. Rate constants of reactions of ozone with organic and inorganic compounds in water—II
disociating organic compounds. Water Res. 17, 185–194.

ISBN: 978-84-09-12430-5 163



As and Hg availability as key factor to determine environmental risk in a brownfield. 
Comparing methodologies

M. Gil-Díaz, A. Luchsinger-Heitmann, J. Alonso, M.C. Lobo*
 IMIDRA, Finca “El Encín”, A-2, km 38,200, Alcalá de Henares, Madrid 28800 

*carmen.lobo@madrid.org

Abstract 
Pollution is a great and growing global problem due to its harmful effects on the ecosystem and human health. It 
can be due to natural sources or anthropogenic activities, which have considerably increased since the 
industrialization. The most frequent pollutants in soil and groundwater are mineral oils and metal(loid)s. Unlike 
organic contaminants, metal(loid)s in the environment cannot be chemically degraded, and consequently persist in 
soil for extended periods after their introduction. The total concentration of metal(loid)s in soil provides little 
information on their potential impact on plant and soil organism; the bioavailability, referred to their accessible 
fraction which can be assimilated by an organism, is a better indicator of the risk for biota. At present, a wide variety 
of single extraction protocols have been developed to predict the available fraction of metal(loid)s in contaminated 
soils. In addition, sequential extraction procedures (SEPs) are intended to simulate the chemical reactivity of 
metal(loid)s under various possible natural and anthropogenic modifications of environmental conditions. Soil 
samples are subjected to successive attacks with a series of progressively harsher reagents thus that metal(loid) 
mobility decreases in the order of extraction. In the present study the available fraction of As and Hg from two 
subareas (called A and B) located in the El Terronal mine brownfield (Asturias), were analyzed and compared 
through nine single extraction protocols: H2O, CaCl2, NaNO3, NH4NO3, EDTA, DTPA, a mixture of low 
molecular weight organic acids (LMWOA) exuded by plant roots, Toxicity Characteristic Leaching Procedure 
(TCLP) and a diluted HCl solution. Furthermore, four SEPs were used: Tessier, BCR, a method specifically 
developed for soils with heavy As contamination (Wenzel) [1] and a specific method for soils with high levels of Hg 
contamination (Fernández-Martínez) [2]. These soils were highly polluted with As and Hg, with total mean 
concentrations around 43,000 and 2,200 mg/kg, respectively in subarea A and 7,300 and 1,300 mg/kg, for subarea 
B. The results demonstrated the influence of soil characteristics, degree of contamination and metal(loid) properties
on its availability and fractionation. In this regard, for soil A, that was more contaminated, EDTA and HCl solutions
extracted similar concentration of As, higher than that extracted by the other tested extractants, whereas in soil B,
HCl reagent extracted a significantly higher concentration than the EDTA extractant. For Hg in soil A, EDTA and
DTPA extracted the highest concentrations of this metal. In soil B, the reagents DTPA, EDTA and HCl showed
superior extractability. Regarding the SEPs, the Wenzel and BCR methods extracted a higher As available
concentration, which translates into a more limiting factor when it comes to defining the mobility of As and its risks
in a site than for the Tessier SEP. For Hg, the Tessier and Fernández-Martínez methods presented more similarities
in extractability percentages, compared to the BCR method, which showed larger concentrations in the oxidable and
residual fractions. In conclusion, the use of a single extraction procedure provides limited information of As and Hg
availability in both soils, whereas sequential extraction procedures render more detailed information about their
potential availability at longer time depending on soil and pollutant characteristics. In this sense the use of these later
procedures would contribute information of interest to define the environmental risk due to the presence of a
certain metal(loid) in the soil.
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Abstract 

The production of olive oil generates large volumes of wastewaters harmful to the environment. These wastewaters 
are rich in phenolic compounds that have an outstanding antioxidant capacity, interesting for the pharmaceutical, 
cosmetic and food industries. Several research works with membrane processes have been proposed as an option for 
the treatment of these wastewaters and the possible recovery of phenolic compounds. However, all of them reported 
severe membrane fouling.  
This work investigates the treatment of olive oil washing water (OOWW) from olive oil production by means of 
nanofiltration (NF) in order to recover and purify the phenolic compounds. The NF270 membrane (Dow Chemical) 
was selected. A manufacturer from the Valencian Community (Spain) supplied the OOWW. Tests were performed at 
different transmembrane pressures and cross-flow velocities to find the best operating conditions in terms of permeate 
flux and recovery of phenolic compounds. The chemical oxygen demand was measured by means of commercial kits 
(Merck, Germany) and the concentration of phenolic compounds by means of the Folin-Ciocalteu method. The 
OOWW showed large values of COD and a high concentration of phenolic compounds (Table 1). Due to the high 
concentration of organic matter, a coagulation/flocculation pre-treatment was considered to reduce the probability of 
membrane fouling.  The NF process was performed with and without the pretreatment and the results were compared. 
First, the OOWW was filtered through a 60 µm filter. Then, a jar test was carried out with different concentrations of 
FLOCUSOL-AT/811 (Lamirsa, Spain), to find the appropriate dose to treat the wastewater without affecting the 
content of phenolic compounds.  

Table 1. Chemical characteristics of the olive oil washing water (OOWW) treated with different concentrations of flocculant 
OOWW pH C 

(mS/cm) 
COD 

(mg/L) 
Ph 

(mgTY/L) 
v30min 
(mL/L) 

v24hrs 
(mL/L) 

Raw 5.09 3.77 26025 1161.8 - - 
Filtered (60µm) 4.82 4.16 24950 1173.8 - - 
+25ppm Floc. 4.82 3.99 26200 967.0 0 0 
+200ppm Floc 4.90 3.25 14950 1103.9 680 - 
+300ppm Floc. 4.89 2.83 13700 958.6 560 272 
+400ppm Floc. 4.92 2.82 12500 967.0 500 200 
+500ppmFloc. 4.92 3.19 14300 994.9 600 - 

*Floc.: Flocusol-AT/811, C: Conductivity, Ph: Phenolic compounds concentration, v30: volume of sedimentation per liter of sample after 30 minutes, v24:
volume of sedimentation per liter of sample after 24 hours 

Table 1 shows the characteristics of the OOWW treated with different concentrations of the flocculant. The 400 ppm 
concentration was selected as the greatest reduction of the COD was reached without having a great impact on the 
concentration of phenolic compounds. 
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Abstract 

Surfactants are a group of chemical substances widely used in a wide variety of industrial branches, services and homes. 
There are numerous undesired effects related to the presence of surfactants in wastewater such as the destruction of 
flora or fauna in surface waters or the eutrophication. Together with these problems is added the great increase of 
nanoparticle suspensions recently used in the formulations of these products. 
In this work the impacts of mixtures nanoparticles-surfactants in biological processes in EDARs has been analyzed. 
In addition to the mixtures, the effect of nanoparticles on the growth of microorganisms has been studied. 
Silica nanoparticles of size 12nm (A200) and 7nm (A380) were used. Nanoparticle concentrations of 50, 100 and 250 
mg/L were tested. The toxin was added to a filter paper disc and observed for three days. There was no indication 
that they affected microbial growth. The study of the mixture between surfactant and nanoparticle was carried out 
with 8 samples from a static test that had been in operation for 16 days according to UNE 55523:1990 and UNE 
55844:1991 standards. These samples contain nonionic surfactant (an alkylpolyglucoside) and an anionic surfactant (an 
alkyl ether carboxylic acid derivative) at 50 mg/L and the nanoparticle concentrations already described for NP A380. 
Another sowing was performed at the end of the trial, and visually no effect was seen. 

Fig 1. Image of silica nanoparticles A200 and A380 used in the test 

Fig 1. Image of the mixture between surfactant and nanoparticle for 16 days. 

References 
[1] Rocío Pérez-y-Terrón Thania S. Gonzalez-Montfort, Jesús Muñoz-Rojas, Antagonismo microbiano asociado a cepas
bacterianas provenientes de jitomate (Lycopersicum esculentum Mill) y maíz (Zea Mays) (2014).

ISBN: 978-84-09-12430-5 166



Removal emerging pollutants from wastewater using nanofiltration membrane 

Asunción Hidalgo1,*, María Gómez1, José Luis Gómez1, Antonio Bódalo1, Fuensanta Máximo1, José Antonio 
Salcedo1 

1 University of Murcia, Chemical Engineering Department, Campus Universitario de Espinardo, 30100, Murcia (Spain) 
*ahidalgo@um.es

Abstract 
Among the main problems of water pollution, it is found that three quarters of industrial discharges containing highly 
polluting substances are released into the sea without any prior treatment. Among these substances, there are 
compounds that are difficult to degrade due to their complex structure, which makes them stable and, consequently, 
poorly biodegradable. These compounds are called emerging pollutants. 

Therefore, more and more technologies are developed to eliminate this type of compounds, in order to adjust the level 
of water quality both for consumption (purification), and for its subsequent use (purification). Among the physical, 
chemical and biological treatments currently available, membrane technology is shown as one of the most viable 
alternatives, as it allows achieving high elimination yields with a low cost. 

These contaminants include pharmaceutical products, products used in personal care, pesticides, chemical products 
for industrial or domestic use, metals, surfactants, additives for industrial use and solvents. In the present work nicotine 
(N), benzotriazole (BZT) and barbituric acid (BA) have been selected as examples of emerging contaminants to be 
treated, and a nanofiltration membrane has been used for their treatment process. 

Among the proposed objectives, it was to study the influence of different operating variables (pressure, concentration 
of the contaminant, and the pH of the feed) on the permeate flows and rejection percentages, with respect to the 
elimination efficiency of the three pollutants.  

(A) (B) 

Fig. 1.  Permeate flux and rejection coefficients obtained from different pressure. 

In the first place, tests with pure water were carried out for the initial characterization of the membrane with the aim 
of knowing its permeability, as well as tests with saline solutions to determine the rejection efficiency of different salts. 
In the case of salt solutions, it was verified how the permeate flows increased linearly with the pressure, as well as the 
rejection percentages. Subsequently, tests have been carried out for all of the different pollutants, each are showing a 
different behavior, as the pH of the feed and the operating pressure were the variables that showed the greatest 
incidence in the process. Figure 1 shows the influence of pressure in the permeate flux (A) and rejection coefficient 
from the different emerging pollutants.  
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Abstract 
One of the main problems of the global pollution is water pollution. In recent years, water quality levels have suffered 
a great deterioration because of the rapid social and economic development and because of its use as removal media 
of a wide range of dyes and emerging pollutants. For that reason, many technologies are being developed to remove 
this type of water pollution. Among the different treatments, “membrane technology” is one of the most reliable 
alternatives, as it achieves high removal yields with low cost. Besides, in recent years, modified membranes have been 
developed to improve performance. 

This work studies the behavior of two nanofiltration membranes NF, a native and a modified NF membrane with 
graphene oxide have been studied. This study has allowed making a comparison regarding the effectiveness of 
emerging contaminants removal to determine which membrane is more productive and effective. 

The initial characterization of native NF membrane and the modified NF membrane was determined with a distilled 
water and saline solution. Besides, it has been observed that with the modified NF membrane obtained flows are 
lower and rejection percentage is higher than with the native NF membrane, concluding that the modified NF 
membrane is less productive but more selective to the divalent ions than the native NF membrane.  

Among the objectives of this study, one of them is the study of operating pressure influence on permeate flows and 
rejection percentages in emerging compounds such p-methyl-paraben and caffeine. In last place, a comparison of p-
methyl-paraben and caffeine removal with the two membranes (native and modified) has been made. Figure 1 shows 
the permeate flux obtained in the removal of p-methyl paraben and caffeine, using the native and modified NF 
membrane. 

Fig. 1. Influence of pressure in the permeate flux: (green) n-methyl-paraben and (brown) caffeine; using native NF membrane 
(black) and NF modified membrane (white). 

The results have shown that the modified NF membrane with graphene oxide did not increase the productivity or 
selectivity of the membrane as worse experimental values with modified membrane are obtained. 
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Abstract  
HLSs are macromolecules that share important characteristics with humic substances (HSs), which are one of the 
major constituents of natural organic matter, being its origin decomposition of vegetable or animal. This substances 
can be used as a catalyst, because HS and HLSs are able to generate reactive species (photoactivator) when they are 
irradiated [1] 
The HLSs can be obtained from olive oil mill solid wastes (OMW) through basic digestion (KOH) and after they are 
isolated using membrane technology [2]. The HLSs size indicates Ultrafiltration process could be used to concentrate 
and separate HS substances. In this context, sequential ultrafiltration (UFS) allows isolated HLS fractions of different 
molecular size (50, 150 and 300 KDa) to reduce the polidispersity and study their properties [2].  
Experimental tests were performed in UF pilot plant operated under cross-flow filtration using ceramic membranes 
with an effective area of 132 cm2, at a pressure of 2 bars and constant temperature (25ºC). The plant had data 
acquisition through LabVIEW System Design Software. The real-time membrane flux was calculated from the weight 
measures s using MALTAB® (Mathworks). The schematic diagram for the pilot plant process is shown in Fig. 1. 
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Fig. 1.  Schematic diagram for the ultrafiltration membrane process. 

This work has demonstrated that UF membranes technology could be a simple isolation procedure to obtain HLS 
from urban residues. This could represent a step towards circular economy with the management of a residue such as 
OMW, therefore contributing to the sustainability of the olive oil industry.  
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Abstract  
Wastewater, generate in table olives industrial process (TOWP), contains a high concentration of salt, as well organic 
acids such as acetic and formic acid, also nitrogen compounds (amino acids), and a high variety of phenolic 
compounds. These water have a high COD and conductivity that must be treated firstly, before they were discharged 
to municipal WWTP. Due to wastewater salinity has a negative influence in biological treatments, other technologies 
have been explored, such as electrodialysis, mechanical evaporation, solar evaporation, electrocoagulation, chemical 
oxidation, adsorption [1]. Membrane processes are positioning as a technology that is able to treat TOWP as well as 
concentrate organic compounds to revalue, with advantages over other techniques such as lower energy consumption 
and no additives or phase changes. Previous works has been carried out TOWP treatment using battery filtration 
system, which starts with a Microfiltration (MF), Ultrafiltration, as a pre-treatment, followed by a nanofiltration (NF) 
and a reverse osmosis (RO). However, fouling of the membranes is the main obstacle for this type of separation, since 
it implies an increase in energy consumption, operation and maintenance costs [2]. 
Focus on this work, is increasing the knowledge about the fouling behavior on a UF membrane when TOWP is 
treated without MF pre-treatment process.  
Experimental tests were performed in a UF pilot plant, consisting of tanks for feeding and cleaning solutions with a 
capacity of 10 liters each. The conventionally pre-treated water from the feed tank was pumped to a flat-sheet 
membrane module and polyethersulfone (PES) membranes used had 10 kDa molecular weight cut-off (MWCO).  
To identify the fouling mechanism, the membrane TOWP sample was filtrate, with the following parameters: COD 
88 g/L and conductivity 90 mS/cm. 
The tests were undertaken for a number of TMPs (1.0, 2.0 and 3.0 bar) at a constant crossflow rate (4.5 L/min) and 
temperature (22 °C). Membrane fouling was analyzed using different mathematical models based on the pore blocking 
model and cake formation model. The data predicted by the model were compared with the experimental results 
obtained in the membrane fouling experiments (Fig. 1). 

Fig. 1.  Flux vs time at 2 bar and cleaning cycles (with H2O and NaOH 1%) 
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Abstract 
It is no doubt that the main problem to implement membrane processes for wastewater reclamation and reuse is 
membrane fouling. It is mainly due to the organic matter remaining in the secondary effluents, which is also named 
Effluent Organic Matter (EfOM). The main components of the EfOM are the soluble microbial products (SMPs), 
which appear in the biologically treated wastewater due to some metabolic reactions and to the generation of cellular 
debris. Their main components are proteins and carbohydrates. The separation of these components in various 
fractions by different types of adsorption resins will give valuable information about their characteristics in view of 
preventing fouling when ultrafiltration is selected as a tertiary treatment process [1]. In this work, secondary effluent 
from a wastewater treatment plant was subjected consecutively to 5 microns filtration, 0.45 microns filtration and to 
an adsorption system consisting of three columns in series containing different resins: Supelite DAX-8 (SUPELCO, 
ref. 21567-U), Amberlite XAD-4 (SIGMA, ref. 102034688) and Amberlite IRA-958 (Alfa Aesar, ref. 42702). In this 
way, 5 different effluents were obtained (Ef1 to Ef5). Both raw secondary effluent (raw ww) and every effluent from 
the above described processes were characterized in order to find out the SMP concentration removed in each process. 
Figure 1 shows the concentration of proteins in each effluent for one of the fractionated samples. It can be observed 
that one third of the protein concentration was removed by the 5 microns filter. Resins eliminated around 5 mg/L 
each one, which means that the type of resin did not influence on the protein removal concentration. However, in 
terms of carbohydrates, most of them were removed in the XAD-4 resin, which means that they are included in the 
group of weak hydrophobic acids.  

Fig. 1.  Concentration of proteins in the effluents from the process of the EfOM fractionation system. 
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Abstract 
Lindane (γ- hexachlorocyclohexane or γ-HCH) is a manmade organochlorine insecticide widely used for agricultural 
and public health purposes during the last decades.  The application of technical HCH, t-HCH (a mixture of α, β, γ, δ, 
and ε-HCH isomers) and purified lindane (the only isomer with insecticidal properties) has resulted in environmental 
contamination of global dimensions [1]. Uncontrolled dumps of the HCH wastes (liquid and solid) have produced a 
relevant contamination of soils and groundwater in the nearest of the production facilities. This is the case of 
Sabiñánigo, a small industrial city located in the North of Spain, where INQUINOSA, a lindane manufacturing 
company, operated from 1975 to 1988 leaving 115,000-160,000 tonnes of HCH wastes (chlorobenzenes, HCHs and 
solvents) in unlined landfills after its closure (Bailín and Sardas). The reduction of these chlorinated compounds over 
zero valent iron is a promising alternative due to the activity, abundancy, low cost and benign environmental impact 
of this metal. Based on the particle size, ZVI can be used as nanoparticles (nZVI) and microparticles (mZVI). The 
viability of ZVI for in situ applications (direct injection or Permeable Reactive Barriers, PRBs) depends on the long-
term integrity and performance of the microparticles and the stability of the nanoparticles, respectively. The influence 
of different salts, temperature and mZVI concentration were tested in lindane dechlorination with promising results 
[2] and this material was also evaluated in the treatment of a groundwater coming from Bailín’s landfill, obtaining that
the dechlorination rate increased with the chlorine content of the organic molecule [3]. Non-aromatic chlorinated
organic compounds (COCs) and HCHs were rapidly eliminated in the presence of ZVIm via dechloroelimination,
while chlorobenzenes, dechlorinated via hydrogenolysis, were recalcitrant to the treatment.
In the current work, mZVI and nZVI were tested to decontaminate a groundwater from Sarda’s landfill, with a
composition of COCs different to the groundwater previously studied. Commercial sources of micro (from Hönagas)
and two kinds of nano ZVI (from NanoIron) have been used for this purpose. 28 COCs (five isomers of HCH (α, β,
ε, γ, δ-HCH), benzene,10 chlorobenzenes and 12 cyclic non-aromatic organochlorine compounds) were identified and
quantified in the starting groundwater by GC-FID analysis and followed during reaction time. Chloride ions released
to the liquid phase were quantified by Ionic Chromatography, iron in solution by ICP and the redox potential of the
solutions was measured in continuous with an ORP electrode. Runs were carried out in batch operation. The influence
of iron concentration and groundwater composition on the degradation rate of COCs were studied. Depending on the
iron loading and the type of iron source used, the required time to achieve an adequate degree of COCs dechlorination
ranged from hours to days. Further research is required but it can be concluded that the use of ZVI has a good potential
in the remediation of soils and groundwater polluted with HCH wastes.
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Abstract 
Bromate (BrO3-) is a common disinfection by-product in drinking water treatment that can be formed upon ozonation 
of water containing bromide (Br-) [1] and also when chlorinated water is exposed to sunlight or when water is treated 
with concentrated hypochlorite [2]. Due to its potential carcinogenicity bromate has been regulated with a maximum 
level of 10 µg L-1 in many territories (European Commission in EU, Environmental Protection Agency in USA or 
water standards of China, among others). Several strategies have been used to reduce the formation of bromate during 
ozonation such as adding ammonia, reducing the pH or optimizing the ozonation conditions [1]. Also, adsorption-
reduction of bromate onto activated carbon (AC) and iron modified activated carbon (Fe-AC) has recently been 
studied in ultrapure water [3-5]. This work has been focused on the study of bromate adsorption-reduction onto AC 
and an easily synthetized own-made Fe-AC material paying special attention to the role of the water matrix 
composition. 

A commercial granular activated carbon (Darco 12-20 from Sigma-Aldrich) was used as starting material and 4 wt.% 
Fe was introduced by incipient wetness impregnation of iron nitrate salt and subsequent drying and calcination steps 
(250ºC, 4 h, air atmosphere). Both materials were characterized by N2 adsorption-desorption isotherms, Hg 
porosimetry and WXRF. Adsorption isotherms and kinetics were studied both in ultrapure and ozonized surface water 
with AC and Fe-AC materials at 15-40ºC temperature range. In addition breakthrough curves at ambient temperature 
were obtained. Bromate and bromide were analyzed by ion chromatography with a quantification limit ~10 µg L-1 for 
both ions. 

AC presented higher adsorption capacity of bromate than Fe-AC in ultrapure water, but the reduction to bromide is 
enhanced by the presence of iron species. On the contrary, the composition of the ozonized surface water plays a key 
role in the performance of both materials being Fe-AC more efficient with the highest reduction rate observed. In 
addition, the temperature has a positive impact in the adsorption-reduction kinetics. 
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Abstract 

The special properties of particles of colloidal size and the advantages they offer in the processes associated with 
detergency, have led to their increasing use in detergent products for many different uses. Usually silica nanoparticles 
are used together with surfactants in nanofluids, immobilization of enzymes, foam stabilizers, oil recovery or removal 
of dyes. Silica nanoparticles are subject of great scientific interest in recent years. The complete study of the effect that 
nanoparticles produce on the biodegradation of these new formulations due to the interactions with the surfactants is 
actually a little explored scientific area. In this way, it is necessary to establish optimal proportions of nanoparticles in 
the detergent formulations depending on biodegradability and/or toxicity that they cause.  

We have studied the biodegradation of a nonionic surfactant (an alkyl polyglucoside) and an anionic surfactant (an 
alkyl ether carboxylic acid derivative). In addition, silica nanoparticles of size 12nm (A200) and 7nm (A380) were used 
in the biodegradability tests. Inclusion of both nanoparticles into surfactant solution causes contrasting interfacial 
behaviors in low and high surfactant concentrations. The adsorption of surfactant molecules on the surface is reduced 
in the presence of nanoparticles. The final results showed that the effects produced by the presence of nanoparticles 
are highly dependent on the initial surfactant and nanoparticles concentration. In general, biodegradability is reduced 
by increasing the concentration of nanoparticles in the aquatic environment.  

Fig 1. TEM image of silica nanoparticles A380 and A200 used in the test. 
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Abstract 
Table olive and olive oil industries are high relevant agro-industrial sectors in the economy of Mediterranean Basin 
countries, such as Spain, Italy, Greece, Portugal, Cyprus and Jordan. Olive transformation processes are related to 
the production of several pollutant effluents that may be considered [1]. As for olive industry, table olive processing 
wastewater (TOPW) results from numerous operations that occur during the processing stages of table olives. 
TOPW constitutes a major environmental problem in Mediterranean countries due to its high levels of various 
organic and inorganic contaminants (especially phenolic compounds). Normally, because of the complexity and 
variability of these effluents, open evaporating ponds are used to eliminate TOPW. In this way, the environmental 
impact may be considerable with some dangerous effects, such as coloring of natural waters and threat to the aquatic 
life, causing surface and ground water pollution and odors [2]. 

Within the table olive production plant, some different effluents may be found. Among them, process wastewater 
and cleaning wastewater were selected in this study to apply some individual and combined treatments in order to 
reduce their organic matter. Table 1 collects the main qualitative characteristics of those two TOPW effluents. 

Table 1. Main characteristics of raw TOPW samples 
Parameters Units Process wastewater Cleaning wastewater 
pH — 6.37 6.31
Electric conductivity mS/cm 11.37 13.87 
COD g/L 11.15 1.43
BOD5 g/L 7.4 1.2 
Total Organic Carbon g/L 4.14 0.92
Total Suspended Solids g/L 1.51 0.48
Total Phenols mg/L 320.3 27.58 

In this work, different individual treatments were applied to purify these waters. Coagulation-flocculation was 
improved using ferric chloride and aluminum sulfate as coagulants. In the same way, the initial concentrations of 
ferrous sulfate and hydrogen peroxide were optimized in the Fenton process. Likewise, aerobic process was 
accomplished with an activated sludge from a municipal wastewater treatment plant. Finally, these processes were 
combined in order to enhance the performance of each one, and the best order of application for the different stages 
was determined. Results demonstrated that the coagulation-flocculation treatment was useful in order to eliminate 
solids as a pre-treatment for the biological stage or as a post-treatment of the Fenton process. The best COD 
removal was obtained for the process wastewater effluent treated with the Fenton process as a post-treatment of the 
aerobic process (>95% COD removal). 
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Abstract 
Neonicotinoids are insecticides derived from nicotine. The EU approved the Decision 2015/4951 establishing a watch 
list of substances for Union-wide monitoring in the field of water policy. This list includes a group of neonicotinoids 
including thiamethoxam (TMX), imidacloprid (ICP), clothianidin (CTD), thiacloprid (TCP) and acetamiprid (AMP). 

The elimination of modern pollutants in waters can be achieved by appropriate physical or chemical methods. In this 
work, the degradation of these five neonicotinoids has been carried out by oxidation with Ferrate(VI) (Fe(VI)), which 
is an environmentally friendly water treatment agent due to its high oxidizing potential, excellent disinfectant properties 
and improvement of coagulation2. 

The aim of this work was to study the reactivity of these neonicotinoids with Fe(VI). Several experiments were 
conducted at room temperature with initial concentration of 1 M of each compound dissolved in ultra-pure and by 
varying the pH between 6 and 9. Fig. 1 show the decay of each compound in the experiment carried out at pH 8 with 
a Fe(VI) concentration of 100 M. 

Fig. 1.  Degradation of neonicotinoids by ferrate at pH 8 

According to these results, the most reactive compound was TCP, which was totally eliminated after 2 min of reaction. 
Meanwhile, CTD and TMX were almost completely removed after 3 h of reaction. However, ICP was only partially 
degraded after 3 h and AMP did not significantly react with Fe(VI). The best results for the final removals of 
neonicotinoids were obtained at pH 8. 
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Modern society depends on strategic metals such as copper. As a result of its extraordinary properties (high electrical 
and thermal conductivity and corrosion resistance), copper is being increasingly used in electrical/electronic devices, 
healthcare, and sustainable architecture, and its consumption is expected to grow at an annual rate of 2.7% through to 
2027. Copper can be effectively recycled  from wastes, thereby mitigating the exploitation of primary sources. 
Interestingly, two-thirds of the copper produced since 1900 is still being used, and 8.5 million tons of this metal are 
recycled every year.  
Biomachining is basically a controlled microbiological process for selectively generating microstructures on a metal 
(copper) surface. This innovative biotechnological process generates liquid residues with high copper concentrations. 
Iron-oxidising microorganisms such as Acidithiobacillus ferrooxidans oxidise ferrous ions to ferric ions, with the latter 
being responsible for metal (copper) oxidation on unprotected surfaces [1,2].  

2Fe2+ + 2 H+ + 0.5 O2  2Fe3+ + H2O (Bio-oxidation process) 
2Fe3+ + 2 e-  2 Fe2+ (Chemical reduction)      and       Cu  Cu2+ + 2e- (Chemical oxidation) 

Cellular metabolism (Fe2+ bio-oxidation) is gradually inhibited as Cu2+ concentration increases and oxygen availability 
decreases [3]. Once the recovery of biomass activity is no longer feasible, the waste liquid solution, with high Cu2+ 
concentrations (up to 15-20 g/L Cu2+) and iron total concentrations (up to 9 g/L), has to be treated before being 
discharged.  
The purpose of this research was to study the technical viability of three different options for recovering copper from 
biomachining liquid residues. The first option involved fractionated chemical precipitation as hydroxides with ulterior 
calcination, as it is relatively simple and inexpensive to operate. A pH increase from 1.8 to 4.0 led to the precipitation 
of Fe3+ hydroxide, and the subsequent increase to 6.5 and 8.0 led to copper precipitation. The second possibility was 
the electrochemical method, which involved the plating-out of Cu2+ ions on a platinum cathode surface to recover the 
metal in the elemental metal state. Finally, biomembrane filtration was selected as a sustainable method to adsorb 
copper from waste solutions. Specifically, this study involved bacterial cellulose/chitosan bionanocomposite in 10 cm 
diameter filters. Bacterial cellulose (BC) is a biopolymer with a unique three-dimensional porous network-membrane 
structure,  and chitosan is another biopolymer derived from the deacetylation process of chitin with highly reactive 
amino groups involved in the chelation reaction of metals [4]. The efficient recovery of copper from these waste 
solutions will not only mitigate the biomachining process’s contaminating impact, but also give the liquid residues 
added value, contributing to the profitability of this biotechnology and copper recycling. 
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Abstract 
Metal(loid)s bioaccessibility refers to the amount of environmentally available metal interacting with the organism’s 
contact surface that is potentially available for absorption/adsorption in human tissues [1]. The bioaccessibility of 
metal(loid)s contained in particulate matter (PM) may be assessed by leaching of such metal(loid)s in PM using 
different synthetic biological fluids. Different approaches can be found in the literature to assess the bioaccessibility, 
because many methodological factors affect the leaching of such pollutants in PM matrices: leaching agent (e.g. 
synthetic biological fluid) composition and pH, leaching time, liquid to solid ratio (L/S), and agitation. In addition, 
the speciation of metal(loid)s in PM matrices also plays a key role in their solubility. However, a protocol to assess the 
bioaccessibility should take into account the fate of PM depending on the particle size in order to select an appropriate 
synthetic fluid for each particle size fraction. Thus, the thoracic fraction (equivalent to PM10) includes the 
tracheobronchial fraction (i.e. mass fraction of inhaled particles that penetrate beyond the larynx, but which fail to 
penetrate to the unciliated airways) and the respirable fraction (i.e. mass fraction of inhaled particles that penetrate to 
the unciliated airways). Particles in the 2.5–10 m size fraction are in most cases deposited in the pharyngeal and 
tracheal region (i.e. they constitute the tracheobronchial fraction); these particles are transported by the mucociliary 
clearance adoral and are mainly swallowed, reaching the gastrointestinal tract, where they come into contact with 
gastric juice [2]. Smaller particles (i.e. the respirable fraction) can travel deeper into alveolar region of lungs where they 
interact with the lung fluid; the interstitial lung fluid has a neutral pH, however, such small particles can be 
phagocytized by alveolar macrophages resulting in a higher acidic media (pH=4.5). Then, dissolved metal(loid)s can 
reach the circulatory system. 
A procedure has been developed to take into account these key questions and includes the following steps: 
1) Sampling of the coarse and fine PM fractions by means of a PM impactor: PM10-2.5 (coarse) and PM2.5 (fine)
fractions may be collected by stationary or personal samplers; other personal samplers considering the respirable
(PM4.0) and tracheobronchial (PM10-4.0) fractions may be used. Metal impurities free substrates are recommended,
such as Teflon filters.
2) Leaching of metal(loid)s contained in the coarse fraction by a synthetic gastric fluid. Later, the unsolubilized particles
may be fully digested by microwave digestion (HNO3, H2O2) for total metal(loid) content determination. This allows
the calculation of the bioaccessible fraction of each metal(loid).
3) Leaching of metal(loid)s bound to the fine fraction by two synthetic lung fluids: Gamble’s solution (pH=7.4) and
Artificial Lysosomal Fluid (ALF) (pH=4.5). The filter must be first split into two equal portions to be contacted with
each lung fluid. Later, the unsolubilized particles may be fully digested as shown in step 2 to calculate the bioaccessible
fraction in each lung fluid.
The proposed leaching conditions are: L/S ratio between 1,000-10,000, contact time of 24 hours, and end-over-end
rotation.
This protocol will be applied to PM samples collected in industrial environments to better assess the potential toxicity
of metal(loid)s via inhalation.
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Abstract 

Actually the International Olive Council estimates that olive grove is about 850 million trees in the world and it is 
extended over an area of 11 million hectares [1]. One million of the olive trees are dedicated to the production of 
table olives [2]. On the other hand, in the last 25 years the world consumption of table olives was multiplied by 2.8, 
which lead to an increase of 173% in this period, in particular, in the countries of the European Union it has 
increased up to 70%. The Spanish table-olive processing companies export 50% of the national production to the 
foreign markets. 

According to the information of the Agency of Information Agency of Alimentary Control (AICA), in the 
2015/2016 campaign the national production of table olives was of 601,830 tonnes [3]. Andalusia was the first 
producer with the 80% of the Spanish production. The varieties most widely produced were: "Manzanilla", in Seville 
and Huelva; "Hojiblanca", Málaga, Córdoba, Granada and Cádiz and the variety "Lechín of Granada", in Almería [4]. 

Metals can appear as residues in food due to their presence in the environment, as a result of human activities such 
as agriculture or industry. They can also be incorporated during the food processing and storage. People can eat 
contaminated food and its accumulation in the body can cause negative effects over time [5]. 

On this basis and considering the growing demand for safer, healthier and higher quality food, this research is 
focused on the detection of the presence of undesirable metals in the foodstuffs arising from the environment or the 
human activities.  

The objective of this study is to carry out a chemical test to verify the concentration levels of arsenic (As), cadmium 
(Cd) and lead (Pb) in table olives packed in metal and plastic. Also the brine used to preserve the table olives in the 
package was tested. The quantitative determination of the contaminants has been carried out using the Inductively 
Coupled Plasm-Mass Spectrometry technique (ICP-MS), with a very high sensitivity for the concentration levels and 
according to the limits established by the Regulations [6,7]. 

The results show that all the metals analysed (As, Cd and Pb) were detected both in the brine and in the table olives. 
Only the concentration levels of Cd [7] and Pb [6] exceeded the Maximum Residue Limits (MRL) in the samples of 
table olives. 
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Abstract  
In recent decades, CO2 emissions have increased alarmingly, which together with other greenhouse gases, is a serious 
aggression to our planet. The absorption processes are used to retain polluting substances, as a method of 
controlling effluents. The absorption reactions between CO2 and alkanolamines have been used due to their good 
behaviour in the separation of acid gases from gas streams which contain them 
However, the use of their mixtures presents certain improvements with respect to the individual alkanolamines, 
allowing to combine the benefits and reduce the disadvantages of them [1]. 
The objective of this study is to evaluate the CO2 absorption capacity, reaction conditions and reaction regime of 
aqueous solutions of blends of two alkanolamines compared with the individual alkanolamine solutions. For this, 
aqueous solution of monoisopropanolamine (MIPA), triethanolamine (TEA) and their blends in the total 
concentration range of 5-20%wt were used. The study was made in a stirred tank reactor with a flat and known 
interfacial area operating at near atmosphere pressure and within the temperature interval 288 to 313 K. 

Fig. 1 shows that for MIPA/TEA mixtures, the total 
transport flux density (NA) decreases as the proportion 
of TEA increases. This may be due to the fact that the 
reaction with TEA, according to previous studies [2, 
3], takes place under isothermal conditions, in which 
there is an instantaneous reaction regime at low 
concentrations while at higher concentrations the 
reaction takes place in a moderately fast reaction 
regime. In relation to MIPA, the reaction takes place 
under a non-isothermal instantaneous reaction regime 
[3, 4], which could affect the absorption rate of the 
mixture. However, this decrease in the speed could be 
compensated by some TEA advantages; TEA does not 
form carbamates, it is less corrosive and requires less 
regeneration energy. 
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Fig. 1. Total transport flux density vs concentration for 
MIPA/TEA blends at 298 K 
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The pollution of soil and water bodies by pesticides used in agriculture can pose an important threat to aquatic 
ecosystems and drinking water resources. Pesticides can enter in water bodies via point sources or diffuse. Infiltration 
through riverbeds and riverbanks and leaching through the soil and unsaturated zone are the main diffuse pesticide 
input paths into groundwater. The tendency of a pesticide to leach to groundwater depends on its persistence in the 
environment, its solubility and how strongly it adsorbs to soil. About 60 % of European citizens rely on groundwater 
for drinking water purposes, and its use is threatened by the leaching of pesticides and nitrates due to agricultural 
practices. Among other many pesticides, triclopyr and fluroxypyr, members of the pyridine class of herbicides, are 
often used to control unwanted woody plants and annual and perennial broadleaf weeds. They induce auxin-like 
responses, resulting in disruption of plant cell growth. Both herbicides have high water solubility (> 6 g L-1) and are 
mobile through the soil profile (GUS index= 2.4-3.7). Consequently, they can contaminate groundwater resources. 
Conventional drinking water treatment processes (coagulation-flocculation, filtration and chlorination) are not suitable 
for removing emerging contaminants. Therefore, effective, low-cost and robust methods to decontaminate waters are 
needed, as long as they do not further stress the environment or endanger human health.  

With this aim, the oxidation of triclopyr and fluroxypyr in drinking water (pH 8.1; EC 0.83 dS m-1, TOC 0.9 mg L-

1) was investigated using photo-assisted ozonation combined with hydrogen peroxide (H2O2). For this, a
photochemical reactor with 2 L capacity equipped with a lamp with major emission at 254 nm was used to study the
photochemical degradation at lab-scale. The initial concentration of both herbicides was 0.25 mg L-1. The experiment
was carried out by bubbling O3 gas (500 mg h-1) into the water by using a diffuser integrated in the ozone generator.
At the beginning of the experiment 500 µL of H2O2 L-1 (30 % w/w) were added. Several samples were collected during
the photoperiod (120 min) at regular intervals and three replications were made in each case. Herbicide residues were
extracted with acetonitrile and analysed by HPLC-MS2.

Table 1 shows the kinetic parameters obtained according to a pseudo-first-order kinetics (-dC/dt = kappC) where 
kapp (time-1) is the apparent reaction rate constant. 

Table 1. Kinetic parameters.
Text sample R C0 (%) K (min-1) TEEa t½ (min) 

Triclopyr 0.941 91.6 0.0081 5.6 86 
Fluroxypyr 0.971 94.7 0.0314 6.2 22 

      a Typical error of estimate. 

 As can be observed, a fast degradation occurred for both herbicides, especially in the case of fluroxypyr where the 
half-life time was about four times lower than triclopyr. Ozone is a widely spread oxidant for drinking water treatment 
due to its oxidation and disinfection potential. Under water treatment conditions, ozone can lead to hydroxyl radicals 
(●OH) which are less specific and react fast with a wide range of organic pollutants. Ozone is an electrophilic molecule
which specifically reacts with high electronic density sites of the molecules such as unsaturated bonds and aromatics,
while ●OH is less specific oxidizing all kind of organic functional groups. However, in water these radicals can be
scavenged due to the substances present in the matrix such as some anions (HCO3−, CO32−, NO3−, NO2−, Cl−, Br−)
and dissolved organic matter.

Acknowledgements 
This work was financed with the project RTA2015-00073-00-00 (INIA 2017-2020). Co-funded by the European Social Fund. The 
authors are also grateful to H. Jiménez, J. Cava, I. Garrido, M.V. Molina and E. Molina for technical assistance. 

Triclopyr

Fluroxypyr

ISBN: 978-84-09-12430-5 181



Removal of eight triazole and amide pesticides in soil by intermittent ozonation

Isabel Garrido1,*, Marina Aliste1, Fulgencio Contreras1, Pilar Flores1, Pilar Hellín1, José Fenoll1 
1 Sustainability Moguel Castañeda and Quality Group of Fruit and Vegetable Products. Murcia Institute of Agri-Food Research 

and Development. C/ Mayor s/n. La Alberca, 30150 Murcia. Spain. *isabel.garrido3@carm.es 

Abstract  
Several techniques could be utilized for elimination of pesticides in soil including thermal, biological and chemical 
treatments [1]. The utilization of ozone (O3) for the removal of pesticides in soil can be a good alterative, since ozone 
is a strong oxidant and can rapidly oxidize a number of these pollutants. In addition, as a result of ozone 
decomposition, hydroxyl radicals can also be generated. However, the effectiveness of this oxidant may be limited by 
factors such as competing reactions with soil organic matter and soil conditions, porosity and pH [2]. The aim of this 
work was to determine the suitability of gaseous ozone for degradation of residues of eight triazole and amide pesticides 
in soil. 
Ozone tests were developed in a glass container (volume 150 L). The influent ozone concentration was about 14 g m-

3 and the flow rate was 7 L min−1. All assays were carried out using a pyrex glass vessels (110 mm long, 80 mm diameter) 
containing 100 g of two different clay-loam soils with different amount of organic matter, spiked at 1 mg Kg-1 of each 
compound. Intermittent ozonation treatment was applied to both soils every day for a period of 6 day. A control 
experiment was also conducted using soil not exposed to ozonation. 
Soil samples were extracted with acetonitrile and analyzed according to the procedure described by Fenoll et al. [3]. 
Table 1 shows the remaining percentage of the eight pesticides studied after 6 days of intermittent ozonation treatment. 

Table 1. Remaining percentage of pesticides after 6 days of treatment 
Soil A without 
treatment 

Soil A with 
ozone treatment

Soil B without 
treatment

Soil B with 
ozone treatment 

Difenoconazole 96.9 22.0 96.5 35.4 
Myclobutanil 92.8 11.6 91.5 23.8
Tebuconazole 97.2 17.1 90.6 30.6
Triadimenol 96.0 12.1 87.5 24.5
Cyflufenamid 96.8 10.6 95.4 28.8
Flonicamid 98.0 16.9 99.0 22.5
Napropamide 96.1 16.4 96.4 23.5
Propyzamide 99.3 27.9 97.4 40.5

The results indicate that ozonation is a promising and efficient technology for the remediation of soils contaminated 
with pesticides. However, the reaction between ozone and soils contaminated with pesticides is very complex due to 
different kinetics joining in this reaction. Moreover, soil characteristics would affect the remediation efficiency of 
ozonation. 
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Abstract 

Mercury (Hg) is classified as priority hazardous substances. Concentrations found in the aquatic environment are at 
trace levels as result of natural processes, such as erosion and volcanism, and anthropogenic discharges related mainly 
to industrial and mining activities. Mercury is one of the most potent neurotoxins known, showing a high number of 
adverse health effects in animals and humans. 

For this reason, a simple and rapid method for the determination and preconcentration of mercury in environmental 
waters is proposed. This work is based on magnetic dispersive solid phase microextraction (MDSPME) coupled with 
on-line chemical vapour generation (CVG). Graphite furnace atomic absorption spectrometry (GFAAS) was employed 
for the quantification of Hg. In the preconcentration step, a shell structured Fe3O4@graphene oxide was suspended 
in the ionic liquid carrier (1-n-butyl-3-metilimidazolium tetrafluoroborate [BMIM][BF4]), obtaining a stable colloidal 
suspension called ferrofluid. This sorbent possesses as large contact surface area and a high density of polar groups on 
its surface. The nanoparticles, when finely dispersed in the sample solution, result in almost complete extraction of Hg 
within a few seconds.  All experimental and instrumental variables were optimized and the method was adequately 
validated by the analysis of certified reference materials of environmental waters. 
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Abstract 
Ionic liquids have become leading candidates for replacing many common organic solvents used in the chemical 
process industry. There is, however, a general lack of toxicology data relevant to wastewater treatment facility microbes 
for these compounds, especially for anaerobic processes. Ten imidazolium-based IL selected taking into account their 
composition: alkyl side chain lengths (Cn, n = 2, 4, 6, 8, and 10) of imidazolium Cl derivatives, and anions with 1-ethyl-3-
metil imidazolium (Emim): dimethylphosphate [DMP], bromide [Br], acetate [Ac], bis(trifluoromethylsulfonyl)imide 
[NTf2], and hexafluorophosphate [PF6], were tested to determine the acute toxicity through specific methanogenic 
activity (SMA) tests [1] as the effective nominal IC50 concentration.  

Fig. 1.  log IC50 for ethyl imidazolium with different anions 

In the Fig 1a the obtained IC50 (µM), expressed as the corresponding logarithm, are plotted vs. the alkyl chain length 
(from 2 to 10) of imidazolium Cl. It can be observed a trend towards toxicity increase with the length of the aliphatic 
chain of imidazolium, confirming the effect observed for other authors with regard to different classes of biological 
systems and living organisms. The increase of the side-chain length from two to ten carbon atoms resulted in a 166-
fold decrease of IC50. This tendency can be explained by the increased lipophilic nature, which shows the hydrophobic 
character of the ILs bearing longer alkyl chain lengths. Fig. 1b shows the toxicity of the different anions studied 
expressed as log IC50 (µM). The influence of the anion is minimal taking into account the slight differences found for 
the four least toxic anions (phosphonate, halogens and carboxylate) with similar log IC50 values (3.92 ± 0.09 µM). The 
higher toxicity of [PF6] and [NTF2] anions can be explained for the high strength of the carbon–fluorine bond that 
makes the fluorinated chemicals the most stable hydrocarbon derivatives in the environment. Moreover, the hydrolytic 
cleavage results in the formation of free fluoride ions, which are potent inhibitors of Na+ K+ ATPase. Thus, the 
application of ILs for biomass pre-treatment and anaerobic digestion enhancement, must take into account not only 
their ability to dissolve the biomass components but their toxicity on anaerobic microorganisms. 
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Abstract 
A methodological framework to analyze and design circular integrated waste management systems was tested on a case 
study, the management of bio-waste in the Spanish region of Cantabria. The goals of the research are the following:  
‐ To determine the system configurations that minimize total annual cost (TAC) and global warming (GW), and 

maximize N and P circularity indicators (CIN and CIP) within the system. 
‐ To evaluate how the economic profitability of the system varies as CIN and CIP improve. 

According to the guidelines proposed by Cobo et al., [1-3] the boundaries of the studied system comprise the complete 
life cycle of bio-waste; it is assumed that all the products recovered from the municipal bio-waste (compost, digestate, 
struvite and ammonium sulfate) are applied to land to grow corn. A superstructure composed of waste management 
and corn production unit processes was designed. A Mixed Integer Linear Programming problem was formulated to 
find optimal system configuration by combining Material Flow Analysis, Life Cycle Assessment, Life Cycle Costing 
and biogeochemical modeling tools. The results of the optimization of each objective function are compiled in Table 
1. A multi-objective optimization was performed, and it was demonstrated that improving CIN increases the TAC,
because it involves a noteworthy investment in new technologies, whereas high CIP values can be achieved at low
TACs. The optimal system configurations enable the recovered organic fertilizers to compete in the market with
industrial fertilizers while the waste managers earn net profits of 0 €·ton-1 - 40 €·ton-1 of bio-waste. A relatively modest
increase in the waste management tax could lead to significant improvements in the circularity of nutrients, proving
that the cooperation between waste managers, farmers and policy-makers can lead to “win-win” strategies that
minimize costs and encourage the implementation of circular integrated waste management systems.

Table 1. Values of the objective functions for the single objective optimizations. 
Objective 
Function 

min
TAC

max
CIN

max
CIP

min 
GW 

TAC (106€·yr-1) -1.96 1.57-5.00 -1.05-2.00 2.27 

CIN 0.056-0.064 0.174 0.066 0.072 

CIP 0.027-0.121 0.033 0.122 0.100 

GW (106kg CO2-eq·yr-1) 54.89-55.00 47.34-47.37 52.31-55.25 42.66 
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Abstract 

The damage to air quality caused by fine particles (PM2.5 and smaller) is currently a major concern on a global scale, 
mainly due to their involvement in significant damage to human health and the environment alike. An important 
subgroup of PM2.5 particles is the group of condensable particles, which are fine particles (less than 2.5 μm in size), 
primary and not filterable under emission conditions. The CPM is created after the cooling and dilution of the gas 
from a transformation process in the ambient air to form solid or liquid particles immediately after discharge into the 
atmosphere when leaving the pile. 

Currently, the standard methods for the determination of CPM are optimized variations of the original method 202 
proposed by the EPA. The use of this method is subject to debate due, among other reasons, to the lack of precision 
and accuracy of the results obtained [1]. To quantify these types of particles, this paper presents an alternative sampling 
method to Method 202 based on a dilution system. 

In this context, the design of a sampling train have been developed for the exclusive determination of the CPM 
emissions based on the indications provided by CTM-039. The results of the characterization tests and the train settings 
in different sampling conditions are also shown. The tests were carried out under laboratory conditions in order to 
verify the accuracy of the sampling system. 

Table 1. Lab tests matrix. 
Parameters Options 
T gas (ºC) 25 100 170 
T air (ºC) 25 
∆H gas (mmca) 40 50 60 
∆H air (mmca) 2 10 20 
H AD (%) 12 23 31 

This sampling train is characterized as a compact, flexible and easily transportable system. Beside, this system allows 
solving the problem so far impossible to quantify exclusively the condensable particles present in the emissions of 
stationary and mobile sources through the use of a dilution sampling system. This train is considered an indispensable 
tool to study the existence of CPM in the combustion gases of various combustion processes and establish its 
concentration, obtaining coherent results in terms of reproducibility and repeatability. 
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A novel and greener ultrasonically assisted/modif ed cloud point extraction procedure for the preconcentration and 
extraction of trace cadmium from environmental samples was developed. The sorbent material was fabricated by 
scattering of magnetic iron nanoparticles (MNPs) over graphene oxide (GO) to obtain magnetic graphene oxide 
(MGO). The material was suspended in the ionic liquid 1-n-butyl-3-metilimidazolium tetrafluoroborate 
[BMIM][BF4]. The obtained stable colloidal suspension is named ferrofluid. GO presents excellent adsorbent 
properties for organic species due to the presence of the electronic π system. For this reason, the organic ligand [1,5-
bis-(2-dipyridyl) methylene] thiocarbonohydrazide (DPTH) was used in order to form an organic complex of Cd. 
Once the DPTH ligand has been added to sample, the ferrofluid was injected and finely dispersed in the sample 
solution in order to extract the formed chelate as shown in Fig. 1. The complete adsorption of the quelate took place 
within few seconds, after that the solid was separated from the solution with the aid of a strong magnet. Cadmium 
ions were desorbed from the material with 1 mL of 5% acid nitric solution and quantified by electrothermal atomic 
absorption spectrometry (ETAAS). 
The main parameters affecting the extraction and the furnace program were optimized using one-at-time method. 
The analytical performance under optimum conditions are the following: LOD: 0.005 µg/L, LOQ: 0.017 µg/L. 
Linear calibration: 0-0.25 µg/L and EF: 200. The reliability of the developed procedure was tested by relative 
standard deviation (% RSD), which was found to be < 5% (1.3%). The performance of the proposed procedure was 
checked by applying to certif ed reference material and spiking standard in real samples. 

Fig. 1 Magnetic solid phase extraction process. 
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Abstract  
Verinsur S.A. is an SME company specialized in the management of both hazardous and non-hazardous waste. It has 
a reverse osmosis (RO) plant for the treatment of the leachate generated in the different landfills from their facilities. 
The concentrate is channeled for incorporation into a solidification-stabilization process, and the permeate (after 
chlorination) is stored for reuse. The permeate is generated with a flow rate of 3-3.5 m3·h-1 (360 to 420 m3 per week). 
The aim of this permeate is to reuse it for several applications, such as industrial washing of vehicles or irrigation of 
vials in order to avoid dust. It is known that dissolved organic compounds can be adsorbed to the membrane, and this 
may promote the transport through the membrane to the permeate stream, reducing the expected quality of this 
effluent [1,2].  In this sense, the permeate has been monitored during three months, and mainly in terms of dissolved 
organic carbon (DOC), total nitrogen (TN) and ion chromatography (IC).  
The mean DOC value in the sampling period was 67.34 mg C·L-1 (±8.43). The mean TN value was 52.31 mg N·L-1 
(±15.04). The concentration of different ions, which are in the range of mg/L, suggests that they are not completely 
eliminated, although their treatment by RO substantially reduces their presence. Especially, NH4+ has a high presence 
in the initial leachate and is still present in the permeate stream with an average level of 66.5 mg·L-1 (±20.6). These 
parameters are not explicitly included in the regulation on water reuse but must be taken into account for the potential 
formation of undesirable organochlorine compounds and chloramines in the permeate and, specifically, in the 
subsequent disinfection process by chlorination. 
According to the presence of a basal amount of residual organic carbon in the permeate, it suggests that chlorination 
may is not the best alternative as a post-treatment process. In this sense, several approaches have been assessed based 
on ozonation processes. Ozone is unstable in water and decomposes via various reactions with some water matrix 
components to yield •OH. It is highly favored in basic medium [3]. Several studies report that ozonation may be used 
as post-treatment stages for both oxidation of organics and disinfection in the permeate stream. Nonetheless, the 
coupling of membrane process combining ozonation and membrane filtration is still lacking in the literature as post-
treatment option [2].  
We performed several strategies in order to quantify the best efficiency of ozonation techniques for both degrading 
TOC, NT, and disinfection. It has been made by varying several operational parameters, such as the ozone 
concentration, contact time and pH of the permeate. Partial oxidation of the present TOC, TN (15-20% reduction) 
and a transformation to organic compounds with a higher degree of oxidation (acids and aldehydes) have been 
detected. Other alternatives such as peroxozone and its combination with active carbon will be evaluated.  
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Abstract 
Photo-Fenton process is one of the most effective methods for the treatment of highly polluted industrial wastewaters. 
The advantages with respect to the dark Fenton includes an alternative route to regenerate Fe3+ without H2O2 
consumption and the direct oxidation of organic acids-ferric complexes [1]. Despite temperature has been claimed to 
have a positive effect upon dark Fenton process, this variable has been scarcely studied in photoassisted treatments 
(up to 70ºC), with conflicted conclusions [1,2]. The aim of this work is to assess the intensification of photo-Fenton 
treatment by increasing operating temperature. For this purpose, photo-Fenton runs have been performed at different 
temperatures (up to 90 ºC) in a batch jacketed photoreactor equipped with a temperature control and a 150 W 
immersion medium pressure Hg lamp (UV-Consulting Peschl). The reaction volume was 700 mL. The selected 
operating conditions were: [Phenol]0: 1000 mg/L, [H2O2]0: 5000 mg/L, [Fe2+]0: 10 mg/L, pH0: 3, T: 25-90ºC. 

Fig. 1.  Effect of temperature on TOC (left) and H2O2 (right) concentration upon photo-Fenton and Fenton processes. 

The dependence of TOC and H2O2 evolution with the reaction temperature is shown in Figure 1. As can be noted, 
the higher temperature, the higher H2O2 decomposition and, consequently, the higher TOC conversion. Thus, while 
30 min are required to mineralize c.a. 100% of the initial TOC at 90 ºC, it takes around 120 min to achieve the same 
degree of mineralization at 50 ºC in the photo-Fenton process. On the contrary, higher temperature or considerable 
longer reaction times are required to achieve comparable results with dark Fenton process. 
From these results, it can be concluded that, in the range studied in this work (25-90ºC), temperature shows a positive 
effect upon photo-Fenton process, with mineralization degree significantly higher than those achieved with dark 
Fenton, providing a promising alternative to treat highly loaded industrial wastewaters. As a final remark, low 
operational costs can be maintaining bearing in mind that high temperatures can be provided by the heat delivered 
directly from sun light in low concentration photo-reactors or directly using artificial lamps as a heat source to increase 
wastewater temperature. 
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Abstract 
Ethanol production from lignocellulosic material includes three major steps: biomass pretreatment, which fragments 
the lignocellulosic matrix to facilitate the enzymes access to the substrate; hydrolysis, where the polysaccharides are 
converted into fermentable sugars (e.g. glucose and xylose) [1]; and finally, fermentation that produces ethanol or 
other biologically based chemicals (e.g. lactic acid, succinic acid) [2]. The aim of the present work was to study the 
effect of some operative variables of the pretreatment stage, namely sodium hydrogen sulfite and sulfuric acid loadings, 
temperature and time, on the release of sugars in the enzymatic hydrolysis of Cytisus striatus, performed applying a 
Novozymes® cocktail, with fixed charges and operating conditions. Wood branches were chipped and submitted to 
different reaction conditions, with a central composite experimental design 2^4+star, exploring the following 
variables: sulfuric acid charge (0-3%, on wood), sodium bisulfite charge (0-4 %, on wood), maximum temperature 
(150-190ºC) and time at maximum temperature (0-30 minutes). After pretreatment, the acid hydrolysates were 
recovered, the solid residues were mechanically disintegrated and thereafter subjected to enzymatic hydrolysis with an 
enzymatic cocktail from Novozymes®. Sugars and by-products released in the sulphite pretreatment and enzymatic 
treatment hydrolysates were analyzed by HPLC. 
The different factors effect (NaHSO3 load [A], H2SO4 load [B], temperature [C] and time at Tmax [D]) on different 
response variables was mathematically established. As an example, the equation corresponding to the XMG (Xylose 
+ Mannose + Galatose) and to the released sugars:
𝑋𝑋𝑋𝑋𝑋𝑋 = 13,987+0,394 𝐴𝐴+3,060 𝐵𝐵 +1,543 𝐶𝐶 +0,545 𝐷𝐷 − 0,124 𝐴𝐴2 −0,957 𝐴𝐴𝐵𝐵−0,652 𝐴𝐴𝐶𝐶 −0,081 𝐴𝐴𝐷𝐷−0,037𝐵𝐵2 −5,377
𝐵𝐵𝐶𝐶−2,403 𝐵𝐵𝐷𝐷−1,802𝐶𝐶2 −2,295 𝐶𝐶𝐷𝐷 −0,741 𝐷𝐷2   (Eq. 1)
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =32,51+7,166 𝐴𝐴+13,022 𝐵𝐵+26,535 𝐶𝐶+8,940 𝐷𝐷+4,729 𝐴𝐴2+0,665 𝐴𝐴𝐵𝐵+1,955 𝐴𝐴𝐶𝐶+0,783 𝐴𝐴𝐷𝐷+2,539𝐵𝐵2−1,743
𝐵𝐵𝐶𝐶−0,55 𝐵𝐵𝐷𝐷+1,619 𝐶𝐶2 +1,575 𝐶𝐶𝐷𝐷−0,231 𝐷𝐷2   (Eq. 2)
Standard effects and yield surface response were also obtained and analysed, as seen in Fig. 1 and Fig. 2:

Fig. 1.  XMG surface response.    Fig. 2.  Sugar surface response. 
Pretreatment of biomass with sodium hydrogen sulfite in acid environment alters the feedstock structure and 
composition, making it more suitable for enzymatic treatment. The pretreatment conditions affect the amount of total 
recovered sugars and the generated degradation products. For a given sulfite load, more acidic conditions lead to higher 
sugar release and further material fragmentation, but also to an increase in degradation products. Moderate loads of 
sodium bisulfite (1%) and sulfuric acid (2.25%), release practically all raw material hemicelluloses. The enzymatic 
treatment showed to be very sensitive to the pretreatment conditions. The released sugars percentage in the enzymatic 
hydrolysis ranged from 6.0% to 68.9%.  More acidic conditions increase the rate and extent of the enzymatic hydrolysis 
of the polysaccharides. 
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Abstract 
The conversion of lignocellulosic biomass waste into bio-based materials can be an interesting route for its 
valorization, and a further benefit for biomass waste-generating companies. Among the different possibilities, the 
preparation of activated carbons from these lignocellulosic biomass waste presents many advantages, such as their 
great versatility and their exponentially increasing demand. Furthermore, it supposes an opportunity to obtain low-
cost materials and to reduce environmental impacts. Activated carbons are usually prepared in form of powder; 
however, they can be present in different morphologies (powder, pellet, monolith, fiber). In the case of monolithic 
configurations, these materials usually present large geometric surface area, presenting, however, a low-pressure drop 
when they are used in fixed-bed processes with high flow rates, making them very useful materials to be used as 
adsorbents and/or supports for catalysts in environmental applications and as carbon electrodes for supercapacitors. 
The objective of this work is the preparation of activated carbon monoliths (ACMs) by chemical activation of lignin 
and olive stones with H3PO4 and their use in electrochemical and catalytic applications.  

Fig. 1.  SEM images of different carbon monolith a) carbon disk; b) 25 channels/cm2; c) 120 channels/cm2  
A series of cylindrical ACMs were prepared from direct extrusion of Alcell, Kraft lignin and olives stones particles 
with phosphoric acid, followed by activation at 700 ºC (Fig. 1) [1]. ACMs presented pore size distributions in the micro 
and mesopore range, with high values of surfaces areas (from 680 to 1500 m2/g) and relatively high mesopore volume 
(0.35 cm3/g). The bulk density of the monoliths was also very high (~1.1 g/cm3 for ACM from Alcell lignin), with 
compressive strength of 7.6 MPa. Electrochemical characterization was carried out by cyclic voltammetry and 
galvanostatic charge-discharge techniques with electrodes prepared from ACMs in the absence of any type of binder 
and conductivity promoter. The olive stone monolith presented the highest specific capacitance of all the ACMs, 
approximately 217 F/g (volumetric capacitance of 205 F/cm3). Methanol dehydration reaction was carried out in a 
fixed bed reactor in the presence of air. High catalytic activities were found for the ACMs studied, with methanol 
conversions from 55 to 75%, selectivity to dimethyl ether (DME) higher than 90%. and a great stability under the 
operating conditions evaluated. The influence of the monolithic morphology and the presence of water on the catalytic 
activity of the ACMs were also studied. 
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Abstract 

Newsprint production in Europe has decreased by 28.3% in the last 5 years (CEPI 2017). This fact 
supposes huge challenges for the newsprint mills in order to maintain their competitiveness. In this 
sense, the on-site production of nanocellulose from waste streams can be a very promising 
alternative, increasing the sustainability and the profitability of these companies [1]. Cellulose 
nanocrystals (CNC) can be obtained from cellulose streams by the hydrolysis of amorphous cellulose. 
These CNC exhibit many advantages compared to cellulose fibers, such as high strength, high surface 
area, unique optical properties, lightweight, stiffness, etc, at the same time that keep their inherent 
renewability and sustainability [2].  

The purpose of this research is to produce CNC from waste streams of a newsprint mill, in a cost-
effective manner. Thus, CNC were directly produced through acid hydrolysis from old newspapers 
(ONP) and 100%recycled newsprint (NP), which simulates the stream of broken paper that is usually 
recirculated. CNC were also obtained from NP including a pretreatment consisting of alkali and 
bleaching treatments. CNC yield and quality was assessed through lignin and ash determination, X-
ray diffraction analysis, atomic force microscopy and thermogravimetric analysis.  

Results showed that all CNC produced had similar properties, in terms of crystallinity (92–95%), 
aspect ratios (L/d) (each in the range of 50–120), morphology and thermic behavior. Nevertheless, 
purity was quite different, being around 80% for non-pretreated CNC 93% for the pretreated sample. 
With the avoidance of the pretreatment, the process yield increases from 35 to 60%, reducing, 
consequently, the associated costs (chemicals and energy).  

The produced CNC could be applied in different applications, depending on quality requirements. 
If the presence of impurities is an inconvenient, the pretreated CNC could offer good results. 
Nevertheless, for applications where these impurities is not such a high inconvenient, such as paper 
and board industry, the CNC produced directly could be used at much lower cost and reaching 
similar benefits. This approach would offer an alternative to these companies that are looking for 
other market niches that increase their competitiveness.  
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Abstract 

HMF, a platform molecule molecule obtained from lignocellulosic biomass, can be converted into biofuels and 
bioadditives such as DMF and DMTHF. In this work, different selective and stable catalysts have been studied for the 
hydrogenolysis of HMF. 
The reaction was carried out in a continuous fixed bed reactor at 275 ºC and 15 bar under a H2 atmosphere. Catalysts 
supported on ZrO2 with different Ni and/or Cu metal loadings and preparation methods were tested during 25 h on 
stream to study their activity and stability. Concretely, in this work Ni-Cu bimetallic catalysts with different loadings 
will be compared to monometallic Cu catalyst. 
As it can be observed in the STEM images (Figure 1), a higher Ni loading involves that the Ni covers better the Cu 
particles, increasing the Ni-Cu interaction.  

Fig. 1.  STEM images of 15Ni-15CuZr (upper) and 30Ni-15CuZr (down) 

The conversion and yields of different catalysts are summarized in Figure 2. It can be observed that the bimetallic 
catalysts are able to produce more desired products. Probably, the Ni-Cu interaction enhances the hydrogenolysis 
reactions. In the case of adding a higher loading of Ni, the production of DMTHF is higher along the first hours of 
reaction. Probably, a higher initial hydrogenation activity of the Ni-Cu phase explains this initial DMF hydrogenation 
to DMTHF. No further deactivation was detected after 25 h on stream.  

Fig. 2.  Conversion and yield of different catalysts ( HMF conversion, DMF yield and DMTHF yield).
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Abstract 
It is well known that Kraft process is the method most widely employed by pulp mills. During the cooking step, a 
sodium hydroxide and sodium sulphide solution (white liquor) is used to disassociate cellulose fibres from the rest of 
components of wood chips. After washing, a waste stream (black liquor) is produced, which is highly polluting due to 
its high content of organic matter and suspended solids, its alkaline pH and the large volume generated [1].  In order 
to reduce its toxicity and recover chemicals and heat energy, this stream is usually concentrated and afterwards 
incinerated. However, because of operating and environmental problems, other alternatives are being studied to treat 
it, obtaining products of higher added value simultaneously [2]. Amongst such alternatives, wet oxidation is gaining 
importance, because it removes the pollutants and organic matter as well as increasing the concentration of carboxylic 
acids [3], [4]. Nevertheless, to the best of our knowledge, practical approaches towards the integrated production and 
purification of these acids from Kraft black liquor have never been investigated. Therefore, the aim of this study is to 
assess a coupled process that allows simultaneously treating the black liquor and recovering carboxylic acids. 
To this end, an integrated wet oxidation (WO)- ultrafiltration (UF)- liquid-liquid extraction (LLE) process was 
proposed to produce organic acids (OA) from black liquor. Firstly, best operation conditions (temperature, pressure 
and time) for Kraft black liquor WO were selected in order to maximize OA concentrations. After this, an UF process 
(2 bar TMP, 0.8 m/s CFV and 90 ºC ) with a 150 kDa ceramic tubular membrane was performed to retain lignin and 
hemicellulose from the wet oxidised black liquor, while OA permeate through the membrane. Finally, the permeate 
obtained is subjected to an LLE to extract OA. This step consisted in 3 co-current extraction stages, using ethyl acetate 
as extractant in a 1:5 permeate/extractant ratio. 
Experimental results revealed that best WO conditions for the production of OA from Kraft black liquor were 190 
ºC and 120 minutes, obtaining 52.7 g/L of OA and achieving a COD reduction of 46.8% and a colour number (CN) 
reduction of 63.4%. Oxalic (24.2 g/L), lactic (9.0 g/L), formic (2.1 g/L), acetic (9.2 g/L), and propionic (8.22 g/L) 
acids were the main acids generated during this treatment. Regarding the subsequent UF of the wet oxidation effluent, 
an average permeate flux of 28 L/m2·h was obtained during the UF, with a COD reduction of 27.2%, a CN reduction 
of 66.7%, and a very low OA rejection. Finally, around of 36.9% of the total acid concentration in the permeate was 
extracted during the LLE stage (this yield increased to 69.8% if oxalic acid was not taken into account, because this 
turned out to be non-extractable). 
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Abstract 
Lignin is a macromolecule with a phenylpropane backbone in wood that is present in black liquors from the pulp and 
paper industries and that is burned for energy generation. A nobler route for its valorization is the recovery of several 
phenolic compounds like vanillin, syringaldehyde, vanillic and syringic acids acetovanillone and acetosyringone, 
depending on the type of wood being processed in the biorefinery. The macromolecule can be cleaved by several 
processes including the most common, alkaline wet oxidation. The separation and purification of the phenolic 
compounds present in these lignin oxidation mixtures is still difficult. Alkaline Indulin AT solution (50gLIGNIN/L, 
80gNaOH/L) was oxidized in a continuous structured packed bubble reactor and the non-depolymerized lignin is 
filtered by ultra- and nanofiltration. A cyclic adsorption procedure is then used to separate the phenolic compounds 
present after the oxidation, vanillin, vanillic acid, acetovanillone and p-hydroxybenzaldehyde. Then water used as 
desorption eluent is able to recover the vanillin and acetovanillone in one solution, while the vanillic acid is recovered 
during the feed phase into another; the behavior of cycles 1, 2 and 7 is presented in Figure 1. Separation of these 
phenolic compounds can be facilitated by this simple procedure that utilizes deionized water only [1, 2]. 

Fig. 1.  Concentration histories of cycles 1, 2 and 7 from the adsorption experiment leading to the fractionation of 
vanillin/acetovanillone and vanillic acid from alkaline wet lignin oxidation solution with fractionation scheme presented. H – 
p-hydroxybenzaldehyde;  VA – vanillic acid;  V – vanillin; VO – acetovanillone; Feed pH =13.4; feed concentrations:
[H] = 0.1 g/L, [VA] = 0.7 g/L, [V] = 2.6 g/L, [VO] = 0.2 g/L; and column temperature = 25ºC, liquid volumetric flowrate =
10 mL/min. Column dimensions: diameter of 26 mm and length 446 mm (Merck–Darmstadt); mean liquid residence time of
540 s, Peclet number of 555 and porosity of 0.37; Stationary phase: SP700 resin.
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Abstract 
The management of huge amounts of sewage sludge is a major drawback in Wastewater Treatment Plants (WWTPs). 
Currently, agricultural application, incineration and landfilling are the most frequent uses for sewage sludge. Over the 
last two decades, energy recovery technologies have arisen as feasible waste management alternatives. In this regard, 
Hydrothermal Carbonization (HTC), since performed in aqueous medium, avoids the pre-drying step required by 
pyrolysis or gasification, which may lead to a significant improvement on the overall sludge processing energy balance. 
Besides HTC main solid product (hydrochar), a significant amount of a liquid fraction containing up to 20% of the 
initial carbon is also obtained. High Chemical Oxygen Demand (COD) values have been reported for this fraction, 
which both indicate the need for a proper treatment before final disposal and the potential in terms of energy recovery 
[1]. In this work, a novel integration approach combining HTC and Anaerobic Digestion (AD) was simulated in 
AspenPlus (Fig. 1). The valorization of secondary sludge by HTC coupled with AD allows obtaining higher energy 
efficiency than the conventional AD treatment (Table 1). 

Fig. 1.  Mass flow diagrams of considered scenarios. 

Table 1. Energy balance comparison of considered scenarios. 
(GJ/tonneTSS) Standalone AD HTC & AD integration
Inlet biomass HHV 17.60 17.60
Electricity demand 1.98 1.85
Electricity output 1.60 1.48
Net electricity demand 0.38 0.37
Heat demand 1.21 3.99
Heat output 10.61 14.34
Net heat output 9.40 10.35
Calculated process energy efficiency 52.3% 57.6%

Abbreviations: PSS: Primary Sewage Sludge; SSS: Secondary Sewage Sludge 
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Abstract 

The biofuel technology has potential to substitute technologies based on fossil fuels. An alternative is the usage of 
lignocellulosic feedstock for second generation ethanol production. As Brazil is one of the largest sugarcane producers, 
the integrated production of first and second generation ethanol in sugarcane facilities could generate economic, 
environmental and logistic advantages. Still in development, most of this process design studies are concerned with 
steady-state. However, the study of the process dynamics is a key subject in process control, safety, and efficiency. In 
this work, the multiple-effect evaporation is studied as it is one of the main stages of ethanol production and one of 
the highest energy consumers. A dynamic phenomenological model of this step was developed in EMSO process 
simulator. The second generation process is coupled in the form of a stream of glucose syrup that is mixed with 
sugarcane juice stream. Part of the juice is mixed with the syrup and fed into the first effect and part is bypassed and 
mixed with the outlet concentrated juice of the fourth effect. The dynamic analysis was performed with simulations, 
where negative step disturbances were applied in the sugar concentration, volumetric flow rate and temperature of the 
sugarcane juice. The analysis showed that the presence of disturbances, time delays and a large number of constraints 
generates a complexity in the system dynamic behavior. The dynamic behavior is closer to linear at the first evaporator, 
and becomes more distant from linear in the last two vessels, meaning that the last two effects present more difficulties 
in controlling.  
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Abstract  
Carbon materials, due to their versatility and their relatively easily functionalization, are widely used in several fields, 
such as energy production, catalysis, and gas or liquid cleaning processes. However, their production usually involves 
expensive processes which make difficult their commercial exploitation. This is the reason why it is necessary to find 
a different and cheaper way to produce these activated carbons. An alternative is the use of biochar, an organic charred 
solid obtained from the thermal degradation of biomass, as a promising precursor of advanced carbon materials. Slow 
pyrolysis of biomass is a well-known thermochemical process, which is able to produce biochar with a relatively high 
yield. However, the produced biochar does not have the appropriate textural properties, since its porosity is mainly 
restricted to narrow micropores [1], which makes pristine biochars not suitable for catalysis or adsorption applications. 
Therefore, an activation process is needed to expand the biochar specific surface area and porosity. This activation 
could be carried out through different ways and one of the more promising is the so-called “chemical activation”. This 
activation consists in the impregnation of the raw biochar with an activating agent (e.g., KOH [1], K2CO3, ZnCl2, 
NaOH), followed by a thermal treatment at high temperature under inert atmosphere (N2). The role of the chemical 
agent is to promote further gasification of the solid, leading to the formation of a more hierarchical porous structure. 
Despite the fact that the effect of both the different chemical agents and process temperature have been widely 
investigated [2], there is no research on the effect of the activation pressure on the textural properties of the activated 
biochar. 
Besides the solid product (biochar), also volatile compounds are released during the pyrolysis of biomass. These vapors 
are generally composed of a permanent gas fraction (CO2, CO, CH4, H2, and light hydrocarbons), water, and many 
organic condensable compounds. All the condensable fraction is generally referred as “bio-oil” or “pyrolysis liquid”. 
Since bio-oil from slow pyrolysis is extremely rich in water, the implementation of bio-oil upgrading processes (via 
catalytic deoxygenation and hydrogenation) does not seem to be viable. A more practical approach is the conversion 
of pyrolysis vapors to permanent gases by means of catalytic reforming. In this process, metal-based catalysts can be 
employed to obtain high conversion with good selectivity to the desired products. Nevertheless, in the last years, a 
growing interest in using biochar as catalyst or catalyst support has arisen [3]. The reason is that biochar is a versatile 
and cheap material that, after its use, can be directly burnt or gasified to recover energy. 
The specific aim of this study is to investigate the effect of the absolute pressure on the textural properties of chemically 
activated biochars. For this purpose, wheat straw-derived biochar was impregnated with an aqueous solution of KOH 
and heated up to 800 °C under N2 atmosphere and under three different absolute pressures: 0.1, 0.5, and 1.0 MPa. 
The porosity development of activated biochars (BET surface area and pore size distribution) is currently being 
determined from N2 and CO2 adsorption isotherms performed at –196 and 0 °C, respectively. Additionally, the 
catalytic performance in steam reforming (i.e., total gas production, ratio H2/CO, and deactivation time) of some of 
the most promising activated biochars will be assessed in a fixed-bed reactor. 
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Abstract 
Currently, the investigation of butanol production from lignocellulosic residues has increased because climate change 
and energy security are acquiring interest [1]. The rice straw is one of the most abundant wastes of this type, with a 
global annual production of 731 million tons [2]. In this way, this study shows a methodology to optimize a 
simultaneous saccharification and ABE fermentation (SSF) process focused on the production butanol by Clostridium 
beijerinckii DSM 6422 from microware pretreated rice straw (200ºC, 15 min). The medium used in the fermentation has 
been previously optimized by a fractional factorial design methodology by using glucose/xylose mixture as substrate. 
In the SSF process from lignocellulosic waste, four factors were screened through 24-1 fractional factorial design: initial 
pH, enzyme (commercial blend Cellic CTec2), yeast extract and iron concentration (Table 1).  

Table 1. Variables, real levels, coded coefficients and P-values for the 24-1 fractional factorial design. 
Maximum butanol productivity (g/l h) as the response studied.   

Independent variable Low level (-1) High level (+1) Coefficient P-value
Initial pH 5,5 6,5  0,02508 0,000 
Enzyme 3 µl/ml 9 µl/ml  0,01485 0,003 
Yeast extract 2 g/l 4 g/l -0,00719 0,078 
FeSO4·7H2O 0,01 g/l 0,02 g/l 0,00567 0,150 

As example, Figure 1 shows the time evolution of ABE 
solvents and VFA concentrations of experiment with 
enzyme (9 µl/ml), initial pH (5.5), yeast extract (4 g/l) and 
iron (0.01 g/L). The delay in the production of solvents 
could be related to the late release of sugar monomers 
observed in a saccharification control. The maximum 
production, productivity and yield, based on butanol on the 
set of 16 experiments, were 5,24 g/l, 0,11 g/l h and 0,19 g/g, 
respectively. Therefore, the enzymatic hydrolysis of rice 
straw and its simultaneous fermentation by Clostridium 
beijerinckii DSM 6422 is a promising system in butanol 
production despite the different optimal conditions between 
both processes. Further optimization by Central Composite 
Design must be done varying initial pH and yeast extract 
concentration, the variables that significantly influenced 
butanol productivity (P>0.05). 
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Fig. 1.  SSF of rice straw using C. beijerinckii DSM 6422. 
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Abstract  
Biochar is widely considered as a renewable, promising solution to mitigate critical issues such as the global warming, 
the environmental pollution and the growing food demand [1]. It is a form of charred organic matter produced 
through the pyrolysis of biomass, deriving from several sources, such as forestry or agricultural residues, municipal 
solid waste and sewage sludge. Biochar can be used in a wide range of applications [2]: as fuel to produce heat and/or 
electricity, as soil amendment, in water and gas purification processes, among others. In this sense, depending on its 
final use, biochar must present specific properties, which will depend on the pyrolysis process conditions applied to 
produce it. Nevertheless, given the high number of variables affecting the pyrolysis process (e.g., pressure, peak 
temperature, heating rate, gas residence time) and the wide range of available biomass sources, several types of biochar 
with different properties should be expected. Hence, one of the main challenges nowadays is to optimize the process 
conditions of pyrolysis for a given biomass feedstock, in order to obtain biochar with the best properties for each 
application.  
Therefore, the specific aim of this study is to evaluate the effects of absolute pressure (0.2–0.9 MPa), peak temperature 
(400–550 °C), gas residence time (100–200 s) and gas atmosphere (pure N2 or a binary mixture of CO2 and N2, 60:40 
v/v) on the pyrolysis behavior of wheat straw pellets in a bench-scale fixed-bed reactor. Not only the effect of these 
parameters individually but also the possible effects derived from the interactions between them have been considered. 
For this purpose, an unreplicated 2-level factorial design has been adopted to objectively analyze the effect of these 
parameters on the response variables (i.e., yield of products, fixed-carbon yield, molar H:C and O:C ratios). No works 
analyzing more than three parameters at once have been found in literature. Thus, this could be considered one of the 
first studies where a 24 factorial design has been adopted in order to evaluate the true effects of all these factors at the 
same time on the properties of a wheat straw-derived biochar. In addition to the statististical analysis of the above-
mentioned response variables, the present study aims at analyzing the the real-time mass loss of the biomass along the 
pyrolysis process. This valuable information, together with the simultaneous analysis of the gas composition and the 
temperature profiles, represents a novel approach to assess the role played by the studied factors in the pyrolysis 
behavior.  
The pyrolysis runs presented in this study were carried out in a cylindrical and vertical reactor made of stainless steel 
and electrically heated. The reactor was supported on a ceramic tube, which was placed on a weighing platform. More 
details regarding the configuration of the reactor is available in a previous publication [3]. The composition of the gas 
fraction (N2, CO2, CO, CH4, C2Hx and H2) was determined using an Agilent micro-GC. Special attention was paid to 
the biochar yield and its properties related to the carbon sequestration potential. In this sense, the fixed-carbon content 
and atomic H:C and O:C ratios were considered as useful rough indicators of the long-term stability of biochar [4]. 
To get this information, all the produced biochars were characterized by proximate and elemental analyses. 
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Abstract 
In this work the scaling of lignin-based chemicals was addressed from laboratory experiments [1,2] to industrial scale 
by means of virtual simulations using a commercial software (Aspen Plus V8.8). Different scenarios were approached 
to compare the influence the possibility to intensify the process by developing lignin depolymerization directly from 
the black liquors instead of using precipitated lignin. Results of these simulations were used to determine the energy 
consumption and to assess the economic feasibility of the studied processes. 

Fig. 1.  Main flowsheet of the lignin depolymerization and downstream separation stages 

The direct lignin depolymerization from black liquors, organosolv or soda noticeably enhanced the phenolic monomers 
yield (0.37 wt.% and 0.25 wt.% respectively), however the bigger volume to be treated in depolymerization reaction 
and downstream stages significantly increased production costs, as well as, investment cost. Regarding lignin 
depolymerization from precipitated lignin, the monomers yield was lower (0.08% and 0.03% for organosolv and soda 
lignins respectively), nevertheless the investment and production costs were more feasible in terms of environmental 
and economic considerations. Among these last two mentioned scenarios, organosolv process presented better 
indicators, since despite the lignin extraction yield was poorer, the depolymerization performance was improved in 
such level that the most desirable product (phenolic oil) was obtained in higher amount. Moreover, the lower volume 
to be used in the depolymerization reaction, lead to a lower investment and production cost.   
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Abstract 
5-hydroxymethylfurfural (5HMF) is one of the molecules considered as a platform for obtaining chemical products
from lignocellulosic biomass1. Obtaining 5HMF can be done quite efficiently by dehydrating fructose, however,
fructose is not abundant. For this reason, the transformation of glucose, the most abundant hexose contained in
lignocellulosic biomass, to fructose is a very important step in the process of obtaining 5HMF. The isomerization
reaction is catalyzed by acidic Lewis type centers. MOF (Metal Organic Frameworks) are composed of metals
coordinated to organic compounds that form a 3D structure which can act as Lewis acids2. In this work the use of
four different MOF catalysts with different cations and structure have been studied. The reaction was performed in
stirred tank reactors in a Mettler Toledo Easy Max® equipment. A solution of 1% glucose (0.05g) in 5mL of GVL-
10%H2O was used and 0.08g of catalyst (MIL-101(Cr), Cu-BTC, MIL-53(Al) or Fe-BTC) was added. The reactions
were carried out at 140°C for different reaction times and were analyzed by HPLC. The results are showed in Fig. 1.

The fructose yield obtained is compared to the reaction time for the MIL-101(Cr), 
Cu-BTC, Fe-BTC and MIL-53(Al) catalysts. In all the catalysts the fructose 
formation is observed, while in an experiment without catalyst the formation of 
fructose was not observed. Clearly, the catalyst with the highest fructose yield is 
MIL-101(Cr), reaching a value of 22% after 1 hour of reaction and being of the 
highest data described in bibliography3-4 remaining constant for a longer time. The 
Cu-BTC and MIL-53(Al) catalysts showed a similar profile of constant growth of 
fructose yield versus time, although with lower values than with MIL-101(Cr). The 
Fe-BTC catalyst is the one that shows a different behavior, at short times it has a 
fructose yield of 12%, which decreases at longer times, everything seems to indicate 
that this catalyst requires short times to produce the highest yield of fructose under 
these reaction conditions and at longer times the fructose gives rise to the formation 
of other compounds. These results are compatible with what has been observed 
with homogeneous catalysts described in the literature in which chromium salts are 
the most efficient compounds in the glucose-to-fructose isomerization5. 
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Abstract 
The implementation of African palm waste as a raw material in obtaining biofuels is a profitable alternative since 
Colombia is the fourth country in the world in production of African palm and Bolívar one of the prioritized regional 
core  for the oil palm chain, however, the complex composition of the lignocellulosic material and the presence of 
lignin in its structure, hinder the transformation of these residues in reducing sugars; For this reason it is necessary to 
apply treatments to the raw material that allow the removal of lignin and facilitate access to its most internal and usable 
structures such as cellulose and hemicellulose. In this sense, it is essential to evaluate the use of different pretreatments 
that allow the modification and use of waste in the process of degradation to reducing sugars and their conversion to 
biofuels. In this project, the combination of mechanical and chemical pretreatment with urea on palm residues (empty 
fruit bunch and kernel shell) was evaluated to obtain reducing sugars. 

Initially, mechanical pretreatment was carried out, which consisted of reducing the size of the biomass to 0.5, 1 and 2 
mm. Then, in the chemical pretreatment to each particle size was added the urea solution with concentrations of 2, 4
and 6%v/v, to empty fruit bunch and kernel shell separately, a Shaker was used as a reaction set with a biomass ratio:
urea of 1:15, for 18 hours at a temperature of 80 ° C. Subsequently, the hydrolysis was carried out with sulfuric acid at
1% v/v for 1 hour and at 121 ° C in an autoclave, finally the reducing sugars present in each phase were quantified by
means of the DNS method. In the results, it was observed that the highest amount of sugars for kernel shell is obtained
with urea concentration of 4%, and a size of 0.5mm (95.44 g / ml), and for the empty fruit bunch at the same conditions
(105, 18 g/ml), which indicated that at lower particle sizes and with a 4% urea concentration the degradation of the
components present in the biomass was increased allowing a higher ART obtaining. In the figure 1 and 2, can observe
the results of total reducing sugars for kernel shell and empty fruit bunch using each condition mentioned.

Fig. 1. Total reducing sugars, Kernel shell pretreated with urea.     Fig. 2. Total reducing sugars, Empty fruit bunch pretreated 
with urea. 
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Abstract 
Original resource of lignocellulosic biomass may determine the optimization of processes for advanced biofuels 
generation. Olive-tree pruning biomass was subjected to several treatment methods with the aim of assessing 
bioethanol production by Scherffersomyces stipitis, Fig. 1. 23 central composite design was employed to appraise the best 
NaOH pretreatment conditions taking as main variables: time (30-90 min), temperature (30-90 ºC) and NaOH 
concentration (0.2-1.0% w/v); recommended conditions involved 88.3% of acetate solubilization. A similar 
experimental setup, considering 22 factorial design, was applied to study dilute acid hydrolysis effect on optimized alkali 
pretreated biomass, varying H2SO4 concentration (1.0-3.0% w/v) and time (60-120 min). Fermentation of selected 
hemicellulosic liquors, on the basis of fermentable sugars and inhibitors production, led to a great enhancement, 
Table 1, with regard to bioethanol generation (20.4 g dm-3 in optimized conditions, for 11 different assays) in contrast 
to reference hydrolyzate whose fermentation did not achieve this value. 

Fig. 1.  Flowchart of the sequential steps for the optimization of ethanol production by S. stipitis 

Table 1. Fermentative parameters 
Parameter Parameter 
Initial D-glucose (g dm-3) 25.5 ± 2.4 Maximum biomass (g dm-3)  5.5 ± 0.5 
Initial D-xylose (g dm-3) 45.3 ± 4.2 Maximum ethanol (g dm-3) 18.7 ± 2.0 

Fermentation time (h) 96 Maximum ethanol yield (g g-1) 0.27 ± 0.01 

Ethanol productivity (g dm-3 h-1) 0.21 ± 0.02 
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Abstract 
Biorefinery have been promoted in the last decades. In a lignocellulosic feedstock based biorefinery, biomass can be 
transformed in several products, with different chemical and/or agro-industrial applications, and energy (biofuels). 
The use of biomass waste is strongly advocated under European Union (EU) legislation in order to help achieve the 
climate and energy targets of the EU for 2020 and beyond. In this context, this study was focussed on the design and 
simulation of a biorefinery to mainly obtain ethanol and DME. These biofuels were obtained from waste forestry and 
agricultural waste biomass collected near the area where the biorefinery plant was proposed to be installed, to minimize 
the transportation costs and to promote the valorization of the biomass waste generated in this region. Moreover, the 
industrial applications of the possible obtained by-products were evaluated to minimize the environmental impacts 
and to make the biorefinery more sustainable. Fig.1 shows the block diagram of the global biorefinery processes. 

Fig.1. Block diagram of the global process. 

The central area of Andalusia, specifically the municipalities of Lucena and Antequera, was selected as the most 
adequate area to develop the installation of the biorefinery plant 
Two commercial simulation software, such as Aspen HYSYS® and UniSim®, were used to design and size the 
equipments and to simulate both production lines. 
One of the most important achievements of this biorefinery is the possibility of obtaining 42,700 T y-1 of ethanol with 
a purity of 96%, which supposes a 16.5% of the Spanish national production in 2016, and 137,850 T y-1 of DME, with 
a purity of 99.99%. from these biomass waste Both compounds can be used as alternative fuels or energy sources. A 
techno-economic analysis was performed, obtaining a minimum selling price of 0.58 $/L for bioethanol, 1.15 $/kg for 
DME and 0.65 $/kg for HMF and LA, respectively. These prices are comparable to those found in the literature [1]. 
Furthermore, the implementation of the biorefinery in this strategic area promotes its economic and social 
development, improving the use of the natural resources to obtain competitive products to fossil fuels.  
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Abstract  
In the last years, fossil materials are the most important alternative to supply the energy needs. Moreover, the fossil 
material represents the main source to produce multiple products such organic acids. Therefore, the extensive use of 
fossil material for both power generation and transportation has caused an important environmental impact. 
Consequently, new researches projects are developed, characterized by the motivation to find new alternatives to 
obtain high value products such as organic acids from lignocellulosic biomass. 
Among the most striking organic acids are succinic acid and levulinic acid. These acids are considered chemical 
precursors for the generation of a large number of products used on a daily basis such as pharmaceuticals and cosmetic 
products. In our attempt to address this issue, we sought to a new alternative to obtain organic acids from a 
lignocellulosic biomass, i.e. yam shell (Dioscorea), in order to substitute the fossil materials. The shell yam has a high 
content of lignin and cellulose and it has recently become one of the largest agricultural crop in the north region of 
Colombia – South America. 
Accordingly, this paper aims to simulate using Aspen PlusTM a biorefinery which uses the shell of the yam to produce 
succinic acid and levulinic acid. The methodology considers acid and basic pretreatment and five cases: feedstock 
distribution of the organic acids production (30:70, 40:60, 50:50, 60:40, and 70:30). This study applied two analysis to 
evaluate each study cases - environmental analysis and energy analysis-, and uses a qualitative technique to compute 
and select the best alternative. Moreover, energy integration, heat exchange network and economic analysis were 
applied to the selected alternative in order to reduce the energy consumptions and evaluate the economic performance. 
The different study cases and their configurations were simulated and analyzed to compare the total environmental 
impacts using WAR (WAste Reduction) algorithm.  
The results showed that basic alternatives has less environmental impacts. One possible reason for this difference are 
the different amounts of sulfuric acid and hydroxide sodium used in the pretreatment. The total energy consumption 
was analyzed with Aspen Energy Analyzer, the results showed that basic alternatives has also less energy consumptions. 
Among these ten cases, the results allowed us to determine that a basic pretreatment with a ratio of 30:70 was the best 
alternative. This case showed savings of up to 30% in the energy consumption with the implementation of energy 
integration, which also translated into a reduction of approximately 10% in the possible environmental impacts shown 
by the environmental analysis of the selected case. Furthermore, this alternative obtained an IRR of 51.77% and a 
NPV of approximately 20 million dollars were calculated with a rate of 20% per year and with a useful life of 20 years. 
Also, it obtained production rates of succinic acid of 75.491 kg/h and 97.771 kg/h of levulinic acid. 
From the results we can conclude that a biorrefinery to obtain succinic acid and levulinic acid from the yam shell is a 
good alternative for obtaining these acids, causing less environmental impacts and using a residue like the yam shell. 
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Abstract 

Currently, the use of high-yield non-food biomass crops is being promoted to contribute to the change of energy 
policies worldwide. In this scenario, energy crops such as Arundo donax L. (giant reed) present great potential due to 
their versatility and high biomass production. In general, studies focus on biochemical conversion, evaluating 
methodologies or pretreatments to increase production of biofuels per biomass unit [1] without considering the effect 
of the agricultural management of the crop on this process. Perennial grasses as energy crops change their composition 
when growing under different agronomic management [2], thus possibly affecting biomass conversion processes, such 
as anaerobic fermentation for biogas production or developing microbial oil or. In this work the effect of different 
agronomic management on biochemical conversion of lignocellulosic biomass from Arundo donax was evaluated. The 
crop was established in experimental plots on a silt-loam soil in Alcalá de Henares (Central Spain). Different agronomic 
treatments, such as inorganic fertilization applied by fertigation and organic amendments from treated sewage sludges, 
were applied to increase biomass production. Application of soil organic amendments has been noticed to affect the 
fermentation processes when obtaining microbial oil, changing lignin concentration of biomass, which resulted in a 
different lipid profile. These differences in the fatty acid profile, suggested that agronomical treatments influences 
biofuel quality. Also the nitrogen fertilization of Arundo donax by fertigation changed fiber composition of biomass, 
affecting the anaerobic digestion process, resulting in differences both in the biogas and the biomethane potential. In 
the light of these results, it is considered necessary to explore the most efficient agronomic management to produce 
biomass considering its final use. 
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Abstract 
Agricultural wastes are considered to be a great feedstock to prepare low cost carbonaceous materials. Among them, 
grape seeds, which represent up to 15% of the solid wastes from the wine industry and are mostly burnt as fuel, have 
been employed for the preparation of mainly microporous activated carbons using both physical and chemical 
activation [1,2]. Hydrothermal carbonization (HTC) is an alternative thermochemical methods with respect to slow 
pyrolysis and dry torrefaction, which is becoming an increasingly attractive process for biomass conversion. HTC 
occurs under saturated pressure and mild temperatures (180-300°C), using water as reaction medium. The resulting 
solid product, usually called hydrochar, is more stable and has higher carbon content than the raw matter. However, 
for industrial applications of hydrochars as low cost adsorbent material, additional activation steps are required to 
increase the surface area and porosity. In this work, we study the preparation of activated carbons by chemical 
activation (KOH, FeCl3 and H3PO4) from hydrochar obtained via hydrothermal carbonization of grape seeds, with 
the aim to increase the mesoporous contribution previously reported by conventional pyrolysis [1] or direct activation 
[2]. Sulfomethoxazol, has been selected as model compound to test the viability of the activated carbons as adsorbents 
in aqueous solution. 

Proximate and ultimate analyses of hydrochars prepared at temperatures higher than 200 ºC showed very similar 
characteristics. However, the high heating value (24.5 – 31.4 MJ kg-1) and energy density (1.04 – 1.33) significantly 
increased with carbonization temperature between 180 and 300 ºC.  BET areas of hydrochars were negligible, while 
surface areas between 100 and 845 m2 g-1 were achieved by CO2 adsorption isotherms at 273 K. Activation of 
hydrochars caused an increase of the BET area, especially using KOH (activating agent to hydrochar ratio of 3 at 750 
ºC), with values close to 2200 m2 g-1. Lower BET areas were found in the case of FeCl3- (321 – 417 m2 g-1) and H3PO4-
activation (590 – 654 m2 g-1), obtaining in both cases materials with a significant mesoporous contribution. Activated 
carbons were tested in the adsorption of sulfamethoxazole, where porous structure, rather than surface functional 
groups, was determinant. The Langmuir equation showed an adequate isotherm data correlation, with a maximum 
adsorption capacity of 650 mg g-1 for the activated carbon prepared with KOH, which makes this material suitable as 
adsorbent of emerging pollutants in aqueous phase. 
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Abstract  
The properties of biomass condition the choice of the type of process to be used to take benefit of biomass. In this 
way, the so called slowly biodegradable biomass (vegetal wood and derivatives) is appropriate for thermal processes 
(e.g. pyrolysis or gasification), in which the organic chain structure of biomass is cracked at high temperatures, given 
rise to a wide range of different size products. Specifically, by means of pyrolysis three types of products are obtained: 
a solid mainly composed of carbon named charcoal, biocoke or biochar depending on its final use, a liquid product 
composed of water and a mixture of oxygenated organic compounds, and pyrolysis gases, which are usually composed 
of hydrogen, carbon oxides, methane and other light hydrocarbons. The amount and quality of the solid, liquid and 
gas fractions obtained depend on the raw biomass [1,2] and on the operating conditions used. Even such slight 
differences as those that can exist between two different woody biomasses can yield different pyrolysis results; 
moreover even the subtle differences between two species of the same tree family can influence the process [1]. 
In this work, the simultaneous production of charcoal useful for metallurgical applications and high value gases, which 
can be used as source of H2, synthesis gas or fuel, trough pyrolysis of forest woody waste is studied. The biomass 
samples used consisted on the waste generated during forest thinning operations of pinus pinster and pinus radiata forests, 
species very abundant in the north of Spain. A comparison of the results obtained with both species is presented and 
the reasons why different results obtained with two so similar samples are analyzed. The two lignocellulosic biomasses 
present some differences in their compositions (ash and volatile matter contents) and in the cellulose, lignin and other 
constituent’s contents which may justify the difference in the pyrolysis results. 
The pyrolysis experiments were carried out using a laboratory scale continuous pyrolysis plant that consists of two 
reactors connected in series: a first externally heated tubular screw reactor split into four individual heating zones 
where pyrolysis takes place, and a second tubular reactor where the pyrolysis vapors are thermally treated to promote 
further cracking and improve the composition of the gas phase. Two temperature profiles, 300-500-700-900 ºC (non-
isothermal) and 900-900-900-900 ºC (isothermal), both at a residence time of 32 min, were studied. 
In the non-isothermal conditions the pinus radiata produces a higher amount of gas than the pinus pinaster at the expense 
of a lower solid yield, while the liquid yields are similar. In the case of the isothermal experiments the differences 
between both pines’ yields present the same trend but to a lower extend. With respect to the pyrolysis solids, the 
charcoals of both biomasses fulfill the requirements to be used as metallurgical reducers and as fuels. The main 
component of the gases obtained with both biomasses is H2, followed by CO, lower proportion of CO2, CH4 and a 
little amount of ethane and ethylene. The higher H2 content is obtained in the case of pinus pinaster in the isothermal 
pyrolysis runs. Such high hydrogen content confers pyrolysis gases a great value, since H2 is considered the energy 
vector of the future because it is a non-polluting gas fuel and produces no greenhouse effect. In any case pyrolysis 
gases can be used, in it its whole as fuel, as gas the synthesis for the production of chemicals or as metallurgical reducer. 
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Abstract 
The environmental concern has been growing in the last decades due to the depletion of fossil fuels and the climate 
change. At that scenery the production of clean fuel and energy, as hydrogen, is seriously considered and it will play 
an important role in the future. For these reasons major efforts are being dedicated to develop the utilization of 
renewable energy resources for the hydrogen production. It has been research that biomass is one of the most abundant 
resources on the earth and it is available for the hydrogen production being subjected to different thermo-chemical 
(pyrolysis and gasification) or biological processes [1]. The steam reforming of bio-oil for hydrogen production has a 
noticeable interest [2]. Therefore, the approach of this study focuses on using cracking catalyst as pretartment process 
before the steam reforming, elongated the reforming catalyst life. 

The experiments have carried out in a two-step system, pyrolysis and in-line steam reforming of biomass. In the first 
step, pyrolysis of pine sawdust has been performed at 500 ºC in a conical spouted bed reactor (CSBR) in order to 
maximize bio-oil production [3]. Then, the volatiles that have been produced are subjected to a pretreatment process 
at 600ºC in a fixed bed reactor. To make the comparison, the pretreatment process has been carried out over different 
cracking catalysts, such as olivine, alumina and spent FCC catalyst. After that, the stem reforming step has been 
conducted at 600ºC in a fixed bed reactor over a commercial Ni reforming catalyst. All the experiments have been 
undertaken in a continuous regime by feeding 0.75 g min-1 of biomass and 3 ml min-1 of water (steam/biomass ratio, 
4) [4]. Moreover, the space time used for the reforming step has been 15 gcatalyst min gvolatiles-1. The products from
reforming step are led to gas chromatograph (Varian 3900) and micro-chromatograph (Varian 4900) by means of a
thermostated line in order to avoid condensation problems of heavy compounds.

It should be noted that, when the pretreatment process has been carried out over alumina, olivine and spent FCC 
catalysts, the result are so similar. Comparing all analyzed cracking catalyst show little difference conversion. However, 
they show an improvement in the stability of the catalyst compared the steam reforming without cracking catalysts. 
Moreover, in all cases the hydrogen yield is greater than 90%. 

Furthermore, although using olivine and alumina have a faster initial deactivation a notable improvement is observed 
when these catalysts are used, the deactivation is markedly attenuated and the reforming catalyst useful life is elongated. 
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Abstract 
A comparative study was carried out in order to evaluate the influence the fountain confinement device has on the 
efficiency of biomass steam gasification.  Thus, experiments were conducted with and without the confinement 
system. Steam gasification of sawdust (1-2 mm) was conducted in a gasification pilot plant provided with a conical 
spouted bed reactor in which a fountain confiner can be incorporated. Gasification experiments were carried out 
at 850 ºC with steam as a fluidization agent. Thus, a water flow rate of 1.5 mL min-1 was used, which corresponded 
to a steam rate of 1.86 L min-1. The runs were performed in continuous mode by feeding 0.75 g min-1 of biomass 
and with a steam/biomass (S/B) ratio of 2. The bed contained 100 g of olivine and a particle size in 250-355 µm 
range. The analysis of the volatile stream was conducted in-line by means of CG Agilent 7890 and Varian 
4900 micro-gas chromatograph for permanent gases. The identification of tars was determined in a GC/MS. 

Figure 1 shows schematically the solid and gas flow patterns in a conventional spouted bed. Biomass was fed in all 
cases from the top of the reactor, and therefore the volatiles in the conventional spouted bed gasifier leave 
immediately the reactor through the outlet located in the gasifier upper section (Figure 1a), which led to a short 
residence time of tars and other gaseous products and limited contact with the catalyst located in the conical section 
of the reactor. On the other hand, when the reactor is equipped with the confiner and the biomass is fed within this 
device, the biomass derived volatiles cannot flow upwards, but the product stream must flow downwards to leave 
the confinement device, and then upwards through the shell between the confiner and the reactor wall (Figure 1b). 
Therefore, the gas circulation pattern attained with the fountain confiner not only increases the residence time of 
biomass derived gases but also improves the contact between the gaseous stream and the olivine. 

Fig. 1.  Gas flow patterns developed in conical spouted beds: (a) without confiner and (b) with confiner. 

The fountain confiner enhanced the efficiency of biomass gasification by favouring tar cracking. Thus, at 850 ºC tar 
content was reduced from 49.2 g Nm-3 without confiner to 34.6 g Nm-3 when this device was used. The gas and H2 
productions were also improved, with their values being increased from 1.08 m3 kg-1 to 1.23 m3 kg-1 and from 3.5 wt.% 
to 4.50 wt.%, respectively when the fountain confiner was inserted. Carbon conversion efficiency slightly improved, 
reaching a value of 83.42% with the confinement system. Tar composition was also affected by inserting the fountain 
confiner. Thus, the presence of heavy PAHs was significantly reduced, whereas that of light PAHs and light aromatics 
increased. 

ISBN: 978-84-09-12430-5 215

mailto:*maria.cortazar@ehu.eus


Valorization of candelilla (Euphorbia Cirifera) and candelilla wax waste in a 
biorefinery scheme 

J.M. Loaiza1*, M. Zamudio2, J.C. García1, M.T. García1, M.J. Díaz, and F. López1. 
1Research Center in Technology of Products and Chemical Processes. PRO²TECS- 

 Chemical Engineering Department. University of Huelva, Spain. 
2Technological Institute of Ciudad Madero, Ciudad Madero, Tamaulipas, Mexico 

*Corresponding author: javiermauricio.loiza@diq.uhu.es

Abstract 
The Candelilla (Euphorbia Cirifera) wax is an appreciated chemical, currently used in more than 20 different industries 
worldwide. Its distinctive properties make it an essential raw material for the manufacturing of cosmetics, gum base, 
inks, dyes, adhesives, coatings, emulsions, polishes and pharmaceutical products. It‘s a lignocellulosic raw material 
native to northern Mexico.  As defense against heat, the whole plant is covered with a waxy layer, which prevents 
desiccation of the tissues by excessive evaporation. An interesting advantage of candelilla is that it is abundant in large 
desert extensions of Mexico. Also, production of candelilla wax generates waste that can be exploited, e.g., bagasse. 
In this work, we assessed the potential of green candelilla (G-C) and candelilla bagasse (C-B) (after the extraction of 
the wax), as lignocellulosic raw material. To this end, we used a biorefining scheme involving an autohydrolysis stage 
(to cause the solubilization of hemicelluloses) and a process of soda-anthraquinone pulping (to dissolve lignin, leaving 
solids enriched in cellulose). The operating conditions for the autohydrolysis were optimized with a view to maximizing 
hemicellulose extraction while preserving the integrity of glucan. With this approach, valuable products (hemicellulose-
derived saccharides, sulphur-free lignin fragments and cellulosic substrates with low contents of residual 
hemicelluloses) are obtained in separate streams, according to this biomass refinery approach. 
Autohydrolysis conditions of the raw material at a liquid/solid ratio of 13 kg water/kg material at 141°C and 45 min 
of operation time was found to provide a commercially useful liquid phase containing most of the starting 
hemicellulose. After autohydrolysis, soda–anthraquinone pulping process was carried out by use of an experimental 
design for study the influence of process variables: temperature (173–189°C), pulping time (90–150 min), and soda 
concentration (22.5–37.5% weight concentration), on the properties of pulps (yield, ethanol extracts, kappa number, 
α-cellulose, holocellulose and klason lignin obtained from the solid fraction after hydrothermal treatment). 
The yields of soda–anthraquinone pulping of G-C and C-B were low, between 29.7 % to 35.6%, and 23.4% to 40.55% 
respectively. Kappa numbers fo pulps were very similar. They ranged from 29.2 to 35.3 for G-C pulp and from 25.1 
to 33.7 for C-B pulp. These are good kappa values, taking into account that the operating conditions were rigorous. 
Similarly it occurs with klason lignin, where the ranges obtained are between 4.1% to 12.8 for G-C and 3.1 to 15.6 for 
C-B, representing relatively good delignification values. While the extractables in ethanol are lower for C-B with values
between 3.8% to 8.6% and for G-C were 4.9% to 10.9%. This may be due to a previous extraction of the wax.
Candelilla (Euphorbia Cirifera) and candelilla bagasse (after the extraction of the wax) have proved a suitable raw
materials for biorefining in two stages: autohydrolysis and alkaline delignification. Alkaline cooking of the solid residue
from this stage with a soda–anthraquinone mixture allows the production of cellulose pulp with properties similar to
that of other raw materials. Also, it provides a hemicellulose-containing liquid phase with added value.
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Abstract 
Chestnut (Castanea sativa) burrs acid-hydrolyzates detoxified with 5.0% (w/v) charcoal were assessed to study the 
fermentability of Lactobacillus plantarum CECT-221 in 250 mL Erlenmeyer flasks. After 24h half of the initial glucose 
and smaller amounts of pentoses were consumed, reaching 7.58 g/L lactic acid, with a global volumetric productivity 
(QP) of 0.32 g/L·h. Thereafter, the concentration of sugars and lactic acid remained constant during 96h, meanwhile 
acetic acid, the main by-product of fermentation, gradually increased from 6.36 to 9.38 g/L. When the fermentability 
of detoxified hemicellulosic hydrolyzates was assessed in a 2L bioreactor, the concentration of lactic acid rose to 11.20 
g/L after 24h and consequently the global volumetric productivity increased up to 0.47 g/L·h. Once again, the 
concentration of acetic acid also increased from 6.70 to 8.24 g/L. However, these levels of lactic acid are far from 
those achieved with MRS broth, where 14.94 g/L lactic acid were produced in the same period of time (24h), increasing 
the productivity up to 0.61 g/L·h. Conversely to previous fermentations, the use of MRS avoided the production of 
acetic acid, remaining lactic acid as the sole metabolite of fermentation, corroborating that L. plantarum is a facultative 
heterofermentative organism, degrading hexoses (glucose) via the Embden-Meyerhoff-Parnas pathway to produce 
lactic acid, and pentoses such as xylose and arabinose, via the phosphoketolase pathway to produce both lactic and 
acetic acids. In addition, this strain produced bacteriocins with antimicrobial activity against Listeria monocytogenes CECT-
934 and cell-bond biosurfactants. Using Erlenmeyer flasks, the inhibitory dose of 50% (ID50) increased from 5.622 to 
6.129 after 48h fermentation when the commercial culture medium MRS was replaced by hemicellulosic hydrolyzates. 
However, under these circumstances, the surface tension reduction (STreduction) decreased from 15.92 to 12.17 units. 
The efficiency of the bacteriocins production was also increased from 6.129 to 6.649 when the fermentation was scaled 
up from Erlenmeyer flasks to 2L bioreactors, although the biosurfactants production decreased slightly, from 12.17 to 
11.17 units. The results summarized in Table 1 corroborate the hypothesis that this liquor is an appropriate basis for 
the development of suitable culture media for lactic acid bacteria. 

Table 1. Lactic acid, bacteriocins and biosurfactants production under different fermentation conditions 
MRS Hemicellulosic Hydrolyzate 

Time (h) Erlenmeyer flasks Erlenmeyer flasks Bioreactor 
LA (g/L) 24 14.94 7.58 11.20 

QP (g/L·h) 24 0.61 0.32 0.47 
ID50 24 4.646 5.675 4.672 
ID50 48 5.622 6.129 6.649 
ID50 72 4.658 5.942 6.335 

STreduction 72 15.92 12.17 11.17 
LA: lactic acid; QP: global volumetric productivity; MRS: Man-Rogosa-Sharpe medium; 

ID50: inhibitory dose of 50%; STreduction: surface tension reduction 
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Abstract 
The adsorption of phenolic compounds generated during the acid hydrolysis of chestnut (Castanea sativa) burrs was 
investigated using activated charcoal (0.25–5.0% w/v) as the adsorbent. Adsorption isotherms (Table 1), kinetics 
(Table 2) and thermodynamics (Table 3) were evaluated finding that Langmuir model fit the adsorption isotherm 
better than the Freundlich model; the pseudo-second-order reaction kinetics explained better the adsorption rate; 
negative enthalpies and positive free energies indicated that the adsorption process was exothermic and non-
spontaneous, respectively; meanwhile negative entropies indicate the affinity of phenolic compounds towards the 
adsorbent and a decrease in disorder. Higher amounts of charcoal and lower temperatures stimulate the adsorption 
process, with a higher percentage of phenolic compounds removal (95.18%) achieved at 30ºC with 5.0% (w/v) 
charcoal, making this liquor an appropriate basis for the development of suitable culture media for lactic acid bacteria. 

Table 1. Isotherm parameters at 25ºC of phenolic compounds adsorption on activated charcoal 
Langmuir model Freundlich model 

Qm 

(g·g-1) 
KL

(L/g) 
R2 KF

(g1− (1/n) L1/n g-1) 
n R2 

21.053 0.010 0.9507 0.2624 0.82 0.8984 

Table 2. Dynamic parameters of phenolic compounds adsorption on activated charcoal at 25ºC 
Pseudo First Order kinetics Pseudo Second Order kinetics 

Charcoal 
(%, w/v) 

k1 

(h-1) 
Qeq 

(g/g) 
R2 k2 

(g·h-1) 
Qeq 

(g/g) 
R2 

0.25% 0.0912 0.6015 0.9010 0.9529 0.4695 0.9680 
0.50% 0.0809 0.4425 0.8782 2.1350 0.2433 0.9721 
1.00% 0.1404 0.3438 0.9364 7.5550 0.1383 0.9974 
1.75% 0.1396 0.2843 0.8638 11.863 0.0884 0.9939 
2.50% 0.1284 0.2200 0.7986 27.501 0.0684 0.9975 
5.00% 0.2276 0.1585 0.8927 146.095 0.0385 0.9999 

Table 3. Thermodynamic parameters of adsorption of phenolic compounds on activated charcoal 
Charcoal 
(%, w/v) 

∆Hº 
(KJ/mol) 

∆Sº 
(J/mol·K) 

∆Gº30ºC 
(KJ/mol) 

∆Gº40ºC 
(KJ/mol) 

∆Gº50ºC 
(KJ/mol) 

∆Gº60ºC 
(KJ/mol) 

0.25% -20.25 -73.04 2.07 2.67 2.65 4.56 
0.50% -2.79 -21.14 3.42 4.35 3.64 4.35 
1.00% -6.40 -35.76 4.22 5.19 5.08 5.42 
1.75% -3.30 -26.30 4.65 4.93 5.33 5.38 
2.50% -11.17 -50.04 3.98 4.40 5.27 5.35 
5.00% -14.32 -55.54 2.34 3.41 3.54 4.13 

∆Hº: enthalpy change; ∆Sº: entropy change, and ∆Gº: free energy change 
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Abstracts 
The objective of this work was to verify the thermal degradation of biomass from eucalyptus wood from the Vale do 
Paraíba region, Brazil, torrified at 260 ° C by means of thermogravimetry. The generation of energy from renewable 
fuels has had great relevance due to its energy potential as an alternative for fossil resources. Among the different types 
of biomass, Eucalyptus spp is promising in energy generation; Brazilian energy matrix is composed of 8% of wood, 
which, together with other renewable sources, totalize 42.9%, higher than the world energy matrix with 14% of energy 
from renewable sources. The torrefaction process occurs in the temperature range of 200 to 300 °C, in an inert 
environment, aiming at to obtain a solid intermediate material between biomass and coal, with high energetic efficiency. 
In the torrefaction at different temperatures (240, 260 and 280 °C) it was observed that at 280 °C the high calorific 
value increased by about 1.5 times in relation to biomass in natura (17.4 MJ/kg); the fixed carbon content increased to 
29.3 and 34.9% at the 30 and 60 minute times, respectively, while the biomass in natura had a 9.7% content. The 
gravimetric yields of torrified biomass (TB) were in the range of 88% at 240°C, 83% at 260°C and 70% at 280°C for 
30 minutes, values expected by the torrefaction process [1]. Thermal degradation of the biomass in natura (Figure 1a) 
and torrified biomass at 260 °C for 30 minutes (Figure 1b) shows three stage of thermal degradation, the first stage 
being between 40 and 100 °C due to biomass drying - loss of moisture; in the second stage between 200 and 300 °C 
(b) occurs the depolymerisation of hemicellulose with release of volatiles, and in the third stage between 320 and 400
°C occurs the cellulose degradation. At 400 °C a small degradation occurs corresponding to the lignin.

Fig. 1.  Thermogravimetric curves for biomass in natura (a) and torrified biomass (260°C – 30 min) (b) 

The two degradation stages (a) and (b) present in the biomass in natura relative to the moisture loss and part of 
hemicellulose, respectively, are not present in the TB, where only the degradation peak of cellulose and lignin are 
present. The thermogravimetric curves for both biomasses are in agreement with the typical behavior for the 
torrefaction process [2]. Thermogravimetric analysis confirms that during the torrefaction the destruction of the 
hydroxyl groups occurred, making the material hydrophobic, which difficults the degradation by fungi and reduces the 
volatile content, leading to an increase in the density of TB and its calorific value, leaving the material more friable, 
which beneficially influences the grinding process, improving the uniformity and quality of the final product. 
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Abstract 

Thermal treatment is the usual process for biomass valorization, and a novel alternative to recovery would be 
remediation with insects. The study and analysis of the behavior of dipterous larvae sarcosaprophagous has been 
tested on corpses [1-2]. 
The remediation process of waste biomass has been tested by flour beetle larvae and subsequent thermal treatment 
of the pupa waste by the spouted bed technology in conical combustor [3-4]. Tenebrio molitor larvae will be used, 
provided by a company. 
The procedure has consisted in introducing a certain amount of flour beetle larvae and moist substrate, sawdust, 
into an experimental vessel covered with a grid. The growth of the larvae has been monitored over time. The 
development of the larva ends after three molts to increase in size and to convert into an adult inside a puparium. 
The residual pupae have been thermally treated in the conical spouted bed combustor. It has been observed that 
between 3-4% die or leave the container, so they are eliminated. One month later 11-14% larvae fed with sawdust 
waste developed into beetles. Similar results were observed in the control vessel, where larvae were fed with cat 
food. This treatment allows reducing the waste to a minimum amount of remaining pupa (covers) of chitin.  

Fig. 1. Experimental vessel and larvae of Tenebrio molitor with sawdust 
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Abstract 
Lignocellulosic biomass is used currently for energy production as a source of renewable energy. The applicability of 
Spouted-Bed technology has been enhanced to high-temperature processes to treat biomass wastes [1-5]. The 
knowledge of the heat transfer into combustor in the combustion of biomass is relevant for better understanding of 
proccess. 
Biomass combustion has been carried out in a pilot-scale spouted-bed reactor, Fig. 1. The biomass used has been 
sawdust (LoW code 03 01 04) from wood processing industry to manufacture of furniture. Sawdust density is 540 
kg/m3 and particle sizes are from 0.95 mm to 4.2 mm. In order to improve combustion efficiency, the conditions 
for obtaining the spouted-bed regime, corresponding to low fluctuations of bed pressure drop, have been 
determined [6]. The combustion process conducted at 500ºC, with air velocity of minimum spouting and 
temperature profiles inside the combustor have been determined. Likewise, the composition of combustion gases 
has been monitorized with the time. The combustion yields obtained probe the applicability of the conical spouted 
bed technology for the energy recovery of this waste. The values of heat transfer coefficients show the thermal 
transfer of the conical spouted bed technology for energy recovery. 

Fig. 1. Experimental pilot plant 
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Abstract 
The increase in the price of a barrel of petroleum stimulates the exploration, production, storage and transportation 
of this energy raw material. These actions can cause environmental accidents from the oil spill and, consequently, 
bring ecotoxicological risks to the environment [1] [2]. Thus, the use of natural lignocellulosic sorbents to remedy 
impacted areas has been a promising alternative, since they are biodegradable and available in natural [3] [4]. The 
objective of this study was to analyze the use of pre-treated coconut fibers (Cocos nucifera L.) with Proton Ionic 
Liquid (2-hydroxy-2-ethyl acetate, 2-HEAA) to remediate spilled petroleum in the marine environment, from a 
hydrodynamic simulation on a bench scale. Chemical pre-treatments (conventional: mercerization and acetylation and 
innovative: using Proton Ionic Liquid - PIL as solvent), morphological characterization of the fibers (in natural and 
treated) through the Scanning Electron Microscope (SEM), physical-chemical characterization by Infrared 
Spectroscopy with Fourier transform (FITR) and the sorption test using crude oil from the Campos Basin - Brazil 
and artificial saline water. It was verified that, with respect to the morphological structure of the fibers treated with 
PIL, they presented a greater number of pores and that the mercerized and acetylated fibers presented a rougher 
surface when compared with the in natural fiber (Fig. 1). 

Fig. 1. MEV image end of coconut fiber (a) in natural, (b) treated with mercerization / acetylation and (c) treated with PIL. 

It was possible to observe by the FTIR and through the chemical characterization, that the reactions in the treatments 
did not reach the whole fiber. Nevertheless, the results were satisfactory, since the PIL-treated fibers adsorbed 10.7% 
more than the in natural fiber and 5.06% more than the mercerized / acetylated fibers. Based on these results, it can 
be stated that the treated fibers have a greater ability to adsorb petroleum than in natural fiber, however, it is necessary 
to improve this treatment to reach higher levels of petroleum adsorption efficiency. In addition, conduct an economic 
feasibility study to identify the possibility of using the treated fiber with PIL in place of the in natural fiber as a 
petroleum biosorbent. 
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Abstract 
Adhesive industry is one of those pointed out due to the use of non-renewable sources which endanger human health 
and life in the planet. In addition, volatile organic compounds are frequently liberated when adhesion reactions take 
place. These two factors make research on bioadhesives a field of great interest from which many benefits can be 
derived [1]. In order to overcome both problems, a natural source such as lignin, which is considered a low-valuable 
by-product, is used as binder in castor oil media together with hexamethylene diisocyanate (HDI) as crosslinker, 
resulting polyurethane systems where no harmful volatile organic compounds can be released. 
On the other hand, lignin modification is frequently required to enhance some properties and reactivity. In this work, 
and following the green chemistry tenets, instead of using different chemical reagents, lignin alteration was conducted 
via solid-state fermentation (SSF) using a thermophilic Streptomyces strain (MDG301) [2]. In particular, this study is 
focused on the influence of the SSF treatment with Streptomyces applied to barley straw, as a preliminary step to the 
separation of lignins in a classical soda pulping process, and the effect on the adhesion performance and rheological 
properties of the lignin-based adhesives subsequently obtained. 
As an example, Fig.1 shows how SSF proves to be an appropriate technique for conveniently modifying lignin in order 
to produce more efficient polyurethane formulations, resulting adhesives (AFB) with higher viscoelastic moduli and 
shear strength in wood joints than those prepared with uninoculated lignin (AB), which was mainly attributed to the 
ability of SSF to generate a higher amount of hydroxyl groups available for reaction with HDI [2]. 
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Fig. 1.  Viscoelastic moduli (left) and shear strength on oak-oak joints (right) of both uninoculated and fermented lignin-based 
adhesives. 
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Abstract 
Hydrogen can be used as biofuel which it could be applied for energy generation purpose, based on sustainable process 
production. Therefore, not for all scenarios the use of this type of processes implies an operation with a convenient 
environmental performance. Also, in biorefinery design and evaluation such as presented in this work, environmental 
analysis becomes in an important tool to screen process alternatives. According to above, in this work was developed 
an environmental assessment of different methods for producing H2 through biomass gasification process. This study 
considered different technologies for purification stage after water gas shift reaction (WGS-R). In gasification process, 
syngas is obtained with content of CO so there is a need to perform WGS-R in to increase H2 production. In this 
reaction carbon dioxide is produced as a no-desired co-product thus this compound has to be separated from 
hydrogen. There are different methods/technologies used for to CO2 removal. In this work were evaluated three 
different pathways: (1) gas absorption with amine, (2) membrane/filters and (3) pressure swing absorption. A case-
base was formulated taking rice and corn wastes as main feedstock. The environmental assessment showed that 
separation technology (1) obtained the worst performance with a generation of 9.37 PEI/kg of product while cases 
(2) and (3) obtained an output rate of potential environmental impact of 0.063 and 0.057 PEI/kg of product,
respectively (Figure 1).

Fig 1. PEI leaving per mass of product for three cases 

The results showed that cases (2) and (3) had the best environmental performance between the assessed scenarios. 
This finding is associated with a rate of PEI per kg of product for these cases (2 and 3) 10 time lower than the obtained 
for case (1). For case (1) which is related to Gas Absorption with amine pathway, the use of MEA as a solvent in this 
method had a negative effect by raising the generation of PEI for the PCOP category. The above implies that the 
implementation of this process contributes to increase atmospheric pollution. 
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Abstract  
Currently, the waste management of the olive industry during the production of olive oil is a meaningful problem. It 
is due to the fact that some of the by-products originated in the process are potential pollutants and can cause 
environmental problems.  
The present study focused in hydrothermal extraction of olive cake for extracting value-added products and mainly 
for the valorization of the residual solid as bioadsorbent material. In a previous work Fernández-González et al., [1] 
reported the main characteristics of hydrolyzed olive cake as bioadsorbent for the treatment of acid mine effluents. 
Now, the main objective of the present study is to optimize the removal of zinc ions from plating wastewaters using 
this residual material. In addition, special attention was put on scale-up of the process. 
First, olive cake was hydrothermal processed at 30 ºC in a solid/liquid ratio of 25 % for 1 h. Aliquots of the liquid 
fraction during experiment were taken to quantify the content of saccharides extracted by HPLC. Glucose, xylose, 
fructose and sucrose represented a 2.14; 0.45; 0.55 and 2.48 % with respect to total dissolved solids in the liquid, 
respectively. After, residual solid was characterized and tested as bioadsorbent of zinc in fixed bed columns of different 
scales. The zinc plating wastewater used in this study was collected from a zinc plating industry located in the province 
of Murcia, Spain and was stored at a temperature of 5 °C. The zinc plating wastewater mainly is a combination of waste 
streams from alkaline cleaning, rinsing of workpieces and occasional discharges of process solution and contained 100 
mg/L of zinc. The scale up was performed based on the same physical configuration of the volume occupied by 
bioadsorbent (particle size and bed porosity), geometry of the column (laboratory and pilot-scale columns have the 
same shape) and flow mode of wastewater in and out of the columns. Three different bioadsorption tests were 
performed using glass columns of 1.5 cm internal diameter and 23 cm height (laboratory-scale column) and glass 
columns of 5 cm of internal diameter and 65 cm of height (pilot-scale column). According to previous works [2-3], the 
critical design parameters analyzed in this study were: contact time, linear velocity (flow rate/section) and bed 
height/diameter ratio. 
The breakthrough curves were flatter for longer contact times in pilot-scale columns, indicating a more tardy 
exhaustion of the hydrolyzed olive cake. Results also showed a critical effect of contact time because when contact 
time was increased a high displacement to the right (to high contact times) was observed. On the other hand, keeping 
the same contact time; linear velocity and bed height/diameter ratio showed little influence on bioadsorption behavior. 
Finally, operating at the same contact time and bed height/diameter ratio and at a linear velocity much higher in pilot 
column is an advantage, since velocity influences the mass transfer and hydraulics improving fluid dispersion. For 
example, a zinc uptake capacity of 12.48 mg/g was obtained in pilot-scale column performance while 9.85 mg of zinc 
was removal by each gram of hydrolyzed olive cake in laboratory-scale column. Also, exhaustion times of 519 and 748 
min were found in laboratory and pilot-scale bioadsorption tests, respectively.  
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Abstract 
Hardwood species have a complex cellular structure consisting of fibres, vessel elements and parenchyma cells, having 
these various cell types different chemical composition. Particularly, Eucalyptus globulus exhibits high cellulose and 
low lignin content providing excellent paper forming properties at attractive costs. However, the presence of vessels 
with significant dimensions in its structure is a recurrent problem in industrial UWF papers printing operation [1]. 
First, these elements poor adhesion to the paper surface causes them to come off easily contaminating the entire 
printing system, causing at the same time a printing defect known as vessel picking. In addition to this phenomenon, 
the incidence of ink refusal on uncoated paper is also a serious problem in print quality. If the vessels are separated 
from fibres or concentrated in a stream, they can be pre-treated (e.g., by mechanical refining) and reincorporated into 
the pulp. Other strategies include the vessel chemical passivation and sheet surface chemical treatment, altering the 
vessel adhesion to the fibre network structure and the vessel hydrophobicity [2]. This requires also vessel concentration 
at laboratorial level, for proper chemical studies such as FE-SEM, µ-XPS, TOF-SIMS and µFTIR [3]. This was the 
main objective of these experimental essays with Eucalyptus globulus. A morphological quantification and 
characterization of vessels and fibers was made by image analysis using the Morfi Fiber Analyzer (version LB-01, 
2002). Vessel laboratory separation methods were implemented. First, the fiber classifier Bauer-McNett with three 
stages with different mesh openings (#50, #100 and #200) was used in order to obtain a phase with higher vessel 
concentration.  Table 1 expresses the fibers and vessels morphology for the three species being studied. The Bauer-
McNett fiber classifier results are represented in Table 1, where a relative vessel concentration of 17% was obtained 
for mesh #50 (opening of 297µm), consistent with the vessel dimensions.  The Bauer-McNett fiber classifier provided 
a 17% vessel ratio increase for E. globulus, while its parenchyma cells were successfully washed with the developed 
prototype. 

Table 1. Fiber analysis by MORFI – Bleached Eucalyptus Kraft Pulp Bauer-McNett Separation 
Fiber Vessels Fines Ratio Weight

Mesh 
(sieve size) 

L/μm D/μm Nº/106g-1 L/μm D/μm Nº/106g-1 %/area Fibers/ 
Vessels 

g /% 

Base 750 20,3 30.3 182 117.3 0.147 6.6 206 10.0/100% 

#50/297μm 872 20,1 19.7 242 118.4 0.113 2.3 175 6.42/64.2% 

#100/149μm 687 20,0 31.8 202 112.7 0.104 2.3 306 2.33/23.3% 
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Abstract 
Sediment microbial fuel cells (SMFC) have proven to be useful for powering small sensors on remote areas. 
Nevertheless, the obtained power is low compared to other microbial fuel cell technologies. This work aims to 
compare the effect of electrodes position, peat content, and temperature on the current production of SMFCs. A 
factorial design (23) with anode, cathode position, and peat content as factors was used for the analysis of 1-liter 
SMFCs made with clay, quartz and peat moss to constitute the sediment phase. According to a regression analysis, 
only the anode-peat content interaction had a significant effect on current response (p-value = 0.005), having peat 
concentration the largest contribution among the linear terms. Reducing the anode separation from the sediment-
water interface 3.6 cm increased current production 1.2 times at low peat content (from 0.18 mA to 0.23 mA on 
average) and decreased it 0.8 times at high peat content (from 0.21 mA to 0.17 mA on average). The presence of a 
significant curvature (p-value = 0.000) indicated that there should be a local minimum for the maximum current 
production, which was obtained at middle levels of peat content and electrode separation with a current density of 
18.34 mA·m-2 (0.29 mA). Air temperature was not controlled but measured for a two-month period. There was an 
inverse correlation between air temperature and current measured on short periods of time, where temperature 
changes of 1 C reduced current on 1.2± 0.2 µA . 
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Abstract 

Lignocellulosic biomass (LCB)  pre-treatment is one of the key steps in the production of biofuels and biochemicals 
from biomass. A wide variety of processes exist for this purpose, the vast majority of them being very energy-
intensive, and consequently with high operating costs. One of these processes is the fractionation of raw biomass 
using an ethanol-water mixture. In order to reduce operating costs, a liquor re-use strategy was proposed by 
Vergara et al. [1]. This strategy consists on the recycling of spent liquor as cooking liquor for successive treatments. 
This method, increasing the severity of the pretreatment operation, reports higher sugar yields after enzymatic 
hydrolysis. The re-utilization of spent liquor also has other impacts on pre-treatment process, such as the reduction 
of solvent reposition costs and fractionation heating costs, among others. 

The aim of the present work is to quantify the impact of the proposed strategy on the economy of the LCB 
pretreatment, considering both capital investment and operative expenses. This would provide valuable insight 
into the viability of the liquor re-use strategy. By employing experimental yield data, five successive uses of the 
spend liquor have been carried out and evaluated. Current development of this study shows that operative costs 
are roughly halved for the fractionation itself in the proposed setting. 

Additionally, optimization of the operative conditions would become very attractive, once the new operational 
scheme is proven to be advantageous compared to the traditional fractionation workflow. This optimization 
process would need to consider hydrolysis kinetics in a batch operation setting, which is not taken into account in 
most batch integration schemes [2, 3]. Hydrolysis kinetics for both the fractionation and the enzymatic hydrolysis 
are very sensitive to the severity of the pretreatment stage, which means that choosing the optimal recycle rate will 
affect the kinetics, and this fact needs to be taken into consideration.  The paper will attempt to present a theoretical 
approach of this issue. 
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Abstract 

Although lignocellulose is the most abundant source of biomass, its transformation into valuable products needs a 
pre-treatment to make possible the valorization of polysaccharides. Different alternatives, as steam explosion, acid 
hydrolysis, alkaline hydrolysis or organosolv, have been proposed and adapted to different types of lignocellulose.  The 
most frequent drawbacks are the difficulty to pre-treat some species as the coniferous, the valorization of the lignin 
fraction and the cost associated to the pre-treatment. 

Recently, in a series of works, we have employed the pre-treatment lignocellulose with an ethanol-water mixture. This 
approach is based on the possibility of being applied to a broader range of materials, which includes coniferous species, 
but also to obtain a better lignin quality sulfur-free. In this work, lignocellulose (wheat straw) has been pre-treated with 
an ethanol-water mixture and further enzymatically hydrolyzed into sugars. Different approaches have been proposed 
to obtain the highest yield in sugars with the lowest energy inputs. 

Results have shown that an effective saccharification, around 80% of glucose on the theoretical maximum, could be 
obtained with a moderate-low energy input. Avoiding the cellulases inhibition by using surfactants or proteins is 
moderately successful. Finally, the cost of pre-treatment, associated to the solvent recovery, can be reduced by re-using 
the spent liquor (4-5 times) without excessive losses in the sugar production. 
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Abstract 
Brazil is a country known for its vast territory, with more than 7.84 million hectares of reforestation that represents 
one of the segments with the greatest potential for the construction of a green bioeconomy [1]. Forests produce an 
amount of lignin equivalent to 150 billion tonnes per year, a virtually unexplored renewable carbon source that stands 
out as a timely and versatile biomass [2]. Lignin is an aromatic polymer suitable for the production of fuels, chemicals 
and materials that opens the prospect of decreasing the dependence on fossil derivatives. Although lignin is mostly 
destined to power generation in the pulp and paper industry (such as in the case of Kraft pulping), its transformation 
into high energy content biofuels (like bio-oil, bio-kerosene and biochar) or valuable chemicals (such as vanillin and a 
wide range of phenolic compounds) is more advantageous from the economic and environmental viewpoint [3]. 
Considering that the lignin properties may vary considerably according to the wood species and the extraction 
procedure, its characterization is an essential step before any conversion technology is attempted. This work aimed to 
characterize and compare the physical-chemical properties and chemical composition (particle size, moisture and ash 
content, solubility, hydroxyl and methoxyl groups, elemental analysis, thermal analysis, S-G-H ratio and molar mass) 
of one hardwood and one softwood kraft lignin isolated by the LignoForceTM process. Also, a preliminary study by 
Py-CG/MS was performed to determine the potential of these lignins to produce fuels and chemicals by thermal 
conversion processes. 

Fig. 1.  Characterization of softwood and hardwood LignoForceTM lignins. 
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Abstract 
The management of sewage sludge (primary sludge and waste activated sludge) plays an important role in wastewater 
treatment plants. The huge generation of this biowaste could reach 13 Mt/year (on a dry basis) in 2020 in the 
European Union. Several methods of thermal valorization of sewage sludge such as pyrolysis or gasification have been 
extensively studied, since the resultant products may be used as bio-fuels or source of chemicals. The main 
drawback of these technologies is the high energy requirements needed for moisture reduction. In this sense, 
hydrothermal carbonization (HTC) which is a thermochemical process carried out in water as reaction medium, can 
convert wet organic feedstock into a high carbon rich solid product (hydrochar). The liquid fraction (LF) obtained 
from HTC must be treated to avoid adverse environmental impacts. In this work, we study the HTC (208 ºC for 1 
h) of dewatered waste activated sludge (DWAS, 15%, wt.) as a new concept for the management of this waste for
producing a renewable solid fuel. Besides, the LF has been valorized by mesophilic anaerobic co-digestion with
primary sewage sludge (PSS) to recover energy as methane in batch (with several LF:PSS feed mixture) and semi-
continuous mode with two different feed mixture compositions (5 and 10% LF) and two organic loading rates
(OLR; 1.5 and 2.5 g COD/L·d).

Hydrochar showed high-energy density (higher heating value (HHV) of 21.6 MJ/kg) and similar characteristics to 
bituminous coal. The batch anaerobic experiments revealed a decrease of methane yield increasing the LF to PSS 
ratio (from 25 to 75% LF, as COD basis), due to the presence of inhibitory nitrogen-containing aromatic 
compounds detected in the process water. Using a 10% LF feed mixture and an OLR of 1.5 g COD/L d in the 
semi-continuous runs, a methane yield of 172 mL CH4/g CODadded was achieved, 1.15-fold the value for the control 
test (100% PSS). Thus, the combination of HTC to DWAS and co-digestion of PSS and LFHTC provided a positive 
energetic balance (hydrochar+biogas) around 4.4-fold higher than the conventional anaerobic digestion of mixed 
sludge (Table 1).  

Table 1. Energy production from sewage sludge. 
Energy produced from feedstock (MJ/kg) References CH4 Hydrochar Overall energy 

AD of mixed sludge 4.6; 4.5 - 4.6 [2] 
OLR 1.5 g COD/L·d, PSS 10.4 - 10.4

This study 

OLR 1.5 g COD/L·d, 5% LF 11.0 8.8 19.7 
OLR 1.5 g COD/L·d, 10% LF 11.7 8.8 20.5 
OLR 2.5 g COD/L·d, PSS 14.6 - 14.6 
OLR 2.5 g COD/L·d, 5% LF 11.2 8.8 20.0 
OLR 2.5 g COD/L·d, 10% LF 10.3 8.8 19.0 

 HHV of methane: 35.8 MJ/m3 
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The biorefinery concept has gained attention as a sustainable alternative to transform bio-wastes into high value-added 
bio-products and energy within the circular economy framework. A coupling between bio-waste and manufacture 
sectors is necessary to ensure a sustainable future. The Organic Fraction of Municipal Solid Waste (OFMSW), mostly 
comprised of food waste, is characterized by high moisture content and biodegradability [1]. The aim of this research 
is the proof of concept of an integral valorization of OFMSW into valuable products, including polyhydroxyalkanoates 
(PHA), biogas and bio-hydrogen. 
The OFMSW was selected from the urban waste treatment facilities placed in Madrid. Two samples were collected, 
one immediately after fresh dumping from vehicles coming from selective organic fraction (OFMSW A), and the other 
one previously sorted by the waste treatment plant (OFMSW B; non selective organic fraction). In addition, a Kitchen 
Waste (KW) sample from the URJC cafeteria was also used in terms of comparison. Particle size reduction was 
performed using a blender to ensure the homogeneity of the samples. A thermal hydrolysis pre-treatment was carried 
out at 180ºC for three different reaction times: 5, 15 and 30 min [2]. Batch photo-fermentation of the liquid fraction 
and biochemical methane potential (BMP) tests of the solid fraction were performed upon the thermal hydrolysis. All 
analytical determinations were carried out according to Standard Methods. 

As shown in Fig. 1, the new integrated treatment improves the 
percentage of g TS/L converted into value-added products and 
biogas. The OFMSW was transform into [9,9-13,9] % of biomass, 
[0,24-0,55] % of PHA, [2-3] % of bio-H2 and [17-22] % of 
biomethane. The thermal hydrolysis pretreatment yielded similar 
results independent on the reaction time. BMP (mass basis) in all 
cases compared to the digestion of the un-treated waste yielded an 
improvement of methane formation. Decreasing of the organic 
content of the digestate may also improve its potential as an organic 
CNP fertilizer. 
Phototrophic biomass evolved on the liquid fraction by consuming 
organics released during the hydrolysis. It is composed mainly of 
purple phototrophic bacteria (PPB), containing around 60% of 
proteins [3]. In addition, these PPB partially transformed the 
organics into bioplastics (polyhydroxyalkanoates, PHAs) and bio-

H2. Thus, this work is a proof of concept for the future optimization of a PPB-based biorefinery using OFMSW as 
feedstock, and hence considerably decreasing the disposal costs as well as the C-footprint of urban waste management. 

Acknowledgements  
Financial support from the Regional Government of Madrid through the project S2018/EMT-4344 BIOTRES-CM is 
gratefully acknowledged 

References 
[1] S. V. Mohan, G. N. Nikhil, P.  Chiranjeevi, C. N. Reddy, M. V. Rohit, A. N. Kumar, O. Sarkar. Waste biorefinery models
towards sustainable circular bioeconomy: Critical review and future perspectives. Bioresource Technology, 2016, 215, 2-12.
[2] Cano, R., Nielfa, A., & Fdz-Polanco, M. (2014). Thermal hydrolysis integration in the anaerobic digestion process of different
solid wastes: Energy and economic feasibility study. Bioresource Technology, 168, 14-22.
[3] Kobayashi, M., Kobayashi, M., 1995. In: Blankenship, R.E., Madigan, M.T., Bauer, C.E. (Eds.), Anoxygenic Photosynthetic
Bacteria. Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 1269e1282.

Fig. 1. OFMSW A, B and KW valorization 
potential upon thermal hydrolysis at 5 min. C-
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Abstract 
In the present study, enhanced microwave (EMW) synthesis, where microwave radiation is coupled with 
reflux conditions, was used to prepare CeO2, CeO2-La2O3, and CeO2-La2O3-10% Cu catalysts. It is well 
known that ceria-based oxides feature high redox properties including high population of oxygen vacancies 
[Ovac]. These properties are crucial for hydrocarbon catalytic reactions such as CO2 reforming of methane 
(dry reforming of biogas), in the sense that they contribute to coke reduction. Post synthetically, the catalyst 
CeO2-La2O3-10% Cu was ball milled under both, wet and dry conditions. The ball milling technique is 
expected to further improve the oxygen vacancies and give higher efficiency for uniform multi-component 
mixed oxides in consideration of time and energy usage. The prepared catalysts were characterized using x-
ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy. 
Remarkably, the EMW synthesis conditions affect the crystallinity of the catalysts (XRD), and crystal growth, 
generating particles with crystallite size in the ranges of ~11-19 nm (Fig.1). The ball-milled catalysts exhibited 
a very small crystallite size (XRD), which corresponds to larger surface area (m2/g). This, in fact, enhances 
oxygen mobility in ceria support lattice and yield to the formation of more O vacancies.  
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Abstract 
In the South- west of Spain, the production of vegetables by intensive agriculture in greenhouses is one of the most 
relevant commercial activities. From it a large amount of vegetal crop residues is produced (200 kton/year), being the 
reuse of this residues a large challenge1. In a previous work, it was studied the utilization of pine pellet, for heat supply, 
in addition to vegetal crop residues of tomato2. Thus, reusing biomass for this application was feasible for this 
application, as probed at this previous work. Although optimization of biomass properties and operation conditions 
at the boiler are required for each type of fuel, otherwise the efficiency of the combustion will become lower. 

Aiming to improve the quality of biomass crop residues as solid fuel. It was performed several experiments to which 
residues from other agricultural activities such as almond tree pruning or olive pit were added. The utilization of these 
mixtures in commercial boiler (thermal power: 174.4 kW) was evaluated, also optimizing the operational conditions 
on it. Parameters taken into account were 1) thermal combustion efficiency, and 2) NOX, SOX and CO levels of flue 
gases. The main factors evaluated were the composition of the fuel, and the supply of air at the boiler (primary and 
secondary air supplies), these last determining the excess of air into during the combustion. 

The efficiency of combustion when using mixtures of tomato crop residues with almond tree pruning was slightly 
lower comparing with that obtained using olive pit. Nevertheless, thermal losses decreased from 39.9 to 33.7% respect 
to that obtained when using pure tomato crop residues. At the same time, concentration of gases studied (NOX, SOX 
and CO) varied from 200.5, 763.2, >8856 to 102.0, 1163.9, >2317 mg/Nm3 respectively (Nm3: m3 within normal 
conditions; values standardized to [O2] =15%). Concluding, data here reported demonstrates that adequate adjustment 
of both fuel composition and operation conditions at the boiler allows reusing tomato crop residues as fuel for 
industrial applications. By taking into account logistic aspects such as availability and transport cost, the strategy of 
mixing tomato crop residues with other available biomass can be suitable for the application studied in this work. 

Fig. 1.  Thermal losses and toxic gases level relevant to the combustion of the different biomass cases studied 

This work is part of the project “Processing of Greenhouse Vegetal Residues Optimization for Heating and Carbon 
Enrichment for Crops Grown under Plastic (RNM-6141) supported by the Regional Ministry of Economy and 
Innovation of Andalusia Goverment (Consejería de Economía e Innovación de la Junta de Andalucía). 
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Abstract 
Valorization of wastewater streams is a key factor in the development of circular economy-based industrial processes. 
However, resources contained in industrial wastewater are usually wasted or dissipated. It is necessary to develop new 
waste exploitation routes. In this context, anaerobic purple phototrophic bacteria (PPB)-based wastewater treatment 
is a potential candidate to valorize industrial wastewater due to the PPB ability to convert organic compounds into 
high added-value products as polyhydroxyalkanoates (PHA), among others [1]. However, industrial wastewater 
contains toxic organics that can interfere with bacterial metabolism, putting the process at risk. Therefore, this study 
assess the potential inhibitory effect of typical industrial byproducts as benzene and toluene on the metabolism of a 
mixed culture of PPB [2]. Anaerobic batch assays were conducted under optimal growth conditions regarding nutrients, 
carbon source and light irradiation [3]. Initial concentrations of benzene and toluene ranging from 1 to 243 mg/L were 
added to determine the inhibition extent on the PPB metabolism. To this purpose, specific activities and biomass 
yields were determine according to [3]. Fig.1 shows that benzene was harmless with respect to both the specific activity 
and biomass yield, whereas toluene only caused significant inhibition to both parameters at a concentration of 243 
mg/L. Even, lower concentrations of both compounds caused an increase of PPB specific activities compared to the 
controls. It is known that PPB are able to reduce aromatics by ring cleavage, and therefore these compounds can be 
assimilated as a carbon source [4].  In summary, PPB mixed cultures can deal with the presence of benzene and toluene 
during industrial wastewater treatment since concentrations of these compounds typically ranges between 1 and 100 
mg/L in petrochemical wastewater [2]. Nevertheless, other toxic organics present in this kind of wastewater requires 
further investigations to assess the potentials of this technology as a resource-efficient and low C-footprint alternative. 
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Fig. 1. Specific activity (A) and biomass yield (B) at different benzene (○) and toluene (●) concentrations. Error bars are 95% 
confidence intervals from triplicates. 
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Environmental pollution by petroleum and its derivatives is a serious worldwide problem. In addition to accidental 
contamination, vast amounts of oily waste generated in water-oil separation systems requires treatment and disposal 
methods, which are quite expensive [1]. Through anaerobic digestion (AD), biodegradable wastes can be treated and 
produce energy in the form of methane-containing biogas. However, this technology has limited application in oily 
waste due to its low biodegradability and a pretreatment is required in order to achieve a most biodegradable feedstock 
[2]. In this sense, thermal hydrolysis (TH) yields solids disaggregation as well as partial cracking of organic molecules, 
making the solids more available for biological degradation. This work aims to improve the biochemical methane 
potential of an oily waste through TH pre-treatment performed at different temperatures and reaction times. 
The API (oil-water separator) oily waste sample was obtained from a petroleum refinery near Madrid. Average 
characterization values for the raw API waste are shown in Table 1. Oily waste was thermally treated using a stainless 
steel 100 mL batch reactor with temperature and reaction times varying between 175-200 ºC and 15-60 min, 
respectively. Biochemical methane potential (BMP) tests were performed with the raw and pretreated samples to settle 
the efficiency of the pre-treatment in increasing the digestibility of the oily waste.  
Results from TH experiments are shown in Table 1. ANOVA analysis (at 95%) showed that temperature promotes 
significant effects in COD, solid and ammonia solubilization in the aqueous phase (p value = 0; 0.01 and 3.6·10-4 
respectively). However, the reaction time seems to affect only in the phosphate solubilization (p-value = 0.02). 
Remaining oily waste after TH treatment was analyzed by BMP tests. 

Table 1. Average characteristics of the raw and hydrolyzed oily waste. 
Temperature  Time (min) CODs 

(g/l) 
TS (g/kg) %SB 

TS

%SBCOD N-NH4+ (mg/l) P-PO4-3

(mg/l)
Raw 1.0 213 - - 32 6.5 

175ºC 
15 9.0 184 13.5 4.1 76 156 
30 9.7 191 10.4 4.4 70 249 
60 9.0 161 24.7 4.1 52 147 

200ºC 
15 12.5 105 50.9 5.9 36 81 
30 12.7 116 45.4 6.0 27 265 
60 14.1 105 50.6 6.7 46 180 

CODs = soluble COD; TS =Total Solids; SBTS = Total Solids Solubilization; SBCOD= COD Solubilization. 

BMP experiments were performed using unacclimated inoculum. The untreated oily waste showed a strong inhibition 
of the methanogenesis, even decreasing the methane production caused by autodigestion of the inoculum. The thermal 
pre-treatment avoided this inhibitory effect and achieving methane potentials ranging from 60 to 95 L CH4/kg VS (at 
normal conditions) independent of the temperature. Continuous experiments will be carried out for the improvement 
of the digestibility of the pre-treated waste through biomass acclimation.  
.
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Abstract 

Biorefinery is facing how to produce valuable chemicals from lignocellulosic biomass using cost effective processes. 
Nevertheless, due to the complex structure of lignocellulose, a pre-treatment step is required to promote the enzymatic 
hydrolysis of the cellulose to the glucose required for the subsequent conversion of sugars to valuable products. The 
pre-treatment of the lignocellulosic materials is an aspect key, which represents approximately 20% of the total cost. 
Multi-feedstock biorefinery is a strategy to reduce costs by gaining benefit of the higher scale. However, different 
materials are expected to have differences in their response to the pre-treatments. In this work three lignocellulosic 
materials: wheat straw (WS), corn stover (CS) and cardoon were considered as feedstock candidates for a biorefinery. 
Also two pre-treatments: diluted sulfuric acid (DSA) and ethanol-water delignification (EW), where evaluated as 
fractionation method. The aim of this work is to evaluate the integration of multiple feedstocks in a scheme of 
lignocellulosic biorefineries and the most favourable conditions to fractionate the lignocellulose with low energy inputs. 

The three raw materials were fractionated under several conditions using an EW liquor and adding 1% w/w (on dry 
biomass) of H2SO4 as catalyst, or alternatively, with DSA pre-treatment and 1% w/w (on dry biomass) of aqueous 
H2SO4 solution. The experiments were carried out in a 6 L stainless steel reactor provided with liquor recirculation, 
temperature control and liquor sampling. The reactor was loaded with 100 g of biomass (dry basis) and the 
corresponding volume of EW or DSA liquor. The liquor–solid ratio was established at 20 L/kg, and, for the EW pre-
treatments, the percentage of ethanol was fixed at 30% (v/v). Temperature and time of reaction were varied to cover 
a broad range of energy inputs. The original materials and the pre-treated solid fractions were hydrolyzed enzymatically, 
to evaluate the enzymatic digestibility of the cellulose solids. The conditions were: 0.05 M citrate buffer (pH 4.8), 50 ° 
C, 150 rpm for 72 h, 10% consistency and supplemented with the commercial cocktail composed of cellulase 
(Celluclast 1.5 L) and celobiase (Novozyme 188). 

In general terms, EW is more efficient to remove lignin and the most appropriate DSA to hydrolyze the xylans. The 
combined effect of delignification and elimination of xylans is responsible for the improvement in the enzymatic 
hydrolysis of cellulose. In conditions of moderate-low energy inputs, the previous treatment of EW produces better 
results than the DSA with glucose yields in the range of 50 to 60% for maize stems and maize thistle pretreated with 
EW; while the wheat straw pulps reach up to 80%. Therefore, the biorefinery of multiple raw materials needs a previous 
study to adjust the type and conditions of the previous treatment to each raw material. 
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Abstract 

The cellulose can be treated with a chemical and/or a mechanical treatment to produce nanosized fibrils with both 
crystalline and amorphous regions. The use of this nanofibrillated cellulose (NFC) as an additive in papermaking has 
been studied in recent years, since these nanofibrils are able to improve the strength of paper [1]. Furthermore, the 
water retention of NFC could be considered high, and it is possible to prepare gels with a concentrated suspension of 
these nanofibrils. These gels show a pseudoplastic behaviour that can be very useful for several industries, such as the 
pharmaceutical or the food industry. 
In this work, in order to find out if the cellulose bleaching process affect to the characteristics of the NFC produced, 
four types of cellulose were taken from different stages in the industrial ECF (elementary chlorine free) pulp bleaching 
process, and then nanofibrillated. In this case, the nanofibrillation process was performed using TEMPO and 
mechanical stirring, resulting a gel (Fig.1) that was assessed by rheology, and the nanofibrils produced were also 
characterised by Fourier transform spectrometry, thermogravimetry and scanning electronic microscopy.  
As it was expected, gels showed a pseudoplastics behaviour, and the more the bleaching of the cellulose was, the more 
the viscosity of the gel was. When viscoelasticity was evaluated, gels bleached after the hydrogen peroxide treatment 
stage showed a less structural level than those obtained from cellulose taken in other early bleaching stages. 
Furthermore, the results of FTIR(Fourier-transform infrared spectroscopy) revealed that the cellulose extracted with 
NaOH and with no additional bleaching was more resistant to TEMPO.  

Fig. 1. NFC gel 
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Abstract  
Fermentation is an alternative technology to petrochemical processes in the production of acetic acid. However, novel 
separation processes are needed to efficiently separate acetic acid from fermentation broths in order to reduce waste 
generation and production costs. Acetic acid concentration in the broth may vary over a wide range, but it is usually 
less than 10 % by weight. The aim of this work is to design and optimize a cyclic adsorption process based on Simulated 
Moving Bed (SMB) technology for acetic acid recovery from aqueous mixtures. A commercial resin (Reillex® 425) has 
been used as adsorbent and methanol or water as desorbent agents. 
In the adsorption experiments, the column was fed with acetic acid dissolutions of variable concentration (0.65, 1.25, 
2.5, 5 and 10%). In the desorption experiments, once the bed was saturated with one of the acetic acid/water 
dissolutions (0.65% to 10%), pure methanol or water were fed as desorbents. Both adsorption and desorption 
experiments were carried out at a flow rate of 1 mL/min and a temperature of 25°C. In both cases, samples were taken 
manually at different times for later analysis. The mass fraction of acetic acid was determined by gas chromatography 
(VARIAN CP-3800 Gas Chromatograph). The mass fraction of the water was measured with the Karl Fischer 
measuring device (Mettler Toledo DL 32), and the methanol mass fraction was measured by difference.  
A model has been developed describing the process of adsorption/desorption of aqueous acetic acid on a fixed bed 
of the resin. The adsorption capacity of the resin as a function of the concentration of acetic acid in solution has been 
adjusted to the Double Langmuir model: 

   𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑐𝑐) = 𝑎𝑎1∗𝑎𝑎
1+𝑏𝑏1∗𝑎𝑎

+ 𝑎𝑎2∗𝑎𝑎
1+𝑏𝑏2∗𝑎𝑎

With the experimental isotherm and breakthrough curves obtained with mixtures of acetic acid/water and acetic 
acid/water/methanol, the mass transfer coefficient of the components of the mixture were determined, ks,acetic acid = 
4.65·10-3s-1 with r2 = 0.9968 and ks,agua = ks,metanol = 7.518·10-3s-1 with r2 = 0.9987. The developed model has been used 
to design and optimize an SMB process, which separates acetic acid from acetic acid/water mixtures with the 
commercial resin Reillex® 425, where water and methanol have been utilized as desorbents. The simulation results 
show that it is possible to obtain high purity acetic acid (> 99%) using any of the desorbents (water/methanol). It is 
also possible to achieve recoveries of acetic acid from mixtures above 96% by an SMB process. The acetic acid affinity 
to PVP resin is 0.00553 m3 kg-1resin. This low affinity of acetic acid to resin could be related to its low molecular weight 
(60.052 g/mol) and the presence of an only one carboxyl group in the molecule. Depending on the later use of the 
acetic acid, one desorbent or another could be chosen. The literature describes, for example, the use of an aqueous 
acetic acid solution as part of the food (carbon source) that microorganisms require to grow and produce PHAs [1]. 
In this case, it would not be necessary to concentrate the aqueous acetic acid that has been obtained as a product, with 
the consequent energy saving.  
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Abstract 

The use of lignocellulose in biorefineries requires a pre-treatment to make it accessible to the action of cellulolytic 
enzymes. Lignin and other byproducts produced in the lignocellulose pre-treatment have an inhibitory effect on the 
subsequent biochemical processes. The use of additives such as surfactants or non-catalytic proteins has been 
described in the literature to improve the hydrolysis of cellulose by enzymes (EH), although there is no much 
information about the efficiency of these additives on substrates with different lignin content. The aim of this work 
is to study the effect of two groups of additives (non-ionic surfactants and proteins) on the performance of EH of a 
ethanol-water (EW) pretreated wheat straw obtained at two degrees of delignification. 

Wheat straw (100 g dry base) was fractioned with an EW mixture, which contains 50% (v/v) of ethanol and 1% of 
H2SO4 (on dry wheat straw). Two pre-treatment conditions were checked: with low energy to cause low delignification 
(90 min, 150ºC and 2.5L of liquor) and with high energy to obtain a high delignified substrate (60 min, 190ºC and 3L 
of liquor). The pre-treated pulps were filtered and washed. Pre-treated pulps were enzymatically hydrolysed to evaluate 
cellulose digestibility. The conditions were: 0.05 M citrate buffer (pH 4.8), 50°C, 150 rpm for 72 h, 10% consistency 
and an excess of the enzyme mixture Biogazyme 2X. Prior to enzyme addition, the reaction mixtures were 
supplemented with one of the five additives studied (bovine serum albumin, casein, tween 80, powder skimmed milk 
and polyethylene glycol 6000) added at three different concentrations. The mixtures were incubated for 24 h (50 ºC, 
500 rpm) to allow the additives disperse uniformly in the buffer and interact with the substrate and then the enzymes 
cocktail was added. All runs of hydrolysis were performed in duplicate. Glucose was determined by HPLC and the 
EH yield determined as the percentage of glucose on the theoretical maximum. 

The strategy of combining low delignification pre-treatment with the use of additives to avoid the inhibition by lignin 
has shown moderate results. For low delignification, the maximum glucose yield with additives (75.7%) is below the 
yield obtained with a more intense delignification (82.6%) but without additives. The lignin content of the substrate 
has proven to be decisive to reach a high yield in the enzymatic saccharification. Results have shown that by comparing 
surfactants and proteins it is advantageous the use of low cost proteins as casein. The most favorable alternative 
(88.6% of glucose) combines high delignification with the use of a cheap and non-tested protein as the casein. A 6% 
more of glucose can be obtained by using the best conditions. Mechanism of actuation involves the blocking of lignin 
by surfactants or proteins, what would explain how substrates with high lignin content are more favored by the 
additive use. An excess of additives (surfactant or protein) has always shown detrimental effect on the glucose 
production. 
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Abstract 
Bacterial cellulose, a water-insoluble exopolysaccharide produced by some bacteria, has unique structural and 
mechanical properties and is highly pure as compared to plant cellulose. In contrast to plant cellulose, bacterial 
cellulose, with several remarkable physical properties, has proven to be a remarkably versatile biomaterial and can be 
used in a wide variety of applied scientific endeavors.  

In this study, a particular fermentation process is studied, using Gluconacetobacter Xylinum Sucrofermentans (BPR2001) to 
produce bacterial nanocellulose in static or agitated culture medium, changing the media in different samples and 
comparing the results to know which the best processes to obtain the wanted product are. 
Produced bacterial cellulose has been characterized by IR spectroscopy and scanning electron microscopy. Evolution 
of fermentation has been monitored by optical density. Clearly the agitated mode has provided higher yields than the 
static one, an observation confirmed by other published works on this process. 
In order to improve the methodology and the stirred process, a series of controlled defined media has been evaluated. 
In general, these fermentations afford less productivity than undefined broth. However if some key compounds are 
added to the glucose - NPK media, like amino acids, B1 vitamin or some metallic ions, productivity of fermentation 
can increase by a 1000% compared to control. 
However, chemically defined media only reach a half of productivity in comparison with undefined media, that 
contains yeast extract. 

Figure 1 shows the improvements in productivity of bacterial cellulose when is produced by fermentation in stirred 
mode and modifying the chemically defined media. Productivity of undefined media is not shown, but reaches about 
twice as the best result achieved.  

Fig. 1.  Productivity of  bacterial cellulose after modifying chemically defined media (oligolements + amino acids + vitamin B1) 

Acknowledgements  
The authors would like to thank to Spanish Ministry of Economy and Competitiveness (Program RETOS, Grant No. MAT2016-
80045-R) for the financial support. 

ISBN: 978-84-09-12430-5 243



Solubilization of olive stone hemicelluloses by diluted acid hydrolysis and 
subsequent dehydration of xylose into furfural in a microwave reactor 

Carmen Padilla-Rascón1*, Cristóbal Cara1,2, Encarnación Ruiz1,2, Inmaculada Romero1,2, Antonia de 
Torres1, Juan Miguel Romero-García1,2, Eulogio Castro1,2 

1 Dept. Chemical, Environmental and Materials Engineering. Universidad de Jaén, Paraje Las Lagunillas s/n, 23071, Jaén, Spain. 
2 Center for Advanced Studies in Energy and Environment (CEAEMA), Universidad de Jaén, Paraje Las Lagunillas s/n, 23071, 

Jaén, Spain. 
*cpadilla@ujaen.es

Abstract 

The sustainable production of energy, fuels and chemicals from lignocellulosic biomass under the biorefinery concept 
is one of the main challenges of a global bioeconomy strategy. Sugars and furanic compounds are among the most 
valuable platform molecules that can be obtained from biomass. They can be converted into other value-added 
chemicals and liquid biofuels. Olive stone is an agroindustrial by-product with a high hemicellulose content, with xylose 
being the main sugar than can be produced from this biomass by dilute acid hydrolysis [1]. Furfural is one of the most 
interesting bioproducts that can be obtained from xylose solutions through dehydration reactions. It can be used as a 
precursor of advanced biofuels through catalytic reactions [2].     

The aim of this work is to study the influence of different experimental conditions on xylose production from olive 
stones and the subsequent conversion of xylose into furfural. The hydrolysis of olive stones was carried out in an 
autoclave reactor for 60 minutes in sulphuric acid solutions with a 20 % biomass loading. An experimental factorial 
design of two factors at three levels was carried out to evaluate the influence of temperature (in the range 120-130 ºC) 
and acid concentration (in the range 1.5-3.5 w/v) on xylose recovery from olive stones. The production of furfural 
from hydrolysates was performed by microwave irradiation at 200 ºC, with and without the addition of FeCl3. 
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Abstract 

In 2017, the global sales of biosurfactants reached USD 4.20 billion and in 2024 this is expected to have risen to USD 
5.54 billion. Biosurfactants are a group of substances synthesized by microorganisms with a hydrophobic tail and a 
hydrophilic head, just like chemically synthesized surfactants, although from a molecular point of view they are quite 
different. Chemical surfactants are esters of fatty acids, or chemical salts, whereas biosurfactants are polymeric chains 
of lipids, proteins and carbohydrates, which make them more biocompatible and eco-friendly. 
In this work a biosurfactant extract obtained from a secondary raw material of corn milling industry, named corn steep 
water, it is compared with other biosurfactants obtained from controlled fermentations in terms of efficiency and cost. 
This biosurfactant is produced in corn steep water due to the spontaneous fermentation of this stream by different 
types of bacteria, including lactic acid bacteria.  
Biosurfactants that are currently commercialized are produced through controlled fermentations, with an important 
consumption of energy and raw materials, which decreases their commercialization and prevent its uses in different 
formulations. For example, 50 mg of surfactin, which is a natural detergent produced by Bacillus subtillis, has a market 
cost of 800 euros, which makes its use at industrial scale unfeasible. 
In this work it has been proven that the biosurfactant extract obtained from corn steep water can compete with 
chemical surfactants in terms of cost and efficacy, contrarily to the biosurfactants produced in controlled 
fermentations. According to laboratory-scale data, this biosurfactant extract is obtained from corn with a yield of 11 
g/kg of corn steep water with 50% solid contents. This is a high yield in comparison with biosurfactants obtained in 
controlled fermentations, as they are secondary metabolites. Moreover, the biosurfactant extract obtained from corn 
steep water has multifunctional properties as it it is able to reduce the surface tension of water in more than 25 units, 
it has antioxidant properties and it posses a higher antimicrobial capacity than other biosurfactants produced in 
controlled fermentations, with a reduced critical micellar concentration (CMC). Regarding the production cost, the 
biosurfactant extract under evaluation, in some cases, can be 100 times cheaper than other biosurfactants produced in 
controlled fermentations opening the door to a real inclusion of biosurfactants in different industrial sectors. Figure 1 
shows the flow chart proposed in this work for obtaining more cost competitive biosurfactants. 

Fig. 1.  Extraction of biosurfactants from corn steep water 
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Abstract 
Domestic wastewater depuration don't happen in many parts of the world. Its development is costly and precarious. 
For example, in  neighborhoods of the urban perimeter of the city of Viçosa (State of Minas Gerais, Brazil) this process 
consisted of thick screen chamber, thin-screen chambers, sand trap, septic tank and anaerobic filter before its dumping 
on the ground. 

A first low cost solution is the high-rate lagoon, but after this, liquid effluents and lagoon sludge are susceptible to 
treatment or utilization. In our case study, effluents from septic tank were transferred to three reservoirs of 300 L and 
homogenized. Following this, water was distributed to experimental post-treatment units formed by high-rate lagoon 
effluent. These units are tanks of fiberglass with the following characteristics: width 1.28 m; 2.86 m long; total depth 
0.5 m; useful depth 0.3 m; surface area of 3.3 m², useful volume of 1 m³ and hydraulic retention time (HRT) of between 
4 to 8 days. With this system, the liquid effluents of lagoon were used for farming of Orechromis niloticus (known as 
tilapia) fingerlings under different densities of fish stock and ammonia loads (at least 0.60 kg of ammonia/ha/d , which 
are values close to that reported in other similar investigations performed [1]. The ammonia is established through the 
initial effluent charge). 

In this way, a solid sludge was generated and the objective of this work is an energetic valorization of the sedimented 
obtained residue in the breeding tanks. For these samples of sludges, valorization under combustion conditions was 
performed by thermogravimetric analysis (TGA). In the obtained TGA, three different regions of mass loss were 
observed corresponding to hemicellulose, cellulose and lignin-humic-fulvic acids decomposition.  

Energy activation values were calculated by kinetic study (Flynn-Wall-Ozawa method) for α=0.25, α=0.50 and α=0.75, 
obtainning values between 100,3-137,9 KJ/mol; 175,6-234 KJ/mol; 81,9-100,8 KJ/mol respectively. Gross heating 
values were found by calorimetric method, resulting values between 11.719,38 to 15.397,12 KJ/Kg. These were similar 
to those obtained in other researchs [2].   

It could be claimed that the effluents of high-rate lagoons from wastewater used in this study, subsequent the adequate 
treatments, possess amounts of ammonia suitable with tilapia farming. Furthermore, the energy valorization of the 
residue generated is a feasible option according its evalulation by calorimetric methods. 
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Abstract 

Olive pomace (OP) is a by-product from the olive oil production process using a two-phase separation system and it 
is also called two-phase olive pomace or “alpeorujo”. OP contains pieces of pulp, skin, stone and a small amount of 
residual olive oil, approximately between 2 and 3 % [1]. This biomass is generated every year in large quantities, mainly 
in the Mediterranean countries and currently, it has not an economically viable application. The aim of this study is to 
evaluate the technical feasibility of the aqueous extraction of phenolic compounds present in the non-structural 
fraction of OP, under low severity conditions. The general idea is to integrate this first extraction step of OP in multi-
product and multi-feedstock processes contributing to the development of biorefineries based on the use of this 
biomass plus the other by-products and residues generated from the olive grove and its associated industries such as 
leaves, stones, olive pomace, extracted olive pomace and olive tree biomass. These local biorefineries can constitute a 
promising option for reducing the dependence on oil, they can contribute to produce not only energy but also chemical 
compounds with high added value, such as antioxidants, fertilizers, herbicides, bioplastics, etc. 

In this work, the aqueous extracts obtained from OP using different solid loadings (Table 1) were characterized. The 
extraction yield was expressed as grams of solubilized biomass per 100 grams of pomace (dry weight). Likewise, residual 
oil content, total phenol content (by Folin Ciocalteu method), and flavonoid content were also determined. In addition, 
different in vitro tests were also carried out to determine the activity against radical species of the type DPPH, ABTS 
or reducing capacity FRAP to determine the antioxidant capacity of the OP extracts. 

Table 1. Extraction Conditions 
Temperature Time Solid loading 
30 - 90ºC 60 min 2.5 - 7.5% (w/v) 

Acknowledgements   
Financial support from Agencia Estatal de Investigación and Fondo Europeo de Desarrollo Regional. Reference project 
ENE2017-85819-C2-1-R.  

References 
[1] Ruiz E, Romero-García JM, Romero I, Manzanares P. Negro MJ. Olive-derived biomass as a source of energy and chemicals.
Biofuels, Bioproducts and Biorefining. 11:1077-1094 (2017).

ISBN: 978-84-09-12430-5 247



Optimization of ethanol-water pretreated cardoon saccharification 

Sofiane Borsla1, PriscillaVergara2, Juan CarlosVillar2, Felix Garcia-Ochoa1, Miguel Ladero1 
1Chemical and Materials Engineering Department, Facultad CC. Quimicas, Complutense University, 28040, Madrid, Spain 

2Laboratory of Cellulose and Paper, Forest Research Center – INIA, Ctra. de La Coruña km 7.5, 28040 Madrid, Spain  

Abstract 
Biomass, a carbon-base feedstock, can be obtained from living organisms and is a considerable resource of organic 
materials easily fermentable. Indeed, it is a plentiful resource that includes forest residues (woods, branches, foliage, 
etc.), agricultural crops and their residues (corn stover, rice straw, etc.), energy crops (switch grass, yellow poplar, etc.) 
as well, food waste, algae and microalgae. Cynara cardunculus L, widely known as cardoon, is a dicotyledonous herb from 
the Mediterranean basin belonging to the Asteraceae family. Compared to other herbaceous annual crops, cardoon has 
demonstrated low cultivation cost, higher total revenues and suitability for the inclusion in arable cropping systems in 
marginal lands [1]. Its enzymatic saccharification needs of a previous pretreatment, such as an ethanol-water extraction 
in acid conditions [2, 3]. 
The aim of this work is to study the enzymatic saccharification of ethanol-acid water pretreated cardoon, focusing on 
the effects of critical operational variables such as solid dry content, enzyme concentration and stirring speed.  
To such end, a L9 Taguchi design was implemented and runs performed in batch reactors by duplicate, taking liquid 
samples at several reaction time values to analyze the sugar content by ion-exclusion HPLC. Signal-to-noise ratios were 
evaluated according to the larger-the-better criterium, considering the obtained glucose concentration in the liquid as 
the response. The results are shown in Figure 1, suggesting that, while stirring speed high values (300 r.p.m.) results in 
a higher saccharification rate and glucose concentration, medium dry solid content and enzyme amount (cellulases and 
beta-glucosidases alike) are most adequate. Best conditions were 5% w/w dry solid, 14 mg Biogazyme 2x (cellulase 
mixture) supplemented with 4 µL β-glu 1000 (β-glucosidase+hemicellulases mixture) per gram dry solid, working at 
300 r.p.m. In such conditions, 25 g/L of glucose were obtained with a final 94% yield. 

Finally, kinetic modelling of the saccharification process was 
performed fitting a first-order fractal model to experimental results. 
A Taguchi analysis of the fitting results indicates no effect on the 
kinetic constant due to solid content, moderate to no effect due to 
stirring speed and an increase in the kinetic constant as β-glu 1000 
rises. Effects on the fractal exponent are mostly due to solid 
content: a medium value of 5% w/w DS is the best condition, while 
other variables scarcely affects this parameter. 

Fig. 1. SNR results in the L9 Taguchi matrix for glucose concentration 
(g/L) in the liquid. Points are SNR values for experimental points at 

relevant levels or values for each factor, while the orange line indicates the mean SNR value for the experimental matrix ; navy 
blue narrow lines reflects the ±5% average error found in duplicates of all the runs. 
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Abstract 
The bioeconomy concept is attracting scientific and policy attention as promising option to procure benefits from 
renewable bioresources in a sustainable way in rural areas. Besides the production of energy and chemicals in 
biorefineries based on lignocellulosic residues, obtaining bioproducts based on proteins could be a complementary 
way of creating an adding value. Nevertheless, there are protein rich residues (>20%, dry basis) (e.g. some seed meals, 
cereals distiller’s grains, brewers’ spent grain) and those containing medium or even lower than 10% of proteins 
(certain plant leaves and stones, stover, straw, etc.), which are low-cost bioresources with a high potential for the 
production of biofuels. Moreover, plant proteins present highly diverse physicochemical properties; some of them are 
characterized by a lack of solubility, while soluble proteins are in low concentration and its extraction limited by to 
the presence of vacuoles and rigid cell walls.  
In this context, several steps are required: conditioning of the lignocellulosic residue, extraction of proteins, and 
concentration/purification depending on the use. Among them, the extraction method is crucial to release proteins 
from the plant matrix. This can be performed in dry and non-dry conditions. The former type can be sub-classified 
into chemical (extraction with organic solvents, with acids and alkalis, using deep eutectic solvents, etc.), biochemical 
(enzyme-assisted processes with carbohydrolases, peptidases and their combination) and physical or physical-chemical 
(including ultrasounds-assisted extraction, electro-based extraction, microwave-assisted extraction, high pressure-
assisted extraction, and screw extrusion) in function of the main driving-force agent, but a combination of them is 
also plausible. These methods have been applied to cereals and non-cereals residues, with a great variation in the 
process conditions. Consequently, the resulting protein recovery and total protein content depend on the 
lignocelullosic residue, including the cultivar and its chemical composition, the crop processing and as well as on the 
extraction method and the conditions applied. For example, alkaline extraction can lead to protein recoveries ranged 
from 15 to 95%, while using peptidases the recoveries can be even higher than 80%, but with the subsequent hydrolysis 
of the proteins. It is also highly dependent on the type of enzyme applied to the biomass, while the enzyme dose 
should be further controlled to be cost-effective. Concerning electro-based techniques and those using ultrasounds, 
microwaves, and subcritical water conditions, the recoveries could be high (from 22 to 100%), but what happens 
during the extraction of proteins (hydrolysis, denaturation, and formation of undesirable species) and their large-scale 
feasibility should be further studied to be integrated in biorefinery designs; especially, if the protein product is destined 
to food applications. Protein extraction in non-dry conditions includes milling, sieving and/or air classification as well 
as electrostatic separation. Although these methods can require lower energy consumption than the aforementioned 
type, its applicability has been only evaluated to obtain protein flours/concentrates from cereals and seed meals 
residues [1].  
As can been seen, a plethora of methods for protein extraction exists. However, only a few of them have been 
integrated in biorefinery, e.g. alkaline extraction, enzyme-assisted extraction, high pressure-assisted extraction, and 
screw pressing. The examples are thus limited and were mostly performed at laboratory scale. More studies are 
required to evaluate their real viability and then scalability, especially for those residues with low protein content. 
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Abstract 
Olive tree cultivation has spread globally, both in Mediterranean countries and as well in non-native countries. In 2017 
the total surface area of olive groves was 10.8 million ha; above 3 million more than in 1997. Thus, this means that 
besides the main product, olive oil, high amounts of lignocelullosic residues are generated worldwide. In particular, a 
residue composed of leaves and thin branches, olive mill leaves (OML), is generated during the cleaning of olives in 
the mill, accounting for around 250 kg of OML/ha/year. Thus, in this study phenolic compounds from OML were 
extracted using solid-liquid extraction assisted by ultrasounds and the proteins were recovered by alkaline extraction 
for its valorization. Firstly, the effects of the solid-to-liquid ratio (5%-15%), extraction time (10-50 min) and ethanol 
concentration (40-100%) were evaluated by response surface methodology on the yield, total phenolic content, 
oleouropein and antioxidant activity extracted per dried OML and extract. For that, a central composite design was 
built (23 + star, face centered). Results indicated that the data were adequately fitted into seven second-order 
polynomial models. The studied factors, their quadratic and interaction terms affected in some cases and either 
positively or negatively depending on the dependent variable. Thus, a multiple response optimization was performed 
(Figure 1) to maximize all variables and the optimum was achieved at: solid-to-liquid ratio, 5.9%; ethanol 
concentration, 47%; extraction time, 50 min. Applying these conditions, the yield was 16.3%, the total phenolic 
content, oleouropein and antioxidant activity extracted were 2227 mg, 419 mg and 12095 µmol eq. trolox per 100 g 
of dried OML, respectively, and 13704 mg, 2578 mg and 74728 µmol eq. trolox per 100 g of dried extract, respectively. 
The values were similar to the predicted ones. Moreover, besides oleuropein, other minor phenolic compounds (3 
phenylethanoids, 6 secoiridoids, 13 flavones and a flavonol) were characterized by tandem mass spectrometry in this 
extract. Finally, after the extraction of phenolic compounds by the latter conditions, the protein was recovered using 
alkaline extraction (NaOH 0.4 M, 80 ºC, 4 h). The recovered protein value was about 50%, similar to that obtained 
employing other conditions for phenolic compounds extraction, indicating that this process did not affect to the 
extraction of proteins significantly. This was also corroborated by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis, since the protein profiles were also similar. These results could be of interest to diversify the portfolio 
of bioproducts obtained in a biorefinery based on OML. 

Fig. 1. Estimated response surface plot for the multiple response optimization. 
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Abstract  
Hydrogenation of CO2 offers a good solution for shortage of energy and CO2 environmental problem. This reaction 
not only uses this compound as a reactive but also obtains methane as a product. Nevertheless, this reaction is 
kinetically limited so a catalyst is necessary to carry out. Ni are widely used in catalysts due to its low cost and high 
activity. Also, addition of Mg or Ce enhances its stability [1]. On the other hand, biomass can be used as a bio-template 
and, by biomorphic mineralization techniques, obtain a novel carbonaceous material. This material presents excellent 
textural properties for uses as catalysts support [2]. Moreover, impregnating original biomass with metallic precursors, 
a catalyst can be obtained in one-step with metallic nanoparticles disperse on a carbonaceous support [3]. 
In this work we present the results of activity, selectivity and stability obtained in the hydrogenation of CO2 to methane 
using Ni-based catalysts doped with Mg and/or Ce which are supported on cellulose derived carbon (CDC). They 
were prepared by impregnation of cellulose in one-step using biomorphic mineralization techniques. XRD results, 
shown in Figure 1A, indicates that the catalysts synthetized are formed by Ni nanoparticles, MgO and CeO2 in each 
case (with particle size lower than 17nm) and they are well dispersed in the carbonaceous support. Both catalysts 
present good textural properties such as BET area and micropore volume. The substitution of Mg by Ce leads to a 
surface area is more developed (reaching 403m2/g versus 228m2/g in case of NiMg/CDC) although pore volume is 
less developed (the volume is 0,387m3/g versus 0,556cm3/g in case of NiMg/CDC). These properties lead to a good 
performance in reaction. The results, presented in Figure 1B, show that using NiMgCe/CDC the highest yield to CH4 
is obtained, 62%. This catalyst shows the highest conversion (66%) and selectivity to CH4 (94%) with great stability 
during 8h of reaction. In contrast, although NiMg/CDC catalyst presents good results, it is deactivated along reaction 
(lose 3% of its activity) due to a sintering of the metallic nanoparticles. The sintering process is promoted by a weak 
interaction between metallic nanoparticles and support. 

Fig. 1.  XRD results from catalysts prepared before reaction (A). Comparison between CO2 conversion, selectivity and yield to 
methane obtained with the catalysts synthetized (B) 
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Abstract 
Olive tree pruning biomass (OTPB) is generated annually by the necessary removal of the old branches of the olive 
trees. The valorization of this lignocellulosic biomass could have important environmental and socioeconomic 
advantages with the development of a new industry. The OTPB has been investigated as a renewable raw material to 
obtain biofuels and other added value compounds such as antioxidants, oligosaccharides, polymers, etc., under a 
biorefinery approach [1]. 

Steam explosion (SE) is a physical-chemical process and one of the most effective techniques for pretreatment of 
lignocellulosic biomass, leading to lignin barrier disruption and hemicellulose removal [2]. Previous to SE, the OTPB 
was water extracted in autoclave (120ºC for 60 min, 10 % w/v solids loading) and the resulting solids were soaked in 
dilute acid solutions, a practice which has proved to improve the enzymatic digestibility of pretreated materials and the 
recovery of hemicellulosic sugars [3]. The objective of this work was to compare, through enzymatic hydrolysis (EH) 
of the insoluble solid fraction resulting of SE, three SE pretreatments (with and without previous acidic soaking) 
carried out with the same batch of water extracted OTPB and in the same steam explosion pilot unit with a 4.5 L 
reaction vessel. The conditions of each SE pretreatment (Table 1) were taken from other authors’ reports on different 
batches of OTPB and in a different SE device [3, 4, 5]. 

The results showed that the EH-glucose yield (YP) was greater than 90 % in all cases tested (Table 1). In addition, the 
best condition was soaking with 1 % w/w phosphoric acid, at 195 ºC for 10 minutes. If the glucose in the water–
extracted material is considered (YE), yields up to 80 % of glucose recovery were achieved (Table 1). 

Table 1. Conditions and results obtained of SE pretreatments. 
Temperature 
(ºC) 

Time 
(min) 

Acid soaking 
(% w/w) 

Gravimetric recovery 
(%) 

 YP 
(%) 

YE 
(%) 

187 30 ------------------ 68.90 91.52 67.82 
195 10 1 % of H3PO4 68.70 90.66 79.86 
230 5 1 % of H2SO4 56.64 94.19 62.77 
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Abstract 
Pruning of olive trees produces yearly a large amount of lignocellulosic biomass, especially in the region of Andalusia, 
Southern Spain. Currently, the most widely used disposal method is by burning in the fields, which contributes to the 
global warming. However, this lignocellulosic material has been proposed as a potential raw material for the production 
of bioethanol due to its sugar content, in form of hemicellulose and cellulose. Martínez-Patiño et al. [1] conducted an 
investigation of the acid pretreatment of olive tree pruning biomass in order to maximize the concentration and the 
amount of fermentable sugars, through a Box-Behnken design of 17 experiments (factors: sulfuric acid concentration, 
solid loading, temperature). Based on these results, the aim of this work is to determine the experimental conditions 
leading to the highest ethanol production and minimal energy consumption. The simulation of the bioethanol 
production process (Fig. 1) for obtaining values of energy consumption (kW·h) and bioethanol production (l/h) was 
performed using Aspen Plus v9.0. Results from the technical assessment were analyzed by the statistical software 
Design-Expert 8.0.7.1 and Response Surface Methodology (RSM) was applied for modelling and result evaluation. The 
optimal conditions obtained are 160 ºC, solid loading 35%w/v and H2SO4 6.89%w/w. Under these conditions, 497.22 
l/h of bioethanol are produced and 5423.93 kW are consumed per hour for a plant of 30000 t/year (8000 h/year). 

Fig. 1. Block diagram of the bioethanol production from olive tree biomass (OTB). 
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Abstract  
Demand for energy is increasing every day with the rapid outgrowth of the population and the economic development 
[1]. Due to the negative impact of the use of fossil fuels on the environment, as global warming and acid rain, the quest 
for renewable resources has increased worldwide [2]. The use of pyrolysis of residual waste is a promising option and 
has attracted more and more interest [3]. The oil obtained of residual waste (mainly lignocellulosic or plastic waste) 
pyrolysis can be used as fuel and chemical product. The yield and composition of pyrolysis oil depend on feedstock 
composition and operating parameters of the process. This work was written with a focus on parameters that influence 
the process, such as temperature, reaction time and heating rate and discusses the effect of these parameters on the 
yield and calorific value of oil. 
Concretely, in this work authors investigated the possibility of using plastic film waste presented in municipal solid 
waste (which had not been collected selectively) as feedstock for the production of oil. Plastic film from municipal 
solid waste is composed mainly of polyethylene, which is not managed properly and most of it ends up in landfills [1]. 
The poor management of this waste aggravates the global problem of marine and land pollution [2]. 
The pyrolysis process was carried out with a constant nitrogen flow of 50 L/h as inert agent. During the pyrolysis 
process, the plastic waste was transformed into a solid fraction (char), a liquid fraction (oil) and a gaseous fraction. 
This study has focused on obtaining the liquid fraction for its use as fuel. After pyrolysis process, the yield of the liquid 
fraction was determined by weight difference and the high calorific value was determined using a calorimetric pump. 
Through a factorial design, a total of 15 experiments were carried out with the aim of establishing the influence of 
three operating variables: temperature (450ºC, 500ºC and 550ºC), residence time (40 min, 80 min and 120 min) and 
heating rate (20 ºC/min, 35ºC/min and 50ºC/min) on liquid fraction yields and their high calorific values. 
The liquid fraction yield ranged between 13.6% and 66.5% and high calorific values between 10 kcal/g and 11 kcal/g. 
The optimum operational conditions were the intermediate (500 ºC, 80 min and 35 ºC/min), obtaining values of 
63.91% of liquid fraction yield and 10.8 kcal/g of high calorific value. 
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Abstract 

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 the realization of all human rights. In September 2015, the 
same assembly announced the Sustainable Development Goals in order to “end poverty in all its forms” by the action plan 
called 2030 Agenda. The goal number 6 focuses on 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 or 
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 tackle the remaining targets and objectives.  

Most of the population without safe water access is located in developing countries with neither facilities nor financial 
resources. Therefore, these people need low cost water disinfection treatments, sustainable and easy to use. Example 
of common Household Water Treatments (HWT) are boiling, chlorination, filtration, flocculation or solar disinfection 
(SODIS). This last treatment is based on the harmful effect of the temperature and UV radiation over the pathogens 
of an infected water. In this process, the water is exposed to the solar radiation in PET bottles of 2L during 6h, being 
the plastic bottle the only required tool. For this reason, SODIS is the lowest cost HWT, its price was estimated at 
$0.63 per person per year, versus $0.66 for chlorination, $3.03 for filtration and $4.95 for flocculation [Clasen et al. 
2007]. However, the SODIS process present some disadvantages: the treated volume is very low (2L) and the sun 
radiation oscillates with the weather, date and location. Moreover, the water composition can affect the radiation 
received by the pathogens, being absorbed or scattered by the other substances dissolved in the water. These aspects 
can strongly modify the required exposition time, thus, an exhaustive study of the kinetic model is demanded in order 
to predict the light exposition time and ensure the complete water disinfection. 

This work presents a comprehensive 
work on the study of the influence of the 
water composition and operational 
parameters on the efficiency of the high-
capacity SODIS containers of 25 L. A 
kinetic model that predicts the 
disinfection time of wild Escherichia coli (a 
bacteria indicator of fecal contamination) 
as a function of the UV radiation, 
temperature and it synergistic effect 
[Castro-Alférez et al. 2017] has been 
used. The effect on the light absorption 
and scattering coefficients of the possible 
substances dissolved in the water have been calculated in order to estimate the available radiation inside the container. 
Specifically, the effect of bicarbonates, solids (turbidity), iron and dissolved organic carbon has been considered. The 
numerical simulation of the radiation transport and the effect on the inactivation process has been developed using 
Ansys Fluent package in order to predict the disinfection time as a function of the weather, date and location. The 
simulations results have been successfully validated with experimental data under real conditions.  

Fig. 1. Numerical simulation of high-capacity container. From left to 
right: Geometry, mesh and available UV radiation inside container with 
100 NTU water.
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          Arsenic is a highly toxic and carcinogenic heavy metal, which can be naturally present in the environment but 
also generated by human activities [1]. Several cases of arsenic pollution of groundwater have been documented in 
many countries of Asia (Bangladesh, India and Thailand) and South America (Chile and Argentina), thus revealing that 
its removal is an environmental problem of prime concern all over the world. 
          Several treatments, including chemical precipitation, ion exchange and electro-coagulation have been evaluated 
for arsenic removal [2]. Among them, adsorption has been widely studied due to its high efficiency and simplicity. 
Moreover, the use of low-cost adsorbents from industrial by-products is gaining attention in order to develop cost-
effective strategies for water treatment.  
          In this sense, iron and steel wastes, such as steel slag (SS) and blast furnace sludge (BFS), with high amount of 
iron in their composition, can be used as potential adsorbents. Therefore, the aim of this work was the assessment of 
steel by-products as low-cost adsorbents for the removal of As(V).  

Batch experiments were carried out with aqueous solutions of sodium arsenate (Na2HAsO4·7H2O) at different 
operating conditions: temperature (25ºC-60ºC), adsorbent dose (0.1-1.25 g/L), As(V) concentration (1-100 ppm) and 
pH (5-11). Besides, the effect of mixtures of SS and BFS on the adsorption capacity was also studied. The adsorbents 
were thoroughly characterized by several techniques, such as elemental analysis, XRD, XRF, EDX, FTIR, N2 
adsoprtion-desorption at 77 K, SEM and TEM.  

The experimental isotherms were adjusted to Langmuir, Freundlich and Temkin models for both SS and BFS 
(see Fig. 1), the maximum adsorption capacity being 29.4 and 2.4 mg/g at 25ºC and pH 7, respectively. The adsorption 
process onto these two types of adsorbents followed a pseudo-second-order kinetic model. Besides, the adsorption 
was spontaneous and thermodynamically favourable basing on the negative value of Gibbs free energy. It was found 
that calcium played a key role in the adsorption mechanism through cationic bridging with As(V). 

Fig. 1. Fitting of the experimental data using Langmuir, Freundlich and Temkin models for SS (a) and BFS (b). In all cases: T= 
25ºC, adsorbent dose= 0.4 g/L and pH =7. 

The results obtained showed that SS is an effective adsorbent, which can be potentially applied in the treatment of 
groundwater polluted with As(V). 
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Abstract 
Methanol to olefin (MTO) process is a source of the key building blocks for the petrochemical industry: light olefins. 
Silicoaluminophosphate catalysts (SAPO-18 or -34) have outstanding light olefin selectivity and very short lifetime, 
whereas zeolite catalysts (ZSM-5 in particular) have lower light olefin selectivity and extended lifetime1. Combinations 
of these catalytic phases at the nanoscale level have proved benefits for the overall performance2. In this work, we 
demonstrate that a proper fixed bed reactor configuration with HZSM-5 and SAPO-18 catalysts at the macroscale can 
lead to enhanced selectivity and lifetime. We have synthesized two agglomerated catalysts based on SAPO-18 and 
HZSM-5, characterized them and tested in three types of configurations as shown in Fig. 1a. These kinetic tests have 
been carried out at 1.85 bar, 400 ºC, W/F = 0.6 (gcatalyst h) mol-1, TOS = 0-6 h. The nature and location of the coke 
deposited on the catalysts after the kinetic tests were determined by TPO and extraction of soluble coke 
(GC×GC/MS), among other techniques. Fig. 1 shows the evolution with time on stream of conversion (b) and light 
olefin selectivity (c) for the individual catalysts and the catalytic bed configurations. HZSM-5 catalyst shows a stable 
performance (decrease in conversion of 18% after 6 h) and a lower deactivation by coke, due to its porous structure 
that enables the diffusion of coke precursors towards the outside of zeolite crystals; whereas in the caso of SAPO-18 
hydrocarbons are trapped in the cages, which evolves towards more condensed structures. Thus, SAPO-18 shows a 
rapid deactivation, but higher light olefin selectivity (~80%), due to its shape selectivity. A positive synergy among 
individual catalysts is obtained for any configuration, especially for A, where in the 1st bed (SAPO-18) the higher 
amount of water (due to methanol dehydration to DME) attenuates coke deactivation and the higher presence of 
olefins enable to form more reaction products with methanol/DME in 2º bed (HZSM-5).  

Figure 1. Conversion (b) and light olefin selectivity (c) for the parent catalysts and for different catalyst configurations (a). 
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Abstract 
The problem of micropollutants appearing in our wastewater and subsequently in our water resources, thus risking 
the contamination of drinking water is as real as climate change. These pollutants originating from agricultural, 
pharmaceutical industry as well as households have proven harmful effects on living organisms despite their 
concentration being between ng/L-µg/L. The use of micro- and ultrafiltration membranes in wastewater treatment is 
a well-known and accepted method but it is not suitable for filtering micropollutants. Certain enzymes, such as laccase 
from Trametes versicolor, can remove these impurities via biochemical reactions, but their activity is very sensible to 
environmental conditions. Immobilizing enzymes to membranes may be a possible solution for removing these 
contaminants without having to use nanofiltration and may improve their stability and longtime activity. Other options 
would be to immobilize the enzymes to biodegradable nanoparticles or the combination of these methods. In this 
study the efficiency of the different immobilization techniques and conditions were examined. On one hand, β-
cyclodextrin was used to prepare a biocatalyst nanocomposite which was immobilized later to the support layer of an 
asymmetric flat-sheet ultrafiltration membrane by applying pressure. On the other hand, free enzyme in itself was also 
immobilized to the same type of membrane. The change of enzyme concentration was measured in each case with 
Bradford method. The effect of different pressure values on the process was also investigated. 
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Abstract 
Nano-catalysts having superior characteristics have enhanced the performance of many catalytic reactions. 
Hydrocracking is one petrochemical reaction that converts heavy fuels into lighter, added-value hydrocarbons in the 
presence of hydrogen and proper catalysts. Hydrocracking is typically performed using a bi-functional catalyst where 
the cracking function is provided by the acidic support and hydrogenation-dehydrogenation function is provided by 
impregnated metals. Y-type zeolites having uniform crystal pore sizes, and strong Brønsted acidity arising from the 
bridging OH groups, are largely used as catalyst supports in hydrocracking. Carbon-zeolite composites seem to be 
interesting catalysts for hydrocracking; in which the zeolite serves as a support for metal nanoparticles and provides 
acidic cracking function, while the carbon nanotubes (CNTs)/ graphene provide high thermal stability and 
conductivity as well as large specific surface area. To further increase the performance of existing hydrocracking 
catalysts, we aim to develop a novel approach for the synthesis of hybrid catalysts composed of zeolite, metal 
nanoparticles and nano-carbon material (CNTs, Graphene). In this study, Ni-promoted catalysts having acidic 
supports are prepared, characterized, and tested for hydrocracking. Ni is loaded, in 5 wt. %, using wet impregnation 
method on zeolite-Y having SiO2/Al2O3 ratio of 30 with and without carbon nanotubes. The catalysts are 
characterized and assessed for their performance in hydrocracking n-heptane. Fig.1. shows SEM and TEM images of 
Ni nano-particles decorated on zeolite Y (Ni/zeolite Y), SEM images and XRD peaks of functionalized carbon 
nanotubes (f-CNT) decorated with NiO using impregnation method, and microwave assissted method. The selectivity 
results of hydrocracking n-heptane at 400oC using Ni/zeolite Y catalyst is also shown in Fig.1. (e).   

Fig. 1.  (a) SEM and (b) TEM images of NiO/zeolite Y, (c) SEM image of NiO/f-CNT and their corresponding (c) XRD peaks, 
as well as, (d) selectivity testing results for NiO/ZY  
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Abstract 

In order to reach the 2050-long-term climate change goals of the European Union (EU), the EU has the commitment 
to be a resource-efficient, green, and competitive low-carbon economy. The efforts require technological innovations 
to reduce our traditional fossil-dependent processes in a sustainable and economic way.  This study presents a techno-
economical assessment of the production of formic acid (FA) based on the electrochemical reduction (ER) of carbon 
dioxide (CO2). In a previous study carried out by the authors [1], it has been demonstrated that this technology could 
curb the greenhouse gas emissions and the consumption of natural resources when compared against the conventional 
FA manufacture. In this study, a mathematical model developed by the authors [2] has been applied to describe the 
system (Fig. 1(a)). As a novelty, the mathematical model includes the cathode lifetime as additional variable. The life 
cycle inventory (LCI) from a conventional FA plant (Fig. 1(b)) was used as the benchmark [3]. The economic feasibility 
analysis of the plant includes the calculation of key performance indicators (KPIs) as the net present value (NPV), the 
benefit/cost ratio (B/C) and the internal rate of return (IRR).  

Fig. 1.  System boundaries of the production of FA by (a) ER of CO2 and (b) conventional route 

The results obtained can help at pushing further the necessary R&D considering its low associated TRL. Specially, the 
effort is needed to decrease the noticeable influence of the electricity consumption and the electrodes durability in the 
cost of operation and consumables, respectively, which in fact results in high production costs. Several sensitivity 
analyses have evaluated the profitability of the CO2 utilization plant for the production of FA by CO2 ER 
demonstrating that the access to low-cost renewable electricity is the main constraint to make the ER process 
profitable. The study represents a step towards a successful implementation of the CO2 ER technology for the 
production of FA on a large scale. 
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Abstract 
Biocatalytic processes in different fields of industry are well recognized nowadays. Similarly, integrated membrane 
separation has become common, since it can decrease the complexity of the downstream processes and also increase 
the viability of certain treatment methods. 

The removal of different micropollutants from wastewater by conventional biological wastewater treatment is not 
efficient, therefore polishing processes are required. Elimination of these contaminants from the effluent can be 
achieved by membrane separation processes such as nanofiltration or reverse osmosis, although the integration of 
those is complicated. Similarly, the different organic micropollutants can be transformed using oxidoreductase enzymes 
as biocatalysts, for example laccase. However, the separation of the reaction products is just as important as the 
conversion. 

In this study a method is described that was developed for the immobilization of laccase inside the pores of a 
microfiltration membrane by producing cross-linked enzyme aggregates (CLEAs). Using glutaraldehyde as a cross-
linker, intermolecular bonds were produced between the laccase molecules. These connections produce a network of 
enzymes inside the porous structure of the membrane, which allows the retention of the catalysts and the separation 
of reaction products.  

First, the catalytic membrane was tested in an enzymatic membrane reactor by a well-known substrate of laccase, 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), then the conversion of a broadly prescribed 
pharmaceutical, diclofenac was investigated. The membranes were successfully used for several cycles without major 
decrease of enzyme activity and separation of certain diclofenac products was achieved.  
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Abstract 

This work is focused on the development of renewable and biodegradable materials by the valorization of agro-
industrial wastes, with the aim of contributing to the development of more sustainable products. In this context, 
different contents of citric acid were incorporated into bovine collagen extracted from tanning by-products. 

The preparation process of collagen sheets consisted of three main steps. Firstly, alkaline pretreatment was carried 
out to remove impurities, such as non-collagenous proteins and lipids, as well as to facilitate the subsequent processing. 
After that, collagen, glycerol and different amounts of citric acid were mixed in previously heated laboratory rollers, 
until total homogenization of the mixture. Finally, the mixtures were obtained by compression molding (Fig. 1).  

Fig. 1. The preparation process of collagen sheets in three steps. 

The effect of citric acid on mechanical, barrier, thermal and physicochemical properties was analyzed. Fourier 
transform infrared (FTIR) spectroscopy, differential scanning calorimetry (DSC) and mechanical properties showed 
that citric acid-incorporated collagen sheets preserved the fibril α-helix structure of the native collagen. Although citric 
acid did not react with the protein trough covalent linkages, protein structure was stabilized by inter-molecular 
interactions between citric acid and collagen, as shown by FTIR results. These interactions enhanced the mechanical 
properties of the sheets, both tensile strength and elongation at break (Fig. 2). 

Fig.2. a) Tensile test and b) the stress-strain curve of a collagen sheet. 
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Abstract 
Environmentally friendly corrosion inhibitors have not been widely studied, therefore they need to be complemented 
with the valorization of residues from plants and fruits high on biopolymers as polysaccharides (pectin, tannins, 
etc). Carbon steel is amply used for pipelines and  facilities from petroleum industry, which make big 
investments in synthetic corrosion inhibitors, that turn themselves into a polluting waste after their use. This 
study proposed the formulation of a ternary mixture between pectins extracted from Ecuadorian citrus peels: Tahiti 
lemon (Citrus latifolia), mandarin graft (Citrus tangerina) and two natural gums: Xanthan gum and latex from 
“lechero” plant (Euphorbia laurifolia) applied as an eco-friendly corrosion inhibitor for the protection of carbon 
steel in a synthetic saline media that emulated the corrosion environment of three phase fluid inside the pipeline. 
Firstly, the best pectin extraction conditions were determined in terms of pH, temperature and extraction time by 
acid hydrolysis for every selected citric peels in base of a factorial 23 design. The products obtained, with the highest 
yield, were characterized by FTIR, Differential scanning calorimetry (DSC) and thermogravimetry (TGA).  
Then, a simplex-Centroid mixture experimental design was carried out between the best extraction condition of 
pectins, commercial xanthan gum and natural latex in order to evaluate the efficiency of corrosion inhibition on the 
surface of carbon steel. Electrochemical tests: impedance spectroscopy and linear polarization were performed in 
order to obtain the formulation with the highest yield of corrosion inhibition to the metal immersed into the 
corrosive media. The electrochemical studies were complemented with adsorption studies and scanning electronic 
microscopy to analyze the appearance of the surface protected by the corrosion inhibitor and its adsorption 
capacity. At the same time, gravimetric analysis was performed to the formulation with the highest percentage of 
corrosion protection in contact with the metal. 
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Abstract 

Post-consumer plastic waste production exceeded 27 million tonnes in the EU countries by 2016. Although the rates 
of plastic waste recovery have improved in the last years (31.1 % recycling; 41.6 % energy source), 27.3 % of post-
consumer plastics are still landfilled. This means that more than 7 million tonnes of plastics are yearly dumped into 
our ecosystem and, therefore, upper recycling rates are required in order to achieve the EU goal of “zero plastic to 
landfills” by 2025 [1]. 

Nowadays, the existent technologies for recycling are mainly focused on post-industrial rather than on post-consumer 
plastic waste and are not able to produce high-quality materials from the post-consumer fraction. Household plastic 
packaging contains a high load of organic waste as well as rests of care products and cleaning agents. This is clearly 
reflected in the smell of the recycled materials and hinders the progress towards a circular economy in the plastics 
sector. 

In the department of Chemical Engineering at University of Alicante, we are conducting a research study on abatement 
of emissions from post-consumer HDPE flakes, with the aim to come up with a cost-effective solution that upgrades 
the current performance of mechanical recycling. Several treatments have been conducted in order to study the effect 
of temperature, surfactants and solubility of volatiles, on the reduction of emissions from post-consumer HDPE 
bottles. 

The analysis of VOCs is performed by means of gas chromatography and mass spectrometry (GC/MS), extracting 
previously the volatiles by HS-SPME. Finally, the molecules are identified by their mass spectrum. 

As a result, in the most successful case, over 85 % of the emissions from post-consumer plastic waste were removed. 

Fig. 1.  Percentage of reduction of polar and non-polar compounds and reduction of total amount of volatile organic 
compounds in each of the treatments. Conventional treatment refers to cold water wash and extrusion. 
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Abstract 
The EU Waste Framework Directive defines bio-waste as “biodegradable garden and park waste, food and kitchen 
waste from households, restaurants, caterers and retail premises, and comparable waste from food processing plants”. 
A significant amount of household waste comes in the form of bio-waste. In the majority of the regions who separately 
collect bio-waste, household bio-waste is defined as pure household (domestic) or bio-waste produced in small 
businesses (cafeterias, schools, offices, etc.). However, other regions additionally consider green/garden waste 
household bio-waste. Bio-waste collection is an essential part of waste management systems. It is considered the first 
step in bio-waste management and if carried out correctly, it can positively impact the subsequent steps in the process. 
Bio-waste is one of the largest fractions of municipal solid waste in developing countries. The average value in Europe 
is 30-40%, but in some countries, such as Malta, the percentage is between 60-80%. Although composting or anaerobic 
digestion are effective methods of treating source separated bio-waste, there are certain limitations in terms of 
operation, partly due to insufficient control of the variability of the separated bio-waste quality, which can affect 
product quality.  In the EU, between 118 and 138 million tons of bio-waste are generated annually, of which currently 
only about 25% is effectively recycled into high-quality compost and digestate [1]. Fourteen EU Member States (MS) 
have implemented a door-to-door collection system for bio-waste, including the collection of food waste.  On the 
contrary, 12 MS do not yet collect bio-waste separately from the residual waste fraction. All of these countries have so 
far only implemented pilot studies on separate bio-waste collection and/or collect bio-waste solely at regional level [2]. 
In a new effort to improve waste management in the EU, the European Council has imposed stricter regulations and 
mandatory waste separation affecting bio-waste. The agreement states that by the end of 2023 bio-waste must be 
completely separated or recycled at source [3]. This paper analyses current bio-waste collecting trends in Spain and in 
certain Southern European countries with similar problems to those existing in Spain, such as Italy or Greece, i.e. with 
different conditions to those prevailing in other Northern countries due to the different climate, food and household 
habits. In the article, a comparative study was made between different regions in Spain and abroad with regard to the 
bio-waste collecting system employed and the characteristics of the product obtained. Among the variables studied, 
the following are noteworthy: collecting system, containers (bins) and bags used, collection frequency, bio-waste 
managed (%), type of waste collected, impurities in waste collected (%), existence of taxes for disposal or other waste 
taxes, costs to consumer, etc. Special attention has been paid to the problems found in those regions, which have 
extensive experience with separate bio-waste collection. Finally, an analysis of the influence of the variables studied in 
the final recycling option for the product collected was carried out.  
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Abstract  
The concentration of CO2 in the atmosphere has increased steadily over the last decades, due to fossil fuel combustion. 
Furthermore, it has been proven that the global increase of CO2 levels in the atmosphere is the major responsible to 
global warming. Consequently, to address this issue, it is urgent to develop technologies in order to decrease the 
concentration of atmospheric CO2 and convert it into high value products. A promising method to convert CO2 into 
fuels and chemicals is the photoelectrochemical (PEC) reduction of carbon dioxide. A photoanode-driven PEC cell 
with an n-type semiconductor coupled with a suitable cathode shows high feasibility and flexibility for CO2 reduction. 
This cell type could improve the selectivity for the products derived from CO2 reduction over efficient electrocatalysts 
and reduce the energy input over the photoanode.  
In this scenario, Sotacarbo is developing technologies and catalysts for the photoelectrochemical reduction of carbon 
dioxide. The present work reports on a general overview of the research, with a description of the experimental 
equipment and the results related to the synthesis of TiO2-based photocatalysts that are used as an anodic material in 
a photoanode-driven PEC cell. TiO2 nanotubes have been prepared by electrochemical anodization of titanium sheets. 
These samples have also been used to realize surface modifications by coupling with a conductive polymer, such as 
polyaniline (PANI), used to limit the recombination of the TiO2 hole/electron pairs and to improve the separation 
efficiency of the photogenerated charges. Several electropolymerization times have been applied in order to verify the 
photoelectrocatalalytic performance of the modified electrodes; the synthetized samples have been characterized by 
using the scanning electron microscopy (SEM) and photoelectrochemical tests. The results obtained so far indicate 
that the presence of PANI on the nanotubular surface has a positive effect on the photoactivity, depending on the 
amount of deposited polymer. We will also proceed to the selection of a suitable cathodic material that will allow us 
to study the whole process, through the use of a quartz photoelectrochemical reactor. The reactor will be able to 
accommodate the photoanode and cathode materials, in different compartments suitably separated by membrane, 
which have shown the best performance in terms of catalytic and photocatalytic activity, using a solar simulator. To 
analyze the gas phase and the liquid phase, the system is also equipped with a micro gas-chromatograph and a gas 
chromatograph coupled with a mass spectrometer, respectively. 
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Abstract 
Ionic Liquids (ILs) have been widely studied in research activities and even incorporated to several industrial processes 
because of their exclusive combination of properties, although, probably, the most remarkable feature of ILs is the 
possibility of modulating their physicochemical properties. The release of ILs to the atmosphere is difficult because 
they are not volatile. However, most ILs are notably soluble in water, so they can easily enter to water streams or soils 
[1] which could have serious effects on human health and environment. Studies related to the toxicity of ILs and,
particularly, of cytotoxicity are still scarce in the literature.
In this study, we evaluate the cytotoxicity of five pyridinium-based ILs on four cell lines: Human cervical cancer cells
(HeLa), Human breast cancer cells (MCF-7), green monkey kidney epithelial cells (BGM) and human umbilical
immortalized cells (EA.hy926). The ILs selected for this study have been: 1-ethylpyridinium bromide (C2PyrBr), 1-
butylpyridinium bromide (C4PyrBr), 1-hexylpyridinium bromide (C6PyrBr, 1-octylpyridinium bromide (C8PyrBr) and
1-dodecylpyridinium bromide (C12PyrBr). We analyze the effect of the alkyl chain length on cytotoxicity on these cell
lines. The results are resumed in Figure 1.

Fig. 1. Relationship between alkyl chain length and the concentration of half maximal toxicity values (IC50 values) at 24 h by 
MTT ((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 1 mg/mL final concentration) assay. 

We can conclude that cytotoxicity of the studied ILs increases as the length of the alkyl substituent of the cation 
increases, due to the lipophilicity affected to a larger extent on cells [2], and we have checked that the length of the 
alkyl chain not only plays a role in controlling the end-point toxicity, but also the rate at which toxicity is observed. 
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Abstract 
The oil industry is continuously looking for solutions with the aim of solving issues presented by the drilling of deeper 
wells and the displacement of hydrocarbons in Enhance Oil Recovery (EOR, minimizing the cost and the 
environmental impact associated with these operations [1]. In this way, the continuous improvement in developing 
sustainable and environmentally friendly fluids with high efficiency at extreme conditions is the main trend to 
overcome the new challenges. 
Nanotechnology has been introduced as a potential alternative for solving problems associated with extreme pressure 
and temperature environments. Nanoparticles arise great interest in the industry due to their exceptional characteristics 
of small size and large surface area, allowing to modify the properties of the fluids at lower concentrations. In this 
sense, many studies have analysed the enhancement of drilling fluids, adding nanoparticles owing to their influence in 
properties such as rheology, surface tension, density, etc. [2, 3] Surface tension is one of the most important properties 
of the fluids used in EOR operations. Temperature and pressure modifies the surface tension and, consequently, the 
capacity of penetrating, wetting and foaming of the fluid [4]. 
In this work, different drilling fluids have been formulated using vegetable oils and nanoparticles. In order to measure 
the surface tension of the fluids submitted to extreme condition of pressure and temperature, an experimental device 
has been developed based on the pendant drop method. Surface tension has been measured, in a nitrogen 
environment, as a function of pressure and temperature in the ranges (0.1 to 40 MPa and (20 to 140 ºC, respectively. 
Flow behaviour was characterised in conventional rheometers using pressure cells for running tests under high 
pressure (up to 200 MPa. Both, surface tension and viscosity, show a pronounced dependence on pressure and 
temperature, but the presence of nanoparticles does not influence the surface tension under these experimental 
conditions. 
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Abstract  
Water soluble biopolymers are an interesting alternative in the oil industry to develop environmentally friendly fluids 
due to their biodegradability and harmlessness characteristics. Polysaccharide biopolymers have been widely used in 
the oilfield as viscosifiers for flooding and drilling operations due to their pseudoplastic behaviour, at low 
concentrations and moderate temperatures, and their high resistance to shear degradation [1]. Xanthan gum (XT is 
preferable due to both its excellent solubility in brine solutions and its pseudoplastic behaviour at low concentration 
and moderate temperature since these characteristics cover a wide range of engineering requirements, from high 
viscosity, at low shear-rate, when the flow is stopped, to low viscosity, at high shear-rate, for easy pumping circulation. 
Variables such as chemical composition, concentration, type of substituents in the side chains, presence of ions, pH 
and temperature may influence the structure, and consequently, the rheological behaviour of the XT solutions [2]. At 
high temperature, XT in water solutions loses its pseudoplastic behaviour due to an order-disorder conformational 
transition which depends on the concentration of both salt and polymer and the type of anions present in the solution. 
The influence of salts on the thermo-rheological properties of XT solutions is very important to design solid-free 
drilling and completion fluids. Density, suitable rheological behaviour and thermal resistance can be combined by 
controlling the type of salt and the concentration of both salt and biopolymer, where the salts can act not only as a 
weighting agent but also as thermal stabilizer. In this sense, formate salts improve both the density and the transition 
temperature of XT in brine solutions [3, 4]. 
In this work, we study the flow behaviour of XT solutions as a function of type of brines, XT concentration and 
temperature. We demonstrate that formate brines retain the pseudoplasticity of the solution in a wide range of 
temperature, shifting the thermal transition to higher temperatures. The thermal resistance of XT solutions depends 
on polymer concentration until a certain limit. 
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Abstract 

The Food and Agriculture Organization of the United Nations (FAO) define pesticides as any substance, or mixture 
of substances of chemical or biological ingredients intended for repelling, destroying or controlling any pest, or 
regulating plant growth. The Stockholm convention for protecting human health and environment from persistent 
organic pollutants (POPs) have included in the list of POPs 9 pesticides (aldrin, chlordane, DDT, dieldrin, endrin, 
heptachlor, hexachlorobenzene, mirex, toxaphene). Therefore it is necessary more research about the formulation of 
biodegradable pesticides. 
On the other hand, only 1.52 % of 4642 publications of JCR about biosurfactants are related with the use of these 
natural surface-active compounds in the formulation of pesticides, probably due to the high cost of biosurfactants, 
obtained in controlled fermentations, in comparison with their chemical homologs. Recently, it has been discovered 
the presence of biosurfactants, with similar characteristics to the lipopeptides produced by Bacillus subtillis, in a residual 
stream of corn wet milling industry, fact that increases the added value of this residual stream, allowing to obtain a 
low cost biosurfactant extract, that can compete with the surfactants obtained by chemical way, unlike other 
homologous biosurfactants produced in controlled fermentations [1, 2]. 
Most of the active ingredients used in the formulation of pesticides are insoluble in water, so it is necessary, the 
inclusion in these formulations of chemical surfactants some of which can be irritating, in addition to present a lower 
biodegradability than the surfactants of biological origin. These biosurfactants consists of a combination of lipids, 
sugars and/or proteins. 
In this work were evaluated the surface active properties of the biosurfactant extract obtained from corn for its 
application in agrochemical formulations of pesticides in comparison with chemical surfactants. For the extraction of 
this biosurfactant were applied the optimized conditions stablished in a previous works [1]. Additionally, it was 
evaluated its potential application as antimicrobial agent against some fungus that produce spoilage in fruits or cereals. 
Antimicrobial inhibition studies were carried out using culture broths in the presence of several doses of biosurfactant 
extract in order to obtain the minimum anti-fungi dose. To carry out this study, serial dilutions of biosurfactant extract 
were performed on Microplates of 96 wells. Each strain evaluated was cultivated in 125 microlitres of sterile and 
specific medium, in the presence of increasing concentrations of biosurfactant up to 2 mg/mL. 
The results showed that the biosurfactant extract under evaluation produced an important anti-fungi activity, at 
concentrations lower than 2 g/L, on black moulds that produce mycotoxins, opening the door at its application in the 
formulation of more biocompatible and eco-friendly pesticides. 
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Abstract 
Nowadays, industrialized countries generate a great volume of urban and industrial wastewaters. Microalgae are one 
of the most important bioresources that are currently receiving a lot of attention due to a multiplicity of reasons [1]. 
Microalgae has the capacity to growth in hetero, photo and mixotrophic forms. The growth generally limited by 
depletion of nutrients (especially carbon, nitrogen and phosphorus), light intensity and the pH value of the culture 
medium [2]. Chlorella vulgaris has a great potential as future industrial bioenergy producers and for bioremediation of 
wastewater due to its robustness, high oil content, culturing conditions and tolerant to high levels of heavy metals [3]. 
In this work, C. vulgaris growth in real wastewaters from different points of Urban Wastewater Treatment Plant. The 
kinetic growth parameters and the biochemical composition of the final biomass obtained were determined (Table 1). 
Results obtained show that C. vulgaris able to growth in synthetic and wastewaters studied. The values for maximum 
specific growth rate (µm = 0.0407 1/h and 0.0618 1/h) and biomass productivities (Pb = 0.00948 and 0.00520g/L h) 
were determined in cultures media formed by wastewater from primary and secondary treatment, respectively. Table 
1 shows a comparison among kinetic growth rates and biochemical composition of the final biomass obtained in 
wastewaters and in a synthetic medium [4]. 

Table 1. Kinetics growth parameters and biochemical composition determined for C. vulgaris. Common operating conditions: 
pH= 8, agitation speed = 200 rpm, T = 25ºC, aeration rate = 0.5 L/min, continuous illumination intensity = 359 µE m2 s-1. 

Parameter Synthetic 
Urban wastewater 

Primary Secondary 

Kinetic parameters 
µm (1/h) 0.0618 0.0407 0.0415 
Pb, (g/(L h) 0.00494 0.00948 0.00520 

Biochemical 
composition of 
biomass*, ** 

%Crude proteins 77.9 4.77 7.25 
%Carbohydrates 15.1 74.1 65.8 
%Lipids 7.10 16.5 22.4 
%Pigments - 0.0946 0.0447 

*The biochemical composition was determined for the final biomass obtained.
**Genetic materials are approximately about 4.5%.
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Abstract  
By products of municipal solid waste incineration (MSWI) are classified as hazardous waste due to high level of heavy 
metals, soluble salts and dioxins [1]. Therefore, it is necessary to find out new treatment techniques that result in the 
demobilization of these critical heavy metals. In this scenario, accelerated carbonation is proposed as an innovative 
alternative approach for the enhancing of stabilization/solidification MSWI fly ash treatment [2].  
The aim of this work is to analyze the technical and economic feasibility of applying a circular economy approach to 
the management of fly ash from the energy valorization of municipal waste, by applying accelerated carbonation as an 
alternative treatment to conventionally used ones. It has been carried out a technical feasibility assessment both from 
a process (application of the carbonation technique for the waste treatment) and product point of view (material 
alternatives for the waste valorization). 
Finally, the economic feasibility of the 
process (investment and operation costs) 
as well as the product (application rules, 
opportunity cost) has been also evaluated. 
Accelerated carbonation experiments 
carried out at laboratory scale (2l glass 
reactor, 100 g of ashes at 20ºC, L/S 0.1 to 
8 l/Kg) showed a reduction of Pb and Zn 
leachability by 1-2 orders of magnitude, 
below landfill acceptance criteria for inert 
waste, and soluble salts below non- 
hazardous waste acceptance limits. Based 
on these results, the layout and equipment 
selection for the installation scale-up has 
been completed (see Fig. 1). A unit 
operating cost of 90.35 and 136.5 €/ton 
has been calculated for carbonation and 
conventional treatment respectively, considering both fixed operating cost such as labor cost, maintenance or ground 
lease and variable production cost e.g. water, electricity and natural gas consumption, waste and product transport, etc. 
In the event of not being able to introduce the product in the supply chain, carbonation unit operation cost would 
increase up to 118.7€/ton, still significantly lower than conventional treatments. 
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Fig. 1.  Process diagram for the installation scale-up.
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Abstract  
Emerging contaminants, like pharmaceutical compounds (PhC), are presents in drinking water supplies and 
wastewater effluents, resulting in an environmental concern for governments and researchers worldwide due to 
potential health risks associated. The objective of this work was studied the removal of three PhC, which are usually 
found in urban wastewater, using aerobic biological treatment enhanced with activated carbon. For it, three 
sequencing batch reactors (SBRs) were operated with simulated urban wastewater (SWW). The following operating 
conditions were the same in all SBRs: hydraulic retention time of 24 h, sludge retention time of 15 d, food to 
microorganisms of 0.34 kg COD·kg MLSS-1·d-1 and 2.5 g·L-1 of mixed liquor suspended solids (MLSS). Two 
simulated wastewater (SWWblanc and SWWPhC) were used as feed of SBRs. SWWblanc was prepared with peptone and 
meat extract as a COD concentration of 825 mg·L-1, adding K2HPO4 as a phosphorous source to achieve a ratio of 
COD:N:P of 100:5:1. In SWWPhC three PhC (caffeine, acetaminophen and ibuprofen in a concentration of 2 ppm) 
were added to the same composition used for SWWblanc. Experimental procedure was performed during 36 days, in 
which SBR-B worked with SWWblanc and SBR-PhC and SBR-PhC+CA operated with SWWPhC. Additionally, into 
SBR-PhC+AC was added 1.5 g·L-1 of granular activated carbon (AC). The removed AC due to withdrawal sludge to 
maintain MLSS around 2.5 g·L-1, was replaced by new AC to keep its concentration into the reactor.  
HPLC analysis showed that acetaminophen was removed completely and caffeine and ibuprofen remained in a 
concentration below 0.70 ppb in both effluents of SBR-PhC and SBR-PhC+AC. On the other and, analytical 
measures of activated sludge confirmed that biological treatment was the main mechanism of PhC removal, since 
only a 0.002 ‰ of ibuprofen was adsorbed in the flocs, while caffeine and acetaminophen were not detected. 
Effluent quality decreased due to presence of PhC. In this way, in SBR-PhC and SBR-B the average turbidity values 
were 0.18±0.33 and 0.06±0.02 NTU and the soluble COD average were 63±24 and 34±7 mg·L-1, respectively. 
However, AC addition improved the effluent quality, maintaining these parameters (0.04±0.02 NTU and 39±10 
mg·L-1) in similar values that achieved in SBR-B. Additionally, from 14th operating day the soluble microbial 
products (SMP) were lower in SBR-PhC+AC than in SBR-PhC due to effect of AC adsorption (Figure 1).  

Fig. 1.  SMP (proteins+carbohydrates) in SBR-PhC and SBR-PhC+AC 
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Abstract 
The presence of microcontaminants in the aquatic environment has raised a great concern over the last decades 
because they are hard to remove in the conventional wastewater treatment plants and exhibit significant toxicological 
and ecotoxicological effects. Fortunately, there is a solution to this problem. This consists on adding an extra barrier 
that prevents the escape of microcontaminants with the effluents of wastewater treatment plant.  

Among available “barrier” technologies is the degradation with ultraviolet and visible light using TiO2 as photocatalyst. 
This treatment allows removing the microcontaminants contained in aqueous media but, in order to be implemented 
on a large scale, it will be necessary to develop new photocatalysts with advanced catalytic properties [1].  

The aim of this work is to develop advanced TiO2-based catalysts that allowing them to improve the efficacy and 
efficiency of the current ones during the photodegradation with UV and visible light of 2 types of normal 
microcontaminats in effluents of wastewater treatment plants: Thiacloprid, a neonicotinoid pesticide; and Butylated 
hydroxytoluene (BHT), an antioxidant widely use in cosmetics as ultraviolet light filter.  

The main drawback of TiO2 is its photoactivity only under ultraviolet light. For this reason, if we want to use sunlight 
as energy source, pure TiO2 should be modified in order to be active under visible light. It is a well-known and long-
established fact that synthesis method will have great influence on catalytic properties of catalysts. The use of 
supercritical fluids (those at temperature and pressure higher than critical ones) as synthesis media has shown TiO2-
based photocatalysts exhibit better properties than commercial TiO2 (Degussa P-25), even in the absence of doping 
[2].  SCFs have important advantages mainly related to their unique characteristics, namely, solvent properties very 
similar to liquids but transport properties similar to gases. These properties favor the presence of reactants at higher 
concentrations and lower temperatures than conventional methods. In addition, the properties of the supercritical 
fluid can be simply adjusted modifying temperature or pressure. Further, it is a environmentally friendly technology 
as the fluid used can be completely and easily recovered and reused in the process. 

In this work, two types of TiO2-based catalysts (TiO2 nanoparticles and TiO2 nanofibers) have been synthesized in 
supercritical CO2 medium. Once fully characterized, their photocatalytic activity during the degradation of different 
microcontaminants with ultraviolet and visible light in binary aqueous solutions (pure water + one microcontaminant) 
and real effluents of wastewater treatment plant have been assessed using an ad-hoc designed lab-scale experimental 
set-up. It has been studied the photocatalytic degradation of BHT and Thiacloprid at initial concentrations of 500 
µg/L, separately, for 1 hour and employing catalyst concentration of 0.1 g/L. Moreover, the effect of pH value (3 and 
7) on the degradation processes has been evaluated.

The development of this work will allow addressing the short-term application of sunlight as energy source during the 
photocatalytic treatment, with consequent economic and sustainability advantages.  
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According to the experts, CO2 emissions must be drastically diminished in the next years. Nevertheless, predictions of 
international energy agencies point out that fossil fuels will continue to be the main energy source in the next years. In 
this context, measures to capture, reuse and recycle CO2 are among the different actions that would make possible the 
mitigation of these emissions. Thus, the electrocatalytic reduction of CO2 is one of the measures with great potential 
for the conversion of CO2 in electro-fuels and value-added compounds, since it can be powered by excess electricity 
from intermittent renewable energy sources. The main challenges to make feasible this technology are the development 
of catalysts with enough activity, selectivity and stability, together with the development of appropriate electrochemical 
cell designs to favour an efficient process. 

Regarding the electrocatalysts for the conversion of CO2, different metals and metal oxides have been mainly studied 
as heterogeneous catalysts (used as cathode in an electrochemical cell). Thus, many works in the literature report the 
outstanding activity of Cu, Ag and Au in the electrocatalytic conversion of CO2, although other metals such as Sn, Fe 
or Pb are also object of study. In addition, it has been shown that the combination of metal or metal oxides with 
carbon supports enhances their activity, as in the case of using metal-based nanoparticles deposited on carbon supports 
(such as carbon black, activated carbon, carbon nanotubes (CNT) and more recently graphene based supports).  

To obtain these electrocatalysts consisting of metal-based nanoparticles on carbon supports, many different synthesis 
techniques can be used, although the properties of the catalyst can vary depending on the technique used. In this work, 
three synthesis methods have been used to obtain Cu-based nanoparticles deposited on CNT: precipitation method 
[1], microemulsion (or reverse micelle) technique [2] and supercritical fluid deposition [3], being the last two methods 
less conventional technologies. It has been found that the three methods allowed to obtain Cu-based nanoparticles on 
CNT with deposition yields from 60 % observed for microemulsion method to almost 90 % attained by precipitation 
method. Nevertheless, the XRD patterns of these catalysts (Cu/CNT) showed that only the supercritical deposition 
technique has led to the formation of metallic Cu nanoparticles, whereas in the electrocatalyst synthesized by 
precipitation method mainly copper oxides have been obtained.  

The activity of these catalysts has been tested in the electrochemical reduction of CO2 in gas phase in a Polymer 
Electrolyte Membrane (PEM) type cell (25 cm2 electrode geometric area) with the anode and cathode (gas diffusion 
electrodes) assembled to both sides of a Nafion® membrane. The experiments have been carried out using a 
continuous flow of CO2 (0.05 SL/min), 60 º C, 16 mA/cm2 and using an aqueous solution as anolyte (0.1 M KHCO3). 
Four replicates have been carried out with each electrocatalyst, and the results showed that CO is the main CO2 
reduction product, followed by formic acid and methane. Regarding the comparison of the three catalysts (Cu/CNT), 
the one obtained by precipitation synthesis achieved the lowest CO2 conversion rate, whereas the one obtained by 
microemulsion method presented the highest standard deviation. On the other hand, the catalyst synthesized by 
supercritical fluid deposition attained the highest CO2 conversion rate with the smallest standard deviation, what is 
indicative of its better activity and stability. 
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Abstract 
Olive oil production is an agro-industrial activity of vital economic significance to many Mediterranean countries, this 
process generation large quantities of by-products such as wastewaters and solid wastes. Olive-mill wastewaters OMW 
they are characterized by containing large concentrations of numerous contaminant compounds, it is disposal raise 
serious environmental concerns, for that must be management and treatment are safe. Microalgae are a potential source 
of sustainable biomass feedstock for biofuel generation, and can proliferate under versatile environmental conditions. 
Microalgae provide a cost-effective and sustainable means of advanced OMW treatment with the simultaneous 
production of commercially valuable products. Microalgae show higher efficiency in nutrient removal than other 
microorganisms because the nutrients (ammonia, nitrate, phosphate, urea and trace elements) present in various 
wastewaters are essential for microalgae growth [1]. In this work, the microalga Chlorella pyrenoidosa was used; culture 
media have been formed with dilutions of OMW washing of olive fruit from 5 to 100% (v/v). Experiments have been 
conducted in photobioreactors of 0.5 dm3 of useful capacity. Experimental conditions were: pH = 8.0, a stirring rate = 0 
rpm, T = 25°C, an air flow of 1 v/v/min and under a light-dark cycle (12 h illumination per day). From the results, 
highest values of maximum specific growth rate (µm=0.034 h-1), volumetric biomass productivity (Pb=3.3 10-3g dm-3h-1), 
were determined in the culture formed by 50% (v/v) of OMW, Fig. 1. In relation to biomass composition, lipids content 
increased with the concentration of OMW, and the highest value was 48.0% with 100% of OMW. Fatty acids 
composition was: saturated (29.1%), monounsaturated (14.3%), polyunsaturated (40.8%), essential (34.1%) and 
nonessential (47.2%). Carbon and oxygen were the most abundant elements in biomass composition for all culture 
media. Under the experimental conditions assayed, C. pyrenoidosa was able to reduce the pollution in the OMW, Table 1. 
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Fig. 1. Maximum specific growth rates ( ) and Volumetric biomass productivities ( ), for C. pyrenoidosa, at 
25ºC, aeration rate  1 v/v/min, a stirring rate of 0 rpm and under a light-dark cycle (12 h illumination per day). 

Table 1. Percentage of the change in the physicochemical specifications of the OMW after treatment with C. pyrenoidosa 

Parameter NO3- 
(mg/L) 

SO42- 
(mg/L) 

NO2- 
(mg/L) 

Mg2+ 
(mg/L) 

COD 
(mg/L) 

Total N 
(mg/L) 

P- PO4-

3

(mg/L) 

Total phenol 
(mg/L) 

Cl- 
(mg/L) 

% Elimination 19.0 68.4 57.4 32.2 59.5 15.0 20.0 61.9 33.8 

Treatment of olive-mill wastewaters using microalgae can be an alternative method to generation of compounds with 
high added value. The composition of OMW is not optimal for the microalgae growth, but mixtures of industrial water 
and using CO2 can be a valid solution for the culture optimization. 
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Abstract 
In this work, microporous cellulose membranes were surface coated with nanosized zirconium phosphate (n-ZrP) 
and investigated for the removal of toxic metal ions from wastewater. A total of four cellulose membranes with 0.25, 
0.50, 0.75, and 1.00 wt.% of n-ZrP were synthesized and named as ZrP-C1, ZrP-C2, ZrP-C3, and ZrP-C4, respectively. 
The performance of these membranes in term of toxic metals removal was compared with the pristine cellulose 
membrane (denoted as C). Fig. 1 summarizes the characterization and tests results that were carried out on the 
membranes. The Scanning Electron Microscope (SEM) images showed dense fibers with the clear attachment of the 
n-ZrP on the cellulose membrane fibers (Fig. 1 (a)). The X-ray diffraction (XRD) analysis showed three unique
characteristics peaks of cellulose (B, D, and G) and four characteristic peaks (A, C, E, and F) of crystalline n-ZrP (Fig.
1 (b)). The membranes were also investigated for their mechanical properties. The mechanical strength showed an
improvement from 3.4 MPa in the pristine membrane (C) to nearly 4 MPa in ZrP-C4 (Fig. 1 (c)). On the other hand,
the porosity has decreased from 65% in the pristine cellulose membrane to 48% in ZrP-C4. The highest removal
efficiency at neutral conditions was observed in ZrP-C4 with 61.33±2.1, 58±1.6, 28.7±2, and 15.45±1.2% for Pb (II),
Cu (II), Zn (II), and Ni (II), respectively. These membranes showed promising performance in the removal of toxic
metals from wastewater and to be further investigated in term of hydrophilicity, permeability, thermal stability, and
surface charge.

Fig. 1. The membranes characterization and tests results (a) SEM images of the membranes (surface only) (b) XRD analysis 
showing the α-ZrP-n peaks, (c) mechanical properties, (d) porosity, and (e) heavy metal removal at neutral conditions. 
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Abstract 

Membrane fouling can seriously affect water filtration processes. Attempts are being made to at least minimize the 
degree of fouling by modifying the membrane surface chemically. As this is commonly done by a trial-and-error 
approach, accurate, fast, and non-invasive techniques would be desirable in order to verify the efficiency of the adopted 
anti-fouling strategy in a time-efficient and material-extensive manner. Unfortunately, current monitoring techniques 
neither reach the necessary efficiency nor sensitivity for these tasks. This work presents an approach of overcoming 
the limitations of conventional methods by combining two advanced surface-sensitive techniques for monitoring the 
build-up of the very first membrane fouling layers: quartz crystal microbalance with dissipation monitoring (QCM-D) 
and multi-parameter surface plasmon resonance (MP-SPR).  

Real-time monitoring of adsorption of different foulants on modified polyamide (PA) films by QCM-D and MP-SPR 
enabled a very fast detection with high temporal resolution. Figure 1 (left) illustrates how almost 90% of the steady-
state signal was reached in an interval of only 40 seconds. Both techniques detected in very good agreement how the 
fouling tendency was reduced significantly with increasing the functionalization of PA (Figure 1, right). This 
corroborates that QCM-D/MP-SPR are excellent and fast screening tools for studying membrane antifouling 
properties. 

Fig. 1. Left: Response of an ultra-thin PA film to the exposure of BSA in water. Right: Degree of fouling measured on PA on 
QCM-D (open circles) and MP-SPR (filled squares) sensors. 

The operating window of implementing QCM-D/MP-SPR based device as a water membrane filtration monitoring 
tool will be critically discussed [1]. 
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Abstract 
Membrane technology is a simple and energy-conservative separation method seen as a green alternative for CO2 

capture processes. However, commercially available membranes still face challenges regarding water and chemical 
resistance [1,2]. Thus, in this study the effect of water and contaminants in the feed stream on the CO2/CH4 separation 
performance of different membranes has been evaluated. The membranes were a commercial hydrophobic membrane 
with a PDMS top layer (Sulzer Chemtech) and a hydrophilic flat composite membrane with a [emim][ac] ionic liquid-
chitosan thin layer on a commercial PES support (PALL) prepared in the laboratory [3]. The CO2/CH4 separation 
was measured experimentally at 4 bar and room temperature (20ºC) as a function of feed composition. The selectivity 
of the fresh PDMS commercial membrane increased by a factor of 10 in the whole range of CO2 concentration by the 
same alkaline treatment as the IL-CS based membrane (immersion in 1M NaOH for 1h), with permeance similar to 
those of the hydrophilic IL-CS/PES membranes (up to 250 GPU CO2).  

Fig. 1. CO2/CH4 separation of hydrophobic (a) and hydrophilic (b) membrane. Inset shows the CH4 permeances. 

As to the influence of water vapor in the feed, the permeance of the hydrophobic membrane was slightly decreased 
but it was enhanced through the hydrophilic membrane by the presence of water vapor, maintaining a separation factor 
up to 40 and an ideal selectivity of 122 for the separation of a 60:40 CO2:CH4(vol%) feed gas mixture. The 
contamination of the water tank by 2 mL of toluene [1], caused the CH4 permeance through the PDMS-based 
membrane to decrease, in agreement with literature [2], thus the selectivity was maintained, whereas the hydrophilic 
membrane selectivity dropped to 26. The effects of the interaction of the contaminants in the membrane selective 
layer should be further evaluated.  
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Abstract 

The lignocellulosic residues are a source rich in hemicellulose, which consists mainly of xylan, the second most 
abundant natural polymer in nature [1]. The extraction of high added-value compounds having prebiotic 
characteristics such as xylooligosaccharides (XOs) is possible through the termochemical treatment of these residues. 
However, as result of autohydrolysis reaction, hydrolyzates are produced as a mixture containing different molecular 
weights XOs, presence of degradation products and monomers [2]. Future applications of the XOs depend on the 
ability to separate and purify the different fractions obtained from the thermochemical treatment. 

In this work, ultrafiltration was analyzed as a separation process of hydrolyzates obtained from a new source of xylan, 
the coffee parchment. The hydrolyzate was obtained by autohydrolysis using a biomass:solvent ratio of 8:1 at 180°C 
and 30 min reaction time. The obtained coffee parchment hydrolyzate (CPH) had a concentration of 11.6 g L-1 of 
XOs and 2.4 g L-1 of monomers (xylose and arabinose). In addition, CPH showed a molecular weight distribution in 
which 37.7% of the sample was in the range of X2-X20 (282-2660 g mol-1), while around 44.0% of the sample showed 
a molecular weight higher than X20.  

The effects of temperature (30 and 40°C), transmembrane pressure (3, 5 and 8 bar) and membrane cut-off (1, 3, 5 and 
10 kDa) on the molecular weight distribution of filtrates were analyzed during the ultrafiltration of the CPH using 
polymeric membranes. The results showed that an increase in the transmembrane pressure (3 to 8 bar) generates losses 
in the rejection capacity of the membrane, obtaining a permeate fraction with a polymerization degree between X1-
X20 of 81.3% of the sample using 3 bar. The change of the MWCO of membrane has a direct effect on the permeability 
of the process and the molecular weight distribution of the permeate and the retentate. The permeate with the better 
compromise between flux (4.29 L m-2 h-1) and fraction X2-X20 (44.0 % of the sample) was obtained using a 5 kDa 
membrane. In addition, concentration and discontinuous diafiltration mode configuration were analyzed in order to 
increase the mass ratio between XOs and monomers. This procedure allowed increasing the mass ratio of the retentate 
to 42.5 mgXOs mgMOs-1 compared to 4.8 mgXOs mgMOs-1 in the initial hydrolyzate.  
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Sweeping Gas Membrane Distillation (SGMD) which is currently applied for desalination purposes is a useful 
option for dehydration of aqueous solvent solutions. The main aim of this work is the analysis of the potential of 
SGMD for concentration of aqueous solutions of 1,3-dimethyl-2-imidazolidinone (DMI). This chemical is a dipolar 
aprotic solvent with characteristics between THF and HMPA and used in the manufacture of polymers, as well as in 
the industry of detergents, dyestuffs, and electronic materials. The recycling of this solvent from aqueous solutions 
without significant losses is very important for the sustainability of industrial processes. In this work, the 
concentration of aqueous DMI solutions was investigated experimentally in a bench installation with Liqui-Cel 
SuperPhobic® hollow-fiber membranes. The main variables of the process, temperatures and flowrates of the feed 
and sweep gas streams, were studied. The maximal evaporation flux value reached was 0.141 kg/h·m2, which 
corresponded to 70ºC and 80 L/min of air flow rate, but a value equal to 0.136 kg/h·m2 was obtained with 70ºC 
and less than 60 L/min of air flow rate. Indeed a concentration from 30% to 50% of aqueous DMI solutions was 
attained and DMI losses through the membranes were maintained below 1% of the evaporated water flux. This fact 
implied that more than 99.2% of the DMI fed to the system was recovered in the produced concentrated solution.  

Fig. 1. Evolution of the total membrane area required in the installation under different feed temperature and air flowrate 
conditions. 

The influence of temperature and flowrate of the feed and sweep gas streams was analyzed to develop simple 
empirical models that represented the vapor permeation and DMI losses through the hollow-fiber membranes 
(Fig.1). These empirical models can imply relevant simplification when compared with more complex models 
developed to represent the performance of SGMD. Moreover, the proposed models were applied to the scaling-up 
of the process with a preliminary multi-objective optimization of the process based on the simultaneous 
minimization of the total membrane area, the heat requirement and the air consumption. 
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Abstract 
The inclusion of nanomaterials in the polymeric matrix of a membrane is a promising approach of improving the 
membrane performance in any process. Due to the extensive number of materials that can be employed as membrane 
fillers, there are several possibilities such as the functionalization of polymers by the so called Mixed Matrix Membranes 
(MMM) approach, combining the effect of fillers that embedded in a polymeric matrix to enhance properties, such as
mechanical resistance and conductivity [1], which include their use in molecular separation or electrochemical process
[2]. Membranes applied in electrochemistry usually function simply as a barrier that avoids the mixture of the cathodic
an anodic phases and thus prevent the reverse redox reactions, but allows ion exchange between both phases. However,
the role of the membrane in an electrochemical reactor does not have to be limited to this: the coating of a conductive
polymer layer over the electrode can enhance its durability, by hindering the degradation and loss of the catalyst.
Combining the coated layer with the metal catalyst leads to the preparation of membrane based electrodes with
controlled mass transfer to the catalyst which can increase selectivity and durability of the electrode [3].
Chitosan (CS) - poly(vinyl) alcohol  (PVA) polymer membranes are widely studied for the preparation of ion exchange
membranes since they are hydrophilic polymers and resistant in alkaline media, and Cu is chosen as it. Pure Cu
nanoparticles are the most studied catalysts for CO2 electroreduction to alcohols and known for their ability to control
the hydrophilicity and swelling issues of CS membranes [4]. However, the interaction between Cu nanoparticles and
CS:PVA blend extremely reduced the solution viscosity, complicating membrane fabrication. For unsupported
nanoparticles, the increment of the load sifts Cu state from Cu(I) towards Cu(II), while Cu  exchanged inorganic fillers,
as layered silicates or 3D zeolites, maintained the Cu(I) oxidation state species for all the compositions studied [1].
Overall, the MMM containing CuAM-4 titanosilicate, CuUZAR-S3 stannosilicate and Cu-Y, in 10 wt.% loading with
respect to CS:PVA seemed suitable for membrane coated electrode preparation also as electrode overlayer.
In this work, we have studied the influence of these copper based inorganic fillers, with the best physicochemical
properties in terms of manageability, ion exchange capacity and anion conductivity as membrane coated layers of the
catalyst layer of Cu nanoparticles with CS:PVA solution as binder on Toray, and the catalytic performance of the
membrane coated architecture thereof in the electroreduction of CO2 to methanol in alkaline medium.
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Abstract 
In this study, novel PES-SnO2 mixed matrix membranes were synthesized via phase inversion method. In total, four 
different membranes consisting of 12 wt.% PES, 1.5 wt.% polyvinylpyrrolidone (PVP) and 0.25, 0.50, 0.75, and 1.00 
wt.% SnO2 (denoted as T-1, T-2, T-3, and T-4; respectively) were fabricated. These membranes were characterized 
using Scanning Electron Microscope (SEM), X-ray Diffraction (XRD), contact angle, and tested for the removal of 
heavy metal ions from wastewater. In Fig.1 (a), the SEM surface morphology analysis of the pristine PES membrane 
showed porous surface structure compared to denser one in the SnO2 incorporated membranes. The change in 
morphology agreed with the porosity results shown in Fig. 1 (b). For example, the porosity of the T-4 membrane was 
29.8±1.4% compared to 37.1±1.4% for the pristine PES membrane. The XRD analysis showed seven unique 
characteristic peaks of SnO2 (B1-7 peaks) confirming the presence of SnO2 nanoparticle in the mixed matrix (Fig. 1 
(c)). The A1-10 peaks corresponded to the polypropylene membrane-support used in the fabrication. The highest 
removal of 99.0±0.1, 98.7±1.0, 83.9±0.1, 83.8±0.6, and 80.5±0.1% for Cu(II), Pb (II), Zn (II), Cd (II), and Ni (II), 
respectively, was observed in T-4 membrane (Fig. 1 (d)). This removal was achieved at pure water flux of 26.6±0.5 
LMH (Fig. 1 (e)). The contact angle measurements showed that the membranes became less hydrophilic with the 
increase of the SnO2 concentration (e.g. the contact angle increased from 70.0±1.3° in the pristine PES membrane to 
around 84.5±2.4° in the T-4 membrane) which was in tune with the flux, porosity, and SEM results shown in Fig. 1 
(e), (b), and (a). Overall, these novel nano-enhanced membranes showed a great potential in the removal of toxic heavy 
metal ions from wastewater and can be further investigated. 

Fig. 1.  Membrane characterization and tests: (a) surface morphology via SEM, (b) porosity, (c) XRD analysis, (d) heavy metals 
removal efficiency at neutral conditions (pH=7), and (e) pure water flux and contact angle. 
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Abstract 
Recently, biological production of fuels has gained interest and biobutanol has a good potential due to its attractive 
physicochemical properties [1]. Biobutanol can be produced through the ABE process (acetone–butanol–ethanol) by 
Clostridium bacteria [2]. However, severe product inhibition, leading to low productivity and low final concentration 
in the broth, the toxicity to the microorganisms and the high-energy consumption difficulties are still to be solved. An 
alternative to the proposed genetic modification of the microorganisms is the use of efficient separation methods. 
Pervaporation (PV) is a well-known process in which a liquid stream is placed in contact with one side of a non-porous 
polymeric membrane while a vacuum or gas purge is applied to the other side. The components in the stream permeate 
through the membrane, and evaporate into the vapor phase which is then recovered by condensation.  The properties 
of the membrane material dictate the separation of the process for the recovery of butanol. This works focuses on the 
use of different membrane compositions polymer/ionic liquid membranes for PV to recover butanol from ABE 
mixtures. A comparison of a commercial membrane performance is also studied. 
Methodology: Membrane preparation was done by the TIPS technique (temperature induced phase separation). 
Several PEBAX/ HMImFAP composite flat-sheet membranes were prepared. Characterization of the membranes 
followed by the FTIR and SEM methods to test for fully integration of the ionic liquid (IL) into the polymer matrix. 
The resulting membranes were defect-free dense flat sheet membranes. Butanol recovery experiments were carried on 
by feeding a 2L ABE (1:2:1% w/w) solution at different temperatures (30-50ºC). The effect of membrane thickness 
as well as membrane composition have been evaluated in terms of butanol flux and separation efficiency. The transport 
parameters of the membranes for each component have been obtained and finally, the performance between the 
prepared membranes and the commercially available membranes have been carried out by the Pervaporation 
Separation Index (PSI) comparison.  𝑃𝑆𝐼 = 𝐽 ∙ (𝛼𝑖 𝑗⁄ − 1) 
Results and discussion: It was observed that the overall flux increased as the temperature increased. Also, adding IL 
to the membrane showed an improvement by increasing the butanol flux and decreasing the water in the permeate 
stream. Also, for all experiments performed under the same operating conditions the PSI was compared and an 
improvement of 2-10 times was seen compared to the commercial membrane. 

Fig. 1.  Flux comparison of commercial membrane PERVATECH and PEBAX/ HMImFAP polymeric membrane 
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Abstract 

Biodiesel has gained attention in the scenario of fuels diversification, once it is produced from renewable energy 
sources and its use reduces the air-pollutant emissions when compared to petroleum diesel fuel. The most common 
process for producing biodiesel is by the transesterification reaction. The triacylglycerol from vegetable oils, animal 
fats or waste products reacts with a short chain alcohol in the presence of a catalyst to produce a mixture of fatty acids 
and glycerol [1]. The following stages concern biodiesel separation from the glycerol, which is commonly performed 
in terms of decantation followed by washing steps, and purification. However, this conventional treatment produces 
large volumes of wastewater, causing environmental concerns. The present study aims to investigate the membrane 
technology for improving the biodiesel separation and purification and overcome the traditional process constraints. 
For that, the efficiency of tangential ultrafiltration with ceramic membranes in separating and purifying biodiesel 
produced by ethylic transesterification of crude, degummed and refined soybean oil, using sodium hydroxide as 
catalyst, was investigated. In the proposed system, the glycerol is retained and the biodiesel is the continuous phase, 
which permeates through the membrane. As reported by this research group [2, 3], an acidified water addition 
methodology was developed in order to promote the demulsification of the reaction final mixture and, thus, the 
glycerol retention by the membrane. As a result, the ultrafiltration runs, were carried out at 50 oC at two operating 
transmembrane pressures, 1 and 2 bar, performed in batch mode with 5 and 10 % weight of acidified water (0.5 and 
1 % (m/m) of hydrochloric acid) addition. The tubular α-Al2O3/TiO2 ceramic membranes used had an average pore 
size of 0.05 µm and 20 kDa, and a filtration area of 0.005 m2. The membrane performance was evaluated based on 
the glycerol retention capacity and on the permeate flux values. Higher free fatty acid content in the crude and 
degummed soybean oil, not only favored the glycerol transfer to the aqueous phase, which was retained by the 
membrane, but also resulted in the lowest flux decline rates. An increase in the oil acidity reduced the consumption 
of acidified water, once the best results were obtained by the addition of 5 % (wt.) of acidified water to the biodiesel 
produced from degummed and crude soybean oil, against 10 % (wt.) for the refined soybean oil. The best acid 
concentration in the acidified water was 0.5 % (m/m) for all the tested biodiesel. As the pore diameter and the 
transmembrane pressure diminishes, the glycerol retention increases, being the 20 kDa ceramic membrane, at 1 bar, 
efficient in removing glycerol within the commercialization upper limit of 0.02 %. The results of this study showed 
that the ultrafiltration process is efficient in separating the biodiesel from glycerol, allowing to eliminate the 
decantation step, also decreasing the amount of water used in the purification and, therefore, reducing wastewater 
treatment requirements in the biodiesel production process. 
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Abstract 
Ionic liquids are molten salts which remain liquid at temperatures below 100 °C. They are usually made of an organic 
cation (imidazolium, pyrrolidinium, pyridinium, etc.) and an inorganic (hexafluorophosphate, tetrafluoroborate, 
chloride, etc) or organic anion (dicyanamide, bistrifluoromethylsulfonylimde, tosylate, etc.) Their unique properties 
made them very attractive for a wide variety of chemical processes such as separation or catalysis. Their vapour pressure 
is negligible and show good chemical and thermal stability. Their properties can be tailored by varying the anion and 
the cation of their structure in order to be adapted to a specific process. ILs have successfully employed as extraction 
agents for metal ions, organic compounds or macromolecules, in liquid/liquid systems. However, their immobilization 
as liquid phase in different kinds of matrix provide a dual benefit: i) to obtain stable materials with a minimal content 
of IL and ii) the opportunity to reuse the IL at the end of the process.  IL-based membranes can be mainly grouped 
into: i) supported ionic liquids membranes (SILMs), ii) polymer ionic liquid inclusion membranes (PILIMs), iii) 
polymerized ionic liquid membranes (PyILMs) and iv) other ionic liquid/polymer composite materials. Other recent 
use of PILIMs is as separator in microbial fuel cells (MFCs). Microbial fuel cells use bacteria to convert the chemical 
energy of a particular substrate contained in wastewater into electrical energy. By using organic matter in wastewater 
as a fuel, contaminants are removed from water while generating electricity. However, it is necessary to improve the 
performance of MFCs before they can be scaled up since, to date, their practical implementation is not feasible. One 
approach is the use of two chamber MFC. In the anodic chamber the organic matter is oxidized and in the cathodic 
chamber microalgae is growing and is producing the oxygen which is needed for to cathodic reduction reaction. 
Furthermore, microalgae is able to capture carbon dioxide and the produced biomass can be used for production of 
add value compounds. All of above could improve the power and the wastewater treatment efficiency of MFCs, while 
reducing their cost. In a two chamber MFCs, the study of the transport through the membrane it not limited to proton 
but also to the rest of species in the anodic and catodic chamber. Specifically, in the case of combination of microalgae 
growing in MFCs, the microalgae nutrient transport through the membrane should be analysed.  The results of this 
transport studies could allow to design more efficiency bioelectrochemical reactors (MFCs). In this work, for the first 
time, the selective transport of different nutrients (NaNO3, MgSO4, CaCl2 and NaH2SO4) through a polymer 
inclusion membrane based on ammonium-type ionic liquid is evaluated. In this case, the effect of the ionic liquid 
membrane composition and the nature and concentration of the anion on the permeability of the membrane is 
analyzed in-depth. Although our first objective is the application of the results to the design more efficient 
bioelectrochemical reactor based on microbial fuel cells, the conclusions of the present work could be applied to any 
field in which the recovery or selective separation of the studied nutrients will be of interest. 
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Abstract 
Forward osmosis (FO) has gained wider attention in many applications due to its advantages over others technologies 
such as low energy consumption, minimal fouling problems, and high water recovery. However, large-scale 
applications of FO are still limited by the development of suitable membranes and draw solutions. Significant 
improvements are currently being made in the development of new membrane materials. On the contrary, the 
development of suitable draw solutions makes slower progress. 

Inorganic salts are often used as DS but their large-scale applications are constricted due to the high-energy cost 
involved in the DS recovery with current technologies. This limitation can be overcome using DS where further 
regeneration is not needed. On the other hand, brine management is considered one of the most challenging issues in 
desalination processes. Processes options include solar/wind evaporation, and membrane technologies (RO, FO and 
MD). Since FO is an emerging technology, there is still little data related to the osmotic performance of brines as DS 
in FO processes. 

This work is focused on the use of brines as DS which require no regeneration in FO processes. Concretely, brines 
coming from salt lakes (SlBr) and the concentrates generated in a sea-water desalination RO plant (SWRO brine) are 
selected as potential DS in applications dealing with dehydration of wastewater streams. 

Fig. 1.  Experimental water fluxes and water recovery 

The osmotic potential of the brines studied could be used to concentrate residual aqueous streams with a low energy 
cost. It is especially interesting in the case of the SWRO since the brine is not to be regenerated after its use as DS, 
but on the contrary, it would be a benefit. 

The advantages of using this type of brines are related to: i) to avoid the regeneration of the DS as a consequence of 
water permeation and ii) to maintain or even reduce the environmental impact derived from their discharge. 
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Abstract 
The by-products of the industrial transesterification reaction to obtain biodiesel (BD) are mono, di and triglycerides, 
sodium soaps, methanol and glycerol. After several washing processes, (estimated values are in the order of 0.3-10 L 
of water/L of BD) and gravimetric separations of crude BD, glycerol is the most difficult byproduct to eliminate. 
Previous research of our group was focus on the use of a series of polymeric nanofiltration and ultrafiltration 
membranes for purify crude biodiesel avoiding water washing [1]-[3]. However, in this work, a study was made of the 
treatment of the waste generated after the wet cleaning of crude BD by using membranes technology. The permeation 
experiments were carried out with a multistage centrifugal pump (grundfos CRN 2-150), a feed thermostated tank (20 
L), a coriollis type flowmeter (Rheonik RHE8), and a stainless steel crossflow cell for an Inopor® ceramic membrane 
(TiO2, 0.9 nm pore size, 10 mm OD, 7 mm ID, and a specific area of 0.024 m2/m), Fig. 1-a. A sample simulating 
wastewater was made by mixing know amounts of glycerol, methanol, tribasic phosphate, sodium oleate and distilled 
water to a chemical oxygen demand of ~10000 ppm, a pH = 7.7 and a conductivity value of 1500 µS/cm. The 
operating condition were: T = 30 °C, transmembrane pressure (∆P) = 5, 10 and 15 bar, feed cross flow v = 2.3 m/s. 
The separation performance was evaluated from permeate flux data and the pollutants retention. The preliminary 
results (Table 1) indicate a satisfactory reduction of the effluent pollutant load. Figure 1-b shows that the fouling due 
to the polarization concentration is small, while the permanent fouling is significant, as can be seen in the reduction 
of almost 40% of the hydraulic permeability between the clean or neat membrane and after its use, Fig. 1-c. 

Fig. 1.  a- Experimental flowsheet, b-Water permeability, c- Permeate flux of samples. 

Table 1. Preliminary results 
P (bar) COD rejection (%) Conductimetry rejection (%) 
5 71 ± 4.5% 87.5 ± 2.1% 
10 80 ± 9.8% 89.6 ± 0.8% 
15 76% ± 5.2% 89.5 ± 2.4% 
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Phase inversion by immersion precipitation is a widely implemented technique for the synthesis of polymeric 
membranes [1]. It is thermodynamically explained through the Flory-Huggins theory based on the Gibbs free energy 
equations and interaction parameter of the components: polymer, solvent and non-solvent. Moreover, solvent/non-
solvent miscibility importantly affects the rate of their exchange that will ultimately define the membrane 
morphology. In the literature, binodal curves of ternary systems, which represent the polymer/solvent/non-solvent 
composition ratios, were obtained experimentally and then fitted using the Flory-Huggins model [2]. In our research, 
the system PVDF/N-methylpyrrolidone (NMP)/water has been selected. The experimental binodal curves reported 
in literature, which are shown in Fig.1, present broad dispersion and therefore, different Flory-Huggins interaction 
parameters were defined for the same ternary system. This uncertainty in the experimental data limits the ability to 
determine reliable interaction parameters and the selection of a single empirical equation able to fit interaction 
parameters for a wide range working conditions and systems. Therefore, a thorough literature revision has been done 
to help into the proposal of an experimental protocol to determine binodal curves systematically. The utility of this 
tool is to create membranes with a specific structure and pore size (i.e. ultrafiltration or nanofiltration) depending on 
the desired application. This methodology could also been expanded into the morphological prediction of mixed-
matrix membranes, for instance, filtrating photocatalytic membranes, as the addition of functional nanoparticles into 
the ternary system importantly alters the plain membrane morphology. 

Fig. 1.  Comparison of experimental point of the binodal curves for the ternary system PVDF/NMP/Water attained from the 
literature [3-6] 
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Abstract 
A staggering number of medical devices, including healthcare products for diagnosis and therapy, have exploited 
biomaterials as platform technologies. Rational biomaterials design requires to pay attention to both, materials and 
biological considerations. They can be employed to treat or replace any tissues or function of living tissues and to 
engineer systems that could control, for example, the drug delivery [1]. The term biomaterial includes metals and 
ceramics, but polymers account for the vast majority and, among them, polymer hydrogels represent one of the most 
promising groups. Hydrogels consist of three-dimensional crosslinked networks able to absorb large amounts of 
water while maintaining their dimensional stability, also capable to act as stimuli-responsive to external and internal 
triggers [1]. Regarding the biomedical applications, the development of new synthetic routes to reduce the toxicity of 
residual monomer and chemicals (e.g., initiators, surfactants, etc.) is required. Recently, a green and straightforward 
approach for the production of polymer nanogels, used as nanovectors to deliver drug molecules, based on the 
recourse to high energy irradiation of aqueous solutions of preformed polymers has been reported [2]. Pulsed 
electron beams are used to induce the generation of free radicals directly onto the polymer chains, without any 
additional reagent [2].  With a similar purpose, electrochemical advanced oxidation technologies may offer an 
interesting approach. As recently shown, the obtention of a crosslinked poly(vinylpyrrolidone)(PVP) hydrogel by 
means of electrogenerated of hydroxyl radicals is feasible [3]. The sensitivity of hydrogels to different stimuli opens 
new horizons in the design of biomedical devices interacting with the human body. By coupling a hard polymer 
currently used in the biomedical field to soft and sensitive gels, new smart materials with better performance than the 
former can be produced. Poly-(N-isopropylacrylamide) (PNIPAAm)-based hydrogels are particularly and extensively 
investigated as thermal actuators due to its critical temperature (LCST) close to that of the human body (around 
36.5–37.5 ºC). Thus, several applications are possible, from drug delivery to tissue engineering, followed by stem 
cells, microf uidic devices, biosensors, and bioimaging [4]. An overview of innovative synthetic routes for hydrogels 
synthesis, such as the one based on the employment of electrochemical technologies, will be given. Further, a very 
appealing new class of thermoresponsive surgical meshes acting as thermosensitive biomedical sensors, currently 
investigated within the framework of the 4D-POLYSENSE European project, will be presented  
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Abstract  
Over the past few years, technologies enabling the storage of electrical energy are of vital importance in order to be 
applied to multiple applications. In this respect there are numerous investigations, which are relatively recent, achieving 
significant advances that have allowed the increase in electricity production and storage in fuel cells. The present 
investigation, based on the studies of Thomassen, M.S. [1], for which a hydrogen-chlorine fuel cell was developed, 
proposes an improvement of this process through the use of titanium plate as electrodes with different compositions 
of Mixed Metal Oxides (MMO) catalysts [2-3]. This seeks to improve the production capacity and electrical storage, 
optimizing the process. This work reports some of the most interesting results obtained in this promising technology. 
The hydrogen-chlorine single cell consists of six layers. The anode is a titanium plate with a thin, porous catalytic layer 
consisting of RuO2 particles and the cathode is a titanium plate with another layer based on platinum. The separator 
layer consists of a resistant silicone gasket bonded to a Nafion-117 membrane and a sodium chloride dissolution, 
which is circulating through both anodic and cathodic compartment, as electrolyte.  
For the experimental process, two storage tanks are used, containing 2M sodium chloride, which, by means of 
pumping, is used to feed the anodic and cathodic compartment of the electrolyser. In addition, during this process 
the volume of gas generated is calculated continuously thanks to a gas pipeline connected to each feed tank. After 
this, the electrodes begin to receive electrical energy from the power source. With all this process, we seek to obtain 
as much H2 (g) and Cl2 (g) as possible fuel for a fuel cell [4]. The cell worked with two different anodes: one of them 
is a titanium plate with Ru20/Ti60/Pt20 as catalyst layer and another composed by Ru30/Ti60/Pt10. Both experiments 
were carried out for 1 hour and applying a potential of 7.4V. The current densities obtained in these experiments were 
similar and these results are encouraging since for an electrode of only 2 cm2, up to 500 mA cm-2 is obtained, 
approximately. In addition, the amount of hydrogen (g) collected was about 90% with respect to the theoretical value. 
After the experimental process carried out, it has been verified that the composition of the electrodes has not 
influenced during experimentation. Despite the small size of the electrodes used, the production of hydrogen is quite 
remarkable, so the technology employed has good prospects for the future, allowing the application of new 
improvements, the most important they achieve the reversibility of the process. 
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Abstract 
Coordination polymers (CPs) have attracked interest in recent years due to their properties such as gas adsorption, 
drug delivery, catalysis and ionic conductivity. CPs have advantages from its highly ordered and porous structure 
and a wide design latitude of compounds by choosing various metal ions and bridging ligands. In this 
communication, we will show a series of CPs with one or two dimensionality. These CPs contain chloranilic acid 
and pyrazine linkers combined with first raw metal transitions such as iron and manganese. The electrochemical 
properties of these compounds were assessed by galvanostatic cycling. These CPs were also characterized by powder 
X-ray diffraction, scanning electron microscopy, IR spectroscopy and elemental analysis.

Fig. 1.  Galvanostatic cycling of  the 1D and 2D CPs 
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Abstract 
Nowadays, 90% of total hydrogen is produced by means of non-renewable sources as coal [1]. As consequence, 
hydrogen and renewable energies will have a great impact in the future of energy production and storage. The way to 
combine them is to use the renewable energy sources to produce the “Green Hydrogen” [2] which will act as energy 
carrier for a later use. Water molecule dissociation is the obvious approach for green hydrogen generation. However, 
direct thermal water splitting needs extremely high temperatures which does not make this option suitable for large 
hydrogen production [3]. Water electrolysis also needs considerable high electric power due to the high theoretical 
voltage (EO=1.23 V vs SHE). Technologies combining a chemical step and a thermal step are becoming a promising 
alternative. One of the leading thermochemical cycles is the hybrid Westinghouse [4] cycle which combines a thermal 
step to decompose sulfuric acid and an electrochemical step in which oxidation of SO2 with water (EO = 0.158 V vs 
SHE) occurs to produce hydrogen. This process takes place according to equations 1 and 2 [5]. 

SO2(g) + 2 H2O (g) → H2SO4(aq) + 2H+ + 2 e- (1) 
2H+ + 2 e- → H2(g) (2) 

Four PBI (polybenzimidazole) based membranes were tested for the SO2 depolarized electrolysis. A Standard 
membrane and a Thermally Cured membrane were supplied by Danish Power Systems (Denmark). Two membranes 
were prepared in our lab following a procedure found elsewhere [6]. A standard membrane and a composite membrane 
were casted from a PBI solution with dimethylacetamide as solvent. The PBI solution for the composite membrane 
contained a 2 wt% of TiO2 as inorganic filler. Membranes were doped with 85 wt% phosphoric acid (Sigma Aldrich, 
United States). The tests were performed in a 25 cm2 SO2 depolarized electrolysis cell. A novel operating procedure 
was employed for this study in which SO2 and H2O were both fed in the gas phase to the anode. Electrodes with a 
platinum loading of 1 mgPt/cm2 were employed in the anode and in the cathode. The method to prepare the electrodes 
was to spray an ink which is obtained by mixing a solvent with the platinum used as catalyst (40% Pt/Vulcan XC-72). 
Membranes will be characterized according to their acid uptake, acid retention and ion conductivity. Secondly, the 
effect of different parameters such as temperature and membrane were studied. Polarization curves were obtained by 
scanning the applied potential from 0 to 1 V (vs RHE) at a scan rate of 10 mV s-1. Impedance spectroscopy analyses 
were carried out potentiostatically, with a perturbation signal of 10% with a frequency range of 10 kHz to 100 mHz. 
The anode was used as working electrode and the cathode acted as both counter and reference electrode. Results 
showed a better performance for the electrolyzer using the composite lab-made PBI membrane, and a highly better 
stability. In terms of temperature, a considerable reduction in both ohmic (related to the membrane) and charge 
transfer resistance was observed when increasing the operating temperature in the range of 120°C to 170°C. 
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Abstract  
In the last years, electroreduction of CO2 into chemical products of interest has been considered as a fascinating option 
in order to mitigate climate change, and at the same time, to store renewable energy in the form of value-added 
chemicals. One of the most interesting valued-added products obtained by electrocatalytic reduction of CO2 is formate, 
since it could be used as a fuel for low-temperature fuel cells and as a renewable hydrogen carrier molecule [1].  
Our latest studies using Sn nanoparticles in electrodes with configuration of Gas Diffusion Electrodes [2] and Catalyst 
Coated Membrane Electrodes [3] reported formate concentration up to 16.9 and 19.2 g·L-1, Faradaic Efficiencies (FEs) 
of 42.3 and 49.4% and formate rates of 4.38 and 1.15 mmol·m-2·s-1, respectively. According to recent studies [e.g. 4], 
changing the catalytic material to Bi could improve the electrochemical process of CO2 to formate, which is the aim 
of this work. Different experiments were carried out, working at different current densities (j) and electrolyte flow/area 
ratios (Q/A) in a continuous mode in an electrochemical cell working with Bi nanoparticles using Gas Diffusion 
Electrodes as cathode. 
Working at j = 300 mA·cm-2 and Q/A = 0.57 mL·min-1·cm-2, a formate concentration of 5.2 g·L-1 with a FE and a 
rate of 79% and 11 mmol·m-2·s-1, respectively, were obtained.  Keeping the same value of Q/A and decreasing the j 
from 300 to 90 mA·cm-2, the formate concentration lowered to 2 g·L-1 with a FE and rate of 92% and 4.31 mmol·m-

2·s-1. Consequently, the influence of Q/A was studied in order to obtain formate as concentrated as possible. As can 
be seen in Fig. 1, working at j and Q/A of 200 mA·cm-2 and 0.07 mL·min-1·cm-2, respectively, formate concentration 
of 18 g·L-1 with a FE and rate of 45% and 4.67 mmol·m-2·s-1 was obtained. 

Fig. 1.  Formate concentration as a function of the current density and electrolyte flow/area ratio. 
These results confirm the feasibility of working with Gas Diffusion Electrodes using Bi nanoparticles as catalyst in a 
continuous mode in an electrochemical cell. However, more research is still needed in order to continue improving 
the electrochemical conversion of CO2 to formate. 
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Abstract 
Chlorine has been produced industrially for nearly 120 years and presently 95 % of it is produced electrochemically. In the 
Iberian Peninsula, Bondalti Chemicals company is one of the most important players. Nowadays, the membrane cell 
technology is the most used in Europe. Nowadays, the membrane cell technology is the most used in Europe. The catalytic 
electrolysis of a saturated sodium chloride solution (brine) yields chlorine, hydrogen and sodium hydroxide. The optimum 
conditions for brine electrolysis are 310 g∙dm-3 NaCl, pH around 2 and outlet temperature between 80 °C and 90 °C. The 
chlorine evolution reaction (ClER) is the main anodic reaction, where two chloride anions need to be successively 
discharged and recombined thereby forming gaseous chlorine over dimensionally stable anodes, DSA®, where RuO2 is 
the main catalytically active component. Because brine is an aqueous solution, it is necessary to consider the unwanted 
oxygen evolution reaction (OER) from the water electrolysis, which is thermodynamically preferred to ClER; however, the 
kinetics of the ClER is much faster than OER. Understanding the ClER mechanism is essential to maximize the selectivity 
of the chlorine production at the anode. Fernandez et al. [1] proposed a new methodology for analyzing kinetic the ClER 
on Ti/RuO2, based on the dependence of the polarization resistance on the experimental variables, namely on the activity 
of the chloride ions and on the partial pressure of the chlorine gas. Cornell et al. [2] also studied the pH influence in similar 
systems. A parametric study was performed to analyze the effect of the electrolyte composition and temperature for the 
ClER over a DSA® industrial electrode by us, ranging sodium chloride concentration from 2.5 M to 5.25 M, sodium 
chlorate (principal impurity) concentration from 0 M to 1 M and pH from 1 to 9 (by acidification with HCl). 
Electrochemical characterization techniques were applied to analysis the chlorine evolution reaction, namely cyclic 
voltammetry, polarization curves in the ClER region and impedance studies. The kinetics parameters were calculated from 
the -corrected polarization curves. The Tafel slope (𝑏𝑏 ) and the exchange current density (𝑗𝑗 0)  results obtained are 
summarized in Table 1. 

Table 1. Electrolyte composition and normalized temperature corresponding to the limit conditions and the respective 
normalized kinetics parameters. 

[NaCl]/M [NaClO3]/M pH T 𝒋𝒋𝟎𝟎𝒙𝒙103 𝒃𝒃 
5.25 

0.1 2 1 
1.9 80 

5 1.8 81 
2.5 5.9 91 

5 
1 

2 1 
1.5 82 

0.1 1.8 81 
0.01 2.0 80 

5 0.1 
0 

1 
1.5 78 

2 1.8 81 
9 2.6 113 

5 0.1 2 
1.13 1.7 83 

1 1.8 82 
0.31 0.7 67 

The Tafel slope results obtained are consistent within the expected values for the ruthenium-based electrodes [2]. 
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Abstract 
Governments have recognized that mitigation of CO2 emissions is a key objective for addressing the issue of climate 
change. CO2 can also become a strategic molecule for the progressive introduction of renewable energy resources into 
the chemical and energy chain, thus helping to slowly lessen our consumption of fossil fuels. Thus, CO2 recycling can 
become an important component of the strategy necessary for curbing CO2 emissions and at the heart of strategies 
for sustainable chemical, energy, and process industries [1] being the main objective a sustainable development. The 
electrocatalytic reduction of CO2 is a promising technique for the recycling of this gas to value-added products. It is 
carried out in an electrochemical cell in which electric current is obtained from an external power source. Protons are 
produced on the anode of the cell thanks to water oxidation as CO2 molecule gets reduced in the cathodic part of the 
cell. The main drawback of the process is the high overpotential required for the activation of the CO2 molecule, 
which can be lowered with the use of an appropriate electrocatalyst. In this work Cu/CNT catalysts have been 
synthesized using supercritical fluid deposition (SCFD) technique that has demonstrated to obtain a good metal 
deposition on the carbon nanotubes (CNT) with a homogeneous particle size distribution [3, 4]. ICP analysis indicated 
that Cu deposition yield was over 81%, XRD analysis of Cu/CNT samples indicated that the catalyst  synthetized by 
SCFD presented a high proportion of  metallic Cu and copper oxides species onto the carbon support and TEM 
images showed that Cu nanoparticle sizes were mainly between 1.5 and 4 nm. 

Electroreduction of carbon dioxide in the gas phase has been carried out to determine the activity of the Cu/CNT 
synthesized using a Polymer Electrolyte Membrane (PEM) type cell (25 cm2 electrode geometric area). The cell works 
in continuous operation mode at 0.02 SL/min of CO2 and 30 ºC. The influence of current density has been studied. 
Values of 2, 4, 6, 8, 10 and 12 mA/cm2 have been analyzed in this work. High anolyte concentration (0.5 M KHCO3) 
has been observed to cause obstruction troubles of the cathodic flow channel when it is used with current densities 
over 6 mA/cm2, what has been attributed to crossover of K+ through the Nafion® membrane [4]. Thus, the anolyte 
used was an aqueous solution 0.5 M of KHCO3 for experiments with current density values of 2, 4 and 6 mA/cm2, 
and 0.3 M of KHCO3 for experiments with current density values of 8, 10 and 12 mA/cm2. CO2 reduction products 
have been analyzed by gas chromatography (equipped with SPME (solid phase microextraction) preconcentration 
system for liquid products). Current densities of 2 and 4 mA/cm2 give rise to a constant CO2 conversion rate of 
around 1·10-2 mmol/h, and then it increases linearly up to 9·10-2 mmol/h when current density increases from 4 to 12 
mA/cm2. In every case, CO is the main reaction product whereas methane, formic acid and traces of methanol are 
also obtained for current densities above 2 mA/cm2. 
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Abstract 
The use of organochlorinated pesticides and herbicides to enhance the production of crops may produce soil and 
groundwater pollution, some of them with bio-refractory properties. 2,4-dichlorophenol (2,4-DCP) is an 
organochlorinated compound mainly used as precursor of 2,4-dichlorophenoxyacetic acid (2,4-D), a commercial and 
widely used herbicide. Several techniques have been investigated to eliminate these hazardous compounds, either 
chemical, biological, electrochemical or bioelectrochemical. The previous dechlorination of chlorophenols has the 
advantage that the resultant by-products are less toxic and less bio-refractory, so a conventional biodegradation 
process may be set after the dehalogenation process, in order to mineralize entirely the resultant organics. In this work, 
it is studied an alternative treatment of 2,4-DCP in bioelectrochemical systems (Wen et al., 2013) dehalogenating such 
molecule at the abiotic cathode (Figure 1). 

Fig. 1. Conceptual description of the BES for R-Cl dechlorination. 

The enrichment procedure and isolation of the electrogenic consortium in the anode was started with activated sludge 
from the wastewater treatment plant of Ciudad Real, Spain, with 1 g/L of sodium acetate. The catholyte contained 
300 ppm of 2,4-DCP and supporting electrolyte. The anode electrode was carbon felt and the cathode was carbon 
cloth. 
Various conditions and variables were set in order to optimize the dechlorination of the molecule. It was operated at 
two different pHs at the catholyte: pH 5 and pH 7. Moreover, it was studied the effect of the catalyst load (Pt) at the 
cathode and the operation of the BESs. 
Our preliminary results indicate that the catalyst decrease the cathodic overpotential for the dechlorination of 2,4-DCP 
improving the efficiency. Moreover, a lower pH has been proven to favor the dehalogenation of the aromatic ring 
regarding the cathodic half-reaction. 
The dechlorination process in our BESs is expected to be thermodynamically more favorable and more 
environmentally friendly compared to pure electrochemical dehalogenation systems. 
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Abstract 
Emerging pollutants are being detected in surface and ground waters, generating concern due to the adverse effects 
that they may have on the environment and human health [1]. Among those pollutants, pharmaceuticals are one of 
the most detected contaminants in water bodies. Since the conventional processes applied at the wastewater treatment 
plants do not reach an adequate elimination of pharmaceuticals, it is necessary to develop new technologies that could 
achieve an efficient removal. In this context, electrochemical techniques are gaining increasing attention. However, 
one of the main limitations of these processes is the high cost and performance of the electrodes [2].  

Therefore, the objective of this work was to explore the development of cost-effective electrodes using three different 
nanoporous carbon materials: i) coal subjected to a physical activation treatment with CO2; ii) lignocellulose subjected 
to a chemical activation treatment with H3PO4; iii) glucose subjected to a hydrothermal carbonization. They were 
characterized and tested for the degradation of two pharmaceuticals (metronidazole and sulfamethoxazole) in a water 
matrix. Two different electrochemical treatments were applied: anodic oxidation (AO) and electro-Fenton (EF). In 
both treatments, the nanoporous carbon materials were used as the working electrode, with a boron-doped diamond 
(BDD) plate or a titanium (Ti) foil as the counter electrode and an Ag/AgCl reference electrode, applying a constant 
potential of – 0.75 V. As an example, Fig. 1 shows the results obtained for the degradation of metronidazole when 
using the physically activated coal as the working electrode. Taking into account the degradation levels obtained in all 
the experiments and considering the low potential at which the treatments are performed (resulting in low energy 
consumptions), it can be concluded that the developed electrodes are promising for the efficient treatment of 
pharmaceuticals by electrochemical processes. 

Fig. 1.  Comparison of AO and EF treatments using the physically activated coal electrodes 
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Abstract 
Membrane technology is a highly developed separation and purification technology. Among other membrane 
processes, reverse osmosis (RO) is the most widely used. However, fouling causes a shorten membrane lifespan, thus 
it is estimated that >840,000 RO modules are discarded in landfills every year 1. To boost the sustainability in 
membrane technology, the recycling of end-of-life RO modules has been investigated in the last years 2. In this study 
an innovative recycling alternative as ion exchange membranes and polypropylene components for the electrodialysis 
stack is proposed. Ion exchange membranes are prepared by casting and phase inversion method using recycled 
membranes as mechanical support. The electrochemical properties of the membranes are analysed in order to select 
the optimum membrane preparation conditions. By this technique, membranes with a high permselectivity (87%, 
similar to commercial membranes) and enhanced mechanical stability have been obtained. However, the electrical 
resistance is higher than commercial ones (77.26 Ω·cm2). Finally, the technical viability of the recycled membranes 
has been tested by desalination experiments in a four unit cell electrodialysis stack achieving 84.5% of salt removal 
by circulating 12,808 kCul·m-3, this entails a production of 4.67 L·m-1h-1. In this work, an attempt to conduct 
membrane technology towards a circular economy has been disclosed. 

Fig. 1. (Left) SEM cross sectional image of the prepared ion exchange membrane. (Right) Desalination by electrodialysis. 
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Abstract 
Fenton-based electrochemical advanced oxidation processes (EAOPs) have been proven to be a promising alternative 
to conventional water treatment technologies for the elimination of non-biodegradable organic pollutants in 
wastewater [1]. Their high efficacy arises from the production of strong oxidants like hydroxyl radicals (•OH, E° = 
2.8 V/SHE) on site, usually in acidic medium although new approaches to work at more alkaline pH are being 
developed [2]. The oxidation ability of EAOPs largely depends on the (re)generation rate of H2O2 and Fe2+ ion on 
the cathode. For this reason, carbonaceous materials including carbon nanotubes, carbon fiber, reticulated vitreous 
carbon, graphene, graphite felt and carbon-polytetrafluoroethylene (PTFE) have been frequently prescribed as suitable 
cathodes because their porous structures favors the contact between carbon, water and O2 and promotes the 2-
electron O2 reduction. However, little attention has been paid to the application of biomass-derived carbon in EAOPs, 
which is an environmentally-friendly approach to develop more sustainable Fenton-based EAOPs [3]. In order to 
systematically examine the performance of biomass-derived carbons, two different mesoporous carbon materials 
(MCs) made from agarose (MC-agarose) and chitosan (MC-chitosan) were used for preparation of air-diffusion 
electrodes (GDEs). Aiming to enhance the H2O2 electrogeneration of the prepared cathodes, the MCs were doped 
with nitrogen to yield NMC-agarose and NMC-chitosan, respectively, which may constitute a smart way for enhancing 
the H2O2 production without undesired leaching. The transmission electron microscopy (TEM) analysis was 
performed and the elemental composition, BET surface area and pore volume were determined. The TEM images of 
all these MC materials exhibited amorphous structures. Their ability to electrogenerate H2O2 in different 
electrochemical systems was first assessed. Then, their comparative degradation and mineralization performance was 
investigated during the treatment of 150 mL of 0.046 mM acebutolol solutions, a commonly used pharmaceutical for 
treating hypertension, at acid pH. Moreover, the generated inorganic ions, short-chain carboxylic acids and aromatic 
by-products were also identified, and a plausible degradation pathway was finally proposed. The above results 
stimulate the interest to test other biomass-derived carbons with higher electrocatalytic activity and sufficient stability, 
which allow the scale-up of the Fenton-based EAOPs. 
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Abstract 
In recent years, disinfection technologies have aroused great interest in the scientific community because the presence 
of pathogens in water can produce serious consequences for public health. Specifically, hospital effluents represent 
one of the most concentrated sources of pathogens which are mainly excreted by urine of patients. Hence, hospital 
urines may be considered as one of the main sources of contamination because, in this matrix, it can be found different 
pathogens and, also, pharmaceutical products and their metabolites [1]. In this context, World Health Organization 
(WHO) has recently reported a priority list of antibiotic-resistant bacteria, in which, Klebsiella pneumoniae, one of the 
most common bacteria found in urine and responsible of several infections (urinary tract infections, pneumonias or 
sepsis), is considered as a critical priority bacteria. For this reason, the development of clean and efficient technologies 
is necessary to attain the complete removal of this type of microorganisms in urine. 
Taking this into consideration, electrochemical oxidation with diamond anodes has become a good alternative for the 
removal of microbiological content present in wastewater [2]. Particularly, this technology has been proven efficient 
in the complete removal of Escherichia coli and Pseudomonas aeruginosa, both, representative bacteria of infected urines. 
The main mechanisms in the degradation of these pathogens are, on the one hand, oxidants produced from the 
electrooxidation of the ions present in urine and, on the other hand, the production of chloramines from the nitrogen 
released as ammonium in the degradation of characteristic organic compounds of urine (urea, creatinine…) and free 
chlorine electrogenerated [3]. The in-situ disinfection is the main advantage of this electrochemical technology since it 
is not necessary the addition of chemicals for killing microorganisms which change the physical-chemical 
characteristics of the effluents and, therefore, a subsequent post-treatment before discharge to the environment is not 
required.  

With this background, the main aim of the present work consists of testing different electrochemical reactors for the 
removal of Klebsiella pneumoniae in synthetic urines by electrodisinfection. For this purpose, a flow-through 
electrochemical reactor that improves the production of hydrogen peroxide as the main disinfectant and, a single 
compartment electrochemical cell (flow-by) working under batch-operation mode were compared. The influence of 
current density (0-50 A m-2) and anode material (Boron Doped Diamond and Mixed Metal Oxide) were studied to 
avoid the potential formation of undesirable disinfection-by-products. Likewise, the coupling of UV light irradiation 
and electrodisinfection was also studied to improve the process performance in terms of microorganisms´ removal.  
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Abstract 
The increasing use of 6:2 fluorotelomer compounds and short-chain perfluoroalkyl substances (PFASs), such as 
perfluorohexanoic acid (PFHxA), is bringing an increase of this group of persistent pollutants in the environmental 
media. The electrochemical treatment of aqueous media impacted by PFASs has been reported as an effective way to 
completely defluorinate and mineralize PFAS by means of BDD anodes. However, the practical implementation of 
BDD electrooxidation (ELOX) is still hindered by mass transfer limitations, the high energy consumption and the 
economic investment. Membrane preconcentration [1] by means of nanofiltration or reverse osmosis membranes is 
proposed as a way to increase PFASs concentration, to reduce the volume that needs to be electrolyzed and to boost 
the water salinity. With this assumptions, the herein designed hybrid process consists on a membrane cascade system 
coupled to a BDD ELOX system. We developed the semi-empirical dynamic model for each individual process, and 
the economic model that considers both the investment and operational costs, and used optimization tools to evaluate 
the process under different global target PFHxA abatements and scenarios. The non-linear programming model (NLP) 
was implemented in GAMS, and the hybrid process was optimized by determining the minimum total costs. Optimal 
process sizing parameters: anode area, membrane area per stage, and process variables: pre-concentration time, ELOX 
time, were obtained. Additionally, a sensitivity analysis was carried out in order to evaluate the effect of the intrinsic 
membrane selectivity and of the kinetics of the electrochemical process, on the total costs. Depending on the 
demanded PFHxA abatement and the number of membrane stages considered, the total costs savings obtained 
through the integration strategy ranged from 8.9% - 78.4%, compared to the application of ELOX without previous 
pre-concentration. The reduction of the costs was mainly due to the reduction of the anode area (up to 86%) and the 
reduced electrolysis time which heavily influences the ELOX energy consumption. Fig.1 shows the dependence of the 
total costs with the kinetic constant of PFHxA electrochemical removal, and the number of membrane stages for a 3-
log concentration abatement. Increasing by two the empirically determined kinetic constant [2] (0.0021 m min-1) would 
reduce 34% the total costs of the hybrid process, mainly by a 45% reduction of the optimum anode area.  

Fig. 1.   Influence of the PFHxA degradation constant on the total costs for a 3-log PFHxA abatement. NF90 membrane. 
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Abstract 
Advanced Oxidation Processes (AOPs) are a good alternative to traditional remediation processes. Thus, their 
application ensures the capability of degrading recalcitrant compounds such as pharmaceutical compounds, etc. which 
are stable to the typical biological process. AOPs are based on the generation of highly reactive species, mainly the 
hydroxyl radical (HO·), which attack non-selectively the organic matter [1].  
Among them, the electro-Fenton process has been widely used. This stands for the synergistic combination of Fenton 
and anodic oxidation. Thus, the first one allows for the generation of HO· following equation 1. The latter enables, 
thanks to the electric field application, the regeneration of the spent Fe2+ and the generation of H2O2 by oxygen 
reduction [1]. 
H2O2 + Fe2+  HO· + HO- + Fe3+                    (Eq. 1) 
However, this process is usually related with a high energy expenditure, and thus a proper process optimization should 
be carried out. First of all, the reactor configuration was carefully selected in order to ensure not only an efficient 
electric field application but also a high H2O2 generation. Hence, the type of electrodes and their disposition was 
evaluated in order to improve the H2O2 yield. 
A three-electrode reactor was selected as the optimal configuration (Fig. 1). After having tested the typical electrode 
materials (graphite, nickel foam, gas diffusion electrodes, etc.), the two carbon felt cathodes and a Boron Doped 
Diamond (BDD) anode produced the higher H2O2 concentration (5mg/L in 30 min applying 50 mA and air flow rate 
of 1.8 L/min). 

Fig. 1. Reactor schema, 1: Electric supply, 2: Carbon felt cathode, 3: BDD anode, 4: Magnetic stirrer, 5: Stirrer, 6: Air pump. 

Then, the degradation of the stable pharmaceutical compound sulfamethoxazole was intended. In order to further 
optimize the electro-Fenton process, a Response Surface Methodology (Design expert software) was applied. Thus, 
the effect of the initial pharmaceutical concentration (10-100 ppm) when selecting the iron dosage (0.01-1 mM) and 
the electric field power (6-500 mA) was evaluated. Under the optimal conditions, 85% of mineralization was attained 
in 3 h (energy consumption 0.39 kWh/gTOC). The process was validated by treating the pollutant in a real wastewater 
matrix, demonstrating the process is efficient for the treatment of real effluents.  
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Abstract 
Every day, emerging contaminants are being discharged to water streams and even at low concentrations can cause 
considerable damage to ecosystems. Benzoquinone (BQ) is a xenobiotic, a toxic intermediate of a wide variety of 
benzene derivatives in the course of their oxidative degradation that cannot be treated by biodegradation due to their 
resistance to microorganisms. Electrochemical advanced oxidation processes (EAOPs) have proved to be highly 
efficient in the removal of those persistent pollutants. EAOPs are characterized by the in-situ generation of hydroxyl 
radicals (●OH), which promote the mineralization of the organic pollutants. Among those processes, the 
electrochemical oxidation (EO) has been the most employed method for treating organic pollutants. In EO, when 
boron doped diamond is used as anode, physical adsorbed ●OH are electrogenerated on its surface from water 
oxidation, promoting high pollutants degradation. Usually, to detect and quantify contaminants in solution, either 
chromatographic or spectrophotometric methods are selected over electrochemical ones. However, the two former 
analyses have some drawbacks such as high cost and long analysis times. In this context, the detection and 
quantification of the p-BQ were performed by differential pulse voltammetry (DPV) technique with a diamond film 
sensor. The calibration curve and the limit of detection for BQ were estimated. DPV was compared to HPLC analysis, 
leading to a satisfactory result in terms of stability and sensitive response. As a novel aim, a combined electrochemical 
method for environmental application has been developed in order to oxidize and detect BQ using diamond films. A 
set of galvanostatic electrochemical oxidation experiments with 130 mL of BQ solution were accomplished in order 
to understand the effect of current density (j), the concentration of the pollutant and the initial pH using different 
electrolytes with similar conductivity. The results demonstrated that increasing j accelerates the BQ removal because 
of the rising of electrogenerated •OH. However, at the highest j value, parasitic reactions were also enhanced as well 
as the treatment cost. The increasing concentration of BQ led to generation and accumulation of a greater amount of 
intermediates and by-products. Therefore, those compounds are also competing with the BQ molecules to react with 
the same amount of •OH radicals, decreasing removal efficiency. Regarding the initial pH conditions using different 
electrolytes with the same conductivity, it was verified that the BQ removal with Na2SO4 was similar regardless of 
the pH used. Meanwhile, the BQ removal was affected by the initial pH using NaCl, since the electrogeneration of 
certain oxidizing species is pH-dependent. An experiment using the both salts, maintaining the same conductivity, 
revealed a mixed character of the two pure supporting electrolytes; however, the determination of BQ concentration 
was not affected via BDD-electrochemical sensor. Although the NaCl medium promotes faster COD removal, higher 
current efficiency as well as lower energy consumption; Na2SO4 was selected as the most suitable supporting 
electrolyte, because it avoids the formation of recalcitrant compounds such as organochlorines which may be more 
toxic than the starting compounds. The optimal operating conditions were achieved at 33.3 mA cm-2, 100 mg L-1 of 
BQ at pH 5.0 with 50 mM Na2SO4. Additionally, the evolution of short-chain carboxylic acids of that test was 
followed over time in order to suggest a possible degradation route.  
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Abstract 
The presence of pharmaceutical and personal care products (PPCPs) in the environment suppose a significant 
environmental risk. Therefore, PPCPs are considered emerging contaminants (ECs), and their presence in the 
environment is mainly due to the inefficiency of the conventional wastewater treatment plants [1]. For this reason, 
many researches based on ECs removal are being carried out. In recent years, electrochemical oxidation processes 
are becoming a promising technology to solve this problem. Nowadays, the most used anodic material is boron-
doped diamond (BDD), due to its high reactivity, great oxygen overpotential and high chemical stability. However, 
the main drawback of this material is its high cost and its difficulty in the manufacture. 
In previous work, new manufactured ceramic electrodes based on SnO2 doped with Sb were studied for an antibiotic 
(Norfloxacin) degradation [2], and the results obtained showed that this anodic material is able to remove this EC. In 
this work, the same electrodes will be studied with another EC, Atenolol (ATL), a drug belonging to the group of 
beta-blockers used for the treatment of cardiovascular diseases, at different Na2SO4 concentrations and applied 
current densities (i). The mineralization degree is calculated by the measurement of Total Organic Carbon (TOC). 
The results obtained are very different depending on the type of electrode (Fig. 1). For the BDD electrode, a greater 
TOC decrease is achieved with the highest concentration of supporting electrolyte, and this difference was more 
notable at lowest current density. On the contrary, using the ceramic electrode, an increase in the concentration of 
the Na2SO4 decreases the TOC values. This is due to the ability of each electrode to oxidize the medium to 
persulfates, which also act as oxidants. For both electrodes, a greater TOC decrease was achieved at higher i values. 

Fig. 1. Evolution of the relative concentration of TOC as a function of time for (a) BDD electrode and (b) ceramic electrode at 
different Na2SO4 concentrations. Empty points represent 33 mA·cm-2 and solid points 83 mA·cm-2. 
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Abstract  
During the last few decades, the electrochemical assisted coagulation process have undergone rapid development as 
an environmentally friendly option for a wide range of applications such as the treatment of drinking water, different 
types of industrial wastewater, urban wastewater and reclaimed wastewater. It is based on the action of a chemical 
reagent generated by electrodissolution of the anodic material (usually iron or aluminium) in an electrochemical cell 
and exhibits clear advantages vs. conventional chemical coagulation [1]: specifically lower chemical dosing 
requirements, limited increase (or even decrease) in the ionic conductivity, better pH control and a lower operational 
cost.  
Although there are lots of publications regarding electrocoagulation [2], they are focused on the removal of specific 
pollutants and not on the development and design of new reactor approaches. Thus, the design of new approaches 
that help to decrease both the environmental impact of industrial activities and the cost of existing water treatment 
technologies is becoming a key aspect of research.  
In this work we are facing the electrochemical dosing of 
coagulants for electrocoagulation processes in order to be 
applied in the coagulation of a reclaimed water. In order to 
attain the required dose we have evaluated different proofs of 
concept, including the use of iron powder in the first device 
developed, called “ECU”(Electrochemically-assisted 
Coagulant – production & dosing Unit) to iron sheets in the 
second, named “i-ECU” (improved- ECU). In the first case, 
was exhibited a good performance in the dosing of coagulants 
regardless of the ionic conductivity of the water matrixes 
tested (within the range 100 µS cm-1 to 1000 µS cm-1) 
covering a wide range of potential real surface waters [3]. In 
spite of ECU’s promising results, the dose attained was far 
away than the target value of 20 g/h that was required for the 
treatment of 900 L/h of highly fecal-polluted water. For this 
reason the second device was developed, it has been made with PVC materials follow a cylindrical devices geometry 
equipped with two bend Mixed Metal Oxides electrodes (MMO) directly connected to a power supply with cast iron 
plates, which behave as bipolar electrodes that inserted in the centre of the cylinder. This reactor has been tested in 
continuous and discontinuous mode achieving a promising iron production of 20 g/h with a flowrate of 10L/h. 
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Fig. 1 ECU(left) and i-ECU(right) 
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Abstract 

In the last half century, fish consumption has been twice as high as population growth; recent data report that fish production in 
2016 reached record-high per capita consumption of 20.3 kg. In this context, the United Nations’ 2030 Agenda for Sustainable 
Development remarks the 17 Sustainable Development Goals as totally necessary to address the high world growth. Food and 
agriculture are key to achieving many of them, and they are directly connected to fisheries and aquaculture [1] . Intensive fish 
production and the sustainable development of aquaculture has pushed up the rapid technological development of Recirculating 
Aquaculture Systems (RAS). Even so, a meticulous water treatment is essential for maintaining the accurate water quality for 
aquatic organisms, and consequently, different techniques have been applied in aquaculture industry: selective ion exchange, 
flocculation, reverse osmosis, bio-filtration and membrane bioreactors, among others. These technologies, however, are not 
exempt of some drawbacks such as high cost of operation, biological upsets, frequent use of reagents, biofouling or limited 
efficiency in dynamic operation of RAS that make necessary, in several cases, additional water treatment. 

Electrochemical oxidation appears as a promising alternative in marine RAS aquaculture, because of the capacity to minimize 
water and energy consumption. Moreover, the electrolysis operating conditions can be easily controlled, facilitating  its adaptability 
to dynamic systems. Previous investigations have shown that the in-situ electro-generation of chlorine enables the complete 
removal of ammonia compounds [2]. Even though,   as it happens in any water chlorination process, the generation of undesired 
trihalomethanes (THMs) is a matter of concern [3]. Therefore, here we report a deep study on the formation of these hazardous 
disinfection by-products (DBPs) when electro-chlorination of RAS waters is conducted for the removal of ammonia.  

This research comprised several specific objectives. The first stage was focused on the development and validation of an analytical 
method for the accurate quantification of four trihalomethanes (chloroform, bromodichloromethane, chlorodibromomethane and 
bromoform) in seawater. The technique included solid-phase micro-extraction (SPME) of THMs from seawater samples with a 
polydimethylsiloxane/divinylbenzene fiber, as injection method to the gas chromatograph that was coupled to a mass spectrometry 
(GCMS) detector. Next, the generation of trihalomethanes during the electrochemical treatment of marine seawater was studied 
in two different scenarios of its application to RAS: i) bulk electrochemical ammonia removal, and ii) external electrochemical 
generation of chlorine and subsequent ammonia removal using breakpoint chlorination conditions. Overall, the obtained results 
correlated in both configurations the removal of nitrogen species to the formation of undesirable halogenated by-products. Thus, 
this work provides the guidelines for the design of the optimum electrochemical RAS water treatment, explaining the main reasons 
and the strategies for minimum generation of harmful by-products. 
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Abstract 
Conventional photoelectrocatalysis (PEC) has low oxidation ability to degrade organic pollutants because the 
photoanode produces a small photocurrent under UVA light irradiation. Recently, titania nanotubes have shown 
greater effectiveness, owing to their larger surface area providing more active sites for both, adsorption and charge 
carrier generation [1,2]. This communication describes the synthesis of titania nanotube arrays (TiO2 NTs) grown on 
a Ti plate upon short-time anodization, their characterization by means of several techniques and their good 
performance as photoanode in a PEC/photoelectro-Fenton (PEF) treatment of Indigo Carmine. The solutions of the 
dye were prepared with Na2SO4 in ultrapure water, at pH 3.0, and were placed in an electrochemical cell equipped 
with the aforementioned anode and an air-diffusion cathode that ensured a continuous supply of H2O2 from the two-
electron reduction of O2 gas. The degradation ability of the hybrid PEC/PEF process was elucidated by comparing 
the performance of single treatments like PEF, electro-Fenton (EF) and electrochemical oxidation with 
electrogenerated H2O2 (EO-H2O2) in cells equipped with a Pt anode. First, it was necessary to evaluate the stability 
range for the photoanode, since excessively high cell voltages cause its passivation due to the growth of thick and 
resistive titania layers. Hence, the photoanode was stable at low current density up to 3 mA cm-2 under irradiation with 
a 36-W UV LED lamp. Cyclic voltammograms revealed that the anode showed photoelectroactivity from an anodic 
potential of +0.20 V|SCE. Color removal by EO-H2O2 and PEC at 3 mA cm-2 was much slower than that found in 
EF, PEF and PEC/PEF. This can be explained by the high oxidation power of •OH formed from Fenton’s reaction 
in the presence of Fe2+ as catalyst. HPLC analyses allowed concluding that the disappearance of the dye agreed with a 
pseudo-first-order kinetics. The rate constant for decolorization was slightly lower because of the formation of colored 
products. The mineralization rate increased in the following order: EO-H2O2 << EF << PEF < PEF/PEF. The 
oxidation power of the photogenerated holes at the TiO2 NTs surface was greater than that of the Pt(•OH) generated 
on Pt from water discharge. A slower mineralization, color and dye concentration removal were found at 2 mA cm-2. 
However, the final mineralization degree was close to that obtained at 3 mA cm-2 (>90% in both cases at 8 h). Isatin-
5-sulfonic and formic acids as main products were released along with SO42- and NH4+ ions.
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Abstract 
Titanium dioxide is widely used in water treatment for both microcontaminants removal and bacteria inactivation 
due to its effectiveness and low cost. The mechanism is based in the irradiation of titanium dioxide with an UV 
source. Photons excite an electron that promotes from the valence band to the conduction band generating a 
positively charged hole [1] that in turn reacts with water generating hydroxyl radicals (E○=2.80 V vs. SHE) able to 
oxidize non selectively organic matter.  

The recombination of electrons and holes entails a lost in the efficiency of the process that could be avoided 
through the application of an electrical bias which maintain an electron flow preventing its recombination and 
increasing holes quantity. Most studies address this photoelectrocatalytic (PEC) process taking into account only the 
reactions in the photoanode, trying to improve the process by increasing the electrode surface using a mesh instead 
of films or by doping the TiO2 [2], but this work also considered the enhancement achieved by the use of a carbon-
based cathode, well known for its capacity to produce hydrogen peroxide.  

Combining both processes, a PEC reactor at lab scale has been developed with a double anode of TiO2 nanotubes 
and a carbon felt cathode (Fig. 1) with the aim of water disinfection and decontamination. Terbutryn, 
chlorfenvinphos, and diclofenac (500 µg L-1 each) and E. coli K12 (106 CFU mL-1) were used as pollutant targets, 
evaluating the enhancement achieved in the kinetics of microcontaminants removal and bacteria inactivation 
regarding photocatalysis and PEC with a counter electrode, in addition to study the radicals production.  

Fig. 1.  (a) Experimental set-up: (1) power supply (2) PEC cell (cathode in black, anodes in red), (3) blower, (4) UVA lamps. (b) 
PEC rector with carbon felt cathode detail. 
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Abstract 

The balance between the CO2 produced and consumed on earth has gradually been disrupted, leading to a higher 
concentration of CO2 in the atmosphere and making global warming a pressing issue.  The recycling of CO2 by photo-
electrochemical reduction (using sunlight to transform CO2 into its reduced forms) has attracted wide interest due to 
its potential benefits when compared to electrocatalysis or photocatalysis approaches.1 Among the different available 
semiconductors, TiO2 is the most employed semiconductor in photo-electrochemical cells because of its wide band 
gap (3.0 eV). It is also considered a cheaper and more environmental friendly material.2 Besides, Cu is a well-known 
catalyst for alcohols and hydrocarbons production from CO2 electroreduction.3 

In this study, a solar driven photo-electrochemical cell consisting on a TiO2 photoanode (3 mg/cm2)/carbon paper 
and a Cu plate cathode (10 cm2) separated by a proton exchange Nafion 117 membrane was employed to reduce CO2 
to carbon products continuously under UV illumination using 1M KOH as reaction medium. The differences in 
current between the illuminated and dark conditions in Figure 1a represent the maximum attainable photocurrent in 
the system. The current density increases as the photogenerated electrons are driven away from the anode to the Cu 
plate by an external bias. The continuous photo-electrochemical reduction process in the filter-press cell is evaluated 
in terms of reaction rate and Faradaic Efficiency (FE), with CH3OH and C2H5OH, as well as H2, CO and C2H4, as the 
main liquid and gas-phase products (Figure 1b).  

Fig. 1. (a) j-E characteristics of the TiO2/carbon paper photoanode in the dark (black) and under 100 mW/cm2 illumination 
(yellow) (a), and (b) FE for the liquid and gas-phase products obtained at different E levels. 
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Abstract 
Perfluoroalkyl chemicals, such as perfluoroctanoic acid (PFOA), have been widely employed in the synthesis of 
fluoropolymers and fluoroelastomers, as surfactants in fire-fighting foams, and in textile and paper production to 
provide water, grease, oil and/or dirt repellency surfactants. PFOA possesses very interesting properties for the 
chemical industry, such as amphiphilicity, stability and surfactant capacity. Nonetheless, PFOA has been recognized 
as an emerging environmental pollutant and has been included in the European Candidate List of Substances of Very 
High Concern (‘SVHC’) after being detected in natural streams, tap and bottled water all around the world. Nowadays, 
our challenge is to develop highly efficient and cost-effective processes for the elimination of these perfluorinated 
substances.  
PFOA degradation by conventional advanced oxidation processes is not simple, as the C-F bond confers a high 
stability and resistance to the pollutant. Santos et al. found a very low efficiency using the Fenton process by itself [1]. 
So far, PFOA electrooxidation has been successfully carried out in various systems, as shown in Table 1. Nonetheless, 
these experiments employ a high electrolyte concentration, which makes difficult to dispose the effluents. 
Furthermore, different cathodes have employed, without analyzing their influence on PFOA degradation. H2 electro-
generation by water splitting may take an important role in the hydrodefluorination of PFOA, this would explain the 
high defluorination obtained by Xiao et al [4], employing Pt cathode. This work aims to gain knowledge in this issue 
working at low electrolyte concentration (Na2SO4: 3.5 mM) and studying the influence of the cathode material (BDD, 
Pt, Zr, stainless steel) in PFOA degradation, working at [PFOA,0] = 100 mg·L-1, T: 25ºC and Q: 10.8 kC/L.  

Table 1. PFOA electro-oxidation with BDD anode 
[PFOA]0 (mg·L-1) Cathode Operating conditions Results Ref. 

50 BDD 1.4 g/L NaClO4 (32ºC), Q= 27 kC/L XPFOA: 100% XF-: 58% [2]

100 W 1.4 – 8.4 g/L NaClO4, 5 g/L NaSO4 (20ºC) 
Q = 91-363 kC/L 

XPFOA: 93%, XTOC: 95% 
XF-: 38% [3] 

100 Pt 7.1 g/L Na2SO4, (80-120ºC) 
Q = 6 kC/L 

XPFOA: 95%, XTOC: 90% 
XF-: 90% [4] 

At the selected operating conditions, there was a complete PFOA elimination with a similar trend for all the systems. 
Nonetheless, the activity in terms of mineralization and defluorination significantly varied when changing the cathode. 
In this sense, the cathodic activity trend was: Pt > BDD > Zr > Stainless steel, achieving a maximum 60% F- removal 
and 76.1% mineralization using Pt. Further experiments showed a great influence of the initial pH and temperature 
on the process kinetics. Based on our results, we can affirm that the reduction processes carried out in the cathode 
play an important role on the abatement of perfluorinated substances.  
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Abstract 
Over the past years, several efforts have been focused on the remediation of effluents polluted with organic 
compounds. However, the environmental damage the inorganic ions occurrence causes on the environment has been 
overlooked. In fact, ions such as nitrate, phosphate or sulphate can provoke anoxic conditions or eutrophication which 
leads to excessive algae growth and to last term, diseases in humans [1]. Capacitive deionization is proposed as a quick 
alternative to eliminate ions from waters by electric field application, using a porous carbon anode to capture those 
anionic ions (Fig. 1-A).  
As every adsorption-based process, the regeneration of the spent absorbent (Fig. 1-B) is indispensable to have an 
efficient cyclic process. For that, switching the polarity of the electrodes was proposed (Fig. 1-C), to attain the ions in 
a more concentrated solution which would be used to other aims.  

 

Fig. 1. Schema of the capacitive deionization process (A), spent carbonaceous material (B) and regeneration step (C). 

The aim of this research was to evaluated commercial aerogels (Nanoquimia S.L.) for the adsorption of NO3-, SO42- 
and PO43- (100 ppm). For that, different materials were tested which varied in terms of BET area, point of zero charge, 
buffering capacity, etc. After having selected the best aerogel anode, the absorption capacity was optimized by selecting 
properly the reactor configuration and the applied voltage. Under the optimal conditions, an uptake of 5 mgeach

ion/gaerogel was achieved and a real wastewater effluent was treated, reducing astonishingly its conductivity and hence 
the ions content. For the complete regeneration of the aerogel, different alternatives were evaluated such as decreasing 
the pH, varying the applied voltage from 0.1 to 10 V, etc. The regeneration of the aerogel was successful during 5 
batches, demonstrating the feasibility of the process to treat large amounts of wastewaters.  
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Abstract 
Conventional monitoring techniques for regular diabetes checkup use blood samples and consist of invasive 
methods causing reluctance among patients. Research efforts have to be addressed in order to develop non-invasive 
glucose sensors [1], but the preparation of electrodes able to detect very low glucose concentrations in fluids like 
saliva, sweat and tears, is an enormous challenge. In previous studies, the role of a plasma-treated poly(ethylene) (PT-
LDPE) as mediator in enzymatic glucose biosensors based on glucose oxidase (GOx) and glassy carbon substrate 
was reported [2,3]. Results indicate that plasma-induced changes facilitate the electrocommunication between the 
enzyme and the substrate. The enzyme was physically adsorbed onto the surface of the plasma-treated polymer and, 
even though the limit of detection (LOD = 1.3 mM) was satisfactory, the reliability and applicability of the sensor 
was severely limited by the procedure used to immobilize the enzyme. The absence of chemical bonds between the 
enzyme and the mediator makes it necessary to deposit a large amount of enzyme. Prompted by this consideration, 
in the present work [4] the chemical immobilization of the GOx onto the PT-LDPE mediator, which allowed us to 
significantly reduce the amount of enzyme, to improve the limit of detection and to facilitate the handling, is 
reported. Electrochemical detection assays (cyclic voltammetry and chronoamperometry) have been conducted using 
physiological solutions with a very low glucose concentration (0.05-1.3 mM), pH 5.5 and 37 ºC, mimicking the 
conditions required to monitor glucose in sweat. Results allowed us to find that the optimal response was achieved 
for the GOx/PT-LDPE/GC sensor prepared using an enzyme concentration of 5 mg/mL, while the LOD was 
clearly lower than 0.05 mM. 
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Abstract 
Resource recovery from wastewater treatment with zero carbon footprint is becoming a challenging goal in alternative 
wastewater treatment platforms. Interestingly, purple phototrophic bacteria (PPB) have been reported to be suitable 
for simultaneous wastewater treatment and assimilative biogas upgrading, thus considerably decreasing the C footprint 
of the treatment [1]. Likewise, previous results obtained by Vasiliadou et al. (2018) suggesting that CO2 fixation was 
the main metabolic pathway of PPB for electron acceptance [2].  
This work aims to study wastewater treatment of a mixed biofilm of PPB via cathodical bioelectrosynthesis fuelled by 
infrared radiation, coupled with CO2 fixation. The influence of the redox potential on the PPB behaviour will be 
deeply studied in a broader redox potential up to -0.8V. The bielectrochemical experiments were carried out in a 
standard  
1 L H-cell device with the purpose of promoting an electron 
uptake of PPB from the bio-cathode. A graphite bar, Ag/AgCl and 
Ti/Pt were used as working, reference and counter electrodes, 
respectively. Working voltage was controlled through a 
potentiostat and to record the data. The redox potential applied 
was -0.8 V (vs Ag/AgCl). The bio-cathode was continuously 
agitated and illuminated with infrared lamp (20 W/m2). In order 
to check the influence of redox potential on the 
bioelectrochemical system, cyclic voltammograms will be carried 
out in the bio-cathode in a daily basis between -1.0 to 0.8 V. A 
synthetic wastewater containing malic acid and Na-glutamate as 
carbon and nitrogen sources, respectively, was used as a culture 
medium in optimal COD:N (100:15), according to [2]. 
Figure 1 shows the cyclic voltammogram of bioelectrochemical 
and control electrochemical systems after several weeks of 
operation. The results evidences an interesting negative signal at -
0.8V, indicating the influence of the voltage on the PPB 
metabolism. These preliminary results have promoted the study at 
this redox potential evaluating not only the capability of CO2 
fixation, but also the simultaneous degradation of organic 
substrates from simulated wastewater. 
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Fig 1. Cyclic voltammogram during bio-
electrochemical and control electrochemical operation 

after 3 days of operation. Redox potential -0.8V. 
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Abstract  
The continuous growing presence of micropollutants in wastewaters at trace concentrations all over the world, as it is 
the case of pharmaceuticals, has become an environmental issue due to the difficult treatment in wastewater treatment 
plants [1]. Their low concentration and the large volume of water to be treated make necessary the application of low-
cost technologies that enables concentrate and remove these micropollutants from aquatic environments. In this 
study, adsorption is proposed to overcome the above mentioned drawbacks.  
Carbon aerogel is a mesoporous amorphous carbon material (porosity up to 62-68%) with a huge amount of internal 
void spaces, a vast surface area-to-mass ratios and remarkable low densities. These features make aerogels excellent 
materials for a wide range of applications such as adsorbents or filters [2]. For this reason, commercial carbon aerogel 
NQ40 with a honeycomb structure (Fig. 1) was evaluated for treating by adsorption a selected model, the widespread 
use pollutant fluoxetine (FLU), which is included in the Model List of Essential Medicines, recently published by the 
World Health Organization.  

Fig. 1.  Carbon Aerogel NQ40. 

The adsorption process was monitored and the kinetic parameters were studied. In addition, the aerogel was 
characterized before and after the FLU adsorption process. Great adsorption uptakes were observed, obtaining an 
adsorption ratio of roughly 90%. Due to the strong interaction adsorbate-adsorbent, which make difficult to 
accomplish a desorption process using traditional solvents, Fenton process was assessed as a viable alternative with 
the purpose of regenerating and reutilizing the carbon aerogel NQ40. Therefore, the direct degradation of the 
pollutants on the solid matrix was carried out by Fenton treatment by addition of iron and hydrogen peroxide. Results 
showed that the process achieved almost a 100% of regeneration of the NQ40 with total degradation of FLU. Finally, 
the reutilization of the regenerated adsorbent during several cycles of adsorption-pollutant degradation process was 
effectively accomplished. This fact confirms the suitability of the developed process as a viable alternative in the 
treatment of the selected micropollutant. 
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Abstract 
The use of pesticides in an uncontrolled way in recent decades has caused health effects both ecosystems and humans. 
Currently, many of the most harmful pesticides have already been banned for their effects. However, the problem is 
still very present because pesticides are part of the so-called emerging pollutants, whose main obstacle is that the 
current wastewater treatment plants are not designed to eliminate these micro-contaminants. Several treatment 
alternatives to eliminate these compounds have been emerging, and electrochemical advanced oxidation processes 
(EAOPs) are standing out as high capacity methods in the degradation and mineralization of micro-contaminants [1]. 

In this study, the degradation of the pesticide 2-phenylphenol (PHN) was evaluated through three different EAOPs: 
anodic oxidation (AO), AO with electrogeneration of hydrogen peroxide (AO-H2O2) and electro-Fenton (EF). For 
each one of them, the performance of different metallic (zinc, nickel) and non-metallic (carbon felt) materials as 
cathode electrodes and boron doped diamond material as anode electrode were studied. Moreover, the use of these 
transition metals as catalysts was also considered for EF. 

Initially, the selected cathode materials were used for the degradation of the selected pollutant by AO. The obtained 
results showed a better performance of zinc and carbon felt electrodes in comparison with nickel electrode attaining 
PHN removal values close to around 65% after 120 min. Then, the efficiency of the AO was improved by the in situ 
electrogeneration of hydrogen peroxide. These experiments reported an improvement of at least 10% in the removal 
efficiency for all the materials. Those facts were reinforced by the measurement of hydrogen peroxide generation with 
showed similar production values for nickel and zinc and higher values for carbon felt. After that, the enhancement of 
the treatment was carried out by EF using all the materials abovementioned as electrodes, and the metallic materials 
also as catalysts. The results showed a greater efficacy with the EF after studying in depth all the treatments, being the 
most competent the carbon felt. Once the best technique was selected, the design of the reactor and the operational 
variables affecting the process (current intensity, pH, catalyst concentration, etc.) were studied and the process was 
optimized. 

Under the best conditions, a high elimination of the contaminant was achieved using EF process with carbon felt as 
cathode, which reached around 95% PHN elimination after 120 min, with the nickel catalyst as the most efficient. 
These facts confirm the suitability of the process developed as a feasible alternative in the treatment of the selected 
micro-contaminant. 
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Abstract   
In recent decades, advanced oxidation processes (AOPs) have aroused great interest among the scientific community 
as alternatives to conventional wastewater treatments. They are based on the generation in situ of mighty oxidants, 
such as hydroxyl radicals (HO•) or sulfate radicals (SO4-•), which attack the pollutants until their mineralization. Lastly, 
sulfate radicals-based technology has attracted the attention due to these radicals have higher reduction potential and 
longer half-life than hydroxyl radicals [1]. They can be produced through the activation of persulfate (PS; S2O82-) and 
peroxymonosulfate (PMS; HSO5-). Up to date, several methods have been reported in literature, such as metal ions, 
UV radiation, ultrasounds and electric field [1]. 
The objective of this study was to evaluate the potential of sulfate radicals, generated by the activation of PS and PMS 
through different activation methods, for the removal of organic pollutants. To this end, various contaminants were 
selected: the dye lissamine green, the drug prednisolone and the ionic liquid 1-butyl-1-methylpyrrolidinium chloride 
[bmpyr]Cl. The activation procedures employed in this work are shown in the Figure 1. 

Fig. 1.  Activation of persulfate (S2O82-) with iron supported by amberlite (left) and activation of peroxymonosulfate (HSO5-) 
with iron under an electric field (right). 

In order to evaluate the PS activation, the dye and drug degradation was carried out using iron as activator. The 
experiments were made in two modes: homogeneous and heterogeneous. In the second case, the resin amberlite IR120 
Na+ form was used as carrier material. For both compounds, a reduction of 85% was achieved in 25 min. Hereunder, 
the PMS activation was studied through the combination of iron and the electric field. In this instance, the removal of 
[bmpyr]Cl was accomplished. For it, different trials were assessed for setting the optimal parameters, such as PMS 
concentration, source of iron (pyrite, goethite and magnetite) and current intensity. In the best conditions, a removal 
of 44% was attained in 30 min, proving that this system is a promising methodology for these kind of pollutants. 
The obtained results confirmed that both technologies are promising alternatives on the degradation of these pollutants 
in a short treatment time and open the possibility to operate in flow systems. 
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In this study, WO3 nanostructures have been synthesized using electrochemical anodization. The conditions that 
were applied to carry out the synthesis were a temperature of 50⁰C, 20V, an electrode rotation speed of 375 rpm, 
1.5M H2SO4 and 0.05M H2O2 as electrolyte. Then, the annealing conditions in a post-anodization step were 400⁰C 
and an air atmosphere. 
These nanostructures have been characterized by different techniques to analyze their morphology and 
their photoelectrochemical properties. Raman spectroscopy technique has been used to verify the 
composition and crystallinity of the nanostructures whereas field emission scanning electron microscopy (FE-SEM) 
has been used to analyze its morphology. Finally, impedance measurements have been used to study the 
electrochemical and photoelectrochemical properties. 
In the last part of this study, these nanostructures have been applied for pesticides degradation (chlorfenvinphos and 
bromacil) due to their recalcitrant nature and high acute toxicity, by the technique known as 
photoelectrocatalysis using visible light. Finally, UV-Vis spectroscopy has been used to observe the pesticide 
degradation evolution. 
As a result, a pseudo-first order kinetic degradation was obtained with kinetic coefficients of 0.402 h−1 and 0.324 h−1 
for chlorfenvinphos and bromacil, respectively. However, these degradation coefficients varied when the solution to 
be degraded was a mixture of both pesticides and the new kinetic coefficients have been 0.162 h−1 and 0.408 h−1.  It 
was observed that in the case of chlorfenviphos the coefficient was reduced in the mixture solution while for the 
bromacil this coefficient was increased. It could be indicative of a competitive process between the two pesticide 
molecules when interacting with the WO3 nanostructures surface or when approaching 
the semiconductor/electrolyte interface. 
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Abstract  
Vitamin B3 is an essential micronutrient responsible for energy metabolism and plays a key role for 
skin, gastrointestinal tract and nervous system; therefore, must be provided daily from food diet or from 
supplements. In the unlikely case of developing a nutritional disorder due to vitamins B3 deficiency, symptoms like 
dermatitis, diarrhea, and dementia can be experienced. Pharmaceutical and food products with vitamin B3 
microparticles content can be a solution for the treatment of deficiency and even for prevention. 
The aim of this study was to microencapsulate vitamin B3 using 6 biopolymers as encapsulating agents. The 
selection of biopolymers included the following compounds: chitosan, gum arabic, maltodextrin, modified 
chitosan, sodium alginate and pectin. Vitamin B3 loaded microparticles were produced with a a Mini Spray-Dryer 
BÜCHI B-290, a lab-scale equipment.  

Fig. 1.  Schematic representation of spray-drying process 

The product yield varied between 45 (chitosan) and 58% (gum arabic) and the encapsulation efficiency reached almost 
100% for all encapsulating agents. In terms of morphology were observed the following characteristics: regular 
spherical shape or irregular spherical shape, with smooth surface or with rough surface and hallows. The size of the 
microparticles ranged in the interval 0.11 (pectin) and 0.84 µm (sodium alginate). Controlled release studies of vitamin 
B3 were performed in deionized water (22 °C) and simulated gastric fluid (37 °C). The time required for vitamin B3 
to be released varied from some minutes till several hours. Some kinetic models like Zero order, Higuchi, Korsmeyer-
Peppas and Weibull were tested. Although all models showed good fitting to the experimental data, the best results 
were noticed for Weibull model. After 4 months of storage, the release tests were repetead and was registered a mass 
loss lower than 20%. This research reported significant results and proved the success of microencapsulating vitamin 
B3 with different encapsulating agents. 
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Abstract 
Sesame seed residue obtained from supercritical carbon dioxide extraction of sesame oil was used to extract bioactive 
compounds using hot compressed water. The main non polar lignan in sesame oil are sesamin, sesamolin and sesamol 
respectively. While Sesaminol triglucoside and sesaminol diglucoside are the two main polar lignans in sesame cake. 
Here the objective was to extract the polar bioactive compounds and lignans from sesame cake using water at high 
pressure and temperature and compare it with conventional extraction method. Hot compressed water was used at a 
pressure of 10MPa and temperature of 120 to 1800C, extraction time of 30 to 90min and pH of 4~9. Sample extracts 
were characterized for color scale, pH, total phenol and total flavonoid contents. HPLC and GC-MS were used for 
extract composition analysis and characterizations. Higher bioactivity content in terms of TPC and TFC were obtained 
from hot compressed water extraction than conventional extractions. The antioxidant test assays such as DPPH, ABTs 
and ORAC assays were also performed. Several other phenolic compounds, organic acids and aromatics were also 
revealed through GC-MS analysis. Finally, the anticancer effect was tested on human breast cancer cells (MDA MB 
231) and on normal cell lines (HDF). The live/dead cell assay was used to investigate the anticancer effects. In both
cases, hot compressed water extracts showed significant reduction in the number of cancer cells with minimum effect
on the normal cells.
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Abstract 
Agricultural processing inevitably generates a large amount of agri-food residues (e.g. around 90 million residues per 
year are produced in Europe [1]), which may represent an important problem of waste disposal. In recent years, there 
has been an increasing interest in added value compounds that can be found in most of these residues. Many of them 
have health-promoting molecules, such as phenolic compounds, which are attractive due their powerful antioxidant 
properties [2]. The growing interest of their properties has motivated this study, based on the revalorization of agri-
food waste. In particular, the recovery of polyphenols from fruits and vegetables specifically orange and spinach, 
respectively. For this reason, the aim of the present work is to establish the optimal extraction conditions using 
different extraction techniques, as ultrasound-assisted extraction (UAE), microwave-assisted extraction (MAE), and 
pressurized liquid extraction (PLE). Those techniques are innovative extraction alternatives, reducing considerably the 
use of solvents and/or accelerating the extraction process [3]. 
To investigate the best conditions for the extraction of polyphenols from orange and spinach wastes, by three 
techniques, several parameters were tested: mixture ratio based on ethanol(EtOH)/water(H2O)/hydrochloric acid 
(HCl) ,extraction time and temperature as shown in Table 1. 

Table 1. Operational conditions used in this study. 
UAE MAE PLE 

Solvent (EtOH/H2O/HCl (v/v/v)) 40:60:0 
60:39.9:0.1 
80:39.5:0.5 

0:99.9:0.1 
40:59.9:0.1 
60:39.9:0.1 

40:59.9:0.1 
60:39.9:0.1 
80:19.9:0.1 

Time extraction (min) 5, 15, 30 5, 15 5, 10, 15 
Temperature (ºC) --- 60, 90, 120 80, 100, 120 

After the experimental trials, the best results for the orange matrix were using a mixture ratio of 60/39.9/0.1 (v/v/v) 
during 15 min at 80ºC when using PLE technique, whereas UAE was the optimum extraction process for polyphenol 
extraction from spinach matrix ( 80/19.9/0.1 (v/v/v) for a time extraction of 30 min. 
Then, it can be pointed out that the most suitable technique for polyphenols extraction from the orange matrix was 
PLE, whereas for spinach matrix UAE could be a convenient approach. 
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Abstract 
Wine and olive oil industries generate large amounts of solid and liquid wastes. The unsuitable waste management of 
these residues is harmful for the environment. On the other hand, they are rich in bioactive compounds, such as 
polyphenols [1]. Polyphenols are of interest to the food, cosmetic and pharmaceutical industries because of their 
benefits for human health [2]. For the recovery of these molecules, new non-conventional techniques appeared due 
to the growing need for the use of more efficient recovery procedures, such as ultrasound assisted extraction (UAE), 
microwave assisted extraction (MAE), and pressurized liquid extraction (PLE) [3]. In this study, UAE and MAE 
extraction techniques have been used for the recovery of polyphenols from olive pomace and wine lees from Borges 
and Torres industries, respectively. Thus, the objective of this work was to optimize the extraction of polyphenols 
and also to compare these extraction techniques. The experimental design consisted in the analysis of variables such 
as percentage of ethanol (EtOH 20, 40, 50, 60, 80%), percentage of hydrochloric acid (HCl 0, 0.1, 0.5%), 
temperature (25, 60, 90, 120°C) and extraction time (5, 15, 30 min). The quantification of the total polyphenol 
content was done by high performance liquid chromatography with diode array detection (HPLC-DAD), using 
different polyphenols as standards. UAE results indicated that the optimum extraction conditions were a mixture of 
60:39.9:0.1 EtOH:H2O:HCl (v/v/v) for olive pomace and 80:19.5:0.5 EtOH:H2O:HCl (v/v/v) for wine lees, an 
extraction time of 30 minutes at room temperature for the two matrices. In regard with MAE, the best extraction 
conditions were 90°C for 30 minutes at the same solvent proportion previously mentioned for each matrix. 
Comparing the results of polyphenols concentration with these extraction techniques it could be concluded that the 
best procedure is the UAE for the two types of matrices. 
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Abstract 

It is expected an increase in the egg white consumption due to be a fat-free product with a high protein content that 
fits perfectly to the healthy diet that is being promoted by the medical authorities and mass media. On the other hand, 
raw egg yolk could be perceived as an undervalued product owing to its high fat and cholesterol content, and in the 
long run its profitability may be compromised. In this scenario, any process able to increase the value of the egg yolk 
is interesting. 

Egg yolk can be easily separated by centrifugation into two fractions: the plasma and the granular one. The granular 
fraction is mainly composed of proteins and the plasma fraction has a higher content in lipids and cholesterol. While 
the plasma fraction keeps most of the functional properties of egg yolk, the protein content of the granular fraction 
could be a valuable source of bioactive peptides for the pharmaceutical and food industry. 

In this work, the granular fraction of the egg yolk was delipidated, the phosvitin, a protein present in this fraction and 
with major chelating properties was also extracted. The rest of the granular proteins, which show minor functional 
properties, were hydrolyzed using trypsin and the smallest peptides separated by ultrafiltration with several organic 
membranes and at several pHs. The yield of these ultrafiltration was assessed, bearing in mind that the smallest 
peptides usually have a higher bioactivity.   

It was achieved a protein hydrolysis degree of 10.0%, and the peptide detected with the greatest bioactivity (in silico) 
was K.MTPVLLPEAVPDIMK.M. As it was expected, the smallest peptides were efficiently separated with the lowest 
MWCO organic membranes, showing them a slight preference to permeate more at basic pH than at acid pH. Finally, 
using in silico tools the position of most of the peptides obtained in the third structure of the lipovitellin protein was 
identified (Figure 1). 

Fig. 1. Position of some peptides in the lipovitellin structure. 
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Abstract 

In this research work, the use of acid whey with different levels of pretreatment was studied as a carbon source, in lactic 
acid fermentation with Lactobacillus casei ATCC393 in batch mode, using lactose as a reference medium (all with initial 
concentrations around 50 g/dm3). The response variables were: product/substrate yield Yp/s, net lactate production 
(LA), lactose uptake (L), volumetric productivity (P) and specific growth rate µmax. It was observed how the different 
whey based mediums showed good results because all the lactose was consumed with higher yields and productivities 
than the reference medium (Table 1). In addition, this research work reports concentrated whey fermentations with 
high initial lactose levels not reported yet in the literature (106,0 g/dm3 and 185,3 g/dm3). In the first case (Figure 1.a), 
it was registered lactose uptake of 97%, net lactate production of 95,3g/dm3, product/substrate yield of 0,92g/g and 
productivity of 3,2g/dm3.h. For the initial concentration of 185,3g/dm3 (Figure 1.b), the fermentation was carried out 
in the correct way until the 48h, moment in which it was stopped due to the drastic change in the medium’s physical 
properties, when the medium becomes completely solid, due to the progressive flocculation of the calcium lactate. At 
that moment, the consumed lactose was 63% with a net lactate production of 111,5g/dm3.h and productivity of 
2,7g/ dm3.h. In general, it is worth noting that the proposed pretreatment stages in this work would improve the 
technical and economic aspects of the process, because of the evaluated concentrations allowed to reach higher lactate 
productions and productivities without having observed inhibitory effects in the microorganism. Likewise, for future 
studies, automatic pH control would be used to avoid the flocculation phenomena and to reach higher productivities 
using higher or equal lactose concentrations than 180 g/dm3. 
 

Table 1. Response variables of the lactic fermentation using different substrates. 

 Fermentation medium L (%)) LA [g/dm3] Yp/s [g/g] P [g/dm3.h] µmax. 
[h-1] 

Or. Dp. Or. Dp. Or. Dp. Or. Dp. Or. Dp. 
Lactose 100 100 41,0 40,0 0,91 0,85 1,1 0,8 0,2 0,1 

Crude whey 100 100 40,8 44,8 0,94 0,90 1,7 1,5 0,3*  0,2* 
Deproteinized whey 100 100 33,4 25,4 0,79 0,75 1,4 1,1 0,1 0,1 

Concentrated/diluted whey 100 100 45,7 42,2 0,93 0,81 1,9 1,4 0,2 0,2 
Or. (original), Dp. (duplicated), *µmax estimated from UFC/cm3. L (%lactose intake), LA (net lactate production), Yp/s(product-
substrate yield), P (volumetric productivity), µmax(maximum specific growth rate). 

Figure 1. Lactose uptake, lactate production and microbial growth kinetics in fermentations with concentrated whey to 
a) 106,6 g/dm3 and b) 185,3 g/dm3 (initial lactose concentrations).
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Abstract  
In the last decades, the production of biosurfactants in an industrial scale has grown exponentially because of their 
biodegradability, low toxicity, ecologic acceptability, and ability to be produced from renewable and cheaper 
substrates (1, 2). Biosurfactants find applications in the cosmetic, pharmaceutical, and food industries as emulsifiers, 
humectants, dispersants, and detergents (3). Moreover, they are suited for environmental applications such as 
bioremediation, dispersion of oil spills, and waste treatment (4). Among the many classes of biosurfactants, 
lipopeptides are of great interest because of their high surface activities and therapeutic potential (5). The 
lipopeptide surfactin, produced by B. subtilis strains, is one of the most powerful biosurfactants discovered so far 
(6). In addition to its exceptional surfactant activity, surfactin also shows numerous biologic properties such as 
antimicrobial (7), antiviral and antitumoral (8). 
Production cost is considered the bottleneck of many biotechnological processes. Success of biosurfactant 
production depends on the development of cheaper processes and the use of low cost raw materials, which account 
almost 50% of the product cost (9). World production of oils and fats was around of 178 million tons in 2015. Most 
fats and oils come from food industry, which generates large quantities of used frying oils. The arrangement of these 
frying oils used is a growing problem, which explains the growing interest in the use of frying oils used for microbial 
transformation. In the case study, we used residual oil sunflower (WFSFO) as substrate for production of surfactin 
using Bacillus subtilis. 
The main objective of this work is to determine the production costs of surfactin, considering a production of 4,55 
t/year, a culture medium composition as that of Table 1 and three different stages of the process: (i) the microbial 
production of surfactin; (ii) the downstream operations, which include the recovery of the biosurfactant from the 
culture broth and its purification; and finally, (iii) the drying and packaging operations. The economic evaluation of 
the process is carried out in several steps: preparing a process flow diagram, calculating mass and energy flows, 
sizing major equipment’s, estimation the capital cost, estimating the production cost, forecasting the production 
sales price and estimating the return on investment.  

Table 1. Culture medium composition 
Component Concentration (g/L) 
Waste frying sunflower oil (WFSFO) 50 
Yeast extract 5 
Peptone 0.7 
KH2PO4 1 
MgSO4·7 H2O 0.5 
CaCl2 0.1 
NaCl 0.1 
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Abstract 
The industry of olive oil, one of the main sectors in the Mediterranean countries, generates annually around 30 million 
m3 of olive oil mill wastewaters (OMW). Untreated OMW constitutes nowadays a significant environmental concern 
in the Mediterranean area due to its physicochemical properties, characterized by a high content in organic matter, 
suspended solids, unpleasant odor and dark color. A new combined process for the treatment of OMW based on 
physico-chemical operations followed by the culture of the green microalgae Chlorella pyrenoidosa is proposed in this 
work. The physico-chermical treatment included flocculation-sedimentation, photolysis and microfiltration, which 
allowed chemical oxygen demand removal percentages of 57.5%, 88.8% and 20.5%, respectively. Then, different 
dilutions of pretreated OMW (5, 10, 25, 50, 75 and 100%, v/v) were used as C. pyrenoidosa culture media on a laboratory 
scale in stirred batch tank reactors. The common experimental conditions were: pH = 7, temperature = 25 ºC, agitation 
speed = 200 rpm, aeration rate = 0.5 (v/v) and illumination intensity = 359 µE m-2 s-1. The highest maximum specific 
growth rate (µm = 0.07, 1/h) and biomass productivity (Pb = 1.25 mg/(L h)) were determined in the culture media 
with 50% of OMW (v/v). In addition, it was obtained a final biomass rich in carbohydrates, whose content ranged 
from 30.3% to 89.2%, which can be used in direct combustion or methane production. 
Table 1 shows the variation in the OMW composition during the proposed treatment process. The final treated water 
obtained after the process can be used for irrigation, discharge into receiving waters or reused in the olive oil extraction 
process. 

Table 1. Characterization of raw and OMW treated after each operation of the proposed process 

Parameter 100% olive oil mill wastewater treatment sequence 
Raw Flocculated UV Microfiltration C. pyrenoidosa

pH 8.25 - - - 8.9 
Conductivity, mS/cm 1.9 1.34 1.35 1.28 1.26 

Turbidity, FTU 714.0 53.5 21.9 2.37 14.1 
COD, mg O2/L 5839.0 2483.5 278.5 221.5 138.5 

Total phenolic compounds, mg/L 3.22 7.09 3.85 3.46 2.89 
TOC, mg/L 646 529.6 149.1 127.4 58.8 
TC, mg/L 1400 560.9 236.6 199.3 87.6 
IC, mg/L 318 31.33 87.5 71.9 28.8 
TN, mg/L 58.9 27.8 - 17.3 5.98 
Iron, mg/L 1.19 1.034 0.857 0.508 0.494 

Sulphate, mg/L 320.3 84.75 79.75 52.25 51.8 
Sodium, mg/L 0.943 0.782 0.168 0.208 0.124 

Ortho-phosphate, mg/L 43.1 21.7 21.3 - - 
Ammonium, mg/L 4.44 4.09 1.32 - 0.309
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Europe is aiming to build a single market for green products where the product’s level of sustainability is obtained 
by implementing the Product Environmental Footprint (PEF) guideline [1]. The PEF primary goal is to harmonize 
the LCA methodological choices and to provide objective criteria for comparing the environmental friendliness of 
products. However, despite the existence of (i)specific European policies, (ii) the LCA methodology and (iii) the 
PEF Category Rules to assess Dairy products (PEFCR-D) [2], the assessment is still limited due to the mandatory 
use of specific LCA software in addition to the complexities of correctly implementing the LCA methodology and 
the PEFCR-D.  

Therefore, a specialized tool to environmentally assess dairy products through their life-time in agreement PEFCR-
D was developed and used in a dairy production system in Catalonia to identify environmental hot-spots in the 
production chain. The outcomes are used to optimize the system and the product’s (raw milk, cheese and yogurt) 
environmental performance. The tool (i) accurately determines the direct farm emissions through the proper 
application of the required PEFCR-D emission models, (ii) properly links the obtained farm emissions flows to the 
PEF compliant Life Cycle Inventory Assessment methods and (iii) properly uses the official PEF compliant datasets 
for background processes. 

The case study’s results obtained with the tool shown that the dairy farm activities influence in a 79% the 
environmental performance of the raw milk production life-cycle stage; stage that has an overall impact of 80.6% 
and 66.7% over the case study’s cheese and yogurt PEF. A detailed assessment of the dairy farm activities revealed 
that manure related activities (e.g. manure storage, management and application) are the main source of emissions 
affecting the cheese and yogurt PEF in eleven out of the sixteen assessed EI categories. Nonetheless, the processing 
life-cycle stage of cheese and yoghurt is the main source of emissions affecting Ozone Depletion Potential due to 
the use of chemicals, Freshwater Ecotoxicity Potential due to the treatment of the wastewater and Ionizing 
Radiation Potential because of the electricity consumption. 

The case study single score result (including the toxicity-
related impacts) for raw milk production is similar in 
magnitude to the single score obtained from the European 
average raw milk production PEF compliant dataset. 
Similar trends were observed when analyzing the PEF of 
cheese and yoghurt in which the single score results were 
also similar to the European benchmark values presented in 
the PEFCR-D for European representative products (Fig. 
1). This demonstrates the tool’s reliability when 
environmentally assessing dairy products through their life-
time and when determining the raw milk production 
environmental footprint.  
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Fig. 1.  Case study and benchmark single 
environmental scores for raw milk, cheese and yoghurt 
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Abstract 
As part of the European project LIFE Priorat+Montsant, data from 28 vineyards from the Priorat region in 
Catalonia, Spain were collected about their production of grapes for wine to carry out a complete life cycle 
assessment (LCA) of the fabrication of wine. A study was done specifically on the pesticides used in the grape 
production to find if the practices surrounding plague control were sustainable in these vineyards or if they could be 
improved upon. 

LIFE Priorat+Montsant (LIFE15 ENV/ES/000399) is a project financed by the European Commission whose 
main objective is to develop and demonstrate a large-scale model of sustainable wine production in the region of 
Priorat through the application of a set of methodologies for the efficient use of natural resources throughout its 
value chain, which is subsequently reproducible in other wine-growing regions of the European Union. 

Most of the vineyards (20 out of 28) provided data for 5 consecutive years (2012-2016) with the rest giving data for 
2-3 years (2014/2015-2016). Nineteen out of the 28 vineyards identify as 100% ecologic, meaning they use 100%
organic farming practices. One vineyard began the process of converting to 100% ecologic in the year 2016 and
another vineyard identified as around 17% ecologic, with the rest (7 vineyards) identifying as not ecologic. The
majority of the vineyards (26 out of 28) use some form of sulphur as a pesticide treatment (in addition to other
treatments). Most use sulphur powder (dusting sulphur or wettable sulphur), a powerful fungicide against powdery
mildew. The next most common pesticide used is copper with 15 of the vineyards using either copper or copper
oxychloride, a useful fungicide against downy mildew.

A total of 11 different conventional or synthetic pesticides were reported used across 7 of the vineyards: Collis, 
Chlorpyrifos, Cabrio Top, Choke, Runner, Cyprodinil, Bayfidan, Cantus, Trial, Mancozeb and Folpet. These 
synthetic pesticides are very frequently implemented in conventional farming and even more so in the U.S. than in 
Europe, however, as more studies discover the effects these pesticides have on the environment and humans, their 
use in modern farming practices need to get reconsidered to assure sustainable farming for future generations.  

A study was done using SimaPro software to compare the environmental impacts as well as human toxicity of the 
synthetic pesticides with the ecological or organic pesticides to determine the “best” pesticides to use for sustainable 
practices. Another factor that was considered is the recommended doses for each pesticide and the actual quantity 
the vineyards use, as well as if the doses might be higher for organic pesticides than for synthetic ones. 

Additionally, a life cycle assessment was done on the vineyard that began the process of converting to 100% 
ecologic, to study the environmental benefits the change in pesticides specifically would have on the overall grape 
production process. This study as well as the comparison study between the synthetic and organic pesticides can help 
the vineyard farmers understand the environmental impacts and human toxicity of their current pesticide regimens 
and implement more sustainable practices in their grape production.   
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Abstract 
In grape production, the management of the pruning residues is often problematic due to economic and 
phytosanitary reasons. Consequently, the pruning residues are usually collected outside the vineyards to be burnt or 
chopped and left in the inter-rows using a shredder or a mulcher coupled with a tractor. The valorisation of pruning 
residues of grapevine is feasible only if the produced energy is fully exploited and locally utilised (if possible directly 
from the wine producers).  
This study assesses the environmental performances related to the valorisation of pruning residues for the 
production of heat and cold by means of a boiler and an absorption chiller. Two different management systems of 
pruning residues were considered. In the Baseline Scenario (BS), the residues are managed traditionally and, 
consequently, chopped using a multi-purpose mulcher with interchangeable knives and left in the inter-rows to be 
incorporate into the soil subsequently. In the Alternative Scenario (AS), the pruning residues are harvested by a 
pruning picker up-shredder that crumbles and collects the produced chips. After, the biomass is stored and used in a 
boiler and the thermal energy produced is used to feed an absorption chiller or directly as heat. Both heat and cold 
are used at the winery during the winemaking process. 
The main function of the studied system is the management of pruning residues. Therefore, the FU chosen was the 
area of pruning residues managed. The following activities were included in the system boundary: 1) extraction of 
raw materials (e.g., fossil fuels), 2) manufacture of the different inputs use for pruning residues management (e.g., 
tractors and agricultural machines, electricity, etc.,), 3) use of inputs (e.g., diesel fuel emissions from the different 
field operations involved in pruning residues management) as well as maintenance and final disposal of machines 
(e.g., tractors and operative machines) and devices (e.g., boiler, absorption chiller). In both scenarios, no change in 
the soil organic carbon content was considered. Primary inventory data concerning the amount of pruning residues 
available and their management as well as concerning the energy consumption (natural gas, LPG and electricity) 
during winemaking were collected by means of surveys and interviews in a social winery located in Lombardy 
(Northern Italy). Yearly, the winery processes about 5000 tons of grape produced over about 600 ha. For the 
different field operations (chopping, soil incorporation in BS and harvesting by the pruning picker up-shredder and 
transport in the AS), data about working time (h/ha) and fuel consumption (kg/ha) were collected. Secondary data 
were used for the thermal efficiency of the boiler and for the coefficient of performance (cop) of the adsorption 
chiller, the physico-chemical characteristics of pruning residues and the emissions from pruning residues 
combustion. Background data for the production of diesel, agricultural machines, boiler and chiller were obtained 
from the Ecoinvent database® v.3. Using the characterisation factors reported by the midpoint ILCD method 12 
impact were assessed. 
The comparison between the two scenarios shows that the environmental results are not univocal. More in details, 
the identification of the best scenario depends on the considered impact category. In regard to what concerns the 
energetic valorisation of wood chips produced by pruning residues, the production of thermal energy and could 
involve environmental benefits for impact categories, such as climate change, terrestrial acidification and mineral 
and fossil resource depletion. These benefits are related to the avoided consumption of heat from natural gas and of 
could from electricity at the winery. On the other hand, wood chips utilisation for energy production worsens the 
results for the impact categories affected by combustion emissions (e.g., particulate matter formation, ozone 
depletion, terrestrial and freshwater eutrophication, freshwater ecotoxicity). This worsening is remarkable, and it is 
due to the combustion in a small size boiler not equipped with specific devices for exhaust gas treatment and 
cleaning.  
Pruning residues are often a under exploited Using the LCA approach, this study evaluated the environmental 
impact of different management solutions for pruning residues of vineyard in Northern Italy (Lombardy Region). 
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Abstract  
The intensification of food production systems to supply the ever-growing population’s nutritional demand is causing 
major environmental impacts both locally and globally, such as increased greenhouse gas emissions or water depletion. 
Cities are especially vulnerable in this sense because they host 55% of the world’s population despite covering only 3% 
of the Earth’s surface area [1]. To meet this challenge, urban agriculture (UA) has risen as a partial solution that can 
develop in multiple forms. For example, vertical farming includes rooftop gardens, edible green walls, indoor farms or 
rooftop greenhouses (RTGs). However, we still know little about the environmental benefits and impacts of these 
complex food systems. However, previous literature [2] showed that the use of mineral  fertilizers is one of the main 
contributors to the global environmental impact of the system. As a consequence of intensive fertilizer use, nutrient 
discharge from the crops is particularly problematic due to water eutrophication, as has been shown by other authors 
in conventional greenhouse and open-air agricultural systems [3]. 
A circular economy approach applied to urban agriculture could help mitigate these impacts. Closing the nutrient cycle 
in hydroponic systems maintains the utility and value of scarce resources and produces a regenerative effect on the 
environment [4]. To further close resource cycles, we explore how hydroponic systems can recirculate nutrient-rich 
leachates back into the crop’s irrigation system via a closed-loop irrigation system. 
Using an i-RTG (i.e. a RTG connected with the building in terms of water and air flows), we grew two bean (Phaseolus 
vulgaris) campaigns in two different years with different water cycles: linear and closed. We studied the nutrient balances, 
yield, climatic conditions of both campaigns to study their comparability. We used the Life Cycle Assessment to study 
the environmental performance of these two different systems using the ReCiPe method [5]. 
The results denote that closed-loop irrigation systems help reduce the amount of water used in urban agriculture, 
alleviating the effects of water scarcity and reducing the water needed for agricultural purposes. In this study, we were 
able to reduce fresh water supply by 40%. On the other hand, infrastructure required for leachate recycling and 
rainwater harvesting result in high environmental impacts because of the large amounts of materials required for their 
construction. Using recycled materials presents a large impact reduction potential in some specific impact categories. 
This fact opens much possibilities for improvement of food systems in an urban context. 
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Abstract 
The principles of healthy nutrition from certified food systems is one of the pillars and priorities in the definition of 
lifestyles that improve our physical and mental wellbeing. Beyond health, our consumption patterns have also 
consequences on the sustainability of resources. Thus, it is well known that about one-third of total anthropogenic 
greenhouse gas (GHG) emissions are related to the food system [1]. That is why the consumption of food in the 
formulation of the diet should be analyzed not only from the perspective of nutritional excellence but also of 
environmental protection. GHGs derived from human diets include not only those associated with food 
production, but also with its distribution, consumption and waste management. For this reason, it would be 
advisable to analyze current consumption habits and report on their consequences with a view to promoting more 
sustainable patterns, defined by FAO as those with low environmental impact contributing both to food and 
nutritional safety for present and future generations [2]. In this sense, the main objective of this study is to evaluate 
the sustainability of the current Portuguese dietary pattern, which covers the stages of foodstuffs production, 
transport and consumption. The environmental impact is reported in terms of carbon footprint (CF) from a cradle-
to-mouth approach and taking into account the life cycle assessment methodology, while the nutritional quality is 
estimated through the Nutrient Rich Diet 9.3 (NRD9.3) index. Bearing in mind the results in both indexes, it is 
observed that the CF is relatively high and the nutritional quality should be clearly improved compared to dietary 
patterns recognized as healthy in the reference area, such as the Mediterranean and Atlantic diets. The rationale 
behind these results is associated with a much higher than recommended caloric intake (c.a., 3800 kcal·person-1·day-

1) derived from the outstanding ingestion of lard, bakery and meat. In this sense, in accordance with the guidelines 
for Mediterranean and Atlantic diets, significant changes must be tackled that include a healthier and more 
sustainable diet focused on promoting the consumption of plant-based products and olive oil as the main source of 
fats, avoiding the intake of pre-cooked and processed food.
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Abstract 
The circular economy (CE) has gained tremendous traction in the last decade from businesses, academics, NGOs and 
governments. The European Union [1] and China [2] have included it into their environmental policies and the 
Chamber of Commerce in the United States has publicly endorsed the concept [3]. However, there is also growing 
recognition that increasing circularity may not necessarily lead to improvements in environmental performance. 
The purpose of this workshop is two-fold:  
- First, to provide a synthesis of what CE entails and how can it be combined with preceding environmental
sustainability strategies and methods based on life cycle thinking. A summary of the following will be provided: CE
principles, key characteristics, its indicator as proposed by Ellen MacArthur Foundation (EMF) [4] and its relationship
with life cycle assessment (LCA).
- Second, to engage on an interactive discussion about the importance of including a thorough environmental
evaluation when considering circularity initiatives by applying life cycle thinking and adopting more than one guiding
indicator. This will be in the form of groups break outs with the following points of discussion:
1. What are the drivers for the participants to engage in Circular Economy?
2. What is missing to embrace into CE initiatives?
3. CE Cases (hypothetical or real) in which: CE will always make sense and a quantitative analysis is not needed
to determine its validity; CE will not make sense and not analytics are needed; CE will make sense only depending on
analytics.
As a group, we will draw the overall findings and conclusions from the groups’ discussion.
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Abstract 
Within the current context of climate change action, carbon footprinting (CFP) plays a key role in the design of 
current and future energy policies and plans. Nevertheless, CFP alone is not enough to soundly support long-term 
energy planning and policy-making. In this sense, significant efforts have been made by the scientific community to 
provide combined approaches that involve not only Life Cycle Assessment (LCA) but also methodologies focused 
on the evolution of energy systems. In particular, the combination of LCA and Energy Systems Modelling (ESM) has 
the potential to enrich energy planning and policy-making processes through the endogenous integration of life-cycle 
indicators into energy systems models [1]. This allows energy analysts and planners to explore the long-term 
evolution of sustainability indicators under alternative scenarios. For instance, Fig. 1 illustrates the prospective 
assessment of the carbon footprint of the Spanish power generation system under a business-as-usual (BaU) 
scenario, as well as under three alternative scenarios based on potential policy measures (viz., mandatory use of CO2 
capture systems [2] and internalisation of externalities [3]) and cross-sectoral issues (electric vehicle –EV– 
penetration [4]). Overall, this type of assessment is concluded to be a valuable support for energy planning and 
policy-making.         

Fig. 1. Evolution of the carbon footprint of the Spanish electricity production system under alternative scenarios. 
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Abstract 

Life Cycle Assessment (LCA) methodology has been used to study the environmental burdens of an 
innovative plastic upcycling process compared with other currently used waste management technologies such as 
downcycling and incineration. Plastic film converting companies generate between 8-12% of printed scrap during 
their production processes. The current waste management option is the re-extrusion by means of advanced 
technologies with ultrafine filtration, homogenization and degassing stages. It is possible to obtain dark colour 
pellets suitable only for non-demanding applications such as trash bags, pipelines or lumber. This is due to the 
presence of inks on the plastic surface that causes a decrease in recycled product value. Therefore, this option is a 
downcycling process. An alternative scenario involves the ink removal during the washing stage prior to the 
extrusion. The outputs are clean high-quality pellets which can substitute virgin plastics in highly demanding 
applications (an upcycling process). Finally, incineration with energy recovery is commonly used due to the 
possibility to reduce fossil fuel consumption. Although within the plastic sector there is growing interest in the use of 
recycled content for demanding applications and the European Directives promote recycling as the first 
option for waste management, sometimes the environmental benefits of the upcycling technologies are not 
clear. This is mainly due to the lower virgin plastic substitution rates because of higher material quality levels 
required for these applications. In this study, an LCA has been used to compare the burdens of the deinking 
process with other waste management options. The findings obtained were used to answer the following 
question: do the environmental benefits and avoided impacts justify the effort put into removing the ink from the 
plastic surface? 
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Abstract  
Recycling reverse osmosis (RO) membrane modules is an interesting circular economy strategy in the field of 
membrane science. Recycled forward osmosis (FO) membranes can be carried out unpacking the membrane module 
after the modification. This strategy allows the valorization of 63.7% of the RO module mass recycling the 69% of 
the original membrane area (37 m2) and plastic components. Under this context, direct recycling of RO membranes 
to develop FO membranes has been proved at lab-scale. Recycled membranes were compared with two commercial 
membranes (Thin Film Composite (TFC) HTI and Cellulose Tri-Acetate (CTA) HTI) under different osmotic 
conditions (high gradient (H) and low gradient (L)). 
In this study LCA has been applied in order to assess the scaling-up and evaluate the environmental potential of the 
recycling strategy. An attributional LCA with system expansion and substitution approach has been conducted. Due 
to the variability of the commercial products and the response of the (commercial and recycled) membranes in 
different gradients, scenario analysis was applied expanding the system with TFC-HTI or CTA-HTI production 
inventories. Also the differences in the membranes response (in terms of flow) in different osmotic conditions (H & 
L) was included using the flow ratio obtained from the laboratory results as an allocation factor for substitutability
integration.
Weight and scanning electron microscope (SEM) images were used to identify the membrane structure and
components mass of the FO commercial membranes for their inventory development. TFC- FO inventory was
adapted from the TFC-RO production from Ecoinvent SWRO production inventory. Both membranes (FO & RO)
are TFC membranes and share the composition and partially the structure. Therefore, part of the production
process: the interfacial polymerization. CTA-FO was adapted from patents and lab-protocols.
A fault of consistency was found in SWRO production inventory related to the solvent emission and consumption
(CFC-113) coming from the US patent 4277344 [1]. Nonetheless, the patent also mention the Hexane as solvent
alternative.  Due to the importance of the CFC-113 emissions in climate change (CF: 6,130 Kg CO2-eq/Kg) and
ozone depletion (characterization factor (CF): 1 Kg CFC-eq. /Kg) categories solvent losses were include in the
sensitivity assessment. Firstly, qualitatively comparing the use of CFC-113 and hexane; and secondly, quantitatively
assuming different proportions of solvent recovered and of solvent emitted (from 0 % to 10%, being 5% the central
scenario assumed in Ecoinvent as a default value) for both solvents. Life cycle impact assessment was performed
with OpenLCA 1.7.4 and ILCD-Midpoint method using Ecoinvent v3.4 for background processes. Principal
components analysis and cluster analysis were performed to identify which factors (inventory, solvent, amount of
solvent or osmotic gradient) are related and how.
This study also evidence the limitations of the use of patents as a source of inventories, the complexity in the
development of unique allocation factors for products substitutability integration in the substitution approach and
other traditional issues such as the missing of characterization factors (i.e. Hexane emissions to air in Climate
Change).
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Abstract 
While the current population in urban areas represents about 50% of the world's population (Ibrahim et al., 2018), 
this percentage is expected to increase in the coming decades so that the urban population will reach 6.5 billion by 
2050 (Feleki, 2019). The current context shows the central role of cities as an economic focus so that they represent 
85% of the world GDP (Gross Domestic Product) (World Bank 2018; Ellen MacArthur Foundation, 2017). The 
most negative aspects are the massive consumption of resources by this type of urban settlement with very 
significant contributions to greenhouse gas emissions (World Bank 2018). This is why the growth of cities must be 
approached from a sustainable development perspective.  
In this sense, the evaluation considering social, economic and environmental indicators should allow society and 
politicians to know the sustainability index of a specific city in order to develop and establish sustainability policies 
and improvement actions. 
This study analyzes 29 Spanish cities divided into three population groups: large size (>500,000 inhabitants), medium 
size (200,000 <500,000 inhabitants) and small size (<200,000 inhabitants) to establish a ranking with a three-letter 
sustainability label (combining A, B and C and considering A for best performance and C for worst). To this end, a 
value is calculated for each dimension of sustainability considering 38 indicators (11 environmental, 13 economic and 
14 social) whose contribution to the sustainability index is weighted following the methodology of the Analytical 
Hierarchy Process according to the opinion of the experts. 
On the basis of preliminary results, about 35% of cities - regardless the population group - reach the category of 
"sustainable city", i.e. the corresponding labels include at least one A and none C. For any group selected, the same 
impact of the C rating has been found in the three pillars of sustainability for the cities classified as unsustainable. 
Therefore, when establishing policies oriented towards the introduction of improvements, it is necessary to study the 
case of each city separately. 
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Abstract 

The consumption of flavonoids in the diet has been associated with healthier eating habits, in order to avoid the 
harmful effect of free radicals associated with oxidative processes and aging. Among the different types of antioxidants, 
interest in quercetin arises based on its high antioxidant capacity, with onion being its main natural source among other 
vegetables [1]. Considering that food production has grown in recent years to meet the demands of a growing world 
population, it has been observed that primary food production processes lead in parallel to the generation of food 
waste. In the case of onion processing residues, this type of waste stream cannot be used as animal fodder and is easily 
deteriorated due to the rapid growth of phytopathogens [2]. In this context, the valorization of these wastes into 
valuable compounds could be a potential solution to the environmental problem associated with their management. 
Consequently, the extraction of quercetin from onion waste could be an interesting challenge within the perspective 
of biorefining [3]. 

The main goal of this work is quantifying the environmental burdens derived from the valorization via conventional 
solvent extraction (with ethanol) of onion waste into quercetin following the Life Cycle Assessment perspective. To 
do so, a bio-refinery strategy has been developed and simulated using the Aspen Plus software [4]. Taking into account 
the preliminary results, the extraction and solvent recovery sections are considered to be environmental hotspots due 
to the energy requirements mainly associated with the evaporation process. Further research should focus on the 
improvement of the solvent recovery section, as well as on alternative strategies to recover organic waste resulting 
from a circular economy strategy. 
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Abstract 
Due to the increasing awareness of sustainability issues, numerous publications have analyzed the environmental 
impacts of wine production by using LCA, showing the high contribution of the agricultural stage (vineyard) to the 
total impacts. However, the estimation of on-field emissions from fertilizers and pesticides is one of the main 
challenges for agricultural LCAs due to a variety of modelling options and their influence on the results reliability. 
Currently, the most widely used methods to estimate these emissions consider generic emission factors (EF) that do 
not take into account the characteristics of the soil, climate or the applied substance. The most used method for 
fertilizer emissions (N2O, NH3 NOx and NO3-) is the IPCC Tier 1 model [1], whereas those from pesticide 
application are mostly estimated as fixed percentages [2]. From a case study considering conventional irrigation 
viticulture of Bobal grape in the Utiel-Requena Origin Appellation (DO), this study aims to compare the LCA results 
for two scenarios: a base scenario, in which generic emission factors for fertilizers [1] and pesticide fate [2] are 
applied, versus an alternative scenario using site-specific methods. Specifically, in the alternative scenario, NH3 and 
NOx emissions were calculated according to Tier 2 and Tier 1 methods from EMEP/EEA [3], respectively; N2O 
emissions were calculated by using Tier 2 EFs proposed by [4] for agricultural systems in a Mediterranean climate; 
and NO3- emissions were obtained from a nitrogen balance in the Comunidad Valenciana [5]. The fate of pesticides 
(air, freshwater, agricultural soil and other soils) was assessed following [6]. A mass functional unit, 1 kg grapes at the 
farm gate, was considered. The environmental impacts were estimated by means of GaBi ts (v 8.7.7.30). ReCiPe 2016 
v1.1 was the method used for impact assessment, except toxicity related impact categories, which were calculated 
with USEtox 2.1. The results show that the modeling options influence climate change, terrestrial acidification, 
stratospheric ozone depletion, photochemical ozone formation, metal depletion, land use and human cancer toxicity. 
In all cases, except for climate change and stratospheric ozone depletion, the results of the impact categories when 
using more complex methodologies were lower. Differences ranged from 3% for climate change, to 90% for 
terrestrial acidification. The results show that the modelling options do affect those impact categories which strongly 
depend on nitrogen and pesticides emissions and the need to get consensus on the methodologies to be applied in 
agricultural LCAs.  
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Abstract  
On a global scale, agriculture is estimated to contribute to 17–35% of total greenhouse gas (GHG) emissions, while 
the livestock production alone is estimated to contribute to approximately 18–22% of these emissions. Hence, 
dietary changes towards a decrease of animal sourced foods (ASFs) might have not only an impact on human health 
but can also lead to reductions in GHG emissions. Information campaigns can induce a reduction of meat 
consumption, but they need time and they are considered to have a limited effect since meat is deeply rooted in our 
diets. Therefore, price based instruments stand out as an effective option. However, consumers’ preferences and 
tastes are diverse and can influence the expected effect of the tax. Measuring elasticities can help to determine how a 
change in the price of a food affects its carbon footprint (CF), thus it is possible to measure how the CF associated 
to a protein rich food changes when there is a change in the price of a specific kind of meat. 
This study aims to determine how a pigouvian tax on different ASFs would modify the CF associated with its 
consumption in Spain. Five kinds of meat (pork, beef, chicken, lamb and turkey) together with eggs and fish were 
considered in the analysis. Data related to prices and food consumption was gathered from the Spanish Panel of 
Household Food Consumption [1] over a twelve-year period (2004-2015). The CF of the assessed foods was 
collected from literature. The estimation of different types of elasticities (cross-price, own-price, expenditure) was 
carried out by using a Linear Almost Ideal Demand System Model (LAIDS) [2]. In this way, the changes in 
consumption and the associated CF of the aforementioned products were estimated for different tax rates applied 
individually to each ASF.  
The results show that taxes to fish are the most effective to reduce the total CF of and those applied on pork are the 
less. The results also suggest that not always taxes lead to achieving CF reduction targets. It can be concluded that 
the proposed method can be applied to any kind of food and allows the changes in meat CF due to price changes to 
be quantified. Further research will focus on the nutritional consequences of taxes. 
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Abstract  
In recent times the interest for vegetable oil application for plastic production has significantly increased. Reasons 
are manifold: they are used a substitute of fossil fuels, they can limit the depletion of natural resources and the 
dependency on non-renewable resources [1]. However, their use on a large scale entails major transformations: in 
agriculture to produce biomass feedstock; in the chemical and petrochemical sector to develop sustainable processes. 
To guarantee a sustainable production of bio-based plastics also environmental impacts of their production 
processes, such as epoxidation, should be investigated. One of the method that can be effectively used for such an 
assessment is the Life Cycle Assessment (LCA) [2]. In this study a systematic literature review was performed to 
investigate the results of LCA studies focused on vegetable oil along with their epoxidation process. Kralish et al. [3] 
has performed a comparative LCA of the epoxidation process of soybean oil in two different production scenario: 
batch and flow production. Schäffner et al [4] in 2014 performed an LCA of the synthesis and application of 
carbonated fatty acid esters from carbon dioxide (CFAME). Deng et al. [5] in 2016 published an LCA of a flax-fibre 
reinforced with epoxidized linseed oil composite with a flame retardant for electronic application. From the analysis 
of such references the following conclusions can be drawn. From a methodological perspective applications of LCA 
are heterogeneous, they apply different system boundaries, assumptions, datasets, data quality (most are experimental 
data) and impact assessment categories therefore limiting the general validity of the results. Moreover, a clear gap 
emerges in impact assessment on water related impact. This category is only partially investigated through the 
analysis of the water degradation profile. Results of LCA confirmed that raw materials production is the main 
environmental hotspot in most of the impact categories. When going into details of epoxidation, peroxide use 
resulted to be significant in the human toxicity category. Finally, comparative assessment with traditional fossil fuel 
showed that, despite better performances in terms of GHG emissions, vegetable oil epoxidation cannot guarantee 
absolute better performances in the other impact category with specific reference to water use and degradation. 
Considering these outcomes, to verify the environmental sustainability of the use and epoxidation of vegetable oils 
for plastic production, further research is needed. There is an agreement within the scientific community on the 
potentiality of LCA in investigating such aspects but further case studies based on actual data are needed. Future 
research should focus on the comparative life cycle assessment of different raw materials used along with chemicals 
in different epoxidation processes. Moreover, water related impacts shall be comprehensively address in order to 
avoid environmental burden shifting and prove the process sustainability when compared to traditional fossil based 
chemicals. 
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Abstract 
Reverse electrodialysis (RED) is an advantageous membrane-based technology to harvest salinity gradient energy 
(SGE) [1].  SGE-RED system coupled with desalination plants is a promising alternative to tackle the intensive 
energy use and the derived environmental burdens that desalination plants feature. In this work, a “cradle-to-gate” 
Life Cycle Assessment (LCA) approach applying the mid-point method CML 2001 is implemented to quantitatively 
assess the potential environmental benefits of this hybrid concept [2]. The impact categories considered in the study 
address the use of natural resources (fossil and elements Abiotic Depletion Potential, ADPf and ADPe respectively) 
and the carbon footprint (Global Warming Potential, GWP) derived from SGE-RED energy recovery process when 
the rejected brine of a seawater reverse osmosis (SWRO) desalination plant is used as the concentrated stream. First, 
a system comprised of SGE-RED unit is analysed (System-1, Fig. 1. (a)). The impacts derived from the manufacture 
of a 1 kWh SGE-RED unit—defined as the functional unit in the LCA— have been assessed and compared with 
other renewable power sources. The second system integrates the SGE-RED unit in a SWRO desalination plant 
(System-2, Fig. 1. (b)). The energy supply required to produce 1 m3 of fresh water in the RO desalination plant is 
partially delivered by the SGE-RED unit and the RO untreated brine by RED is directly released to the marine 
environment.  

Fig. 1. Boundaries of (a) System-1: RED design, (b) System-2: RED integrated into a RO plant, and (c) impact indicators of 
solar PV and SGE-EDR energy sources. (ADP: abiotic depletion potential; GWP: global warming potential. f: fossil resources, e: elements resources) 

System-1 LCA results, as shown in Fig.1(c) in terms of ADPf, ADPe and GWP, proves that SGE-RED is 
environmentally competitive to other renewable energy sources such as PV. System-2 reveals the potential 
environmental benefits of the RO-RED hybrid scheme under different scenarios. Preliminary results point out that 
covering 100% of the SWRO energy demand with SGE-RED would reduce the GWP and ADPf by ~90% with a 
slight increase of 3% in ADPe in comparison with the Spanish energy grid mix. 
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Abstract 

In the context of the evolution towards a circular economy to reach efficiency in the use of resources as established 
in the Europe 2020 strategy, in this article the life cycle assessment (LCA) of two waste stabilized/solidified 
geopolymer formulations has been carried out. Geopolymers were prepared using fly ash as geopolymer precursor 
and two different silicate and hydroxide activating solutions (potassium and sodium). The hazardous waste under 
study was an electric arc furnace dust, included in the European Waste List as Hazardous Waste. The objective of 
the LCA study accomplished was to determine the environmental impact produced by the utilization of sodium or 
potassium silicate and hydroxide activators in two geopolymer compositions with similar mechanical properties and 
leaching behavior (Table 1). From the S/S point of view, the two geopolymer stabilizing mixtures were compared 
with a conventional Portland cement (OPC) mixture. Main data are included in Table 1. The life cycle analysis was 
carried out according to the European UNE-EN-ISO 14040-44 standard. SIMAPRO software version 8 and CML-
IA Baseline V3.04 method / EU25 was used for the impact evaluation. The results obtained clearly showed that the 
use of an activating solution based on potassium silicate and potassium hydroxide presented greater impact than the 
one produced when a homologue sodium solution was used. This result can be linked to the contribution of the 
potassium chloride used as raw material in the synthesis of the potassium activators and to the increased electric 
energy consumption associated to the production of the potassium silicate solution.  

Table 1. Leaching and mechanical properties 

EN 12457-4 test Na-geopolymer 
S/S solid 

K-geopolymer
S/S solid

OPC 
S/S 
solids 

Non-Hazardous 
Waste Limit EULFD 

Zn (mg/kg) 
Cr (mg/kg) 
Cd (mg/kg) 
Pb (mg/kg) 

8,9 
2.7 
<0.2 
6.5 

0.9 
3.6 
<0.2 
<2 

22 
8.3 
<0.2 
115 

50 
10 
1 
10 

Compressive 
strength (MPa) 

6.5 6.8 2.4 >3
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Abstract  
Power-to-Gas technologies have been recently introduced as a relevant strategy allowing higher shares of renewable 
generation in the energy sector. In particular, the production of Substitute Natural Gas through the Sebatier reaction 
(CO2 + 4H2 ⇄ CH4 + 2H2O     ΔH°

298K = −165kJ/mol) (CO2 methanation) will allow to use the surplus of energy 
from RESs to produce H2, reducing the stress on the grid; to reduce CO2 emissions and at the same time to 
produce SNG whose distribution infrastructures are readily available. Among the catalyst for CO2 methanation, Ni-
based catalysts supported on gadolinia-doped ceria (GDC) (Ni/GDC catalyst) demonstrated high potential for CO2 
methanation [1]. In order to assess the performance on the CO2 methanation, including besides chemical kinetics 
and productivity considerations also the environmental aspect, in this study the energy and environmental analysis 
of the production process of two Ni/GDC catalysts is performed through a life-cycle approach. Specifically, a 
powder Ni/GDC (50wt.%) catalyst synthesized by the solution combustion synthesis and the structured Ni/GDC 
catalyst synthesized by the same method, in situ depositing the Ni/GDC (50wt.%Ni) coating layer on the cordierite 
monolith (500 cpsi) are investigated. The analysis is carried out through the Life Cycle Assessment methodology 
according to the international standard ISO 14040, assuming a “from cradle to grave” approach. The reference flow 
is represented by the amount of each catalyst needed to obtain a CH4 productivity of 2.5 𝐿𝐿𝐶𝐶𝐶𝐶4⁄(𝑔𝑔 ∙ ℎ) at the same 
operation condition (reaction temperature of 300 °C and a space velocity (h) of 10,000 h-1).  
The eco – profiles of materials and energy sources are based on Ecoinvent 3 database. The impact assessment has 
been performed considering the impact categories and methods recommended by the European Product 
Environmental Footprint. The life cycle impact assessment results are recapped in Table 1. 

Table 1. Life cycle impact assessment results 
Impact category Powder Ni/GDC (1.56 g) Structured Ni/GDC (1 g) 
Global Warming Potential (kg CO2eq) 1.94E+01 1.74E-01 
Ozone depletion potential (kg CFC-11eq) 1.72E-06 1.67E-08 
Human toxicity, non-cancer effect (CTUh) 2.61E-07 3.16E-09 
Human toxicity, cancer effect (CTUh) 4.97E-05 2.71E-10 
Particulate matter (kg PM2.5eq) 2.90E-02 6.64E-05 
Ionizing radiation, human health (kBq U235eq) 1.29E+00 1.13E-02 
Photochemical ozone formation (kg NMVOCeq) 2.37E+00 9.92E-04 
Acidification potential (molc H+eq) 1.32E+01 1.47E-03 
Terrestrial eutrophication (molc Neq) 5.50E-04 5.28E-06 
Freshwater eutrophication kg Peq) 1.20E+00 1.34E-04 
Marine eutrophication (kg Neq) 3.55E+03 2.78E-02 
Freshwater ecotoxicity (CTUe) 1.94E+01 1.74E-01 
Mineral, fossil and renewable resource depletion (kg Sbeq) 1.62E-05 7.87E-07 
In this first analysis the production process of the structured Ni/GDC catalyst shows better environmental performance in all 
the impact categories investigated compared to the powder Ni/GDC one. Therefore, besides guaranteeing better performance 
in the operational phase in terms of productivity, structured Ni/GDC catalyst could contribute in the improvement of the life-
cycle impacts of the methanation process. 
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Abstract 
Higher education institutions are change agents in our society. They can serve as models in their communities, as 
well as leaders in social and environmental responsibility. The dairy plant of the University of São Paulo (USP) is 
located in the Fernando Costa Campus, and its production is geared towards serving the local population (students, 
teachers and staff). The university dairy plant is intended to serve as a place of knowledge dissemination for the 
courses offered on Campus, such as Food Engineering, and attaining an environmentally friendly production is 
among its short term objectives. In this way, the analysis of the environmental impact allows the influence on the 
environment to be quantified and opportunities for improvement to be raised. This study is a first step to insert the 
life cycle assessment methodology in the course of Food Engineering at the USP; specifically, it aims to assess the 
environmental impact of the dairy products produced at the USP dairy plant, namely pasteurized milk, mozzarella 
cheese, minas cheese, caramel spread (dulce de leche) and yoghurt. The functional unit was 1 kg of product, and gate to 
gate system boundaries were set. The inventory was acquired through visits to the plant, with the cooperation of 
university officials. The study considered the main processing stages, energy sources, water, packaging, and waste. 
The impact categories included in the impact assessment method CML 2016 were evaluated. Preliminary results 
indicate that the product impacting the most depends on the impact category evaluated. For example, caramel spread 
is the one contributing the most to global warming potential, with 1.85 kg CO2 equivalents·kg-1, due to packaging 
production. For ozone depletion, the pasteurized milk is at the front, with 2.34·10-7 kg R11 equivalents·kg-1, mainly 
due to thermal energy consumption. It is worth noting the high impact caused by cheese by-products, which do not 
end up a return to the processing unit, being discarded or used as fodder for the USP farm. All this opens 
opportunities for improvements in relation to processing, reuse of by-products and training of employees. It was also 
proposed to find a better production dynamics for the unit, along these lines, an optimization including 
environmental and economic criteria would reduce its environmental impact. 
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Abstract 
To attain a sustainable agriculture, strong economic performance together with a sustainable use of nature is needed. 
This study focuses on the economic performance of orange cultivation. It attempts to compare the economic impact 
of two citrus cropping systems, organic and conventional, in the region of Valencia (Spain), and to assess the 
variability within both farming systems in order to highlight the influence of management practices on the economic 
performance. 
A survey was carried out on citrus farmers, 152 corresponding to organic production and 130 to conventional. Life 
cycle costing (LCC) was used to estimate the economic performance of farms. A mass based functional unit was 
chosen (1 kg oranges). The most important productions costs were tilling, weed control, herbicide and pesticides 
products, fertilization, pruning, machinery and workforce. The price of organic oranges at farm gate is higher than 
the one of conventional oranges, whereas yields are higher for conventional oranges. The variability and confidence 
intervals of the average net income were assessed by means of a bootstrap technique. This variability estimation can 
also be used to test hypotheses in a relative manner.  
Bootstrapped LCC offers the ability to assess the variability of the incomes, regardless of the sample size and the 
non-normal cost distributions. Results show the influence of the management practices on farmer incomes, and how 
a selection of those practices is needed to attain a more sustainable citrus farming. 
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Abstract 
The food and drink industry in Europe is the biggest manufacturing sector in terms of jobs and value added, 
reaching over EUR 90 Billion and contributing to a positive balance of almost EUR 30 Billion. Within this sector, 
drinks industry is ranked among the top five, representing 3/4 of the total turnover and more than 80% of the total 
number of employees and companies [1]. However, the global population is expanding rapidly and this rise brings 
with it a number of challenges around global sustainability, including the need for more food and drinks. The 
manufacturing of green products based on eco-innovation rules and life cycle thinking will allow achieving these new 
challenges. On one hand, eco-innovation of the supply chain requires a model according to circular economy 
concept and the greening business to support the integration of the environmental, economic and social dimension. 
On the other hand, the use of Life Cycle Assessment (LCA) has become a common mechanism to evaluate and 
report the environmental performance of services and products [2] due to its holistic approach and for its 
standardised method which guaranteeing reproducibility [3]. There is a huge ongoing effort to improve and promote 
the use LCA in Europe, by means of the Single Market of Green Products Initiative, which promotes the use of the 
Product Environmental Footprint (PEF) and the Organisation Environmental Footprint (OEF) [4].  

In this framework, this works seeks to contribute to the sustainable development of the spirit industry of Cantabria 
(Spain) using LCA and eco-design rules. In particular, the main goal of this work is performing a detailed 
environmental analysis of the artisanal production of a spirit drink in Cantabria identifying the main hotspots of the 
process to propose eco-innovation strategies find the most environmental friendly manufacturing of gin products. 
Results indicates that the carbon footprint of one bottle (70 cl) of Classic gin produced in 2017 generates 0.57 kg 
CO2 eq. being the production and transportation of packaging, in particular the glass bottle, the major contributor to 
the total carbon footprint. Other stages that may have a significant contribution to the environmental profile are the 
manufacturing and waste management stages. In the manufacturing stage, the distillation step represent around 80% 
due to the energy requirements while the waste management stage presents negative values due to the avoided 
burdens in the recycling and reuse of these residues. The results obtained will allow to produce a more sustainable 
product according to the requirements of the Single Market for Green Products Initiative to be introduced in new 
green markets. 
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Abstract 
Fishing and processing of seafood products cause the overexploitation of marine ecosystem and some 
environmental burdens. A circular economy approach could promote the sustainable development of the seafood 
sector.  

NEPTUNUS is an INTERREG Atlantic Area Project [1] aiming to promote the sustainability of the seafood sector 
in the Atlantic area by providing a consistent methodology for products ecolabeling and defining eco-innovation 
strategies for production and consumption under a circular economy approach. NEPTUNUS project provides key 
data for resource efficiency assessment based on life cycle thinking by means of metrics that combine environmental 
–water and energy - and nutritional –seafood- indicators. Moreover, the NEPTUNUS project, by means of an
integrated eco-labelling, faces two important challenges: improving a more efficient use of resources and helping
companies to launch their products into more sustainable new green markets.

The main outputs of the project will be those strategies inform and underpin production and consumption of 
seafood where activities will be pursued, managed and communicated under a NEXUS clustering concept approach 
to promote and maximise regional and cross-jurisdictional economic growth in the Atlantic area:  

• Strategies related to Water-Energy-Seafood Nexus footprint: including build a robust database for
Atlantic area seafood supply chains; promote continuous improvement of the environmental
performance of seafood throughout their life cycle; introduce technical, environmental and nutritional
criteria under a life cycle approach and set Green Public Procurement criteria on a reliable basis.

• Strategies related to Circular Economy in the Seafood sector: including address food waste prevention
actions linked to the seafood supply chain; implement the UN Sustainable Development Goal on
seafood waste at a multiregional level; apply of a common seafood waste measurement methodology
aligned with global standards; create a seafood waste stakeholder’s platform with the involvement of all
seafood chain actors and Atlantic countries; clarify legislation to facilitate food donation and consumer
education and changing public attitudes towards waste minimisation.

• iii)Strategies to address the main challenges of the fisheries in the Atlantic area: including the
adaptation to the climate change and the growing threats of the marine debris.

The outcomes of the project will facilitate the decision-making process to stakeholders to foster adequate seafood 
resources management. 
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Abstract 

The integration of electrodialysis with bipolar membranes (EDBM) with seawater reverse osmosis (SWRO) process 
influences the two main environmental burdens of SWRO desalination process: climate change, accounted here as 
carbon footprint (CF) and associated to the high-energy consumption, and the environmental alteration of the 
vicinities of the facility, due to brine disposal. EDBM powered by photovoltaic (PV) solar energy is able to meet the 
above-mentioned challenges that arise in SWRO desalination. In addition, HCl and NaOH, both employed in the 
desalination industry, can be produced from the brines. Hence, environmental benefits regarding the potential self-
supply can be achieved. The environmental sustainability assessment by means of life cycle assessment (LCA) of a 
SWRO and EDBM has been carried out considering four different scenarios. The percentage of treated brines and 
the influence of the grid mix used for electric power supply has been taken into account. The three different electric 
power supplies were 100.0% renewable energy (PV solar energy), 36.0% renewable energy (average Spanish grid mix), 
and 1.9% (average Israeli grid mix). The results showed that the CF per unit of volume produced freshwater for 
SWRO and the self-supply reagent production scenario for the three Spanish grid mix, the Israeli grid mix, and the 
PV solar energy were 6.96 kg CO2-eq·m-3, 12.57 kg CO2-eq·m-3, and 2.17 kg CO2-eq·m-3, respectively [1]. 
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Abstract  
Urban population represent more than half of earth’s population (54.5%) [1]. Therefore, food supply to cities has 
become a massive material flow, increasing environmental impacts such as greenhouse gas emissions (GHG) [2]. In 
this sense, urban agriculture (UA) has risen as a potential partial solution to decrease the so-mentioned food flow, 
increasing cities food sovereignty.   
Within the last decade, different studies have assessed the feasibility of various forms of UA, comparing the 
environmental performance to that of conventional agriculture. Some studies have explored how various strategies to 
promote circular economy can further minimize the environmental impact of growing crops in an integrated rooftop 
greenhouses (i-RTGs) which benefits from the synergies of recirculating air, water and energy.  However, More studies 
are necessary considering different perspectives to assess the feasibility of new forms of UA in general, specifically 
focusing on impact assessments [3]. In this sense, we propose a modification of the intercropping definition proposed 
by Andrews and Kassam (1976), which defined “intercropping” as “the agricultural practice of cultivating two or more 
crops in the same space at the same time”. For the present study we only considered “the same space” part of the 
definition. Therefore, considering a main tomato crop that is being grown from the beginning of the year until it is no 
longer productive, our research question is: “Which is the most efficient year-round combination of crops that have 
less environmental impact in a Rooftop Greenhouse?” 
Based on experimental work that has taken place in the i-RTG from 2015-2018  we will discuss how we can diminish 
year-round impacts of crops by minimizing inputs and optimizing circularity throughout one entire year. Using life 
cycle assessment based on yield and economic-based functional units, we determine that the best annual combination 
is a long tomato crop in the spring and summer followed by lettuce, bean and chard crops during the fall and winter 
seasons. From now on, we aim to extrapolate the methodology followed by the present study to determine best 
performances in other forms of urban agriculture to optimize the global urban food supply chain. 
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Abstract 
Luminescent solar concentrators (LSC) represent one of the innovative technologies related to Building Integrated 
PhotoVoltaics (BIPV). Thanks to their characteristic of being semi-transparent and of functioning both with direct 
and diffused radiation, these devices can be integrated to the surface of the buildings, in particular in replacement of 
openings such as skylights or windows. They do not require solar tracking systems that are used in classic solar 
concentrators and allow reducing the presence of silicon compared to traditional photovoltaic panels. 

LSC panel consists of a transparent matrix of glass or polymeric material doped with a luminescent dye (fluorophore). 
The transparent matrix acts as a waveguide and it is generally made in form of sheets (Fig.1). The fluorophore allows 
absorbing and re-emitting the incident solar radiation, while the waveguide concentrates it towards the edges of the 
sheet; here, small solar cells convert solar radiation into electrical energy. To evaluate the real potential of these devices 
it is important to not only focus on the energy production, but also to consider that the development of this technology 
can reduce the exploitation of raw materials used in current photovoltaic systems, such as silicon, characterized by a 
limited availability. However, also the potential impacts caused during the life cycle of these products should be 
evaluated. In this context, the application of the Life Cycle Assessment (LCA) is fundamental, because it allows 
estimating the energy and environmental performance of the LSC panel during their entire life cycle. 

The final aim of this work is to assess the life cycle energy and environmental impacts (from cradle to grave) of the 
LSC panels, considering their operation within a Smart Window (SW), a technology that is part of the Eni Ray Plus® 
project in the building sector. The SW-LSC (Fig.2) is a device that actively participates in the energy performance of a 
building, both through dynamic solar control and production of renewable energy. 

Because of the research is currently underway, this work describes only the first phases of a LCA. In detail, it focuses 
on the analysis of the manufacturing step and on the data collection of materials and processes related to the main 
elements of the LSC panel (the dye, the waveguide and the photovoltaic cells), carried out through direct investigations 
and literature analyses. Information related to the aluminum frame, accessory components and process energy will 
complete the data collection. The collected data will be elaborated in order to calculate the life cycle energy and 
environmental impacts of the Smart Window-LSC. 

Figure 1- LSC sheets (5x5cm) Figure 2- Main components of the Smart Window-LSC 
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An exhaustive assessment of the performance of schools in terms of their environmental impacts has been 
developed through LCA module for School in the climACT Project. ClimACT Project is currently being drawn up 
under the priority axis “Low Carbon Economy” from Interreg SUDOE programme. Energy and resources 
consumption during the normal school activities have been analysed in detail. Results can be used as representative 
of the public educational sector in the transition towards a Low Carbon Economy. Life Cycle Assessment 
methodology was used to assess the impacts and identify the key activities. The analysed system includes the 
activities and processes referred to the performance of the schools and are clustered in three subsystems: 
management of the school building, educational activities and mobility and transport. This decision support tools 
access and identify sustainable solutions for schools, based on intelligent resource management, renewable energy 
and behaviour change. The assessment makes possible compare the contribution to each environmental impact of 
each activity per school. Global warming results show important differences between schools due mainly to 
Transport and Mobility, but this is not the higher contributor in every case. The activities related to energy 
consumption, such as heating and electricity consumption are also key activities. The impacts due to the Educational 
activities are the lowest in every case. As for the human Health impact and external costs, results are different 
between schools. Educational Activities are the main responsible for the potential affection to Human Health in 
most of the schools, and the main contributor to the external costs. 

Fig. 1. LCA Module Methodology 
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Abstract

While more research is recently focusing on the environmental assessment of human diets and 
estimate the benefits of adopting more plant-based eating patterns (such as Batlle-Bayer et al., 2019; 
Hallström et al., 2015; Heller and Keoleian, 2015; Song et al., 2017), some methodological 
issuesremaina challenge. For comparative LCA of diets, a critical aspect is the definition of 
thefunction of diets and, ultimately, the quantification of the functional unit (FU).  

The FU is the basis of an LCA study, which allows comparison among different systems. The most 
common FU for diets are mass-based (kg of food products consumed) and/or based on isocaloric 
shifts (equal caloric intake among compareddiets)(Heller et al., 2013). However, this FUs 
underestimate the environmental impacts of diet shifts. This study proposes a corrected FU, 
whichaccounts for the energy and the nutritional quality of diets, and allows to compare diets that 
differ in energy and nutrients intake.To show the performance of this corrected FU, it is applied for 
three different dietary patterns within the Spanish context. 
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Abstract 

Reducing food waste has been identified as an essential means of increasing food security, while reducing pressure 
on natural resources [1]. The European Commission adopted the Circular Economy package [2], which aims at 
helping European businesses and consumers transition toward more sustainable resource use. Specifically, the 
definition of circular economy strategies related to the management of food packaging waste has a critical relevance. 
One-way food packaging was introduced in Europe in the 1950s, helping to preserve food during transport and 
storage, but also developing the “use and throw away” culture. Thus, despite the implementation of one-way 
packaging has provided comfort, it has been contributing up to 45% of the environmental impacts of the food value 
chain. In this framework, optimizing the packaging waste management is essential, in order to follow the principles 
of the European Union action plan for circular economy. In this line, selective waste collection managed by 
authorized organizations, or novel recovery systems such as “Deposit-Refund Systems” (DRS), are alternatives 
implemented at European level to handle this problem. 

This work aims to contribute at identifying common drivers that could be useful to the development of an integrated 
approach to food packaging waste management at European level, and as baseline for comparison studies with novel 
recovery technologies. For this purpose, a case study focused on the entire Spanish model of one-way food 
packaging waste management is analyzed.  

Results suggests that the recycling process is the main stage contributing to the environmental impacts followed by 
collection and transport stage. Contrary, equipment and sorting plants describe the lowest contribution, 
excepting for abiotic resource depletion, for which containers manufacture becomes the second main hotspot. The 
outcomes of the sensitivity analysis suggest that significant environmental improvements (close to 10%) would be 
achieved by addressing the total bulk collection flow to mechanical-biological treatment and increasing the selective 
collection of light- and glass packaging waste, in a 15% and 12% rate respectively. This study can serve to 
identify common drivers that contribute significantly to the development of an integrated approach to waste 
packaging management and as baseline for comparison studies with novel recovery technologies. 
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Abstract 

Currently, there are different sources of energy to provide air conditioning and domestic hot water (DHW) to any 
home, being necessary to make a decision about it and select the best alternative, for each case. In the selection process, 
not only economic and performance criteria must be considered, but also the environmental contribution of each 
alternative. 
In this work, geothermal energy is proposed as a source of production in the Autonomous Community of Galicia, 
since it is the site of Spanish territory with better characteristics to produce this type of energy, and to verify the 
environmental impact it generates, a life cycle analysis is carried out (LCA) 
LCA is a widely used tool that allows to know the environmental impact that a certain product or process can have 
during all the stages of its life, from the beginning to its dismantling. In this specific case, the life cycle analysis is 
applied to a 7.5 kW heat pump (HP) for domestic use. The heat pump is used in a single family home, which is located 
in different geographical areas of Galicia to determine the site of greatest impact. 
Three possible scenarios are considered, where the thermal capacity of the soil and the climatic zone vary. This is 
intended to have opposite scenarios within the climatic zones covered by the Galician community and, more 
specifically, in areas E1, D2 and C1. In addition, four clearly differentiated phases are taken into account, which are 
compared with each other and for each scenario studied: Construction of the well, materials of the heat pump, 
operation and maintenance of the heat pump and the disassembly of its components.  
The most influential parameter of the study are the operating hours of the heat pump, which are obtained with the 
HULC computer tool and whose value varies significantly between the different climatic zones, since the energy 
demand of the home also varies from one area to another . 

Acknowledgements  
Authors would like to acknowledge the financial support from the Spanish “Ministerio de Economía y Competitividad” and 
FEDER (EU) through the research grant ENE2016-79771-R. 

References 
[1] Sullivan J.L, Clark C.E, Han J., Wang M., 2010. Life-cycle analysis of geothermal systems in comparison to other power systems.

Transactions-Geothermal Resources Council, 1-33.
[2] UNE EN ISO 14.040:2006 Environmental management – Life Cycle assessment- Principles and framework

ISBN: 978-84-09-12430-5 365



Life Cycle Analysis and Optimization of a Geothermal Heat Pump 
for a Detached House Type 

Lucía Fernández1, Brais Menéndez2, Ignacio Ortega1, Estrella Álvarez2,*, Fernando Cerdeira1 and 
Jaime Sieres2 

1 Department of Mechanical Engineering, Heat Engines &Fluid Mechanics, School of Industrial Engineering, University of 
Vigo, Rua Maxwell s/n. 36310 Vigo, Spain   

2 Department of Chemical Engineering, School of Industrial Engineering, University of Vigo, Rua Maxwell s/n. 36310 Vigo, 
Spain 

*ealvarez@uvigo.es

Abstract 
At present, the concern for the increase of climate change makes society aware of the importance of choosing one or 
another method of generating energy based on the amount of emissions it generates. This makes the life cycle analysis 
(LCA) the best tool for decision making in relation to a process, considering the emissions generated throughout its 
useful life.  
LCA allows to measure the impact generated considering the amount of mass and energy needed, and the emissions 
to the environment. To carry out the LCA correctly, the following line of action must be followed: Definition of 
objectives, inventory analysis, impact assessment and interpretation of results.  
In this work, the LCA is presented as the tool to select, between the two existing types (horizontal and vertical capture), 
the geothermal energy capture system for the installation of a heat pump (HP) in a single-family house in Amoeiro 
(Ourense, Spain), making a comparison of the cradle to the grave of both possibilities. The LCA analyses all stages: 
the construction of the wells, the materials of the heat pump, the operation and maintenance stages, and the 
dismantling of the pump, considering the specific use for heating and domestic hot water (DHW) production.  
The main difference between the horizontal and vertical collection systems occurs in the construction stage. For the 
construction of wells, in the vertical collection the necessary actions are the wells drilling and the probe placement, 
while in the horizontal collection the excavation of trenches and probe placement are taken into account. That is why 
the environmental indicators for climate change, ozone formation, terrestrial acidification, carcinogenic toxicity for 
humans, scarcity of mineral resources, scarcity of fossil resources and water consumption show different results. 
Regarding the materials of the pump, each of the elements that constitute each pump unit is analysed, as well as the 
transformation treatment to which it has been subjected, in order to be able to make value judgments about the most 
influential material.  
In the operation stage, the consumption of the HP is analysed, for which its consumer elements are taken into account: 
Compressor, circulation pump for wells, circulating pump for heating, and circulating pump for DHW. This stage is 
the most influential in the LCA since it includes the operation throughout the life of the pump and therefore is the 
one that generates the most emissions. 
Finally, the last stage to which the HP is subjected at the end of its useful life is analysed. In the dismantling stage, 
differences between both systems are also appreciated, since the quantity of materials used is different and their final 
treatment generates different pollutants. 
By studying all stages, it is obtained that the best collection methodology is the horizontal one, since in all impact 
categories analysed the indicators are lower. In this way, it is observed that although the horizontal collection needs 
more implantation space, its LCA is smaller and it is presented as an environmentally viable alternative. 
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Abstract 

Sustainable agriculture implies the ability of agro-ecosystems to remain productive in the long-term. It is not easy to 
point out unambiguously whether or not current production systems meet this sustainability demand. A priori 
thinking would suggest that agricultural good practices crops are environmentally favourable, but may ignore the 
effect of reduced productivity which shifts the potential impact on other parts of the food provision system. 
Agrochemicals and fertilizers can weigh up to 35% of the total cost of production. In 2014, the direct employment 
generated by the production of Vegetables represents 21.0% of direct employment in transient crops and 4.0% of 
the total national agricultural employment [1,2]. The purpose of this study is to assess the environmental 
sustainability of conventional and good practices celery, broccoli, leek, and lettuce production in a Colombian region 
by means of life cycle assessment (LCA). For this, a cradle-to-farm LCA was applied based on real farm data from 
Colombian producers in the municipality of Marinilla region of Antioquia, Colombia. The data was systematically 
collected during four years. Functional unit (FU) was defined as 1 kg of celery, 1 kg Broccoli, 1 kg Leek, and 1kg 
Lettuce by conventional production. In the BPA production the land, water, and fertilized is distributed by one 
proportionality mass in the four vegetables.  The results of the comparison of two models of production in the 
impact assessment analysis show that the impacts are greater in all categories of analysis for conventional production 
than BPA production (Celery, broccoli, leek and lettuce). It is possible to see that, in BPA production the broccoli 
has greater impact than celery, leek, and lettuce BPA model. Is so important to mention that this results is expected 
because the broccoli's productivity is lower (12%) than in the other three vegetables, in the comparison for these 
vegetables (celery, leek, broccoli and lettuce) produced by the conventional system. In this sense the results of impact 
analyzed is much higher in lettuce than broccoli, leek and celery. The results showed the greatest impact are three: 
Water scarcity, Abiotic depletion, fossil fuels and Global warming (GWP100a). In conclusion, first it is important to 
consider the difference in the degree of impact generated by the production of vegetables in the conventional model 
with respect to the BPA model. Second, according to the results it is necessary to improve the productivity of 
broccoli and reduce the consumption of poultry manure in the production of vegetables. Third, it is possible to 
improve productivity and reduce impacts using biomass and composting. 

Keywords: Life cycle assessment (LCA), good practices farming; conventional farming, environmental impact; 
celery production 
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Abstract 

Carbon dioxide (CO2) pipeline transportation is a key intermediate step in the whole chain of the Carbon Capture 
and Sequestration and Utilization (CCSU) process. Usually, the gaseous CO2-rich stream is compressed to be 
transported as a dense liquid or in a supercritical phase to avoid two-phase flow. However, as CO2 capture processes 
in recovery units cannot fully eliminate the presence of small amounts of other gases and water, the resulting stream 
cannot be treated as pure CO2. The effect of these impurities can dramatically modify CO2 transport conditions, 
producing changes on the density, the bubble point pressure, the supercritical region limits or the viscosity. 
Therefore, there is a need on having reliable equations of state (EoSs) able to provide precise information on how 
the thermophysical properties of the CO2 flow are affected depending on the upstream composition, as they have a 
direct effect on pipe design and pumping conditions. In this regard, an intense debate about the advantages of 
statistical-mechanics based models face to classical cubic equations of state (EoSs) and empirical correlations is 
commonly occurring among the scientific community. A natural scepticism coming from industrial companies 
demonstrate that the capabilities of molecular models are not fully understood. In many occasions, molecular-based 
EoSs have been used as empirical equations, preventing the advantages that the structural information contained 
through its formulation can provide in terms of predictability. However, a proper use of these statistical mechanics-
based EoS, explicitly considering important molecular effects, such as the hydrogen-bonding interactions of water or 
the quadrupole moment of CO2, are an excellent alternative to classical equations and provide a complete 
thermodynamic picture of CO2 mixtures with a high degree of accuracy. 

This work is devoted to describe the effect of several common impurities (gases and water) on the thermophysical 
properties of CO2 at near-critical and supercritical conditions using the extended soft-SAFT EoS [1]. Soft-SAFT 
considers different molecular effects in independent contributions and builds coarse-grained molecular models for 
each molecule based on their physical properties and chemical structures, finding a characteristic set of molecular 
parameters for each compound. A crossover treatment is included to describe the density fluctuations of the critical 
region [2]. The effect of the inclusion of other gases in the density, solubility and pressure conditions of the CO2 
system is checked. Particular attention is given to the water-CO2 mixture, providing a complete description of this 
system. Changes on the viscosity stream are also studied with the Free Volume Theory (FVT) coupled with soft-
SAFT [3]. Predictions on the impact of these impurities at pipeline conditions are also provided. 
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Abstract  
Carbon dioxide is the main anthropogenically generated greenhouse gas, produced from the combustion of fossil 
fuels for energy and transportation. Despite the development of alternative renewable energy sources, fossil fuels still 
dominate in almost all near future projections. Therefore, the development of cost-efficient technologies for CO2 
capture and separation has to be addressed. From the different alternative technologies, solid adsorbents like zeolites 
and metal-organic frameworks (MOFs), or other solvents such as ionic liquids arise as good candidates to substitute 
current capture via amine solvents.1,2

In this contribution, the capture and separation of CO2 is studied with three different capture technologies: First in 
zeolites of the Faujasite framework,3,4 then in the Mg-MOF-74,5 and finally in phosphonium based ionic liquids. The 
impact of gas impurities, such as N2, O2 or SO2, in the capture efficiency of the beforementioned technologies has 
also been evaluated. Additionally, Pressure Swing Adsorption (PSA), Vacuum Swing Adsorption (VSA) and 
Temperature Swing Adsorption (TSA) processes were considered to evaluate the best combination of material and 
pressure/temperature conditions to optimize CO2 capture and separation. 

Fig. 1.  Modelling of different technologies for CO2 capture. 
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Abstract 

The good performance of Cubic equations of state (EoS) is, for many properties, based on a cancellation of errors. 
However, for properties like the speed of sound and other derivative properties this does not happen and the errors 
are amplified.  
SAFT variants tend to present better estimates of speed of sound for these properties. However, the simplicity, 
lower computation times and the capacity to describe simultaneously critical temperatures/pressures and saturation 
pressures far from the critical point, still maintain the cubic equations of state as the most applied in the industry. 
In this work, a volume shift approach is applied to SRK, PR and the modified CPA [1] in order to obtain a better 
description of volume shift and other properties. A comparison is made between the results using a volume shift 
fitted for density and a volume shift fitted for the speed of sound. Results from the original CPA and two PC-SAFT 
variants are also analyzed. A critical assessment on how this approach affects other properties is also conducted. 

Fig. 1. Results for liquid water speed of sound, using two different volume shifts with the modified CPA. 
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Abstract 
The formation of hydrates inside pipelines/equipment are one major hazard to take into account in flow assurance. 
Even with low water contents, gaseous streams rich in gases like CO2 or methane tend to form this type of solid 
structures. The most common method to deal with this issue is the addition of thermodynamic inhibitors, usually 
alcohol and electrolyte solutions, in the aqueous phase. These molecules interact with water, reducing the 
temperature of hydrate formation. 
To describe hydrate dissociation curves the most common approach is to apply a combination of two different 
models, one for the hydrates and another for the fluid phases. In the present work the modified CPA [1] coupled 
with the electrolyte model from Multiflash [2] is used for the description of the fluid phases. The hydrate phase is 
described using a modification of the van der Waals and Platteeuw model using the parameterization present on 
Multiflash. 
The modified CPA was applied to describe hydrate dissociation curves of single and mixed formers, when in the 
presence of electrolyte solutions. The results are accurate even when in the presence of solutions with a variety of 
electrolytes. An analysis of hydrate inhibition using solutions containing both electrolytes and alcohols was also 
conducted with good results for most of the analyzed cases. 

Fig. 1.  CO2 hydrate dissociation curves in the presence of electrolyte solutions of a) CaCl2 b) NaCl + KCl. Percentages are in 
weight of the liquid phase. Data from Dholabhai et al. [3] 
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Abstract 
Over the last decade, deep eutectic solvents (DES) have been extensively investigated as a new class of green 
solvents. Essentially, DES are mixtures of two (or more) compounds that due to hydrogen bond interactions 
present a eutectic point significantly lower than the eutectic point expected from an ideal liquid phase, allowing the 
formation of stable liquids, with interesting solvent properties, at relatively low temperatures.  
With the widening of applications for DES in different fields, a reliable knowledge of their thermophysical 
properties and phase equilibria is necessary for an accurate design, simulation, and economic evaluation of different 
process conditions/configurations, urging the development of accurate and robust thermodynamic models able to 
describe them that could be further implemented in process simulators used by project engineers and design experts 
in industry. 
Given their ability to explicitly account for short range and highly directional forces like hydrogen bonding, 
associative equations of state (EoSs) derived from the Statistical Associating Fluid Theory (SAFT) have been 
suggested to describe DES.[1] However, the application of SAFT-type models to describe these solvents is a non-
trivial task because the pure-component parameters, defining the coarse-grained model of each compound, are 
usually obtained by regression to pure fluid VLE data, which for most solid DES precursors are not available. 
Although different alternatives have been considered in the literature (e.g. pseudo-pure component approaches, use 
of aqueous solutions data and others),[2] they have evident flaws and cannot provide satisfactory results. 
Hence, this work pretends to highlight the disadvantages of those approaches, while presenting a consistent and 
robust methodology for the parameterization of solid DES precursors. The new approach is illustrated through the 
development of a coarse-grained model for cholinium chloride ([Ch]Cl), the most used hydrogen bond acceptor in 
DES formulations, and its versatility and performance demonstrated through the successful description of several 
[Ch]Cl-based DES in wide temperature, pressure and compositional conditions, without using state-dependent 
binary interaction parameters. New experimental data for representative [Ch]Cl DES were measured whenever 
appropriate. 

Fig. 1.  Solid-Liquid Equilibrium for [Ch]Cl + ethylene glycol. Symbols represent experimental data and lines the model results. 
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Abstract 
Asphaltenes are defined as the heaviest fraction of the oil. These fractions may precipitate and clog the pipelines 
during the extraction and processing. These problems can turn the process unfeasible [1]. At initial stages of 
precipitation, the asphaltene solution must undergo sol-gel phase transition. Since many oil reservoirs fields operate 
under extreme conditions of pressure that are expensive to study experimentally, computational methodology 
emerges as an alternative to study these systems. The sol-gel phase transition occurs on a long timescale compared to 
microscopic phenomena, therefore an approach that allows simulating longer timescales is required [2].  

In this study, we use the DPD (Dissipative Particle Dynamics) that besides allowing simulations at longer time scales, 
comparing with molecular dynamics, it conserves the total momentum of the system which is essential for 
reproducing the macroscopic behavior [3]. 

Our results show that from 5% of asphaltene concentration the systems agglomerate forming nanoaggregates. Those 
results agree with the known Yen – Mullins Model [4]. The analysis of the angle distribution between molecules 
presented two peaks: one large peak at approximately 0° (Parallel stacking) and another one at around 90° 
(Perpendicular stacking). From the Mean Square Displacement (MSD) curves it was found that the higher the mass 
fraction is, the slower is the dynamics of the system. At long timescales, the systems seem to be trapped with a 
constant diffusion coefficient which is consistent with the sol-gel transition. We applied simple shear to all cases and 
observed that all suspensions show a shear thinning behavior, with higher viscosities as we increase the mass 
fraction.      
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Abstract 

The spouted bed regime is an alternative gas-solid contact method to fixed and fluidized beds. Accordingly, the main 
difference with them lies in their cyclic movement. 

Conical spouted beds are highly versatile in the gas flow rate, allowing operating with particles of irregular texture and 
those with a wide size distribution, as well as sticky solids, whose treatment is difficult using other gas-solid contact 
regimes. These features of the conical spouted beds make them attractive for different applications. 

A crucial parameter that limits the scaling up of spouted beds is the ratio between the inlet diameter and particle 
diameter. In fact, the inlet diameter should be smaller than 20-30 times the average particle diameter in order to achieve 
spouting status. The insertion of a draft tube is the way of overcoming this limitation. 

A novel modification of the conical spouted bed has been proposed by our research group [1] with the aim of 
improving its performance. This modification consists in a new internal device called fountain confiner, which is 
basically a cylindrical tube with the upper conical outlet closed. 

The main aim of this work is to delve into the performance of the fountain confiner and its applicability to enhance 
particle retention in different processes like drying. Accordingly, runs have been carried out with different fountain 
confiners and types of draft tubes and without them. The materials used for operation are glass beads of 4 mm 
diameter, bread crumbs of 0.41 mm diameter and building sand with an average particle size of 50 m. 

The results show that the fountain confiner has a positive impact on the whole bed hydrodynamics and provides a 
better contact between the gas and the solid. Thus, the novel device reduces the drying time and fine particle 
entrainment by more than 30% and 80%, respectively. Furthermore, the insertion of a fountain confiner improves the 
efficiency of the conical spouted beds, allowing the operation with Geldart A particles, which could not be treated in 
spouted beds until now due to slugging and instability problems. 
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Abstract 
Since spouted bed was first developed for drying of Geldart D type solids[1] as an alternative to fluidized beds, it has 
been used for several applications including drying of cohesive and sticky particles[2] slightly modifying operation 
conditions[3]. Recent improvements have increased spouted bed operability since drying of fine and ultrafine sands 
have been carried out[4],[5]. In continuous drying, feed zone is usually located at the top of the dryer, hence particles 
get into the annulus by gravitation force. In this case, and particularly with ultrafine sand, particle entrainment may 
occur, thus some feed zone alternatives have been proposed: at one point in the annular zone, annular radial zone, at 
the spout and at the fountain. The aim of this work is to define ultrafine sand behavior in different configurations in 
order to discard those that show bed emptying due to excessive particle entrainment. 

Dry ultrafine sand was fed at 140 kg/h feed rate in all configurations during 30 minutes. Once finished, bed sand 
distribution at bed, solid outlet and filter has been measured. High particle entrainment has been noted when feeding 
at one point in the annular zone and at the fountain, since 42% and 51% of fed sand is entrained respectively, giving 
19% and 33% of bed reduction at in each configuration, in which ultrafine sand feed rate cannot compensate bed 
loss rate. Pressure drop reduction was also identified during the runs in these configurations. As a result, these 
configurations have been discarded for drying experiments, since in order to avoid bed emptying by particle 
entrainment, gas velocity must be reduced, and hence drying capacity is also reduced. However, particle entrainment 
has been considerably reduced to 29% and 34% of fed sand when feeding in annular radial zone and at the spout. 
Moreover, bed height remains constant after the runs, thus 71% and 66% of fed sand leaves from solid outlet, 
representing coarse fraction of ultrafine sand. Pressure drop value feeding at spout is lower, since fountain height 
increases and thus bed height decreases.  

In conclusion, minimum particle entrainment has been observed when feeding at annular radial zone, since annular 
fed sand distribution creates a cylindrical curtain between fountain confiner and drying chamber. Although feeding at 
spout has shown lower pressure drop, the fact that bed height is lower than feeding in annular radial zone means that 
drying capacity of the former is lower, hence feeding at the annular radial zone has proven to be the optimal for 
ultrafine sand drying. 
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Abstract 
Hydrocarbons (HCs), perfluorocarbons (PFCs) and hydrofluorocarbons (HFCs) are refrigerants used in 

absorption cycles that arenot ozone-depleting, are energetically efficient and present low levels of toxicity and 
flammability. However, these fluorinated compounds (F-gases) are powerful greenhouse gases, with a global 
warming potential hundreds to thousands times greater than that of CO2.New technologies are then needed for 
recovering and recycling these refrigerants, closing their life cycle in the sense of a circular economy and avoiding 
their atmospheric release. The use of ionic liquids (ILs) appeared as promisingabsorbents for the recycling of 
refrigerant gases due to their unique characteristics such as their negligible vapor pressure andthe possibility of 
tuning their physicochemical properties by changing their ionic structure. [1]Therefore, the understanding of the 
interactions between the F-gases and the ILs is crucial for designing suitable recycling technologies based on ILs.  

The interactions between the F-gases and ILs canbe accessed experimentally through the determination of 
their solubility, heat of dissolutionand through different spectroscopic measurements. The solubility of HCs (C2H6), 
PFCs (CF4, C2F6 and C3F8), and one HFC (CF3CH2F or R134a) were measured in ILs having hydrogenated or 
fluorinated side-chains in the cations, namely [C2C1Im][NTf2], [C8C1Im][NTf2], [C8H4F13C1Im][NTf2], 
[C8C1Im][BETI] and [C8H4F13C1Im][BETI].[2,3] Considering the apolar gases HC and PFC, both are solvated in the 
apolar domains of the ILs. Interestingly, HC gases are always more soluble than PFC, even if the alkyl side-chains of 
both the cation and the anion of the ionic liquid are fluorinated. The solubility of C2F6 is favored in terms of 
enthalpy when the hydrogenated cation C8C1Im+ is replaced by the fluorinated C8H4F13C1Im+ but the opposite is 
observed for C2H6. Similar energetic behaviors are found when dissolving perfluorinatedor hydrogenated gases in 
hydrogenated or fluorinated ILsand when mixing hydrogenated ([C8C1Im][NTf2]) and fluorinated 
([C8H4F13C1Im][NTf2]) ILs,an evidence that mixing hydrogenated and fluorinated compounds is always not 
favoredenthalpically. 

Different from the HCs and PFCs, the partially fluorinated HFC (R134a) has a permanent dipole moment 
and is solvated by the polar domain of the ionic liquid. The highest R134asolubilities are observed for the ILs having 
the fluorinated cations, C8H4F13C1Im+. The derived thermodynamic properties of solvationshow that R134a 
solubility increases with fluorination due to a more favorable entropy of solvation. In both NTf2–based and BETI–
based ILs the ∆solvS becomes less negative when C8C1Im+ cation is replaced by its fluorinated analog 
C8H4F13C1Im+. 19F NMR analysis shows that the fluorination of the cation facilitates the solvation of the polar gas 
R134a in the apolar domain of the ionic liquid, leading to an increase in the gas solubility due to the fluorination of 
the cation.  

These studiesclarify the interactions between F-gases and hydrogenated/fluorinated ionic liquids paving the 
way for the development of greener processes using ionic liquids. 
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Abstract 
According to scientists at NASA's Goddard Institute for Space Studies (GISS) in New York, the global temperatures 
in 2018 were 0.83 C warmer than the 1951 to 1980 mean. Globally, 2018's temperatures rank behind those of 2016, 
2017 and 2015 [1]. The past five years are, collectively, the warmest years in the modern record. It has been 
estimated that, if greenhouse gas emissions continue at the current rate, the temperature of the Earth's surface could 
exceed historical values before the year 2050, with potentially harmful effects on ecosystems and biodiversity, and 
threatening human livelihoods in the planet. These scientific facts force scientist and regulators to take some actions 
towards reducing the emissions of greenhouse gases and mitigating climate change. 

The search for environmentally-friendly refrigerants falls into this strategy. The use of hydrofluorocarbons (HFCs) as 
alternative non-ozone depleting refrigerants for chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons 
(HCFCs) has grown during the last couple of decades. Owing to their considerable global warming potential (GWP), 
a global deal was reached in year 2016 to limit the production and consumption of HFCs, known as Kigali’s 
Amendment to the Montreal Protocol, entering into force in 2019. Thishas created an urgent demand for developing 
low GWP fourth generation refrigerants that would replace the currently ones in use. The major perceived barriers 
to these low-GWP alternatives include safety (i.e., flammability, corrosion, toxicity), first cost and return on 
investment. In response to this need, hydrofluoroolefins (HFOs) and some third generation refrigerants blends have 
been included in the National Institute of Standards and Technology (NIST) list as the most environmental friendlier 
candidates found so far, with GWP values comparable to those of hydrocarbon (HC) based refrigerants (see Figure 
1). Understanding the phase behavior and accurately predicting the thermophysical, interfacial and transport 
properties of these systems is essential for designing and evaluating refrigeration cycle performances and determining 
the optimal compositions [2].This implies a deep understanding of their behavior as well as the evaluation of their 
final performance. Some of the scientific and technical challenges faced on developing low GWP refrigerants for 
specific applications will be addressed in this presentation, together with the opportunities this area brings in terms 
of research, development and innovation. 

Fig.1. Global Warming Potential of HFC (blue), HFO (green) and HC (light green) refrigerants 
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Abstract 
Fluorinated gases (F-gases) are a family of man-made gases used primarily in refrigeration, air conditioning and heat 
pump equipment. They are often used as substitutes for ozone-depleting substances because they do not damage the 
atmospheric ozone layer. However, F-gases are powerful greenhouse gases with a global warming effect up to 23 000 
times greater than carbon dioxide. In European Union (EU), fluorinated gases emissions have increased up to 60% 
since 1990, in contrast to all other greenhouse gases whose emissions have been reduced. Although new technologies 
are being developed to avoid the increase of these emissions, they may not be successful in finding the right 
compound with the required properties for some specific applications. Therefore, a key objective for the European 
chemical industries, in order to improve its competitiveness, is to manufacture high value products more efficiently 
and with a significantly reduced environmental impact. 

Ionic liquids (ILs) are recognized as greener media due to their properties, such as almost null volatility, high 
tuneability and recyclability. Fluorinated ionic liquids (FILs) can be used as “3 in 1” solvents because they can 
present 3 nanosegregated domains (polar, nonpolar and fluorous). Playing with the interactions and the size of 
different domains, we can design alternative green solvents for the separation of fluorinated gases.The objective of 
this work is to develop climate-friendly processes based on a FILs family to recover and recycle F-gases. The 
fluorinated gases that are usually used in air conditioning and commercial refrigeration equipment, such as R-134a 
(1,1,1,2-tetrafluoroethane), R-32 (difluoromethane) and R-125 (pentafluoroethane) will be studied. In order to 
evaluate the performance of FILs in this application, a sorption equilibrium isotherm will be measured using a high-
pressure magnetic-suspension microbalance. Pure ionic liquids and supported porous materials will be studied and a 
comparison will be carried out. The last materials can increase the mass transfer between the gas and the ionic fluids 
that will be studied. This work will deliver both fundamental understanding of the behaviour of these new alternative 
solvents and key information for the process development and scale-up. 
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Graphene IoNanofluids, thermal and structural characterization 
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Graphene nanoplatelets have been proposed for use in the formulation of nanofluidsin a first stage due to their enhanced 
thermal transfer properties. The possibility to modify graphene surface through chemical functionalization offers innovative 
alternatives to improve the usual reduced stability of this type of systems, tuning as well their thermophysical and transport 
properties profiles. In this context, the use of ionic liquids (ILs) as base fluid offers an interesting alternative due to their stability 
and viscosity characteristics. In particular, the use of fluorinated ILs (FILs) is a promising tool in applications of gas separation 
and capture, and the combination with functionalized graphene nanoplatelets allows new perspectives in this application. 
Nevertheless, the structure and thermophysical profile of these novel graphene IoNanofluids have not been studied in detail yet 

It has been demonstrated that FILs present a complex nanostructured structure [1], with coexistence of three different chemical 
nature domains. This complex structural scenario is responsible for enhancing the accommodation of small size solutes as gases, 
resulting in high gas solubilities. In addition, the strong tendency to self-assemble forming continuous and supramolecular 
structures, and the versatility to rearrange in several conformational features favours the stabilization of nanocolloidal systems. 
The addition of graphene nanoplatelets modifies this complex structure, as well as the solid-fluid transitions, and this has been 
analyzed using DLS, TGA, and DSC techniques [2, 3]. In addition, the SAXS-WAXS analysis allows to understand the 
nanostructure of the different present domains and the effect of graphene concentration in the suspension. 
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Abstract 

Nowadays, the need for the study and implementation of new refrigerants with reduced Global Warming Potential 
(GWP) has become a widespread demand in accordance with new regulations established following the Kigali's 
amendment, signed by 197 countries [1]. In this regard, there is a necessity to find alternatives for the current third-
generation refrigerants, based on hydrofluorocarbons (HFCs). These compounds became the solution to the ozone 
depletion caused by chlorofluorocarbons (CFCs), but their high GWP aggravates the effects of climate change. The 
development of new refrigerants requires not only a low GWP, but also an accurate evaluation of their 
physicochemical properties to determine their capacity to substitute HFCs refrigerants without a loss of efficiency. 
Among the new alternatives, hydrofluoroolefins (HFOs) coolants, among others, seem a promising opting 
considering their low GWP. HFOs represent a realistic alternative due to their excellent environmental properties, 
although its relative high flammability prevents their use as single compounds. Hence, current options consider the 
reduction of HFCs by combining them with HFOs, forming azeotropic blends with similar properties but lower 
GWPs. 

This work intends to present a consistent thermodynamic model that characterizes new fourth-generation HFOs-
based refrigerants with the extended soft-SAFT equation of state [2]. The evaluation of the HFOs has been based on 
a molecular model transferred from HFCs, which had already been characterized in a previous work [3], taking 
advantage of the similarities between the two chemical structures. As a result, a set of optimized molecular 
parameters for these HFOs is provided, being consistent from a structural perspective. The description of the 
saturated density and vapor pressure is very accurate, in all cases, while the heat capacity and the speed of sound are 
predicted to validate the model, finding also very good agreement with the experimental information. Additionally, a 
very good description of the surface tension and the viscosity of these compounds is achieved by using the Density 
Gradient Theory and the Free-Volume theory coupled into soft-SAFT. Next, blends between HFCs and the two 
most common HFOs, R1234yd and R1234ze have been adequately described, providing a realistic picture of their 
phase equilibria, interfacial behavior and viscosity. The model can then be used for the prediction of any blend by 
varying the composition, as well as the behavior of ternary mixtures of refrigerants. The work is completed with a 
process simulation of a cascade refrigeration system, where the common 3rd generation refrigerant R410 is compared 
with these new 4th generation mixtures. The thermodynamic information of the system is calculated using the soft-
SAFT model and introduced in the process simulator Aspen Plus. A comparison of the Coefficient of Performance 
(CoP) is done for different cases, in order to establish the best alternative to R410.  
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Abstract 
Fluorinated gases or F-gases (Hydrofluorocarbons (HFCs) and Perfluorocarbons (PFCs)) have important applications 
in industry like refrigeration and air conditioning, fire extinguishing, aerosol manufacturing and as components of 
insulation foams, both thermal and electrical. The use of F-gases has increased substantially in recent years, due to 
their substitution in these applications of ozone depleting substances, i.e. Chlorofluorocarbons (CFCs) and 
Hydrofluorochlorocarbons (HCFCs). However, they are environmentally unfriendly because of their high global 
warming potential and their long atmospheric lifetime. It is therefore crucial to implement efficient and 
environmentally friendly techniques designed according to the principles of green chemistry in order to recover the 
fluorinated gases used in industry. In this context, this work is dedicated to the experimental study of capture and 
recovery of F-gases by adsorption on different microporous media: activated carbons and zeolites. The three F-gases 
selected in this study (R32, R125 and R134a) represent the compounds that mainly constitute the effluents to be 
treated. Firstly, the structural properties (specific surface area, pore volume, pore size distribution) of the selected 
microporous media have been determined by using gas porosimetry. Then, adsorption isotherms (at 10°C, 30°C and 
50°C) as well as the kinetics have been measured by means of a gravimetric technique based on a magnetic suspension 
balance. The energetic phenomena related to the capture process (differential heat of adsorption) have been also 
studied using a coupled device manometer/calorimeter. As an example, the adsorption isotherms and the differential 
heat of adsorption of R32 on EcoSorb activated carbon and ZSM-5 zeolite at 30°C are displayed in Fig. 1 that shows 
the adsorption properties of the R32 change with the type of sample used. 

Fig. 1.  Adsorption isotherms (a) and heat of adsorption (b) of R32 on EcoSorb activated carbon (red squares) and ZSM-5 
zeolite (blue circles) at 30°C 
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Abstract 

Within the current context of mitigation of global warming effects in the 21st century, environmental policies have 
become more severe about the regulation of greenhouse gases emissions. In this context, apart from CO2, 
hydrofluorocarbons (HFCs) have been included as target gases whose production and consumption in refrigeration 
and air conditioningshould be reduced. Although HFCs are not ozone-depleting substances, their global warming 
potential (GWP) is several orders of magnitude higher than the CO2 reference. According to this,197 countries 
signed in 2016 the Kigali Amendment to the Montreal’s protocol. Then, in this transient period of HFCs phasing 
down, it is necessary to define a road map towards the use of new refrigerant gases and the recovery of those HFCs 
that could still be reused in the refrigerant industry. In this regard, KET4F-Gas project is aimed at the development 
of key enabling technologies for the regeneration of refrigerant gases from end-of-life equipment. 

This work is focused on the research of membrane based separation processes, as a means to achieve high 
separation selectivity with a low energy demand. The permeation properties of a group of fluorinated gases that are 
commonly usedin the refrigerant industry, namely difluoromethane (HFC-32), 1,1,1,2 tetrafluoroethane (HFC-134a), 
pentafluoroethane (HFC-125) and 2,3,3,3 tetrafluoropropene (HFO-1234yf), through composite polymer ionic 
liquid membranes (CPILMs) were studied. Several CPILMs were prepared with ILs containing fluorinated anions 
and their corresponding fluorine free analogues.Furthermore, the influence of the ionic liquid concentration in the 
composite membrane was assessedon the membranes separation performance in terms of gas permeability and gas 
pair selectivity. Permeation tests were performed in continuous operation with pure and mixed gases and thegas 
concentration in the permeate side of the membrane was analyzed by gas chromatography [1]. 

Results showed that the permeability of every fluorinated gas was remarkably higher as the ionic liquid content in 
the CPILMs was increased. However, gas pair selectivity did not undergo significant changes with the IL percentage. 
Furthermore, the CPILMs with fluorinated anions exhibited higher gas permeabilities than those with their 
corresponding fluorine free ionic liquids.Hence, the experimental results suggested that this kind of composite 
polymer-ionic liquid materials could be suitable for the separation and recovery of fluorinated gases used as 
refrigerants, in the way to increase the lifetime of refrigerants gases,  and overall, to avoid emissions of fluorinated 
gases, reducing the impact of refrigeration and its effect on global warming. 
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Abstract 

European regulations [1] are limiting the use of hydrofluorocarbons (HFCs) as refrigerant gases because they exhibit 
high global warming potentials (GWP). Apart from the use of hydrocarbons and natural refrigerants, one of the 
plausible approaches to meet the legal requirements is the formulation of new refrigerant mixtures that contain new 
generation hydrofluoroolefins (HFOs) blended with one of the following HFCs: difluoromethane (R32), 
pentafluoroethane (R125), 1,1,1,2-tetrafluoroethane (R134a) and 1,1-difluoroethane (R152a). Thus, the recovery and 
reuse of HFCs seems a promising approach to increase their lifespan and avoid the production of new HFCs. 
However, current regeneration technologies that are based on distillation are highly energy-intensive. Therefore, the 
development of novel separation processes able to selectively separate F-gasesis needed for the practical 
implementation of circular economy principles in the use of refrigerant gases. 

This work is a step forward on using ionic liquids (ILs) to selectively separate F-gases [2,3]. The advanced molecular-
based soft-SAFT equation of state (EoS) is used here as an accurate tool to assess the potential of ILs as a unique 
solvent platform for the selective separation of F-gases. Soft-SAFT EoS is employed to model the absorption of 
several F-gases into different ILs [4]. Particular attention is paid to the separation of R32 and R125, which are the 
constituents of one of the most employed refrigerant blends, i.e., R-410A. Moreover, ternary diagrams are estimated 
for the absorption of R-410A mixtures into selected ILs in order to evaluate the separation performance of several 
ILs to perform the selective separation of R-410A into their main constituents. Finally, based on this study, a 
potential ionic liquid candidate is selected and several process simulations are performed to estimate the energy cost 
of the separation and recovery process. 
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Abstract 

Within the battle against climate change, and following Kigali Amendment, European regulations [1] are tightening 
the emission reduction goals of high global warming potential (GWP) fluorinated gases, which will have to be cut by 
two thirds within the next decade respect to their 2014 levels. Consequently, it is necessary to propose new 
alternatives with lower GWP, such as hydrofluorolefins (HFOs), but also to improve the technology of recovery of 
current 3rd generation hydrofluorocarbons (HFCs), as this will increase their lifespan and avoid the production of 
new HFCs. Current regeneration technologies, that are based on distillation, are highly energy-intensive. Therefore, 
the development of novel separation processes able to selectively separate F-gases is needed for the practical 
implementation of circular economy principles in the use of refrigerant gases.  

This contribution is focused on the pre-design of new technology processes based on F-gases absorption in Ionic 
Liquids (ILs). Based on previous thermodynamic studies, several potential ILs are selected to perform process 
simulations with Aspen Plus to estimate the approximate energy cost of the separation and recovery process. The 
evaluation is done for several blends of common refrigerants, such as R410.  The nonrandom two-liquid model 
(NRTL) is used to describe the nonideal behaviour in the liquid phase of the mixture. The thermodynamic 
information of the ILs is introduced in the program and carefully checked using different parameter regressions. As a 
result, a consistent definition of each IL is provided. The simulation includes the absorption columns and the 
additional flash separators, as well as the recycle of the IL. The validation of the results is done using bibliographic 
data [2]. Once this is done, an energy study is carried out and a comparison of the energy consumption for several 
cases and conditions is provided. The best set of operating conditions is given for each blend studied, according to 
the requirements of purity and recovery established. 
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Abstract 

Hydrogen generation by electrolysis is expected to play an important role as a crosslinking technology between power 
generation on one hand and transport and industry on the other hand. When produced by water electrolysis from 
renewable energies - such as solar or wind - hydrogen can directly replace fossil fuels in transport and industry, thereby 
helping in the integration of renewable energies in other energy sectors. The relevant technologies are either the mature 
alkaline water electrolysis (AEL), the newer proton exchange membrane (PEMEL) water electrolysis, or the less-
mature high-temperature solid oxide electrolysis (SOEL). The AEL has the benefit of using inexpensive materials and 
a superb durability record, whereas the PEMEL can excel with small footprint, high current densities and simplified 
system design. SOEL has the potential of highest electrical efficiencies when high-temperature heat is available but 
still requires scale-up efforts for reaching MW power levels.  

An overview of recent developments in Europe and Germany regarding the use of electrolysis technology is provided. 
Besides presenting the respective technologies, light-house demonstration and development projects are discussed. 
Furthermore, examples of research at DLR for integrating electrolyzers with renewables and for achieving cost 
reduction are given. Present activities and the future research priorities are discussed.   
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Abstract 

The objective of all countries and geographies worldwide is the progressive increase of the generation of electrical 
energy from renewable energy sources. However, this requires an efficient management, so that supply and demand 
of energy can be adjusted. This management necessarily implies storage needs in the daily operations of the electrical 
grid, but it also requires storage solutions that resolve the differences that exist (supply vs demand) between the 
different days of the week, months of the year, or seasons; thus, energy consumption and renewable production in 
spring, summer, autumn and winter, differ, and it is necessary to adapt them. 

Looking at the specific case of Spain, the National Integrated Energy and Climate Plan (PNIEC) 2019, proposes, by 
2030, the introduction of 69 newly installed GW of renewable energy, to replace 15 GW conventional power capacity 
to be closed (2 GW of cogeneration, 4 GW of nuclear, and 9 of the 10 GW that are currently powered by coal). 
Furthermore, the PNIEC advocates a scenario of 100% renewable electrical energy production by 2050. 

This will bring a storage need of the order of several TWh per year, which will have to be managed. The paper will 
address both the different scenarios of energy production and demand, as well as the use of an energy vector, 
hydrogen, which acts as a connector and bridge between other energy carriers, and which can solve the problem of 
energy management in the new energy mix in Spain. 

Finally, the proposed solution is analyzed as a viable alternative so that other geographies can also apply it in the short 
term. 
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Abstract 
Deployment of hydrogen fuelled vehicles is ongoing around the world. Small- and heavy-duty hydrogen transport 
is expected to be a green alternative to conventional fossil fuel vehicles and will be a substantial vector of low-
carbon economy in a near future. The currently accepted method of hydrogen storage in transport applications is 
compressed gas, which is typically contained in a carbon-fibre reinforced plastic (CFRP) vessels with nominal 
working pressure up to 700 bar. Safety of CFRP pressure vessels is of paramount importance for public 
acceptance of hydrogen technologies. The talk outlines research activities undertaken at Ulster University in 
connection with fire safety of CFRP tanks and their fuelling. 

The main unresolved issue facing the compressed gas energy storage sector is a catastrophic rupture of lightweight 
CFRP pressure vessel in a fire. Fire resistance rating (FRR) of today’s CFRP vessels, i.e. time in a fire before rupture, 
is only 3-12 min. Catastrophic rupture of CFRP tank in a fire is a serious threat to life and property and should 
be excluded through the innovative engineering. The numerical analysis [1] and the experimental study [2] were 
conducted aiming to achieve fire resistance rating of high-pressure hydrogen tank beyond potential car fire 
duration, i.e. of the order of 2 hours. The experimental programme comprised of bonfire tests of CFRP tanks 
with polymer liner both bare and thermally protected in line with Global Technical Regulation on Hydrogen and 
Fuel Cell Vehicles [3]. Tested parameters included different thermal protection, heat release rates, tanks with and 
without prehistory of pressure cycling. Experiments demonstrated that the thermal protection solution in form of 
epoxy-based intumescent paint is capable to increase fire resistance rating of CFRP tank from current 6-12 minutes 
to beyond 2 hours. 

Analysis of the research [1-2] lead to development of “leak-no-burst” safety technology for CFRP tanks [4]. 
Combination of plastic tank overwrap materials with specially chosen thermal properties leads to melting of 
plastic liner in a fire, which allows for slow and safe tank depressurisation even in the case of pressure relieve device 
failure. This completely eliminates hazard of tank rupture and associated risks from disastrous blast wave, 
fireball and projectiles, allowing for safe evacuation of passengers, public and intervention of first responders.  

Safe fuelling of high-pressure composite tanks is a technological bottleneck. Development of a protocol for safe 
and fast fuelling process is a research priority in hydrogen industry and research community. Safety 
considerations associated with composite tank design dictate constraints on fuelling process - primarily pressure 
ramp and hydrogen precooling temperature, which determine thermal condition of the tank and fuelling duration. 
Research program is being conducted at Ulster University to develop a fundamentally based reduced model to 
predict gas and CFRP wall temperature in the process of fuelling. The developed model [5] allows to account variable 
intensity of convective heat transfer inside the tank, which compares it favourably with the models currently available 
in the open literature. 
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Abstract 

Early stage commercialization of fuel cells for automotive applications has arrived, yet full scale commercialization is 
at a critical juncture because of pressing technical barriers that require reducing materials costs, improving reliability, 
and enhancing operational performance.  Perfluorinated proton-exchange materials form the basis of standard high-
performance PEMFCs and water electrolyzers but difficult chemistry hampers further material development to meet 
higher performance targets. Non-fluorous, hydrocarbon proton-exchange materials have well-established chemistry 
that allows for rapid material development, and offer the potential for easier catalyst recycling, lower fuel crossover. 
In the corollary case of anion exchange membrane fuel cells (AEMFCs), the search continues for a stable and versatile 
polymeric hydroxide-conducting medium.  This talk will highlight: (1) Materials chemistry pursued within a national 
network on “Catalysis Research for Polymer Electrolyte Fuel Cells”; and (2) Research towards next-generation, proton 
exchange membranes and breakthrough anion-conducting membranes for low-cost alkaline fuel cells and 
electrolyzers. 
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Abstract 

In line with the global climate goals of the 2015 Paris Agreement, Germany is pursuing an ambiguous national 
greenhouse gas reduction strategy with national climate goals of 80-95% CO2 emission reduction (compared to 1990). 
The central part of the investigation can be represented by a highly temporal resolved national energy system model 
for Germany, and the so called FINE-NESTOR has been developed precisely for this purpose. This model was 
designed to minimize the total system costs of the entire German energy system while considering the energy sector 
and all end-use sectors are part of the optimization. This is implemented on the basis of a quadratic programming 
approach with a focus on cost uncertainties, and therefor provides robust solutions over a variety of future cost 
scenarios. Moreover, the model makes use of time series aggregation techniques, includes seasonal storages, and 
implements a wide range of cross-sectoral technologies totaling to 50 pathways. In order to face the upcoming 
challenges of the energy transition, the results are further improved by the iterative coupling of other energy system 
related models. This involves a highly-resolved geospatial renewable energy potential model, hourly simulation of wind 
and PV generators, a European power flow model, and a global infrastructure model for the sustainable supply of 
synthetic fuels such as hydrogen and methane. Moreover, many of these models have been published open-source. 
Based on these aspects, different strategies for the reduction of CO2 emissions as well as their impact on the energy 
system are presented. The focus of the presentation will be on the contribution to CO2 abatement of cross-sectoral 
technologies, which are investigated within a consistent energy scenario. 
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Abstract 

Hydrogen was proposed as energy vector late last century. The exponential development of the PEMFC 
technology onset at that time and the research community was expecting to deliver soon a marketable technology. 
However, the costs of the PEMFC technology took longer than expected to lower and the use of platinum and 
other rare metals hindered the initial vision of a broader use of PEMFC, especially for mobile and m-CHP 
applications. Meanwhile, the battery mobility emerged especially with players such as Tesla and the 
attractiveness of PEMFC decreased. Now the situation is being inverted and PEMFCs are now becoming more 
attractive, especially in Japan. Panasonic installed over 140 000 m CHP units and car makers such as Toyota developed 
leading PEMFC technologies; Mirai model displays an expectable lifetime of 150 000 km and a hydrogen 
consumption of ca. 760 g per 100 km. Moreover, Toyota announced recently a 10-fold scaling up production of 
the Mirai, thus achieving 30 000 units per year. Also, CaetanoBus announced a PEMFC/lithium battery hybrid 
bus for the Summer of 2019; this company expects this combination to extend the lifetime of the fuel cell stacks 
and to facilitate the operation and the refuelling of the buses. 
The need for producing hydrogen for PEMFC applications is then emerging. Hydrogen is known to be 
difficult to transport and to store; the transport industry defined two standards for storing hydrogen at high 
pressure, 350 bar for large vehicles such as buses and trucks and 700 bar for cars. Also, the purity needed for 
mobile and stationary applications are established by ISO 14687-2 and ISO 14687-3, respectively; they are 
quite demanding especially in which concerns to CO concentration, <0.2 ppm and <10 ppm, respectively. 
There are essentially two processes to produce hydrogen, hydrolysis and reforming/gasification. Hydrolysis 
hydrogen is mostly produced by electrolysis though photoelectrochemical and the thermochemical water splitting 
are now being researched. Electrolysis processes delivers high purity hydrogen, containing essentially only water 
and nitrogen as contaminants. However, the reforming/gasification produces streams with no less than 1 % of CO; 
these streams need to be further purified. The hydrogen purification can be achieved by cyclic adsorption processes 
such as PSA or by membrane processes, using essentially palladium-based membranes. Recent advancements by the 
authors on selective CO adsorbents, allows now to produce, in a single stage PSA unit, PEMFC grade hydrogen 
with high recovery values. Hydrogen can also be purified using electrochemical pumping, which is especially 
suitable for pumping out hydrogen transported in natural gas pipelines. The electrochemical pumping allows to 
extract hydrogen at very low partial pressures to a purified stream. 
The present work reviews the various technologies used for purifying hydrogen for PEMFC applications and goes 
beyond, disclosing for the first time results of a new hydrogen production process involving the methane 
decomposition. 
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Abstract 
Humankind has always relied on energy to survive. However, this energy-dependence has clearly turned into a problem 
during the last decades. The main reasons are the intensive and growing consumption of finite fossil resources; such 
as coal or oil, and the negative impact that combustion of those fuels have in our environment. To address these two 
issues at once, hydrogen seems to be one of the possible solutions, since its combustion produces water only, which 
in turn is the only feedstock recommended in a CO2-free hydrogen economy. 

Hydrogen production by water splitting using thermochemical cycles based on redox reaction essentially consists of 
two consecutive steps: reduction and hydrolysis. Cerium oxide (IV) is a suitable candidate for this route of hydrogen 
synthesis due to its demonstrated good performance and cyclability. The reduction and hydrolysis reactions are shown 
in equations 1 and 2, respectively. The usual working temperatures at which this material is proven to be efficient are 
1500 ºC in the reduction stage and about 900 ºC when oxidizing. It means that, typically, oxygen and hydrogen are 
released at different stages, so that high quality products can be obtained with no separation effort. 

CeO2 → CeO2-δ + δ/2 O2 (1) 

CeO2-δ + δ H2O→ CeO2 + δ H2 (2) 

Water splitting using thermochemical cycles has traditionally been considered energetically inefficient, which has 
prevented the technology from reaching industrial scale. This is mainly due to the high temperature required in the 
reduction and the temperature differences between reduction and hydrolysis (between 400 – 600 ºC). Concentrated 
solar power technologies currently allow to reach almost any required temperature at low cost and to supply clean 
thermal energy to such an energy-intensive process, however heat recovery or operation strategies must be 
implemented in order to take advantage of heat between reduction and oxidations steps.  

This work addresses an experimental comparison on hydrogen production by non-stoichiometric thermochemical 
cycles using different operation conditions based on temperature cycles and isotherms. This study was performed in 
a fixed bed vertical tubular reactor filled with around 80 g of cerium oxide (IV) cylindrical pellets of about 3 mm 
diameter and 3 mm height and using argon as process gas to create an inert environment. Additionally, a numerical 
model describing heat and mass transfer in the packed bed allow explaining main experimental findings. 
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Abstract 

Although subject of much attention in the last decades, a hydrogen economy has not been yet developed. An analysis 
of the reasons for that is out of the scope of this study. Uses for hydrogen are nowadays mostly limited to the chemical 
industry. However, potential uses are as domestic fuel gas and as transportation fuel or for energy (renewable 
electricity) storage. Currently, hydrogen market prices are highly variable depending on the potential final use (from 
2.0 USD/kg as a commodity for the chemical industry to 0.5 USD/kg as a fuel gas or more than 4.0 USD/kg for 
transportation). 

Lately, the power-to-gas approach has been proposed for the production of hydrogen. In this approach, renewable 
electricity is used to produce hydrogen via electrolysis. For instance, most efforts are directed to the use of the 
curtailment-to-be variable renewable electricity (VRE) excess supply (e.g. in later peak hours for wind and midday for 
solar), since a virtually zero cost electricity would be used. It is in the framework of the power-to-gas approach where 
most studies analyzing the potential of hydrogen energy storage have been conducted. However, the power-to-gas 
approach for energy storage is still not cost-competitive due to the uneven hydrogen production, high production 
costs, application to short-duration storage solutions and sometimes use of above ground hydrogen storage solutions. 
However, there is a long and successful experience in the use of hydrogen in the chemical industry where large-scale 
hydrogen storage is commercial (although not very common, only examples in UK and Texas). The large-scale 
hydrogen storage is below ground using salt caverns. This is a rather inexpensive option compared to above ground 
storage. 

In this study, we propose to use the existing experience in large-scale hydrogen storage (mostly limited to conventional 
oil refineries) as a game-changer in the development of a renewable hydrogen network. The decoupling of hydrogen 
generation and consumption is one of the debottlenecking issues that are still missing in the so-called hydrogen 
economy. The involvement of the large chemical and energy industry brings several opportunities, some of them 
explored in this study, i.e. benefits from the economy of scale, experience in the production and use of hydrogen, and 
a synergistic effect in the chemical/energy industry (e.g. better management of the internal hydrogen network). Our 
results present a case study for a specific site where the integration of renewable hydrogen production, large-scale 
hydrogen storage and refineries enhances the economic performance for both the refinery and the renewable hydrogen 
producer. 
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Abstract 

Hydrogen is one of the most valuable alternatives to fossil fuels as an energy carrier. Although it is abundant 
in the universe and has the highest gravimetric density, it is not present in its molecular form. For this 
matter, it is typically stored in high pressure or cryogenic temperature tanks [1], which are not ideal solutions 
for decentralized energy generation. One alternative to these storage methods is to use the high hydrogen 
content of sodium borohydride (10.66 wt. % [2]) which allows to simultaneously produce and store 
hydrogen [1]. Hydrogen can be obtained at room temperature and pressure by hydrolysis of sodium 
borohydride, as described in Equation 1. For these reasons, it can be the solution for decentralized clean 
energy generation, providing energy to supply no-grid locations and to use in small portable applications. 

NaBH4 + (2+x) H2O → NaBO2• x H2O + 4 H2      (1) 

In Equation 1, x represents the hydration factor. Excess of water is necessary since the by-product of 
reaction, sodium metaborate, retains typically 2 or 4 water molecules, decreasing the hydrogen yield and 
generation rate [2]. Higher x allows the increase of the yield and generation rate; however, the gravimetric 
and volumetric hydrogen storage capacities decrease significatively. This is one of the main issues to the use 
of this chemical hydride to generate energy. Furthermore, the other problem associated is the cost of the 
sodium borohydride. It is therefore essential to regenerate the hydride from the by-product of hydrolysis. 
Additives, for example sodium carboximethyl cellulose (CMC), can be added to the hydrolysis reaction to 
modify the chemical structure of the by-product. Ferreira et al. [3] observed the rearrangement of the sodium 
metaborate molecules when additive CMC was used in the hydrolysis of sodium borohydride. Thus, sodium 
boron hydroxide was formed, a compound that does not retain water molecules and it is easier to recycle 
than sodium metaborate. Overall, this work focuses on the study of the methods of regeneration of sodium 
borohydride from the by-product obtained in its hydrolysis. A comparison will be made between the main 
methods of production - Brown and Schlesinger and Bayer processes - and the green alternative – the 
modified Bayer process. Moreover, an electrochemical method to regenerate sodium borohydride will be 
demonstrated. If the regeneration of sodium borohydride is achieved, the implementation of a circular 
economy in a system that aims the production of green hydrogen for energy applications is possible.  
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Abstract  
CsH2PO4 has become as one of the new generation electrolytes for fuel cells operating at intermediate temperature 
(200 - 300 ºC) [1]. CsH2PO4 transforms into cubic phase showing superprotonic conductivity when the temperature 
is increased above 230 ºC [2]. Unlike the high temperature cells, the low operation temperature of CsH2PO4 allows 
the possibility to use cheap materials for the stack construction, reducing the cost of the device and increasing the 
lifetime. Moreover, due to the higher operation temperature, compared with polymeric membrane fuel cells (80 ºC), 
different catalysts instead of platinum [3] can be employed, increasing the possibilities of the cell. 
Usually, the same material can be used as electrolyte in a fuel cell or electrolyser cell, but the reactions involved are the 
reverse. This premise was considered and CsH2PO4 was tested as electrolyte material in a fuel cell and electrolyser 
mode.  
Different cell configurations were studied for the optimization of the cell performance. Firstly, symmetrical cells 
supported on the electrolyte were manufactured by employing the same electrode material for cathode and anode. 
Carbon Gas Diffusion Layer (GDL) was employed as electrode backbone and different catalysts as Cu, Zn and Pt 
were infiltrated. Some improvements were performed as to enlarge the triple phase boundary and composite electrodes 
were designed. CsH2PO4 was selected as proton phase whereas carbon powder impregnated with different metals was 
used as electronic conductor material. Secondly, the electrolyte thickness was reduced by supporting the cell on 
different supports: steel or nickel porous supports, reducing the thickness of the electrolyte from 1.8 mm to 100 µm. 
Further studies were performed in order to improve the mechanical stability of the sample. The addition of an epoxy 
in the electrolyte [4] allowed working with a system pressure of 20 bar. Different ratios of CsH2PO4 and epoxy were 
studied in order to obtain good conductivity and good mechanical stability. 
Furthermore, the influence of total pressure was tested for the different cells, and results showed that increasing the 
pressure in the system, the performance increased in more than six times. The results highlighted the big influence of 
the system pressure and operation temperature. During the time that a constant current was applied to the system in 
the steam electrolysis mode, the composition of the outlet stream was analysed by a mass spectrometer and a gas 
chromatograph. Stable production of H2 was observed and the Faraday’s efficiency achieved values around 100 %. 
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Abstract  
The fuelling of hydrogen composite storage container is a complicated problem directly related to safety provisions. 
The fuelling process is limited by different safety barriers, major of which are: temperature not to exceed 85 0C; 
pressure not to exceed factor of 1.25 of  nominal working pressure (NWP); state of charge (SOC) not to exceed 100% 
[1–4]. Hydrogen tank characteristics and details of fuelling procedure – tank initial pressure, dynamically changing 
pressure and temperature inside the tank, the diameter of fuelling nozzle, the fuelling time, conjugate heat transfer 
from heated during compression hydrogen through the tank wall to the ambience, etc. – may be considered as design 
parameters to achieve the above safety targets.  
This study aims to perform a parametric analysis to identify the role of different constraints during the fuelling of 
hydrogen storage. To do so, the validated reduced fuelling model of [5] is employed to test the temperature dynamics 
of the stored hydrogen and within the tank wall during fuelling under varying fuelling and exploitation conditions. 
The range of parameters to be assessed includes but not limited to:  

- various pressure ramps and the consequent mass flow rate of gas entering the tank to obtain 100% SOC
respecting the tank permissible pressure and temperature of 1.25∙NWP and 85°C, respectively;

- the role of initial pressure in the tank when arrived to the refuelling station and its effect on the final SOC
and temperature of the tank;

- cooling time of the tank after fuelling for either parked or driving vehicle (subsequent fuelling);
- possibility of using higher than 60 g/s [3] mass flow rate during the fuelling;

The role of gas delivery temperature to the tank is also investigated. At the moment the gas pre-cooling strategy is 
considered as a main-stream approach for tanks designed for 70 MPa NWP. However, the gas pre-cooling needs 
energy expenditure and hence is more expensive. Introducing an approach to reduce or even exclude the pre-cooling 
of the delivered gas to the tank is a lack in most of hydrogen fuelling related studies. This part of research is based on 
exploitation of under-expanded jet theory [6,7] to study of gas transfer from the station to the vehicle storage and its 
effect on the gas delivery temperature to the tank.  
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Abstract 
Although the water management is a key issue for the efficient operation of PEM fuel cells, the exact mechanisms 
leading to the liquid water accumulation on the cathode side are still a subject of investigation. Insights on these 
mechanisms can be gained from numerical simulations using a pore network model referred to as a Mixed liquid-
vapor Injection Pore Network Model (MIPNM) [1,2]. This model was used to simulate the liquid water distribution 
in the cathode GDL for a large range of operating conditions (temperature T, current density i and cathode reactant 
gas relative humidity RHc). This led to identify two main operating regimes: the pure condensation regime where the 
presence of liquid water in the GDL is only due to water vapor condensation and the mixed regime where both the 
water vapor condensation and the liquid water direct intrusion from the GDL–catalyst (or MPL) interface contribute 
to the GDL pore filling. The computed liquid water distribution patterns for both regimes are in good agreement with 
experimental patterns obtained either by X-ray tomography [1] or neutron radiography [3].  
The neutron radiographies presented in [3] also show that the operating conditions at the anode and more specifically 
the relative humidity RHa of the reactant gas at the anode has an impact on the liquid water distribution on the cathode 
side. Increasing RHa while maintaining constant the other parameters increases the amount of liquid water in the 
cathode GDL.   
To explore the impact of the conditions at the anode, we first vary the fraction of the liquid water produced in the 
cathode catalyst layer which is directed toward the cathode GDL. This leads to results in qualitative agreement with 
the experimental observations [3]. To obtain more quantitative information, the MIPNM is coupled with a heat and 
mass transfer 1D continuum model of the whole anode-cathode assembly (GDLs, catalyst layers and membrane). The 
results from the 1D model are injected as inputs for the MIPNM to simulate the liquid water formation or intrusion 
in the GDL for various values of RHa. 
It can also be noted that networks of mixed wettability can be considered with the MIPNM in relation with other key 
issues such as the imperfect hydrophobisation of the GDL or the degradation of the GDL hydrophobic properties. 
The simulations indicate that the impact of a change in the wettability properties on the reactant gas access through 
the GDL is highly dependent on the regime, i.e. on the operating conditions on both the anode and the cathode. 
Whereas this impact is minor when the conditions correspond to the occurrence of the pure condensation regime 
where the liquid water is confined in the region below the rib, it can be quite significant in the mixed regime when the 
conditions are such that liquid water is present also in the region below the channel.    
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Abstract 

Fuel Cells (FC) are a promising technology that can be used in the automotive, stationary and portable power 
sectors. However, a number of challenges have delayed their wider uptake into the market place: cost, reliability and 
lifetime being the three main issues. 

The high cost of PEM-FCs is largely associated with the use of expensive precious materials. Research activities and 
investments have been focused on finding new and cheap materials, and also improving the way fuel cells internal 
subsystems (water management, etc.) are being controlled, managed and operated. In contrast, this thesis takes the 
FC research to a different level of abstraction by investigating the overall control and management of a fuel cell 
system. The work explores the operation of FCs when interacting with their associated load, energy storage (in this 
case a battery) and converter (a DC/DC converter). By doing so, the formulated hypothesis is: 

“By focusing on the overall FC system (FC, battery, DC/DC converter, load) and not on the FC device sub-
components (water, thermal management, etc.), it is possible to identify the different external issues that negatively 
affect a FC and exert appropriate antidotes”.  
This research proposed three main interrelated “antidotes” to address FC premature failures, thereby reducing cost, 
reliability and lifetime issues:  

• Development of an automatically optimisation technique to devise the size of the intermediate battery
buffer component within a fuel cell system.

• Devise a method to optimise the fuel cell electrical power output using a proposed double PID control
system.

• Provide a concept to better operate fuel cells and reduce battery stresses using advanced predictive Artificial
Intelligence (AI) technology.

The results from this research demonstrates that it is possible to reduce fuel cell internal degradations by focusing 
on better managing the overall FC system at all levels. 
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Abstract  
Hydrogen (H2) and fuel cell technologies are at a cross junction of being ready for mass production. However, though 
member of the public understand that hydrogen is a fuel and recognise that it has a part to play in the zero carbon 
energy mix, there is still a perception that H2 is long way off mass deployment. Unfortunately, and currently, this 
perception leads to that H2 technologies lack some high formal political support globally. This means that the H2 
community is only marginally recognised by politicians and therefore mass deployment is being delayed.  
To further exacerbate the situation, hydrogen fuel is faced with a “chicken and egg situation”. The rational is that 
there is a need to develop a hydrogen fuel infrastructure. At the same time, there is a need to deploy hydrogen 
applications. And the issue is which comes first: “The infrastructure that will supply the H2 fuel or the applications 
that will use the hydrogen?” 
Currently, there is no agreement within the hydrogen community about this, and it is up to H2 community to aim at 
doing both. However, this situation is unsustainable because it has led to a small number of infrastructure projects 
and a small number of application projects. Because there are just a few one-off financial support schemes for 
hydrogen, the community is only “scratching the surface” of the high potential for this H2 zero emission fuel.    
To this point, it is clear that there are limited numbers of hydrogen projects at European and Global level. And it is 
clear that these projects have sent a positive message about the clean H2 fuel and associated clean applications. 
However, it is also clear that there is still a lack of information within the public realm as to how new policies and 
financial schemes can support the uptake of H2 technologies. 
The Hylantic project has, therefore, and as one of their aim been setup to investigate this gap in the public, political 
and financial information systems and knowledge. The view is that by filling the gap, a number of novel methodologies 
and strategies could be documented. The overall objectives is to demonstrate how a simple, and yet effective a single 
change in the legislation could support the wide uptake of renewable hydrogen zero emissions technology.  
Therefore, this paper aims at provide tangible solutions as to how to use legislation to support the uptake of hydrogen 
technologies. It will first present the very limited financial, political and legislative support for H2 schemes. Second, it 
will illustrate that without better medium to long term support, H2 technology is at risk to become an obsolete and 
underutilised low emission technology. Third, it will then demonstrate the importance of providing politicians, public 
civil servants, financiers, investors and member of the public with the right information. Fourth, it will provide a set 
of innovative strategies that, if implemented, will support the uptake of H2 at a scale never seen before. The paper 
will provide six (06) different strategies that can be easily implemented as legislation. It will show that each of the six 
strategies, if implemented, will provide substantial market to the hydrogen community and indirectly to the renewable 
industry. It will conclude that the strategies will spearhead the deployment of H2 and RE technologies and reduce 
CO2 emissions to unprecedented levels. 
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Abstract 
Among the alternatives for sustainable hydrogen production, the steam reforming (SR) of bio-oil obtained by pyrolysis 
of lignocellulosic biomass is a promising route with a low environmental impact because of neutral CO2 balance. One 
of the main problems of bio-oil SR is the deposition of carbonaceous material that causes rapid catalyst deactivation. 
In order to improve catalyst stability, research effort has been focused on the development of new catalysts resistant 
to deactivation and with ability to be completely regenerated. A bulk NiAl2O4 (33 % Ni) catalyst obtained by 
coprecipitation method was selected in a previous work for its efficient regenerability at high temperature [Remiro et 
al. 2018. Appl. Cat. B 237, 353–365]. The aim of this work is to delimit the optimum reaction conditions (temperature, 
steam to carbon ratio and space time) for enhancing H2 production and attenuating deactivation of bulk NiAl2O4 
catalyst in the SR of bio-oil. 

Fig. 1.  Effect of temperature (a), S/C (b) and space time (c) on the evolution with TOS of conversion and H2 yield. Reaction 
conditions: S/C = 6 and 0.15 gcath/gbio-oil (a), 600 ºC and 0.075 gcath/gbio-oil (b) and 600 ºC and S/C = 6 (c). 

Fig. 2.  Effect of temperature (a), S/C (b) and space time (c) on the TPO profile of deactivated catalysts. Reaction conditions: 
S/C = 6 and 0.15 gcath/gbio-oil (a), 600 ºC and 0.15 gcath/gbio-oil  (b) and 600 ºC and S/C = 6 (c). 

The suitable reaction conditions are delimited by deactivation causes: i) Ni sintering which becomes noticeable at 700 
ºC and ii) coke deposition with different impact throughout the studied range. A high deactivating encapsulating coke 
is deposited on the active metal at 600 ºC and a more condensed coke deposited on the support at 650-700 ºC also 
affects to catalyst deactivation. The lower deactivation at 700 ºC compared to 650 ºC is due to the lower deposition 
rate (due to the promotion of coke gasification) and a lower impact of coke on the porous structure of the catalyst in 
spite of the higher sintering undergone at 700 ºC. An increase in S/C ratio and space time attenuates the deactivation 
because: i) S/C promotes coke gasification of the more condensed coke and ii) space time reduces the amount of coke 
precursors (oxygenates) which attenuates coke deposition rate. Therefore, the optimum reaction conditions in order 
to improve H2 yield and stability are 600 ºC, S/C between 3 and 6 and space time higher than 0.15 gcatalysth/gbio-oil. 
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Abstract 

Methanol steam reforming (MSR) is a well-established process to produce H2 for PEMFCs. Since the Pt-based catalyst 
of PEMFC is highly susceptible to CO-poisoning, the design of the MSR catalyst is crucial to deliver H2-rich streams 
with low CO content. Cu-based catalysts have been used in industry for many years, but they are sensitive to the 
process conditions, being Pd-containing catalysts a good alternative. The main drawback of Pd-based catalysts is their 
low MRS selectivity, that can be improved by alloying with other metals [1]. In line with previous research [2], this 
work studies the influence of the synthesis conditions on the catalyst performance of bimetallic CuPd/ZrO2 for MSR. 
The synthesis of CuPd bimetallic catalysts consisted in the sequential impregnation of a monoclinic ZrO2: (A) Pd then 
Cu and (B) Cu then Pd. Following, a reductive treatment with H2 at 400 °C was applied to the dried samples.  
Clearly, both CuPd catalysts show different performance in the whole temperature range studied (Fig. 1a-1b), with 
especial emphasis on the CO selectivity. Starting from Pd impregnation (CuPd-A) resulted in a 2-fold conversion 
increase when compared with synthesis B. Moreover, the SCO was kept stable at 5 % while for CuPd_B it increased 
with increasing temperature (up to 37 % at 260 °C). Our results evidence that the synthesis conditions play a significant 
role on the degree of interaction between metal ions and the support, which is enhanced when Pd is impregnated first. 
This type of synthesis favors a uniform distribution of Cu and Pd on the support surface (SEM-EDX), resulting in the 
formation of smaller CuPd particles intimately mixed (XPS and TPR). Conversely, when Cu is loaded first, more 
isolated Cu and Pd clusters are formed, resulting in a poor interaction. This affects the dispersion and reducibility of 
metal active species in the final CuPd catalyst, which in turn, determine the activity and selectivity of the catalyst in 
MSR. 
Our results nicely illustrate the influence of synthesis conditions on catalytic and physicochemical properties, and how 
a proper choice of the former, could result in the development of highly-performing MSR catalysts. 

Fig. 1.  (a) Methanol conversion (%) and (b) CO selectivity (%) as a function of the temperature; and (c) TPR profile. 
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Abstract 
Interest in dry methane reforming has increased in recent years due to growing concern about global warming and the 
search for alternative energy sources. In the dry reforming of methane, two greenhouse gases, CO2 and CH4, are 
converted into syngas (H2 and CO, Eq. (1)) which can be used to obtain different chemical products: 

CO2  +  CH4  ⇌  2 H2  +  2 CO        ∆H298K
° =  247 kJ/mol (1) 

In this reaction, to achieve conversions close to 100%, it is necessary to work at temperatures higher than 1000oC. 
However, to attenuate the catalyst deactivation by sintering is convenient to work at lower temperatures, so that 
normally syngas (mixture CO + H2) is obtained mixed with unreacted CO2 and CH4. In this work a process has been 
designed to recover the syngas from the product of a dry reforming reaction of methane at 700oC by means of a Dual 
PSA (Dual Pressure Swing Adsorption) process with heavy reflux using BPL activated carbon as an adsorbent. 
Adsorption equilibrium and kinetic parameters required to design this process have been taken from a previous work 
(Brea et al. 2017). The process can recover syngas with purity and recovery higher than 99%. Unreacted CO2 and CH4 
can be recycled to the reactor, leading to effective CO2 and CH4 conversions close to 100%. The specific energy input 
(SEI) of the reaction system coupled with the Dual PSA process is 4.7 thermal kJ per L(STP) of syngas. This energy 
consumption is significantly lower than that reported for plasma reactors (11.2 kJ electrical/L(STP)), and higher than 
that reported for a Ni catalytic reactor operating at 1000oC (3.2 kJ thermal/ L(STP)), but with the advantage of 
operating at 700oC instead of 1000oC. The process can also be used to recover the syngas contained in the tail gas of 
a H2 purification PSA from SMR-off gas. A flowsheet of the methane dry reforming process at 700oC integrated with 
syngas recovery by Dual PSA is presented in Figure 1. 

 
 
 
 
 

Figure 1. Flowsheet of the methane dry reforming process at 700oC integrated with syngas recovery by Dual PSA 
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Abstract 
Proton Exchange Membrane Fuel Cells (PEMFCs) have emerged as one of the most efficient systems in portable and 
stationary power applications in generating electricity with zero emissions at low operating temperatures. These fuel 
cells utilize H2 as a fuel, which is continuously produced by the steam reforming of hydrocarbons. The produced H2 
usually contains byproducts such as CO, CO2 and H2O. The presence of CO in the PEMFC prevents the reaction of 
H2 (fuel) with the Pt-anode electrocatalyst—which works on dissociating H2 atoms into protons and electrons—and 
therefore, deteriorates the performance of the fuel cell. Ceria enjoys a great popularity as catalyst for CO oxidation, 
which stems from its intrinsic structural and redox properties. In this research, some modifications were introduced 
to increase the great potentials of ceria. Various methods to optimize the catalyst towards enhancing its activity were 
studied. Microwave (MW) radiation method was utilized to synthesize the catalysts. The ceria-based catalyst was doped 
with samarium to enhance its thermal stability and improve the oxygen mobility—which is important for the CO 
oxidation at lower temperatures. As well as copper—which introduces defects into the structure of the ceria-based 
material, due to the differences in the ionic size and charge—to further enhance the catalytic activity and lower the 
temperature at which the CO is oxidized. The effect of different loading percentages of copper into the catalyst, 
different solvents (i.e. water, ethanol and 1-propanol), and integrating Air Cooling (AC) with the MW method was 
studied. For the evaluation of the final catalyst a set of characterization techniques were employed to investigate the 
degree of enhancement on the pure ceria catalytic system—some are shown in Fig.1.   

Fig. 1.  (a-b) SEM micrographs of Ce-Sm-20Cu synthesized in water with air cooling technique, and 1-propanol, respectively, (c) 
XRD pattern of Ce-Sm-3Cu in different solvents, (d) Cu 2p XPS core level spectra of Ce-Sm-20Cu in different solvents (e) 
Raman spectrum of the catalysts synthesized in water and the effect of Cu loading, and (f) solvent effect on the catalytic activity.  
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Abstract 
A hydrogen management system was design and implemented integrating a batch tubular reactor unit with a custom 
specific electronic monitoring and controlling system, making possible real time control, data acquisition and remote 
data collection of several process variables for Hydrogen generation and storage from chemical hydride, sodium 
borohydride. The objective is to achieve an automatic on-demand control of the batch reactor, to provide a “quasi-
continuous” production and storage of hydrogen, to fulfill the energy requirements intended to feed a fuel cell for 
stationary applications. The custom hardware and firmware is easy expandable and adaptable to different reactor 
specifications and can be optimized and redesigned, allowing a final lower cost when compared to off-the-shelf 
acquisition and control systems. The development and optimization of the H2MS system’s local control firmware is 
being carried out, namely the several software drivers for the different data acquisition and actuator modules to be 
used. The H2MS system includes also a low cost single-board microcomputer running on Windows 10 environment, 
using a touch sensitive monitor for data display and user interaction. The high-level software application for reactor’s 
control and user interaction is under development, giving the possibility of real time acquired data reactor status to be 
displayed in a synoptic dashboard, and allowing the user touch interaction to modify some of the system’s parameters 
and actuators status. In the future, it will also be possible to access the system remotely.  

Preliminary data using the developed H2MS system, see figure 1, have already been collected in experimental conditions 
that allow production of 500 LH2 per hour at different temperatures, based on in-house developed catalyst and full 
kinetic study.  

Fig. 1. Real time data acquisition for 500 LH2 per hour at different temperatures, using developed prototype reactor and H2MS 
system.  
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Abstract  
Very often, industrial activity results in the generation of considerable amounts of by-product streams that are not 
directly profitable. The most common solution for these cases is the burning of the by-products. Such approach 
enables the implementation of energetic valorisation strategies of the waste streams, thus generating heat and power. 
The EU project iCAREPLAST considers this approach for the valorisation of a by-product gas mixture composed by 
pyrolysis gases, oxygenates and other hydrocarbons resulting from the up‐ cycling of non-recycled plastic waste into 
alkyl-aromatics. iCAREPLAST project considers the burning of these undesired gas streams by using pure O2 (oxyfuel 
combustion) in specially-conceived catalytic membrane reactors (Oxygen Transport Membrane modules) to produce 
heat and power (integrated in a combined cycle) while applying efficient CO2 capture (Figure 1 left). 
Several ceramic materials presenting high O2 production capabilities and stability under oxyfuel environments are 
considered for conducting the combustion of pyrolysis gas streams, and thus evaluating the integration of membrane 
reactors concepts within synergetic combined cycles. This work presents the advances conducted within 
iCAREPLAST project activities in the application of oxyfuel combustion with OTM modules [1]. 
Several material compositions have been considered for burning gas hydrocarbon streams (CH4/Ar mixtures) at 
temperatures in the range of 1000-850 ºC. Figure 1 right shows the obtained results in terms of CH4 conversion and 
CO2 selectivity for different membranes. The membranes have been surface activated by adding a porous catalytic 
layer by screen-printing for the promotion of permeation and combustion. The best results are obtained for BSCF 
membranes, nearly achieving a total combustion of the HC stream (10% CH4 in Ar), nevertheless, the limited stability 
of BSCF membranes under reducing and CO2-containing environments makes necessary the selection of more stable 
alternatives. Other tested compositions show lower results with respect to CH4 combustion towards CO2 generation, 
despite their high stability. This lack of performance can be related with the lower O2 permeation and the need of 
adjusting reaction parameters (temperature, residence time…) in order to maximize the HC combustion. 

Fig. 1. (left) Schematic representation of the iCAREPLAST concept for the integration of a OTM-CMR in a combined cycle for 
heat and power generation, (right) CO2 selectivity in dependence of CH4 conversion for different OTM compositions. 
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Abstract 

Solar-driven two-step thermochemical water splitting represents one of the most promising candidate processes for 
hydrogen production and solar energy storage [1]. Thermochemical cycles involve two or more steps in which a solid 
oxide is thermally reduced and oxidized, being the net result of all of them the dissociation of water (reaction 1), 
although it occurs through two or more endo- and exothermic reaction with lower temperature requirements (reaction 
2 and 3) [2]:  

H2O → H2 + ½ O2 (1) 
MexOy → xMe + 𝑦𝑦

2
 O2 (2) 

xMe + H2O → MexOy + yH2 (3) 

Among two-step thermochemical water splitting cycles, those based on non-stoichiometric oxides have recently 
attracted considerable interest: they remain crystallographically stable during oxygen vacancies formation and O2 is the 
only gaseous species released during solid-state partial reduction (reaction 2), thereby avoiding products recombination 
[1]. Among non-stoichiometric solids, perovskites of general formula ABO3 have been recently proposed as potential 
materials for thermochemical water splitting. This potential relies in its flexibility towards incorporation of various 
chemical elements on both A- and B-cation sites, offering a number of potential formulations with multiple 
substitutions and doping strategies in order to improve their thermochemical performances.  

In this study, we synthesized a number of perovskites with general formula La1-xSrxCo1-yBy (B = Fe, Mn and Ni), 
x=0.2 and 0.35 and y=0.1 and 0.2, and evaluated them as thermochemical energy storage materials and as materials 
for thermochemical water splitting. Their redox capacity (δ), cyclability and RedOx enthalpy and entropy was evaluated 
by means of thermogravimetric analysis (TGA). The activity towards thermochemical water splitting was measured by 
means of thermogravimetry and mass spectroscopy (TGA-MS). The perovskites were characterized by means of XRD, 
SEM, ICP-EOS and N2-adsorption before and after the analysis.  

The results demonstrate that the amount of Sr and the nature and amount of the B cation has a strong effect in the 
thermochemical properties of the perovskites. The best results were found for the La0.65Sr0.35Co0.9Ni0.1, demonstrating 
that using Ni is beneficial for the production of stable and active perovskitic materials.   
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Abstract 
Internal combustion engines have traditionally been fueled with fossil fuels, leading to high amounts of CO, CO2, HC 
and NOx emissions, harmful for the environment and human health. Stricter environmental policies for emissions 
reduction have been implemented throughout the last decades. A feasible path is the utilization of H2 or mixtures of 
gases with a high content of H2 as fuels to reduce emissions meeting the actual political requirements. 

Stationary internal combustion engines connected to electric generators at the outlet of industrial plants, which 
produce waste streams with a high percentage of H2, could be an attractive possibility to the implementation of 
optimized engines to harvest energy at the same time the emissions are controlled. One of this industrial waste streams 
is coke oven gas (COG), a by-product of coke manufacture that is flared during periods of low energy demand [1], 
containing around 57%vol of H2, 30%vol of CH4, 6%vol of CO, 5%vol of N2 and 2%vol of CO2. 

Power and emissions of COG, pure H2 and pure CH4 in a Volkswagen Polo 1.4L naturally aspirated port-fuel injection 
spark ignition engine converted to operate with gas [2] have been studied to assess these different gases. The air-fuel 
equivalence ratio (λ) was studied at 1, 1.5 and 2 for COG; 1.5 and 2 for H2; and 1 and 1.5 for CH4. Maximum brake 
power was achieved selecting the optimum spark advance for each test.  

Fig. 1a and Fig. 1b show the brake mean specific pressure (bmep, in kPa) and specific CO2 emissions (g/kWh) 
respectively, of the three gases between 2000 and 5000 rpm. Respect to bmep, COG exhibit better performance for 
all λ except for CH4 with λ=1 and H2 with λ=1.5 is better than CH4 at the same λ. Regarding to emissions, the best 
result is offered by H2, which produces zero CO2 emissions; the next one is the COG synthetic gas, with an emission 
value between 300 and 400 g/kWh (the current factor emission of CO2 of Spanish energy generation is around 0.3 
kg/kWh); the last one is CH4, with emissions above 500 g/kWh. Therefore, COG is a feasible alternative to harvest 
energy while keeping emissions controlled. 

Fig. 1. Bmep (a) and specific CO2 emissions (b) of H2, CH4 and COG at different λ varying the engine speed 
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Abstract 
Greenhouse gas (GHG) emissions from the chemical industry could be reduced by increasing process energy and 
resource efficiencies, and by using low-carbon power and more sustainable feedstocks. For products chemical 
products containing carbon that will be ultimately released to the atmosphere as CO2, such as formic acid (FA), there 
will be a need to use sustainable carbon. CO2 can be a feedstock for some chemical processes including FA and could 
be obtained from fossil fuel electricity generation plants rather than from combusting fossil fuels in the future, in a 
carbon capture and utilisation process (CCU). In the CCU system the intensive fossil resource consumption by the 
conventional FA process is displaced by the use of the CO2 captured, contributing to the double decarbonization of 
the power system and chemical production. Accordingly, the FA manufacture by an electro-reduction process seems 
a promising alternative for climate change mitigation, especially when renewable energy is integrated in the CCU 
process [1]. 

FA could be used as a hydrogen carrier, thus hydrogen demand could lead to a notable increase in the demand for 
FA. Under this hypothesis, the goal and scope of the study is to estimate the change in greenhouse gas emissions and 
fossil resource consumption taking into account the hypothetical provision of FA demand due to emerging uses, in 
2030, in fuel cells [2]. Specifically, the assessment is conducted to evaluate the use of FA as hydrogen carrier in gas 
and fuel cell vehicles (FCV), as hydrogen carrier to supply part of an assumed growing demand of MeOH, as hydrogen 
carrier to cover the increase of merchant H2 demand, as well as stationary applications in fuel cells. 

The study is a gate-to-gate study. For a holistic and accurate view, a consequential Life Cycle Assessment (CLCA) has 
to be taken into account, to consider upstream (for instance, environmental impact allocation to the captured CO2, 
becoming feedstock CO2), and downstream echelons (as the CO2 storage duration, and the specific circular approach 
for FA as an hydrogen carrier). The proposed scenarios are an opportunity for the CO2 circular economy, as well as 
a promising prospect to a decarbonized chemical industry. The results are expected to provide an interesting field for 
discussion on the suitability of using CCU with a consequential energy and greenhouse gas emissions approach.  
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Abstract 
Among the alternatives for sustainable hydrogen production, the steam reforming (SR) of bio-oil obtained by pyrolysis 
of lignocellulosic biomass is a promising route with a low environmental impact because of neutral CO2. Ni catalysts 
are highly interesting for this reaction due to its high activity and lower price compared to noble catalysts, but they 
suffer from rapid coke deactivation. Although O2 addition in reaction medium together with steam (oxidative steam 
reforming, OSR) attenuates deactivation by coke deposition [1], coke deposition still remains high for Ni catalysts [2]. 
Consequently, the research efforts are focused on the development of new Ni catalysts resistant to deactivation by 
coke deposition. This work analyzes the effect of synthesis method (auto-combustion, A; co-precipitation, CP and sol-
gel, SG) of Ni-Al spinel catalysts (NiAl2O4, with 33 wt% Ni, corresponding to the stoichiometric Ni amount in the 
Ni-Al spinel) in order to select that providing a high activity and stability in the OSR of bio-oil. The catalysts are 
denoted by A33, CP33 or SG33. All of them have been activated by calcination at 850 ºC and reduced at 850 ºC for 2 
h in N2/H2 stream, thus forming the active Ni0/Al2O3 catalyst. The experiments were carried out in a two-step 
(thermal+catalytic) reaction equipment, and the reaction conditions were: 700 ºC; S/C molar ratio = 6; O/C molar 
ratio = 0.34 and W/F0 = 0.048 gNi·h/gbio-oil. The Ni particle size of reduced catalyst was analyzed by X-Ray Diffraction 
(XRD), and coke deposited on deactivated catalysts was analyzed by Temperature Programed Oxidation (TPO).  

Fig. 1.  Effect of synthesis method of a NiAl2O4 catalyst on H2 yield (a) and on coke deposition rate and Ni particle size (b) 

All the catalysts are highly active for OSR of bio-oil, and achieve complete initial conversion and initial H2 yield close 
to 80 %, but significance differences are observed in their stability, that follows the order: CP33>A33>SG33 (Fig 1a). 
The higher stability of CP33 catalyst can be explained by the higher dispersion and lower size of Ni particles because: 
i) the decrease in Ni particle size attenuates slightly coke deposition rate (Fig. 1b) and; ii) a given amount of coke
deposited causes lower impact on deactivation when the metal particles are highly dispersed on the Al2O3 support.
Consequently, co-precipitation method is the most suitable for synthesizing a stable NiAl2O4 catalyst in the reforming
of bio-oil, as it produces small and well dispersed Ni particles, with higher resistance to deactivation by coke.
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Abstract 
Methanol is a versatile raw matter used for industrial purposes and very common in our daily basis. As it exhibits high 
effectiveness as an energy carrier, renewable methanol has been proposed by the Nobel Price G. Olah [1] as a way to 
close the CO2 loop. Nowadays, it is generated from synthesis gas, a mixture obtained from natural gas containing CO2, 
CO and H2. In industry, the methanol synthesis using the catalyst CuO/ZnO/Al2O3 occurs at a high pressure (50 
bar). This is greatly costly, hence we intend to make certain modification on the traditional catalyst in order to work at 
lower pressure, maintaining high selectivity. This improved catalyst could provide the maximum benefit from the use 
of a membrane reactor [2]. Since the objective of our research is to produce methanol from CO2, the Reverse-Water-
Gas-Shift is an undesired reaction:  it consumes H2 and produces H2O,  and both effects reduce the yield to methanol. 

Three catalysts were synthesized. First, the conventional CuO/ZnO/Al2O3 (CZA) was produced by co-precipitation 
of Cu, Zn and Al nitrates and basic precipitant, sodium carbonate, with a ratio of 45/45/10 between metals. Then, Pd 
was added by incipient impregnation on a fraction of the initial batch, hence obtaining the second catalyst (5wt% Pd-
CZA). Lastly, the third catalyst followed the same procedure as the first one, substituting Al with Ga. Reaction tests 
were carried out in conventional fixed-bed catalytic reactor with 1 g of catalyst, at 210 °C and 5 bar ( 9 bar for the Ga 
catalyst), while H2 and CO2  were fed with a 3:1 ratio (100 mL/min). To quantify on-line gas products an Agilent 
Technologies 490 Micro gas chromatograph was used. Liquids were collected and analyzed off-line by CG-MS 
(Shimadzu QP-2010). The catalysts were characterized by BET, 
SEM and XRD. 

Pd-CZA gave higher conversion and selectivity to methanol 
than the conventional catalyst as shown in Fig.1. Hence, the 
addition of the metal to the traditional catalyst displays better 
results at lower pressure, making this catalyst more suitable for 
the use in a membrane reactor than the conventional one.  
Comparison between the conventional CZA and CZG (the 
second catalyst) was also tested, at a higher pressure, 9 bar. 
This was less selective to methanol than the traditional catalyst. 
Therefore, Pd-CZA would also give a higher selectivity than 
CZG. 
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Abstract 
Hydrogen represents a renewable energy alternative that may positively contribute to the global energy crisis by at the 
same time reducing the environmental burden. This challenging perspective could be improved by taking advantage 
of the different sources that might provide hydrogen. Photocatalytic generation of hydrogen, although considered as 
a minor source, appears a very good option at the time that liquid wastes are being upgraded [1]. However, two main 
challenges must be overcome to large-scale deployment of the technology i) the low efficiency and ii) the separation 
of the photocatalyst. 
Titanium dioxide (TiO2) is widely used as semiconductor because of its high optochemical stability, non-toxicity and 
low cost. The low efficiency of the photocatalytic process is caused by the fast recombination of the photogenerated 
electron-hole pairs. This drawback can be avoided coupling reduced graphene oxide (rGO) to TiO2 thanks to the 
ability of the former to carry charges [2]. 
In order to overcome the separation of the photocatalyst from the solution after treatment, some studies have focused 
on the preparation of TiO2 entrapped or coated on membranes. Nafion is an anionic perfluorinated polymer with a 
molecular weight of 105 to 106, consisting of a hydrophobic polytetrafluoroethylene backbone – (CF2CF2)nCFCF2–, 
n=6-10, and a hydrophilic acid group SO3−H+ connected to the backbone via chains of –OCF2CF(CF3)OCF2CF2–. 
Nafion is chemically inert in oxidative and reductive environments, even under UV illumination and it is a good proton 
conductor. Therefore, Nafion is proposed as photocatalyst support. 
In this work TiO2/rGO(2%) was immobilized in Nafion membranes by solvent-casting, spraying and dip-coating. 
Their performance for the photocatalytic hydrogen production from a methanol solution was evaluated. 

Fig. 1.  Mechanism of photocatalytic hydrogen production from methanol over TiO2/rGO 
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Abstract 

Hydrogen based fuels offer an attractive alternative to the nonrenewable hydrocarbon fuels currently used. But to 
realize the full benefits of a hydrogen economy-sustainability and reduced air pollution hydrogen must be produced 
from available renewable resources. Reforming of renewable biomass feedstocks such as toluene [1], one of the 
components of the tars produced during the biomass gasification, can be an option for hydrogen production, while 
the elimination of a residue (tars) is producing [2, 3]. Therefore, it is necessary to develop catalytic materials highly 
active, selective and stable in the steam reforming of toluene (SRT). Different commercial supports (olivine, Al2O3, 
MgO, DLH, ZrO2, CeO2, natural sepiolite) incorporating Ni by incipient wetness impregnation have been tested in 
the SRT. Among them, Ni supported on natural sepiolite exhibited a promised catalytic performance, with high 
catalytic activity and high selectivity to hydrogen.  In order to improve the catalytic activity of this material and decrease 
the amount of not desirable products (CO, CH4 and C6H6) an alternative method for the incorporation of Ni was 
studied (precipitation). The results obtained showed that the incorporation of Ni using the precipitation method 
improved the active and selective in the SRT. Characterization by  BET area, XRD, and TEM suggest that the better 
catalytic performance of the material prepared by precipitation would be related with the lower size of its nickel 
metallic particles, higher reducibility and lower sinterization level during reaction. The precipitation method seem to 
favor the formation of nickel metallic particles with a higher stability during the calcination, reduction, and reaction 
steps. Furthermore, precipitation method lead to sepiolite-based material promoted with Ni with high resistance 
against deactivation by carbon deposition and sinterization of nickel metallic particles.  

Fig. 1.  Characterization of sepiolite-based catalysts. SBET: area BET. dpbr and dpar: size of the metallic nickel particles before 
and after reaction determined by XRD (Scherrer equation). R: reducibility of the nickel presents in the catalysts. C: carbon 
deposition after reaction. S: sinterization of metallic nickel particles after reaction. 10Ni/NS: catalyst prepared by incipient 

wetness impregnation. 10NiNS: catalysts prepared by precipitation.  

Acknowledgements 
Financial support by the Spanish Government-MINECO (Project ENE2014-57651-R) and AVI-GVA (Project: 
PROMETEO/2018/006) are gratefully acknowledged. 

References 
[1] Zhan B., Zhang X., Chen L., Qu R., Meng G.,Yi X., Sun L.; Biomass and Bioenergy 34, 2010; 140-144.
[2] Lamacz A., Kvztan A., Djéga-Mariadassou G.; Catalysis Today 176, 2011; 347-351.
[3] Li P., Koike M., Chen J., Nakagawa Y., Tomishige K.; International Journal of Hydrogen Energy 39, 2014; 10959-10970.

Catalyst SBET 
m2/g 

Ni 
wt.% 

dpbr 
nm 

dpar
nm 

R 
% 

C 
wt.% 

S 
% 

10Ni/NS 107 9.1 12 20 47 26 67 

10NiNS 113 8.9 8 10 86 16 25 

ISBN: 978-84-09-12430-5 418



Deactivation and regeneration of Pt-Titania-reduced graphene oxide 
nanocomposites as catalysts in the photochemical generation of Hydrogen 

M. A. Esteves, V. R. Fernandes, C. M. Rangel* 

LNEG_Laboratório Nacional de Energia e Geologia, Paço do Lumiar, 22 1649-039 Lisboa – Portugal 
*carmen.rangel@lneg.pt

Abstract 
A series of catalysts TiO2_rGO(x)_Pt(y) (x=0-5 wt%; y=0-3.8 wt%) have been synthesized, characterized and used, 
mainly under UV light, in the photogeneration of hydrogen using various sacrificial agents amongst others methanol, 
ethanol and glycerol. Selected optimal operational conditions for TiO2_rGO3%_Pt3.8% have given place to very high 
initial rates of hydrogen production with values of ~560 and 70 mmolh-1gcat-1 for ethanol and glycerol, respectively, 
which are found within the highest in the literature [1]. The catalysts were synthesized by a two step procedure that 
uses the hydrothermal method to obtain the TiO2_rGO composites and subsequent photodeposition of platinum. 
Characterization has shown platinum nanoparticles in the composite catalysts to be well distributed (TEM) and 
evidenced the reduction of graphene oxide in the process (FTIR) as well as band gap narrowing of TiO2 (UV-vis 
diffuse reflectance spectroscopy). In the case of ethanol as sacrificial agent, the produced gases, analyzed by gas 
chromatography, showed hydrogen as the main product (above 95%) with remaining components being CO and CH4 
and minor amounts of CO2, C2H6 and C2H4. Analysis of the liquid phase points towards the presence of acetaldehyde 
as the main reaction product. Obtained results regarding evolved gas volume vs UV irradiation time, recorded 
simultaneously with solution pH, showed drastic changes associated to variations in the rate of hydrogen production 
as seen in figure 1a), which exhibits two slopes for data acquired along 6 hours irradiation time. Re-using of the catalyst 
evidenced a loss of  its photoactivity from cycle to cycle (see figure 1b, cy1 to cy3), suggesting deactivation by increasing 
poisoning by the reaction products. Regeneration of  the catalyst was firstly approached by using heat treatment at 100 
oC for 3 h with excellent results, see figure 1b). Heat treatment up to 300 ºC followed with slightly better results. The 
spent catalyst was also treated chemically in an attempt to remove adsorbed reaction products on the catalyst. Chemical 
treatment with a strong oxidizing agent such as H2O2 (a 30 % solution, 20 mLgcat-1) proved to be very effective in the 
regeneration of  the catalyst, giving results closed to those obtained by thermal treatment. A fuller characterization of  
the spent and regenerated catalyst is in progress in order to ascertain the species involved in the deactivation process 
and the more effective treatment for regeneration.

 . 
(a) (b) 

Fig. 1. Hydrogen evolved and pH versus irradiation time for TiO2_rGO3%_Pt3.8% (a). Deactivation and regeneration of catalyst 
photoactivity after heat treatment (b). Experimental conditions: Initial pH=7;  5M ethanol; 0.5 g L-1 , T=40 oC, UV lamp 450 W. 
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Abstract 
The performance of PEM fuel cells critically depends on their proton exchange membrane structural and chemical 
stabilities as well as on their proton conductivity. Limitations of commercially available Nafion membranes to 
operating at temperatures above 80 ºC have fostered the interest in research and development of new membranes 
[1,2]. The aim of this work is the preparation of new modified Nafion composite membranes, with a bisphosphonic 
acid moiety, a promising proton carrier exhibiting good proton donating/accepting properties and thermal stability. 
Synthesis and characterization were undertaken of a series of bisphosphonic acid derivatives (fig.1a) and their 
incorporation into a Nafion matrix, by casting. The new membranes were characterized by ATR-FTIR and SEM 
along with their ion exchange capacity and water-uptake. The evaluation of their proton conductivity was carried out 
by electrochemical impedance spectroscopy, at various temperature and relative humidity (RH) conditions. The 
incorporation of BPs dopants enhances the proton conductivity, with all membranes exhibiting higher values than 
Nafion N-115, tested in the same experimental conditions, fig. 1b). Selected membranes were integrated into a fuel 
cell MEA, using a single cell assembly, with an active area of 2.5x2.5 cm2 and a catalyst loading of 0.5 mgPtcm-2. 
Performance was evaluated, using an air fed cathode, at temperatures from 30 ºC to 80 ºC. Membrane doped with 
BP2 showed the best performance, with higher power density outputs than Nafion N-115 shown at all temperatures, 
fig.1c). For the best case, typical power density data vs current density, obtained at 70 ºC, are shown in fig. 1d). 
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Fig. 1. (a) Structure of selected prepared BPs; (b) Proton conductivity of Nafion membranes vs reciprocal temperature at 80% 
RH; (c) H2/O2 (Air) PEM fuel cell performance using Nafion N-115 and Nafion-doped membranes at different temperatures; 
(d) Power density curves of H2/O2 (Air) PEM fuel cell using Nafion N-115 and Nafion/BP2-1.0 membranes operated at 70 °C.
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Abstract  
The present paper deals with the Nafion content effects on the electrochemical surface area, power density and cell 
resistance and furthermore on catalyst durability and regeneration when working at catalyst low loadings. Vulcan 
XC-72 was functionalized using less studied aromatics with nitrogen and sulphonic groups and is referred to as
C_ABSA. The catalyst (Pt/C_ABSA), with a nominal composition of 20 wt%, was prepared with H2PtCl6.6H2O as a
platinum precursor, using formic acid as reduction agent. Average low loadings of catalyst 0.2 and 0.1 mgcm-2  were
used for half cell and full fuel cell studies, respectively. Characterization of catalysts was done using SEM, TEM X-
Ray diffraction as well as electrochemical techniques. Half cell mode assessments were carried out using standard
cyclic voltammetry. The stability and durability tests were implemented by the application of demanding aging
cycling protocols (30000 cycles) with break in periods to evaluate ESCA and ORR activity. Full cell assessment was
done using a fuel cell assembly with a 2.5x2.5 cm2 MEA geometrical area and a Nafion XL (27.5 μm) membrane,
operated using a purpose built fuel cell station. O2 or air were used for cathode feeding. EIS measurements were
implemented to compliment the study. Comparison was made with a commercial catalyst.
The catalyst demonstrated easy activation in acid environment as well as stability under potential cycle in domains
relevant for catalyst and catalyst support, presenting superior values than commercial catalyst tested in this work
under the same experimental conditions. Furthermore, in full fuel cell testing the catalyst reveals a positive nafion
effect since its reduction in the ink to 10 % gave comparable results than the usual 30 % used in the commercial
catalyst (see figure 1). The role of sulphonic groups, used to functionalised the carbon catalyst support, on the
performance of the MEA will be discussed.

Fig. 1 Polarization and power density curves for fuel cell using catalyst Pt/C_ABSA and Pt/C_COM at 70ºC with 
oxygen cathode feeding, using a Nafion content in the catalyst ink of 10 and 30 %  respectively. 
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Abstract 
Industrial hydrogen-rich waste streams are considered potential and promising sources for fuel cell grade hydrogen. In 
the current work, a four-column PSA unit packed with Na5A zeolite was designed to produce high-purity hydrogen 
for fuel cells (FCs) applications from a synthetic mixture of 58 %vol. H2, 25 % N2, 15 % CH4 and 2 % Ar, based on 
ammonia purge gas (APG) [1]. The influence of purge-to-feed ratio (𝑃𝑃/𝐹𝐹); adsorption time (𝑡𝑡ad); and adsorption 
pressure (𝑃𝑃h) on the system performance is experimentally assessed and then optimized following a design-of-
experiments (DoE) tool, using the statistical software JMP 7.0. As it is displayed in Figure 1, 3D plots show similar 
surface shape for the three pressures positioned at consecutive levels along H2 purity (𝐻𝐻𝑃𝑃) and recovery (𝐻𝐻𝐻𝐻𝐻𝐻) axes. 

Fig. 1.  Response surface for 𝐻𝐻𝑃𝑃 and 𝐻𝐻𝐻𝐻𝐻𝐻 as a function of the independent variables 𝑡𝑡ad and 𝑃𝑃/𝐹𝐹 ratio at 7 bar (green); 8 bar 
(blue); and 9 bar (red). 

Two types of hydrogen qualities were obtained minimizing the impurity content based on automotive industry and 
stationary appliance requirements [2]. Maximizing 𝐻𝐻𝐻𝐻𝐻𝐻 in this surface and setting the 𝐻𝐻𝑃𝑃 to 99.97 %vol., which is 
suitable for transport applications, resulted in 𝑃𝑃h=9 bar ; P/F=0.1 ; 𝑡𝑡ad =84 s with moderate 𝐻𝐻𝐻𝐻𝐻𝐻 of 55.0% and 
productivity 304 molH2 kgads-1day-1. Alternatively, fixing 𝐻𝐻𝑃𝑃 higher than 99.9 %vol. based on stationary FCs lead to 
optimal results of 𝑃𝑃h=9 bar ; P/F=0.08 ; 𝑡𝑡ad=83 s with a reasonable 𝐻𝐻𝐻𝐻𝐻𝐻 of 60.3 % and productivity 335 molH2 
kgads-1day-1.  
For the first case of study, we estimate that the levelized cost of H2 produced at 99.97 %vol. by small-scale PSA from 
APG is in the range of 1.0-1.1 € kg-1, reducing hydrogen costs by minimum 50 % compared to the conventional central 
steam methane reforming (SMR) pathway as the least costly option [3]. This H2 price also includes capital and 
operational costs of compression (350/700 bar) and delivery to the nearest available H2 refueling station (< 20 km). 
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Abstract  
This paper will demonstrate how H2 technologies can be deployed in a large scale fashion to support the uptake of 
renewable within the marine and coastal regions across different sectors and the energy matrix (heat, power, 
transport, chemicals, etc.).  
Nowadays, it is accepted that the so called “Climate Change and Hydrogen Economy” can only become a reality if 
green hydrogen is used widely. However, achieving high usage of hydrogen is currently problematic. Several 
organizations around the world have proven that it is possible to produce green hydrogen in large quantities. 
However, there is a strong shortage of hydrogen applications that can use hydrogen fuel. And this shortage is clearly 
slowing down the impact that green hydrogen can achieve on climate change. There are three main reasons for this. 
First, hydrogen applications are still expensive. Second, because the applications are expensive, they can only be 
installed or used in niche applications. This leads to that there is no mass production potential and thus no 
reduction in prices. Third, there is not wide accepted political support at global level, again slowing down the 
deployment of the technology and therefore the real impact it can have on the climate.  
Obviously, not having cheap enough applications for hydrogen means that investors are not really attracted to invest 
in hydrogen technologies. As such, there is a need for the hydrogen market to investigate how to open up to large 
scale applications, which should provide the catalyst to many applications coming to the market. 
As such there is an immediate need for key information on what type of projects is potentially deployable and 
potentially financially viable. The information could then be used for developing large demonstration schemes and 
backed by investors and business angels, removing the need for public sector intervention. Therefore, the authors 
have research what are the different large scale applications that could spearhead the uptake of large scale 
applications. The research has summarized four applications where if implemented could provide a transformation 
in the renewable, electrical grid network and hydrogen energy storage with all of these sectors all working hand in 
hand to accomplish a low carbon economy.  
This paper will therefore report the different issues faced by the hydrogen sector and provide four key applications 
that could pave the way to the uptake of hydrogen energy era and to the wide development and deployment of a 
renewable hydrogen projects at global levels all backed by referenced scientific research publications. The key 
applications are in the Naval and Land transport as well as in the Agricultural and Stationary Power Systems. 
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Introduction 
Recently, it has been demonstrated that palladium nanoparticles deposited on carbon support (Pd/C) are a promising 
catalyst for formic acid decomposition. This material owns extremely selective features since it is able to produce 
hydrogen and carbon dioxide, and thus can be exploited to produce electric energy by means of fuel cells. However, 
the main drawback that impedes the widespread utilization of this catalyst is its rapid rate of deactivation. Therefore, 
in order to investigate causes of deactivation, a stability study by continuous operation of this system was carried out 
in this work. A wide screening of operational reaction parameters was performed, including a number of kinetic 
studies. In addition, different regeneration methodologies were explored, and characterizations of the fresh, exhausted 
and regenerated catalyst by mean of XPS, XRD and TEM were performed. 

Results and Discussion 
For this study was chosen to test a commercial 5 wt% Pd/C in order to have a reliable reproducible features of the 
catalyst. Continuous reactions were performed by mean of a custom-made plug flow reactor (PFR). Formic acid 
aqueous solution (0.5 M) was pumped inside a stainless steel tube packed with the catalyst at 50°C and 5 bar.  
In 70 minutes of time on streaming (TOS) the catalyst lose 80% of its initial activity, (figure 1), confirming the poor 
stability of the material. In order to investigate the cause of such rapid deactivation, the fresh and exhausted catalyst 
was analyzed by XPS (figure 2) and XRD. Both characterizations affirm that the H2 produced alongside the reactor 
reduce the palladium nanoparticles suggesting PdII as the active form. Attempts to regenerate the catalyst were made 
by flushing the catalyst bed with a water flow of 2.5 mL/min for 2.5 hours at 50°C (figure 1). This treatment leads to 
an almost complete regeneration of the catalytic performances, allowing to exclude leaching and sintering of Pd 
particles as main deactivation cause. The regenerated catalyst was characterized as well and the absence of PdII disprove 
the catalyst reduction as a deactivation reason. However, was observed that also heating reactor at 180°C for 90 minutes 
could totally repristinate the activity. Herein it is conjectured that, during the reaction, adsorption of species on the 
catalyst surface might prevent the formic acid to react. On the other hand, this species can be easily removed by 
flushing water or by heating the catalyst. Therefore, TPD-MS analysis were conducted on the exhausted catalyst to 
detect such detrimental substances. With the knowledges achieved in this study future works will be focused on the 
design of more stable catalytic materials. Moreover will be compared different continuous systems, such as a PFR or 
continuous stirred tank reactor, with the purpose to minimize the catalyst deactivation and integrate its regeneration 
with the H2 production. 

Fig. 1. Time on streaming of formic acid in 
PFR system. 150 mg 5 wt% Pd/C, 0.25 
mL/min HCOOH and catalyst regeneration. 

Fig. 2. XRD spectra of fresh and exhausted catalyst. 
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Abstract 
Olefins are key building blocks of the chemical industry, as many of the products we used on a daily basis are obtained 
from them. The production of olefins from alternative carbon sources includes as a promising process the reaction of 
methanol over zeolite catalysts (Methanol to Olefins: MTO). The catalysts used in MTO are often zeolites like SAPO-
34 in fixed or fluidized bed reactors [1]. The shape selectivity of this zeolite favors the production of C1-C3 
hydrocarbons as main products, but its fast deactivation by coke deposition makes it difficult to continuously operate 
[2]. Several test at different operational conditions were carried out. 

A catalyst was synthesized by agglomeration of HSAPO-34 (ACS Material), Bentonite (Sigma Aldrich) and α-Al2O3 
(Alfa Aesar), with a mass ratio of 50/30/20. Reaction tests were performed in a fluidized bed reactor with 15.0 g of 
catalyst, at 400 and 500 ºC and twice the minimum fluidization velocity. Methanol and carrier gas (N2) were fed with 
90% vol. of MeOH. To quantify C1-C3 products, a Varian CP-3800 gas chromatograph was used, while MeOH and 
H2O were condensed and analyzed by a CG-MS (Shimadzu QP-2010). 

Agglomeration improves mechanical resistance and 
increases particle size (160 - 315 µm), allowing 
operation with a fluidized bed reactor. The 
synthesized catalyst is a physical mix of structures 
with a microporous surface area of 321 m2·g-1, and 
a microporous pore volume of 0.15 cm3·g-1. 
Product distribution at 5 min of time-on-stream is 
shown in Fig. 1. Higher temperature increased 
conversion from 95.0 to 99.0%, decreases paraffin 
selectivity and increases olefins selectivity.  
Deactivation was also studied. Conversion, which 
was calculated by considering dimethyl ether as a 
non-converted intermediate, decreased at 20 min at 
both temperatures. At 400ºC conversion was 
reduced to 11.4%, while at 500ºC conversion was 
maintained at 54.8%. Coke selectivity was also changed by temperature, obtaining more coke at low temperature (with 
selectivities of 46.6 and 30.3% for 400 and 500ºC respectively). This decrease of coke content could be caused by water 
regeneration effect during reaction, which is stronger at 500 º C. 
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Fig. 1.  Product selectivity for both temperatures at 5 min.
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Abstract 
In the last years, it is being corroborated that surface and also ground waters streams are being gradually polluted 
with the presence of nitrates, among other pernicious ionic and non-ionic contaminants, due to the misuse of 
fertilizers in agriculture, removal of massive amounts of excrements from livestock, and discharge of poorly treated 
industrial wastewater [1]. The contamination with nitrates can have dramatic consequences to human health, 
ecological cycles, and even on the water supply at large scale [1–3]. Selective catalytic reduction of nitrate to nitrogen 
using supported catalysts is a promising technology to eliminate the nitrates to obtain nitrogen instead of ammonia 
(over-reduction) or nitrites (sub-reduction). Most of the studies are addressed to enhance the selectivity of the 
catalyst towards N2, but in many cases the deactivation of the catalyst is an additional problem that must be 
necessarily taken into account [2]. Catalyst deactivation can be caused by poisoning, metal re-oxidation and/or 
leaching of the active metallic phases to the aqueous liquid phase, being these processes also affected by the role of 
the support [1,3]. In this work, we present the activity results obtained in aqueous phase nitrate hydrogenation in a 
batch reactor, using two Pd-Cu catalysts supported on γ-Al2O3 and Nb2O5, respectively. It has been studied the 
effect of the reaction temperature and partial pressure of hydrogen, the results obtained indicate that the niobia 
supported catalyst is initially more active, but less stable, suffering a rapid deactivation. This phenomenon may be 
caused by the partial poisoning of the catalytic sites by the OH- species generated during the reaction [2]. The results 
obtained have been analyzed by means of a LHHW kinetic model based on the main steps of the reaction 
mechanism [1-2]. This model includes the effect of the catalyst deactivation, allowing the calculation of the pre-
exponential factor, energy of activation and enthalpy of chemisorption, in addition to the deactivation-regeneration 
parameters. The application of the model allows calculating the remaining activity of the catalysts after each cycle of 
operation; see Figure 1, being an additional tool to investigate the real causes of the decrease in catalyst activity, and 
finally to design more stable and selective catalysts. 

Fig. 1. Evolution of Nitrate concentration along time for Pd-Cu catalysts. Dots: Exp. points; solid lines: Model prediction. 
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Abstract 
The process of CO2 capture and in situ methanation on materials with dual function shows increasing interest in recent 
years1. The dual function materials for CO2 methanation incorporate an alkaline or alkaline earth compound that acts 
as an adsorbent and a noble metal that assists the methanation reaction. The objective of the present study is to 
determine the nature of the different species of CO2 adsorbed during the storage period, as well as its strength under 
inert (purge) or reducing atmosphere (hydrogenation stage) on catalysts with 4% of Ru, γ-Al2O3 as support and 
different contents (5, 10 and 15%) of CaO or Na2CO3. 
The samples were prepared by wetness impregnation and the FTIR spectroscopic study of CO2 adsorption/desorption 
was carried out with CARRY 600 series FTIR spectrometer. Samples consisting of self-supported disks were 
introduced in a high temperature cell equipped with ZnSe windows. The gas cell allows chemical and thermal 
treatments under controlled atmospheres. The spectra were recorded continuously averaging 20 scans with a resolution 
of 4 cm−1  when the catalysts was contacted with the following gas stream composition were 500 ppm CO2/N2, 5% 
H2/N2 and N2 (500 ml/min). 
Figure 1 shows the CO2 adsorption spectra for the support used (γ-Al2O3) and the 
catalysts 4% Ru 10% CaO/Al2O3 and 4% Ru 10% Na2CO3/Al2O3 at 50°C. The 
γ-Al2O3 presents three differentiated bands at 1666, 1436 and 1228 cm-1 
corresponding to bridged bicarbonates, physisorbed on the OH groups. Meanwhile, 
those belonging to carbonates, 1580, 1348 and 1065 cm-1, can hardly be seen, being 
very weakly adsorbed on the surface. With the addition of an adsorbent, the relative 
intensity of the bands belonging to bicarbonates is markedly reduced, this reduction 
is increased as the adsorbent load increases due to a greater coverage of the surface 
and a lower accessibility to the OH groups of the alumina. Secondly, the intensity 
of the bands belonging to the carbonates is considerably increased, due to the 
chemical adsorption of CO2. 
The stability of the adsorbed species is reduced as the temperature increases. The 
bicarbonates adsorbed on the surface of γ-Al2O3 decrease drastically with the 
increase in temperature, while the carbonates are more stable, increasing their 
strength as the load of adsorbent increases. The introduction of a gas stream 
containing 5% H2 causes the released of CO2 and the regeneration of the 
adsorption sites. At 300 °C the catalyst with 10% Na2CO3, is able to completely 
regenerate, while the sample with CaO needs a higher temperature. 
In summary, CO2 can be adsorbed on the OH groups of the alumina forming bicarbonates, which are very weak, or 
on the storage component forming a carbonate and with a much stronger adsorption strength. On the other hand, the 
catalysts with Na2CO3 is able to completely regenerate at lower temperature than the catalysts with CaO. Therefore, 
Na2CO3 is proposed as an optimal adsorbent for the storage and methanation in consecutive cycles. 
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Figure 1. FTIR spectra of CO2 
adsorption over γ-Al2O3, 
Ru10Ca and Ru10Na at 50 °C. 
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Abstract 
Light olefin oligomerization is a promising route in order to obtain a broad range of fuels (gasoline, jet fuel and diesel) 
from lower valued gas fractions [1]. Different oligomerization catalysts have been developed during last decades and 
HZSM-5 zeolite has been highlighted as one of the most promising ones. This is due to is unique pore network with 
very high connectivity and ideal size. However, little is known about how HZSM-5 zeolite deactivates during the 
oligomerization and this still remains a crucial issue for scale up. In this work, we have investigated the nature of the 
deactivating species deposited on the catalyst and the effect of different operating conditions on these deactivating 
species.     
HZSM-5 zeolite (SiO2/Al2O3=30) was agglomerated with pseudoboehmite (30 wt%) and α-alumina (20 wt%), 
calcined at 550 ºC for 2 h, characterized and tested in a fixed bed reactor under the following conditions: 1.5-40 bar; 
250-275 °C; 1-butene partial pressure up to 100%; W/F=2-6 (gcatalysth) (molCH2)-1; time on stream (TOS) up to 20 h.
The nature of the deactivating species in the spent catalysts was studied using different spectroscopic and
thermogravimetric techniques [2] including TPO, FTIR, soluble coke extraction followed by GC/MS. As an example
of our results, Figure 1 shows the distribution of deactivating species deposited in the used catalysts at different reaction
temperatures identified by extraction and GC/MS and corroborated by TPD+GC/MS analysis.

 

Fig. 1. Effect of temperature on the distribution of carbonaceous species in HZSM-5 spent samples for TOS=10 h. 
Reaction conditions: 1.5 bar; 275 ºC and 325 ºC; W/F=6 (gcatalyst h)(molCH2)-1. 

The molecular weight of the species deposited on the catalyst increases at higher temperatures (Figure 1). We have 
correlated the evolution of the nature and composition of the deactivating species deposited on the catalyst with the 
catalyst lifetime. At the same time, we have identified the precursors of the catalyst deactivation an how to control 
their formation and evolution.  
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Abstract 

Nitrate pollution of aquifers, caused mainly by the application of nitrogen-based fertilizers in intensive agriculture, is 
a widespread problem all over the world and a potential risk for the public health. Thus, nitrate, nitrite and ammonium 
concentrations in drinking water are limited to 50, 0.1 and 0.5 mg/L, respectively, by the European Community, EC, 
and to 10, 0.03 and 0.4 mg/L by the World Health Organization. Nitrate and nitrite removal from water is carried out 
by several physicochemical and biological denitrification processes. Among them, electrodialysis, reverse osmosis or 
ion exchange, lead to important volumes of brine or regeneration solutions that require post-treatment with high 
associated costs.  Biological denitrification, on the other hand, avoids the high concentrated nitrate and nitrite wasted 
streams. However, the possibility of bacterial contamination of drinking water, or the sludge formed during the 
process, make this biological process not competitive compared to physicochemical processes [1]. In this sense, 
catalytic reduction over bimetallic catalysts, with hydrogen as reductant agent, holds promise in nitrate removal. In the 
most accepted mechanism for nitrate reduction with this technology, nitrite is formed as intermediate product and 
ammonium as undesirable by-product of the reaction, being its formation the main drawback of catalytic reduction of 
nitrates. Thus, nitrite reduction appears as the key step in the final selectivity of nitrate reduction [2]. 
In this work, a catalytic membrane reactor based on polyethersulphone hollow fibers (PES) to reduce nitrates from 
water is proposed. Pd-In bimetallic catalyst was homogeneously distributed over the hollow fibers surface and they 
were assembled in a stainless steel membrane reactor. As shown in Fig. 1, the membrane reactor was fed to the shell 
side with aqueous solution and to the lumen side with the gas stream, composed of hydrogen and carbon dioxide. 
Moreover, a mathematical model accounting for the mass transfer of nitrate and hydrogen has been developed. 

Fig. 1.  Scheme of the hollow fibers membrane reactor. 

Total conversion of nitrates was reached after 3h of experiment. Robust stability of the catalyst Pd-In on 
polyethersulfone was assessed after contact of samples with flowing water. In addition, the effect of the H2 partial 
pressure on the activity as well as the influence of CO2 as pH buffer were studied.  With this work, promising results 
were obtained being demonstrated the activity of the catalytic membrane reactor for nitrate removal from water. 
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Abstract 
The steam reforming of bio-oil, obtained from lignocellulosic biomass pyrolysis, is an environmental friendly route 
for the hydrogen production. Understanding the catalyst deactivation causes, for minimizing them, and attaining 
reproducible performance in reaction-regeneration cycles are big challenges for its implementation at industrial scale 
[1]. In this work, the effect that the support (CeO2-ZrO2 (ZDC) or La2O3-αAl2O3 (LaAl)) has on the deactivation 
and regeneration behavior of Rh catalysts in SR of bio-oil has been analyzed. A commercial Rh/ZDC catalyst has 
been used, and Rh/LaAl catalyst has been synthetized by impregnating of αAl2O3 with La2O3 and, subsequently, 
RhCl3. The reactions have been carried out in a system with two steps: thermal treatment (500 ºC) and catalytic steam 
reforming (700 ºC, steam-to-carbon ratio of 6, space time of 0.15 gcatalysth/gbio-oil), where products have been analyzed 
in a MicroGC-3000 Agilent. The reaction conditions for this study have been determined from previous work [2]. 
The catalyst has been regenerated in situ, by combustion with air at 650 ºC. The fresh, deactivated and regenerated 
catalysts have been characterized by: adsorption-desorption N2 in order to calculate the BET surface area; 
Temperature Programmed Reduction (TPR) to determine the reducibility of the metal species; Transmission Electron 
Microscopy (TEM) images for analysis of metal particles size. The amount and nature of the coke deposited have 
been analyzed by the Temperature Programmed Oxidation (TPO) analysis and TEM images.  

Fig. 1. The evolution with TOS of bio-oil conversion and hydrogen yield in two reaction steps with intermediate in situ 
regeneration by coke combustion with air. Reaction conditions: 700 ºC; S/C, 6; 0.15 gcath/gbio-oil. 

In the first reaction step both catalysts show two steps in the evolution with time on stream (TOS) of bio-oil 
conversion and H2 yield, which evidence different deactivation causes [2], with Rh/LaAl being more stable than 
Rh/ZDC. Both catalysts suffer an irreversible activity loss after the first reaction-regeneration cycle, which affects 
more noticeably to the LaAl supported catalyst. The TPO profiles reveal higher coke content for the latter catalyst in 
the second reaction step, especially encapsulating coke, which burns at higher temperature than for Rh/ZDC catalyst. 
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Abstract 

In previous researches that aimed to use Catalytic Membrane Reactors (CMR) for Advanced Oxidation Processes, 
CRMs were prepared with Corundum membranes and Palladium nanoparticles prepared by simple impregnation or 
sputtering. It was found that palladium nanoparticles prepared by impregnation were more stable and active than 
those made by sputtering. To understand this behavior, samples containing palladium were prepared by impregnation 
or sputtering and were deposited on corundum powder. The samples were studied with an HRTEM. Palladium 
nanoparticles of size between 5 and 15 nm were observed in both types of samples. Also, in the samples prepared by 
impregnation, nanoclusters and individual Pd atoms were found. The samples were analyzed by TPD; After three 
consecutive cycles of hydrogen adsorption and desorption at programmed temperature, the samples were studied 
through the HRTEM. It was found that in both types of samples, nanoparticles between 5 and 15 nm in size were 
affected after the H2 absorption-desorption process, with amorphous and ß - palladium phases being found. In 
contrast, the nanoclusters and individual Pd atoms were not altered by H2. The results suggest that the long-term 
activity of the palladium nanoparticles obtained by impregnation is due to the nanoclusters and singles atoms of 
palladium.  

Fig. 1.  Nanoparticles between 5 and 15 nm after three cycles of TPD; a) Pd by impregnation, b) Pd by Sputtering 
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Abstract 
Dimethyl ether (DME) has received much attention in the last few years due to its potential use as a diesel substitute, 
specially because it can be obtained from dehydration of biomass-based methanol. γ-Alumina, ZSM-5 and HPAs have 
been tested as catalyst. Nevertheless, only a few authors have evaluated the use of acid activated carbons as catalyst 
for this reaction1. Catalyst deactivation is a main issue in this reaction, so its detailed study can be crucial to improve 
the properties and stability of the catalyst while operating under severe conditions. A carbon-supported zirconium 
phosphate catalyst has been synthesized and tested for methanol dehydration reaction in a high temperature range. 
Carbon matrix was produced by olive stone waste activated with phosphoric acid (mass acid to olive stone ratio of 
2:1) at 800ºC for 2 h. Then, after washing with distilled water and sieving between 100-300μm, the obtained carbon 
was impregnated with ZrO(NO3)2 and thermal treated at 250ºC for 2 h. Reaction was performed in a fixed-bed 
reactor at a space time of 75 gcat·s/mmolCH3OH, a partial pressure of 0.04 atm of methanol and temperatures between 
450-600ºC. Deactivated samples were exposed to air at 350ºC for 100 min to study the catalyst regeneration.  
The catalyst has shown a high selectivity to DME (≥95%) and an acceptable conversion at temperatures lower than 
400ºC without noticeable deactivation. At temperatures higher than 400 ºC, deactivation has been detected (Fig. 1) 
due to coke deposition, whose rate increases with operating temperature. However, a high selectivity to DME was 
observed (above 65%) even at very long times on stream (tos). 
N2 adsorption results pointed out that deposition of coke took place mainly on the surface of the narrow micropores 
of the catalyst, blocking much of this narrow porosity at long tos. According to XPS analysis, superficial concentration 
of phosphorus and zirconium were also diminished with coke deposition, although zirconium was decreased to a larger 
extend. A kinetic model was developed for the catalyst deactivation during methanol dehydration under different 
reaction conditions, based on coke deposition.  

Fig. 1.  MeOH conversion as a function of tos of the fresh 
catalyst (0.04 atmMeOH, 75 gcat·s/mmolMeOH) 

Table. 2.  Atomic surface concentration of the fresh 
catalyst, the catalyst used after reaction at 450ºC and 550ºC 

for 15h and used after regeneration in air treatment  
(75 gcat·s/mmolMeOH, 0.04 atmMeOH) 

Sample C1s O1s P2p Zr3d 

Fresh catalyst 61.24 30.45 4.42 3.89 
450ºC 15h 78.38 16.05 2.82 2.53 

450ºC 15h+OX350 49.83 37.54 8.25 4.38 
550ºC 15h 86.03 10.46 2.32 1.18 

550ºC 15h+OX350 57.43 30.93 8.09 3.54 
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Abstract 

A variety of N-benzylanilines were synthesized after optimization in the presence of 
metallic copper as catalyst and environmentally benign base. The use of ethanol and water as solvent 
improved formation of products at reduced time. The protocol gave good conversion (up to 79%) in 
only 6h. The substituent and steric effects were then explored and explained and catalyst was 
recovered and reused without significant loss of mass and catalytic properties. 

Keywords: Amines, copper, ethanol+water, azeotrope, benzylation. 
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Abstract 
Among the catalytic processes with a growing interest due to the possibility of producing fuels and chemical from 
renewable sources at big scale, methanol-to-olefins (MTO) stands out [1]. At the same time, dimethyl ether-to-
olefins (DTO) shows several advantages over MTO due to the faster reactivity of the former reactant [2]. One of 
the drawbacks of DTO is its faster deactivation which can be overruled by incorporating water in the feed. The 
objective of this work is analyzing, modeling and simulating the effect of water in the overall DTO product 
distribution (including coke) in order to propose innovative reaction engineering solutions for the process. 
DTO runs were carried out using an agglomerated catalyst based on a HZSM-5 zeolite (Si/Al = 15). Experimental 
data were collected in a fixed bed reactor at 325–400 ºC, 1.5 bar, space time up to 2 gcat h molC-1, and time on 
stream (TOS) up to 15 h. The proposed kinetic model consists of 9 lumps: dimethyl ether (DME), methanol (M), 
water (W), olefins (O), paraffins, BTX aromatics, C5+ hydrocarbons, CH4 and COX. Deposited coke was 
characterized through thermogravimetric coupled with temperature-programmed oxidation (TG-TPO) analysis. 
A relatively fast initial deactivation is observed at all conditions due to the high reactivity of DME and high acidity 
of the HZSM-5 catalyst employed. Co-feeding water (DME/W = 1/2) significantly quenches the catalyst 
deactivation, which is well accounted by the model. Fig. 1a and 1b show the evolution of experimental and 
calculated data with TOS at 325 and 375 ºC when water is co-fed. Stable evolutions are observed at 325 ºC due to 
the pronounced attenuation of DTO reaction (see the low concentration of O). An increase in the temperature leads 
to enhance the olefin production but it is a detriment to the catalyst deactivation. Nonetheless, a clearly positive 
effect of water is observed in both cases regarding the activity profiles computed from our model (Fig. 1c). This 
influence could be explained by the modification of coke formation and deposition mechanisms, as suggested by the 
TG-TPO profiles of Fig. 1d. At both temperatures, water decreases the amount of deposits observed, and 
particularly the most condensed fraction (higher combustion temperatures) at 325 ºC. 
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Abstract 
In the last decade, the interest of synthesizing dimethyl ether (DME) in one-step, that is, integrating the synthesis of 
methanol and its subsequent dehydration to DME in a single reactor has aroused, and many researchers have been 
conducted for tailoring the bifunctional catalysts used in the process and for establishing the most suitable operating 
conditions. In this regard, it must be highlighted that the suitable operating conditions for the one-step (direct) 
synthesis of DME are different from those of the two-step synthesis process, where the optimum conditions for 
each individual step can be used. Bearing the differences over methanol synthesis and the two-step process in mind, 
which is especially relevant when co-feeding CO2, establishing an accurate kinetic model, capable of describing and 
predicting the performance and activity of the catalyst in a wide range of operating conditions, is useful for studying 
and assessing the best conditions for addressing the process toward the desired goals (whether promoting DME 
production or CO2 conversion, with opposite trends) and is required for the design of suitable reactor. 
The proposed kinetic model has been determined from experimental results on the direct synthesis of DME over a 
CuO-ZnO-MnO/SAPO-18 catalyst, from H2+CO+CO2 feeds. It considers the reactions of CO and CO2 
conversion to methanol, its dehydration to DME, the WGS reaction, and the undesirable paraffin formation 
reactions together with the deactivation kinetics by considering the attenuation of methanol (and paraffin) formation 
reactions rates by the adsorption of CO2 and H2O on the active metallic sites. Besides, the model also considers the 
deactivation by coke deposition by means of a kinetic equation dependent on the concentration of oxygenates in the 
reaction medium (DME + methanol). 

Fig. 1. Evolution of the experimental values (dots) of product concentration and those calculated with the model, at zero time 
on stream and CO2/COx= 25% (a); with time on stream for CO2/COx= 40% (b); and use of the model for assessing XCO2 (c). 

Operating conditions: 275 ºC, 30 bar; H2+CO+CO2 feed with H2/COx molar ratio of 3. 

Within the 250-350 ºC, 10-40 bar, space time up to 20 gcath(molC)-1, and H2/COx molar ratio of 3, and different 
CO2 contents in the feed, the model predicts satisfactorily the composition of the reaction medium not only at zero 
time on stream, but allows quantifying the evolution of product distribution with time on stream, thus, evidencing 
that it is capable of suitably describing the deactivation of the catalyst (Figure 1a, b). 
In addition, using the proposed kinetic model, the behavior of the catalyst on a packed-bed reactor has been 
simulated as for analyzing the targets of maximizing DME production (usual goal of the syngas to DME process) 
and that of maximizing the conversion CO2 (Figure 1c), individually and seeking for a good compromise between 
both, thus, assessing the viability of the process for the large-scale valorization of the main responsible gas for the 
greenhouse effect. 
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Abstract 
The direct synthesis of dimethyl ether (DME) has aroused a great interest in the last decades [1], not only for 
replacing fossil fuels, but for minimizing CO2 emissions by using it as a feedstock together with syngas. Therefore, 
given the good prospects of the DME synthesis process in a single stage for valorizing CO2 on a large scale (over 
methanol synthesis due to thermodynamic advantages) many works deal with obtaining suitable catalysts and 
operating conditions whether for maximizing DME production or CO2 conversion [2]. 
This study has focused on studying the deactivation of a CuO-ZnO-MnO/SAPO-18 bifunctional catalyst 
(CZMn/S) and specially its regeneration, which have been barely studied besides being key features for the viability 
of the process. In additions, the suitable reaction and regeneration conditions have been proposed for recovering 
the catalytic activity. 
The runs have been conducted in an isothermal packed bed reactor and the regeneration of the catalysts has 
consisted of coke combustion with air in situ. For the characterization of the deactivated catalysts, N2 adsorption-
desorption, NO2 chemisorption and TPO analyses have been conducted. These analyses have allowed identifying 
coke deposition as the main reason for deactivation, and determining its content and presumable location (C1 on 
the metallic sites, C2 in the interphase and C3 on the acidic sites, which burn at progressively higher temperatures). 
According to the results, a drastic decay of the total coke content has been observed when co-feeding CO2, and the 
distribution of the coke fractions indicates that the different composition in the reaction medium influences the 
coke formation mechanisms. From the study, 275 ºC has been established as the most suitable reaction temperature, 
and 300º C as the appropriate regeneration temperature. Under these conditions the catalyst completely recovers its 
activity after the first cycle (reaction-regeneration), where a small irreversible activity loss takes place, presumably 
due to the sintering of a small fraction of unstable metallic sites by possible hot spots in the regeneration or the 
reaction steps. 

Fig. 1. COx conversion decay with time on stream, coke TPO deconvolution, coke fraction distribution and product yield 
obtained in subsequent cycles after catalyst regeneration by coke combustion with air at 300 ºC for 48 h. 

These results are encouraging for using CZMn/S catalyst in reaction-regeneration cycles, showing a remarkably high 
oxygenates (DME+MeOH) selectivity (over 98% in all cases, Fig. 1) and stable behavior. 
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Abstract 
Oligomerization of light olefins on HZSM-5 zeolite based catalysts is becoming an attractive opportunity to produce 
environmentally friendly liquid fuels (gasoline, diesel and jet fuel)1, free of sulfur and heteroatoms, since new routes 
have been opened using alternative sources to oil, such as methanol (MTO) and DME to olefins (DTO) processes2. 
This study deepens on the deterioration of physical and acid properties of a HZSM-5 (SiO2/Al2O3=30) zeolite-based 
catalyst during the oligomerization of 1-butene, as well as on catalyst regeneration, by establishing the conditions for 
the complete combustion of coke. Spent catalysts samples were collected from the kinetic runs performed in a fixed 
bed reactor under the following operating conditions: 1.5-40 bar; 250-275°C; butene partial pressure of 70%; 2-6 
(gcatalyst h) (mol CH2)-1; time on stream (TOS) up to 20 h. Spent samples were characterized by N2 adsorption-
desorption, TPD of NH3 and TPD of N2 followed by TPO. The kinetics of coke combustion were also determined 
by proposing a power-law kinetic equation of first order with respect to each coke fraction (identified by deconvolution 
of TPO profiles) and oxygen partial pressure3. Catalyst reaction-regeneration cycles were carried out, where 
regeneration consisted in two steps: (1) after each reaction run, sweeping with N2 of the catalytic bed at the reaction 
temperature for 20 min; (2) coke combustion with air (40 cm3 min-1) at 500 ºC (heating ramp of 5 ºC min-1) for 2 h. 
Figure 1 shows the effect of butene conversion and product yield with time on stream in a reaction-regeneration cycle 
at low (a) and high (b) pressure conditions. It should be noted that at 40 bar oligomerization reactions are favored. 
Therefore, C12+ oligomer yield (diesel) is enhanced, which is negligible at 1.5 bar, being gasoline/naphtha fractions the 
main products. As observed, the regenerated catalysts show a reproducible evolution of the conversion and product 
yield for different pressure conditions. A key factor for catalyst reactivation has been an equilibration step during 
catalyst synthesis by calcination at 550 ºC, where the dihydroxylation of strong acid sites of HZSM-5 takes place.  

Fig. 1. Evolution with time on stream of butene conversion and product yield for fresh and regenerated catalyst. 
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Abstract 
Process simulation is used by chemical engineers to explain real processes and is being the core of many BSc and MSc 
programs in Chemical Engineering1. There many available commercial simulators that are able to simulate process 
flowsheets at steady state and dynamics conditions. Simulator allows to interpret chemical processes, to locate 
malfunctions and bottlenecks and predict and optimized their performance. Modern simulators are also able to 
estimate costs, evaluate thermodynamic properties of very complex systems, develop conceptual designs and make 
detailed designs of unit operations. Simulation of Chemical Processes is well developed in BSc and MSc in the 
corresponding ChE programs at the University of Castilla-La Mancha. Although they have evolved in accordance to 
the guidelines defined by the different Ministries responsible of Science and Education in Spain, courses related to 
Simulation of Processes were and have been designed accordingly with the scheme shown in Figure 1. 

Fig. 1. Scheme used in the definition of the different courses related to the simulation of chemical processes in the BSC and 
MSc ChE curricula at the University of Castilla-La Mancha  

The communication here proposed will focus on the description of the courses currently taught in BSc and MSc in 
Chemical Engineering at UCLM related to Numerical Methods and Simulation of Chemical Processes, and introduce 
some Case of Study and Research, covered the scheme proposed in Figure 1. At UCLM, BSc students learn to use 
numerical methods and manage ASPEN HYSYS and ASPEN Plus for simulating steady state processes. MSc students 
use these simulators for process optimization and the evaluation of loss of work in chemical processes. Furthermore, 
they are introduced in the dynamic simulation of chemical processes by using ASPEN HYSYS. In addition, some MSc 
students develop the research project in advanced aspects of the simulation of these processes by connecting the latter 
simulator with EXCEL-VBA. 
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Abstract 
Process modeling allow users to design chemical (and related) processes in a quicker, more efficient and rigorous way, 
thus allowing to discern between configurations and explore the dynamic behavior of the system. Teaching process 
modeling is not an objective by itself, but a tool that allow avoiding the most repetitive, routinely, boring and heavy 
tasks to our students. 
The process simulator should not be treated as a black box, because requires a series of a priori decisions from the 
user. Among the most important are: Which thermodynamic model should I select (and why)? How should I size the 
unit operations? Is there any way to obtain an initial guess for the operating conditions (or for the design variables)?  
In any case, the use precise physical properties (i.e., select an appropriate method to estimate all thermodynamic 
properties) is the key factor in process simulation, although often this is an unexplored territory for students and they 
just select the one recommended by the teaching staff. If you are lucky, the names of some models are familiar to the 
students, but they simply do not know when they should be applied (e.g., high/low pressure) or when it is valid (e.g., 
critical conditions). Users have to decide among: equations of state or activity coefficient models? When group 
contribution methods (e.g., UNIFAC) are valid? The vapor phase can be considered ideal? How to model supercritical 
components? What should we do when we have components at trace level? Other specific questions are related with 
systems that behave in a particular way: How should we model oil (pseudocomponents)? How should we include the 
particle size distribution to model solids? What should we include the complex chemistry if there are electrolytes 
involved (e.g., precipitation)? Is there any model that fits highly non-ideal systems (e.g., amines, HF, carboxylic acids…)? 
Finally, students exhibit a very low critical analysis of the results and typically they do not validate the predictions 
provided by the simulator (i. e., bypass an azeotrop with almost all short-cut distillation). 
Convergence problems will appear sooner or later, and typical we blame the simulator, and again more critical thinking 
is required (e.g., Are specifications feasible? Did you double-check units? Erroneous sizing affect dynamic modeling?). 
Probably the biggest problem students have to face is that they feel that they can start to model a particular process 
just sitting in front of the computer, without any prior work or knowledge. On the contrary it is necessary to use a 
systematic procedure to avoid preconceptions (P&ID ≠ PFD, recycle stream ≠ tear stream, pressure-flow driven 
requires valves and pumps/compressors). We had to add that the most simulation tool (Aspen Plus, Aspen Hysys, 
SuperPro…) are perceived as a labyrinth with a particular logical structure that sometimes is not intuitive for student. 
In fact, students often fail in the first approach to process modeling, as they are not able to conclude that the process 
simulator requires exactly the same information necessary to solve the problem ‘by hand’, and therefore their task is 
to provide most of the rationale, while the simulator is just a huge rigorous calculator. Moreover, the concept of 
degrees of freedom is very relevant and just known superficially (the user can just modify input variables). 
Decisions are made just clicking with the mouse an aspect that requires a few seconds to ponder the consequences 
(isothermal ≠ adiabatic). Student are quite used to solve close-ended problems, and now they have to decide: those 
issues provoke fear to fail, as in most design problems there are many solutions almost equivalent (for example, sizing 
a heat tube-and-shell heat exchanger, the number of valid alternative just considering the number of tubes, the length 
and their diameter is very high). The student has to analyze literally thousands of values to check just one unit 
operation, an aspect that just can be done is graphical analysis is used (an image is worth more than a thousand tables). 
Thus, technical competence is no longer sufficient to fulfill the demands of the industry if not combined with non-
technical skills and abilities such as communication capacity, problem-solving skills, management, leadership, decision-
making, teamwork. Development of student's high-order thinking skills are promoted through open-ended problems, 
like the ones required in process simulation. In open-ended problems the instructor's role is to guide the students, 
rather than to transmit formal knowledge to passive students. 
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Abstract 

In just over 50 years, process engineers have passed from designing new processes or improving existing ones with 
the help of calculation rules and abacuses to using powerful software packages capable for solving all the tasks 
related: property estimation, material and energy balances, equipment design, process and units’ optimization; 
energy, economic and safety analysis; control design etc. Meanwhile, plant operators have received the benefits of 
Operating Training Systems and other computational-supported tools for enhancing both the process operability 
and control under operation. Several important changes, aided by computational resources, have also taken place 
in planning, scheduling and management of large and complex industrial processes.  
In this same time and closely related to the previous, an important number of companies specialized in developing 
and distributing professional software for process simulation have appeared worldwide. Their products cover all 
the necessities in modelling, simulation, etc. before mentioned. Consequently, they are an important part of this 
“movement” because, providing engineers with the applications required for its work, are continuously 
contributing to the enhancement of the industry. 
Concurrently, process simulation burst into both the academic and research world. In this way, the formation of 
chemical engineers at the Universities as well as the I+D+i activity answer to the trends prevailing in the productive 
sector.  
It is obvious that a nearby connexion between the aforementioned facts and protagonists must exist. 

However, the current one is a “young phenomenon” that exhibits several and deep contradictions, which limits its 
capacity for boosting the Chemical Engineering in its different facets. The possible solutions to these limitations 
require a holistic analysis of the problem, the first step of which consists of the correct identification of them. 
In this work some of these problems are identified aiming to stimulate the discussions at the Symposium: “Process 
simulation in academy, R+D+I and industry: Present and Future”. Besides, the most relevant experiences in 
teaching Process Simulation at the Universidad Autonoma de Madrid are outlined. Furthermore, the main scientific 
results obtained by the research group “Molecular Modelling and Process Simulation” are reviewed.  

Universities

I+D+i 
activity

Software 
companies

Engineering 
enterprises

Plant 
operation

Process 
simulation

ISBN: 978-84-09-12430-5 443
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In this communication, two simulation practice laboratories are presented. One to teach azeotropic distillation, the 
other for separation processes with supercritical fluids. The first laboratory is included in the fourth optional course 
of the Chemical Engineering degree, titled "Advanced Separation Processes" [1]. It is dedicated to azeotropic 
distillation in all its variants, including reactive distillation and fractionation of non-ideal liquid streams with 
supercritical CO2 (scCO2). There are established 12 h of presential practices plus individual work. The "Project-Based-
Learning" method is followed using cases of industrial relevance, on which different sensitivity analyses have to be 
made with the most relevant variables of each operation. Operating and installation costs for each configuration are 
compared. 

The development of the second laboratory was motivated by the impossibility of carrying out experimental practices 
of high-pressure processes; one reason is the high cost of the equipment, the second is safety. However, processes 
with supercritical fluids are today very relevant on an industrial scale and their thermodynamic and physical-chemical 
basis, as well as their description is included in 2 obligatory and 4 optional subjects of the Chemical Engineering and 
Chemistry-Physics degrees. An interdisciplinary group formed by 6 professors of these disciplines who are involved in 
the related subjects has participated in this project. All members had previous experience in teaching innovation. It 
has been developed within an educational innovation programme of the Complutense University of Madrid, nº 242 of 
the academic year 2017-18. 

Both laboratories have been used to seek greater motivation and active participation of students in their learning 
process, development of general and specific skills of the content of the subjects, greater capacity for self-learning and 
the acquisition of skills in technologies and simulation tools in the professional field. 

In each of the laboratories, six practices have been prepared with the following structure: 1. Introduction; 2. Tutorial 
on the use of the simulation tool (Aspen Plus); 3. Description of the practice with indications of what must be solved.; 
4. Autoevaluation test; 5. Satisfaction questionnaire. In each practice session, the teacher resolves an initial case step
by step and the students do it at the same time, each on a computer. Then, they have to solve another situation by
themselves. When the student completes the practice, he or she must submit a report with the main results and a
critical discussion of them. In the subject of Advanced Separation Processes, the laboratory grade counts 30% of the
overall grade.

As indicators of the student´s satisfaction with these practices, they are given a questionnaire that includes questions 
about whether the laboratories have helped them to better understand the fundamentals of the processes and to make 
progress in the use of the commercial simulator Aspen Plus. We also ask them if the work they have to do seems 
proportional to the importance of the laboratory in the final grade of the course, and if they would recommend the 
extension of these practices to other disciplines.  We always leave a blank space to include suggestions. In general, 
student satisfaction is very high, which is also reflected in the very positive evaluations of the teachers involved in the 
DOCENTIA programme. And what is more important, the grades of the students are very good; in the last 5 years, 
the average has been 95 % passed, > 80 % B (7-8) and A (9-10) grades, with null drop out. 
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Abstract 

The determination of the optimal distillation sequences to separate mixtures of several components constitutes a field 
of high interest in Chemical Engineering. This kind of optimization problems is rather hard to solve as they imply the 
use of both real and binary variables, consisting actually in MILP (Mixed Integer Linear Programming) or even more 
complex MINLP (Mixed Integer No Linear  Optimizations) cases. Nowadays, the optimal distillation strategy involves 
both the simultaneous optimization of the sequence and the heat integration of the separators in order to obtain the 
less costly option, thus minimizing the energy consumption in the whole process [2]. Traditionally, these problems 
have been solved using specific software packages such as GAMS (General Algebraic Modelling Systems) which are 
not easily accessible for the common public. However, for less complex problems of the MILP kind, they may be 
solved by using easily accessible optimization software such as the Solver tool incorporated in the Microsoft Excel 
spreadsheet, widely available in every personal computer. In this regard, in this work we report the results obtained in 
the optimization of two different distillation sequences applying the Solver tool,proving the feasibility of this approach. 

The first case comprises the determination of the optimal distillation sequence of a mixture of four generic 
components (A, B, C and D) by optimizing the objective cost function including the fixed cost of every separator, the 
variable cost associated to the total mass flow circulating and the cost of the used cooling water and steam. Each 
separator was defined by its respective binary variable and logic constraints were incorporated to overturn the real 
variables associated to an unchosen separator. No heat integration was considered in this first problem, so cooling 
water and steam were used unrestricted. The second case is more complex and encompasses the simultaneous 
determination of the optimal distillation sequence of a three components mixture (ethanol, n-propanol and n-butanol) 
and the integration of the heat between separators by modifying the distillation temperatures (and thereby the 
pressures of every column). In order to consider the pressure of the columns, the fixed cost term was modified to 
include the dependence of the temperature of the condenser. Additional logic constraints were added to define the 
feasible heat exchanges. Despite the enhanced complexity of the second case, the Microsoft Solver tool was able to 
furnish with a solution, opening up the possibility of dealing with this kind of problems using this easily accessible 
software.  

References 
[1] Lorenz, T., Grossmann I. E., Westerberg, A. W., 1997. Systematic Methods of Chemical Process Design, Prentice Hall, New
Jersey.
[2] Zhang, S., Luo, Y., Ma, Y., Yuan, X., 2018. Simultaneous optimization of nonsharp distillation sequences and heat integration
networks by simulated annealing algorithm. Energy, 162, 1139 – 1157.

ISBN: 978-84-09-12430-5 445



Multiscale integrated methodology of molecular and process simulation for the 
design of new solvents with specific properties: The case of CO2 capture by ionic 

liquids 

Jose Palomar1,*, Víctor Ferro1, Jesus Lemus, Rubén Santiago,1 Daniel Moreno1, Cristian Moya1 and Daniel 
Hospital1 

1 Chemical Engineering Department, Universidad Autónoma de Madrid, Cantoblanco, 28049 Madrid, Spain 
* pepe.palomar@uam.es

Abstract 
In the last years, the potential application of ionic liquids (ILs) to CO2 capture by physical or chemical absorption has 
been largely studied at laboratory scale, due to their preliminary favourable properties as solvents (high CO2 solubility, 
low vapor pressure, high thermal and chemical stability, etc.). However, the advances in this field is limited for the 
limited knowledge of IL performance at process scale. The multidisciplinary integration of computational tools of 
molecular and process simulation for the conceptual design of new products and process in the chemical industry is 
an emergent discipline in Chemical Engineering field. In the last years, our group have successfully developed a 
multiscale research strategy for evolving from laboratory concept to industrial scale process by integrating molecular 
(COSMOtherm) and process (AspenPlus) commercial simulation tools via COSMO-based thermodynamic models 
(1-5). The main advantage of this a priori computational approach is allow analyzing the behavior in process of new 
chemical compounds, not experimentally characterized and not previously available in the simulators´ databases. In 
this work, we report the application of this procedure to evaluate the viability of new CO2 capture processes based 
on ionic liquids (ILs). More than 100 ILs are included in current study by using the recently developed ILUAM 
database for Aspen Plus commercial process simulators (6). Firstly, contributions regarding the design/selection of 
ILs as optimized physical/chemical absorbents of CO2 -among a huge number of possible cation-anion combinations- 
are introduced, as illustrative example of chemical product design by molecular simulation. Secondly, the evaluation 
of the absorption and regeneration individual stages at different operating conditions by process simulation provides 
new information on the role of thermodynamics and kinetics on separation performance, introducing new technical 
criteria in the selection of adequate IL absorbent. Secondly, modelling the global CO2 capture process, using realistic 
flue gas or other inlet gas streams (postcombustion, precombustion, natural gas purification), allows performing the 
optimization of the process attending to energy or solvent expenses. The preliminary cost estimation of the modelled 
processes provides a way of analyzing the viability of the proposal of CO2 capture based on ILs, compared to current 
technologies as those based on amine solutions.    
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Abstract 

The motivation  Industry is in constant evolution. Nowadays we are in what is called the fourth industrial revolution 
(called Industry 4.0 or connected industry). Its target is to make more efficient and flexible plants, reduce times and 
costs of projects and products lifecycle. It is an integrated engineering approach were different software tools are 
interconnected during the whole lifetime of the project, reducing inconsistencies and developing times.  

The objective is to have a central neutral model of a process plant that is available during the whole lifecycle of the 
system (process + product) and that can be transformed automatically to specific models suited for different 
applications. 

Methods: To achieve this goal we use a Model Based Systems Engineering approach, starting from the model 
requirements and covering the whole lifecycle of the project. This central model is specified using the Systems 
Modelling Language (SysML). This language is a profile of the Unified Modelling Language (UML developed by the 
Object Management Group) that is neutral and domain free. The developed model is partially generated in SysML and 
partially constructed using existing specific models. Having a single central model guarantees the consistency and 
allows for traceability at any stage of the lifecycle. 

Major Results: First, we present the architecture developed to implement this system. After, we create a SysML model 
of a process plant (the production of ethylbenzene) starting with the requirements. This model includes the behavioural 
(block definition and activity diagrams) and structural (internal and block definition diagrams) aspects of the model. 
Once the model is created automatic transformations (bidirectional) from it to some applications are performed. The 
applications are: 
-Process Design Transformation to a steady state model used (specifically an Aspen Plus model) in a process simulation
environment.
-Risk assessment. Transformation to a functional model to perform risk analysis (HAZOP).
-Process Optimization Automatic generation of the objective and constraints. We use Melody to integrate the SysML with
the optimization model. In this case Matlab is being used for the optimization.
-Process visualization. Transformation from the 3D model to SysML. We use Syndeia to achieve the integration. The 3D
models are done using PTCreo.

Conclusions: This work shows the potential of having models at design time, central and consistent and coherent 
models. Industry trends look for models that generate virtual plants that can be “operated” and that allow to discover 
design mistakes at early design phases. Thus providing, when constructed, more robust, consistent and efficient plants. 
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Abstract 
Dynamic process modeling is a powerful tool that allows facing the challenges and problems that arise in the chemical 
industry successfully. The availability of competent software together with hardware that provide a great calculation 
power has allowed the use of this tool in industrial applications for several years. The preparation of a dynamic process 
simulation implies a deep knowledge of the system to be modeled and that goes far beyond the design and/or 
stationary condition. Depending on the scope of the model, it could cover the start-up of the system from the "cold 
or empty system", significant disturbances of normal operating conditions, common failure scenarios or critical 
emergency scenarios, and even, system shutdown scenarios, as in the case of being used in an OTS (Operator Training 
System). Dynamic process modeling could also be used to determine the best control strategy for “difficult to control” 
systems as well as testing logics. A dynamic model that can reliably calculate all these scenarios is complex to built. 
Therefore, the scope of the model must be defined, as well as the degree of detail, since this determines its complexity 
and the time required for its preparation. In industrial projects the decision to carry out or not a dynamic model 
depends on client requirements. Recently, Sener is implementing the use of dynamic modeling to support innovative 
technology projects in locations that are characterized by requiring intensive training of operational personnel. The 
main application of these models is in the realization of Emulated Operator Training Systems (e-OTS) that allows the 
training of new operators in plants in which Sener participates as responsible of the operation and maintenance during 
a determined period or in order to train commissioning operators during the start up phase. Its preparation implied a 
series of challenges that have been overcome successfully and that allow not only to provide a training tool, but also 
to optimize the design, to test control and safety logic, PID controllers tuning in advance, to detect operative concerns 
that can be corrected with new procedures. In Sener, dynamic modeling has also been applied during the start-up 
phases of facilities related to the management and generation of Natural Gas (NG) and Liquefied Natural Gas (LNG). 
Its application has been highly beneficial because it has allowed to detect problems in the installation long before they 
occurred, neutralizing the impact on security and time. It has allowed the PID controllers tuning with a significant 
time and risk saving which imply a very important economic benefit. Some projects where this tool was applied is the 
BBG Project (expansion of LNG storage capacity-Bilbao), Natural Gas Liquefaction Plant (Bolivia), La Laguna/Villa 
de Reyes compression stations (Mexico), Solar Thermal Power Plant CCP Ilanga 1 (South Africa), Dunkerque LNG 
Terminal, Gate terminal, Zeebrugge LNG Terminal among others. 
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Abstract 
Given the importance of ethanol in the Brazilian energy matrix and the encouragement of national policy on the 
production of biofuels, conducting research to minimize the costs of production and increase its efficiency is important 
to make ethanol more competitive than fossil fuels. Therefore, the present work has the objective of simulating and 
optimizing the distillation process for the production of anhydrous ethanol. The performances of the solvents ethylene 
glycol and the methyl 1-butyl-3-methylimidazolium methyl sulfate ionic liquid (IL) were evaluated. The flowsheet of 
the process (Figure 1) was simulated using Aspen Plus software, version 10. The Non-Random Two-Liquid (NRTL) 
was defined as the thermodynamic model and information from the literature was used to configure the process plants 
[1]. IL was inserted in the simulator as a pseudocomponent. For this, it was necessary to search in the literature data 
for coefficients of activity, density, boiling temperature and molar mass [2]. Simultaneous evaluation of process factors 
was done using Statistica® software, version 8. A full factorial design with 5 factors for the ethylene glycol process 
was used, and for the ionic liquid solvent, a central composite design with 3 factors was employed. Table 1 shows the 
factor levels studied. 

Figure 1. Flowsheet of the process.

Table 1. Planning factors and levels. 
Factors Ethylene glycol Ionic Liquid 

− 0 + − 0 + 
(1) Hydrous ethanol 
feed stage 22 27 32 13 22 30 

(2) Solvent feed stage * * * 3 8 12 
(3) Feed stage of
column P 2 5 7 * * * 

(4) S/F ratio 0,55 0,60 0,65 0,19 0,22 0,25 
(5) Reflux ratio of
column C 0,80 1,22 1,65 * * * 

(6) Reflux ratio of
column P 0,50 1,00 1,50 * * * 

* levels not studied. 

The desirability function was used to simultaneously optimize the energy of the dehydration and solvent recovery 
columns, and to maximize the concentration of anhydrous ethanol fuel, which must comply with current 
specifications (above 99.3% w/w). The optimized conditions for the process using ethylene glycol were: 22, 7, 
0.65, 1.22 and 0.5 for factors 1, 3, 4, 5 and 6, respectively. For the process using ionic liquid, factors 1, 2 and 4 
were optimized at levels 22, 6 and 0.22, respectively. The results, after optimization, were a reduction of 12 and 6 
% of the energy consumption, for ethylene glycol and IL respectively, in addition to maintaining the concentration 
of anhydrous ethanol in 99.9% w/w. When comparing the optimized results with the literature, it was observed the 
decrease of the energy consumption in relation to both solvents. The simulation in Aspen Plus® associated with 
multivariate statistical optimization techniques was fundamental in achieving lower levels of energy consumption 
and meeting the specifications of anhydrous ethanol. 
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Abstract 
The aromatic/aliphatic separation using ionic liquids (ILs) was extensively studied and recently reviewed [1], showing 
a feasible technology even considering side-separations and solvent regeneration [2,3]. That claim is supported by 
approximated simulation methods based on multicomponent experimental data and by long-term pilot plant scale 
experiences [2-4], but also by process simulation using the outstanding potential of the COSMO/Aspen integrated 
methodology [5].  
The availability of COSMO-RS prediction in a process simulator like Aspen Plus has permitted pioneer insights in the 
development of regeneration units due to the difficulty at obtaining robust models that reliably represent vapor-liquid 
equilibria data involving ILs for designing purposes [6]. Up to the date, the scarce approaches to recovery the 
hydrocarbons from the extract stream and regenerate the IL are leaded by that integrating three flash distillation units; 
the first two flashes are destined to selectively remove the aliphatics, whereas the last one permits the aromatic isolation 
from the IL. However, the low pressure required in these units seems to limit the techno-economic feasibility of the 
recovery units. According to this, several new approaches have been tested in this work, proposing the use of two 
stripping columns as the most powerful design to highly recover aromatics with commercial quality, minimizing 
recycling streams. This proposal also avoids the use of vacuum and minimizes heating consumptions, thus reducing 
operating costs. 
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