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Innovation Technologies (IC-SIT'2023) will be
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PREFACE

Proceedings of the 4™" International Conference for
“Membrane Technology and Its Applications” (MTAIC 2023)
Held on Grand Hotel _ Port Said _ Egypt in hybrid mode
( Physically and via Zoom)

From 28 to 29 August 2023

The4™ international conference for Membrane technology and its applications-
MTAIC 2023- will be held in Hybrid mode at Grand Hotel, Port Said Governorate,
Egypt.

MTAIC 2023 isorganized by the Flat sheet membranegroup inthe National
Research Center and Egyptian Society of Membrane Technology in Cooperation
with Port Said University and the I nter national Water Technology Association.

In addition to virtua contributions through the ZOOM platform. This
international conference series represents a forum to provide, discuss and exchange
innovativeideasin the field of membrane technology in different applications with their
recent developments.

This proceeding contains M TAIC 2023 papers and abstracts. The purpose of the
conference is to provide a forum for discussion on the application of membranes in
problems in agricultural, and industrial sciences in addition to water desalination and
gas separation. Papers that are presented at the conference and included in the
proceedings areintended to provide information to both the experimental and modeling
studies in which researchers innovate on current issues of their interest.

Keynote speakers from different countries present speechesin various fields on
membrane-based processes.

Each contributed paper was peer-reviewed before being accepted for
publication in these proceedings.

Sincere thanks to all scientific committees by their individuals for referring
submitted manuscripts, in addition to other volunteers for help in conference planning
and organization.

Specia thanksto Port Said University and International Water Technology
Association and all sponsors for their continued support.
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many International and national projects.
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Presenting Author L3
Prof. Frank Lipnizki
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Short Biography

Professor in Chemical Engineering with a focus on Membrane Processes in the Department of
Chemica Engineering at Lund University, Sweden, since 2017. He heads the Membrane Group
and manages Mem Lab — the Industrial membrane process research and development center —at
Lund University. His main research focuses on the integration and optimization of separation
processes in particular membrane processes in the food, biotech, pulp, and paper industry as well
as water and wastewater treatment plus fouling and cleaning of membranes. Prof. Frank Lipnizki

has authored over 50 publications in reviewed journals and books and gave more than 100
presentations at international conferences and workshops.

Title: Membrane Concepts from Drinking Water Preparation to Wastewater
Treatment

Frank Lipnizki and Tobias Hey

Department of Chemical Engineering, Lund University, Sweden

Abstract:

Membrane processes are widely used for desalination and wastewater treatment worldwide. In this
presentation, we will review some interesting membrane concepts which are either currently used
or are under development. The initial focus will be on drinking water preparation from lake and
river water and desalination of brackish water which are well-established in Sweden. Furthermore,
new will be presented which converts industrial wastewater and brackish water to drinking water.
Regarding wastewater, the latest developments of membrane bioreactors and direct membrane
filtration will be presented. And, we will discuss two new concepts related to the European
projects: REWAISE and DESOLINATION. Inthe REWAISE project, anew concept for rain- and
stormwater harvesting with ultrafiltration will be developed, while in the DESOLINATION
project, a new desalination concept will be established using forward osmosis and membrane
distillation (MD). Overal, the presentation will show that membrane concepts are well established
in water treatment and new concepts are under development, Acknowledgements: The research is
partly funded by the REWAISE “Resilient Water Innovation for Smart Economy” (Project No.
869496) and DESALINATION (Project No. 101022686) under the European Horizon 2020
program.

Keywords:. drinking water; wastewater; membrane bioreactor, desalination.
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Awarded the State Doctor of Science, Trés Honorable, University of Strasbourg, France, Prof.
Khedr occupied the following positions:

Professor, Water Desalination/Treatment, National Research Centre, Egypt.

Technical Manager of “Saudi Industries for Desalination Membranes and Systems” the
first manufacturer of the modern technology Reverse Osmesis and Nanofiltration
Membranes in the Middle East, Riyadh.

Selected by the Ministry of Water & Electricity, Riyadh, as a Consultant of Water
Desalination/Trestment and of the Central Committee of Radiation.

Vice-President Technical of the Water Desalination Contractor, Saudi-Geman Company,
“Preussag Arabia”, Riyadh.

Head of the Water Technologies Center, Technology Experts Global, Riyadh

Title: Towards Promotion of Reverse Osmosis Process Efficiency, Cost

Effectiveness, and Environmental Safety

Prof. Dr. M. Gamal Khedr

National Research Centre

Abstract:
Results of our research works are described which, upon application, are confirmed to develop
Reverse Osmosis performance:

1-

Development of water desalination efficiency of Reverse Osmosis, Nanofiltration, Electro
deionization, and Forward Osmosis through processing of the desalination reject water.
Nanofiltration to replace hot or cold lime softening for efficient removal of hardness in
pretreatment of Reverse Osmosis plants.

Introduction of high temperature Reverse Osmosis with increase of process efficiency and
control of membrane fouling.

Low energy Reverse Osmosis in rejection of radioactive and heavy metals contamination
of waste waters quite better than conventional waste water treatment techniques.
Development of application of Solar Energy in Reverse Osmosis operation.

On the other hand, it may be worthy to refer to some significant applications which are
thought to contribute to Reverse Osmosi s process devel opment.

Useof 16 inches Reverse Osmosis membranesinstalled in 60 inches pressure vesselswhich
are vertical installed.

Theintroduction of graphene membranes in Reverse Osmosis.

Keywords: Reverse Osmosis; Reject processing; High-temperature RO; Waste Waters Treatment
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Presenting Author
Prof. Dr. Sabu Thomas

Short Biography :

Prof. Dr. Sabu Thomas has about 37 years of experience working in the area of macromolecular
science and green composites for a wide range of technological applications. He currently holds
the positions of Vice-Chancellor of Mahatma Gandhi University and the Founder Director and
Professor of School of Energy Materials, Mahatma Gandhi University, Kottayam, Kerala, India.

Title: Recent Advancesin Nanocellulose for Water Purification

SABU THOMAS

Mahatma Gandhi University, Priyadarshini Hills P. O.
Kottayam, Kerala, India -686 560,

Abstract:

The remarkable potential of nanocellul ose-based membranes for water purification is presented.
Access to clean water is a critical global concern, as the majority of Earth's water resources are
unsuitable for human consumption. With the world's population projected to surpass 8 billion by
2025, the need for effective water purification techniquesis more depressing than ever. Traditional
methods such as chemica and bielogical purification, along with mechanical processes, have
limitations. However, membranes, especially polymeric membranes, have emerged as highly
efficient tools for removing pollutants from water. Polymeric membranes offer advantages such
as tunable porosity, mechanical flexihility, and stable behavior across a wide pH range. Among
them, nano-cellulose, derived from biological waste, has garnered significant attention. Professor
Thomas presents their research on producing nano cellulose through a steam explosion process,
followed by purification and modification steps. The resulting nano cellulose exhibits unique
properties, including surface charge control ‘and pH tolerance, making it an ideal candidate for
water purification. The talk highlights the applications of nanocellulose membranes, ranging from
the removal of diverse dyes, nanoparticles, heavy metals, oils, bacteria, and viruses. By modifying
the nano cdllulose surface, researchers can selectively trap different contaminants, harnessing
electrostatic interactions to achieve high separation efficiencies. The membranes can effectively
remove pollutants like chromium, nickel, cadmium, and lead, offering a promising solution to the
global challenge of heavy metal pollution. Additionaly, nanocellulose membranes demonstrate
exceptional performance in oil removal from water bodies. The use of aerogels, hybrid
configurations, and chemically modified nanocellulose structures significantly enhances oil
adsorption and facilitates subsequent separation for reuse or disposal. Furthermore, the
superhydrophobic nature of these membranes enables efficient oil removal while repelling water,
providing a sustainable solution to oil spills and industrial wastewater treatment.

Keywords. Cellulose nanofiber, Electrospinning, Meldrum’s acid, Dye adsorption, Nanoparticle
removal
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Short Biography

Dr.Ewiss is a Professor of Physics at the Faculty of Science, Cairo University. He is a former
consultant for the Graduate Studies and Scientific Research Sector at Cairo University. From 2010-
2021, he supervised two projects at Cairo University as a principal investigator entitled
"Localization of a Decentralized Low-Cost Wastewater Treatment System in Egypt" and "Cairo
University's Proposa for Education Development in Developing Countries Using Modelling
Approach”. In 2008 and 2015, he received the Appreciation and Excellence Awards from Cairo
University in basic sciences and interdisciplinary and future studies. He founded the non-profit
International Organization for Science and Technology.

Title: Project for Environmental Friendly Carbon Neutral and High-Value-
Added System of Desalination Processes

M. A. Zaki Ewiss
Department of Physics, Faculty of Science, Cairo University, 12630 Giza, Egypt

Abstract:
Inthisproject, wewill develop, examine and implement the following: 1) Energy-less pretreatment

and dilution process of saltwater using FO membrane combined with fine bubble technology, 2)
Discharge highly condensed seawater and do not use any chemical agent for inhibition of fouling
on the membrane, 3) Thermal transistor process supplying simultaneously hot/cold heat by AHP
(Absorption Heat Pump), upgrading solar heat a alower temperature than 80 °C, 4) The processes
of seawater distillation and condensation of evaporated water, 5) Water quality improvement with
refined bubble technique, 6) Evaluation of a bench-scale of the carbon neutral desalination system
(approximate planned.capacity: order of 102 kg/day), 7) Optimum total system design for scale-
up of F-T desalination system, 8) Economic and environmental evaluation of the F-T desalination
system, and 9) Education on seawater desalination for public acceptance.

Keywords. Therma Transistor, Membrane Technology, Bubble Technology, Desalination
System
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Short Biography

Chedly Tizaoui, FIChemE, is a full Professor in Chemical Engineering at Swansea University,
UK. He hasresearch interestsin water and wastewater treatment with focus on advanced oxidation
and separation processes. So far, Tizaoui has supervised over 30 PhD and Postdoc researchers to
successful completion and has published over 130 papers in peer-reviewed journals and
international conferences as well as authoring book chapters and technical reports for several
organisations. He received research funding from major funding bodies and industry, and he sits
on the editorial boards of several peer-reviewed scientific journals.

Title: Membrane And Ozone Advanced Technologies For Water And
Wastewater Treatment

Chedly Tizaoui

Water and Resources Recovery Research Lab, Department of Chemical Engineering, Swansea University, Bay
Campus, Fabian Way, Swansea, SA1 8EN, United Kingdom
c.tizaoui @swansea.ac.uk

Abstract:

The United Nations (UN) warns that by 2050, five billion people worldwide could suffer water
shortages due to climate change, increased demand, and polluted supplies. Despite the progress
made towards addressing the UN’s Sustainable Development Goal on safe water and sanitation
(SDG6), the unacceptable reality isthat nearly 1 in 3 people around the world still use sources of
contaminated water. Providing clean and affordable drinking water for all people on Earth has
become one of the greatest challengesin this century. Commonly, water and wastewater treatment
plants employ conventional technologies that are costly to run and suffer from degrading
efficiencies over time while they require chemicals and energy to operate. This keynote will
discuss innovative technol ogies based on ozone oxidation and membrane separation developed to
address chalenging water treatment questions. Enhancement of ozonation and membrane
separation performances through integration of the two processes and the use of nanocatalysts and
nanofillerswill form akey aspect of thistalk. The audience will learn about some of the challenges
in the water sector and how advanced oxidation and separation technologies combined with
nanotechnology address them.

K eywor ds: Membrane, Ozone; Nanotechnology; Water Challenges
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Frank Rogener

Short Biography

Since 2014 Frank RoOgener has been working as Professor of Fluid Process
Engineering at the Cologne University of Applied Sciences (TH Kdln). Hisfocusis
on thermal process technology, including membrane and wastewater technology. He studied
chemical engineering at the TU Clausthal. In 2000 he received his doctorate from the University
of Saarland on the application of membrane processes. For more than 20 years, Dr. Rogener has
been involved in the development of energy and resource-efficient processes, especially in the
food industry, chemical industry and metal finishing industry.

Title: Electrodialysis And Electrodialysis Reversal For The Concentration Of
Li Containing Solution

Frank Rogener, C. Manderscheid.

TH Kdln University of Applied Sciences

Abstract:

Electrodialysis is a membrane process employed for the concentration and depletion of ions
dissolved in agueous solutions. For this, aternating anion and cation exchange membranes
promote the transport of unevenly charged ions and prevent the transport of evenly charged ions,
when adirect current is applied. In the following, the application of electrodialysisin the recovery
and concentration of lithium'is considered. The investigations on the lab scale focused on the
concentration of different Li-containing solutions using conventiona electrodialysis (ED) and
electrodialysisreversal (EDR) which is characterized by a change of electric and hydraulic flows.
This alows the minimization of scaling effects on the membrane surface. A possible application
isan application in lithium recovery from spent lithium-ion batteries.

Keywor ds: Resources; Li recovery; brine treatment, ED, EDR
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Presenting Author
Prof. Heba Abdallah

Short Biography:
Sheisaprofessor in the Chemical Engineering Department, Engineering and renewable energy
Research Ingtitute at National Research Centre. She is a consultant engineer in the field of
research of designing and manufacturing special membranes for water treatment processes in the
Egyptian Engineering Syndicate. She has 89 international publication articles; 14 granted patents
in the Egyptian Academy of Science & Technology in membrane fabrication and technology.
Also, many projectsin RO membrane preparation.

Title: Low-Cost Polymeric M embranes. Manufacturing Steps and Economic
Study
Extracted from Chinese/Egyptian Cooper ation Project STDF 30431

Heba Abdallah, Marwa Shalaby, Sahar Saad, Rania Sabry, Eman Sobhy, Hanaa Ali, Hanaa
Gadallah, Ayman EI-Gendi, Ahmed Shaban

1Chemical Engineering Department, Engineering and Renewable Energy Research Institute
, National Research Centre, Centre. 33 El-Bohouth St. (Former El-Tahrir St.), Dokki, Giza, Egypt, PO box 12622.
Affiliation ID: 60014618, Tel: 202 33335494, Fax: 202 33370931

Abstract:

Chinese and Egyptian teams'cooperate to produce |ow-cost novel membrane products. Production
of ultrafiltration (UF) membranes was carried out using PV C and Mn(acac)s nanoparticles. The
best UF membrane was enlarged and fabricated as a spira wound module and then tested in the
Zenien sewage wastewater treatment plant in Giza. Production of nanofiltration (NF) APVC
membranes was done and was applied on divalent and trivalent separation also they weretested in
some drugs separation. The best NF membrane was enlarged, then rolled in the shape of NF spiral
wound module, and was tested on wastewater from pharmaceutical industries. RO membranes
were prepared by the Egyptian team and tested in high concentrations of the salty solution to get
the optimum membrane used in seawater desalination. A spiral wound 4" RO module was
fabricated and tested on real seawater samples. The economic study for UF, NF, and RO
membranes production was investigated and indicated the lowest price compared with imported
modules.

Keywords: Ultrafiltration; Nanofiltration.; Reverse Osmosis, Economic Study
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Dr. ZahiaTigrine

Short Biography
Dr. ZahiaTigrineis currently Senior Researcher at Solar Equipment Development Unit (UDES),
Renewable Energy Development Center (CDER). She is the head of the Distillation and
Desalination of Brackish Water and Seawater Team DDESM, CDER. Sheis also a member of the
African Membrane Society. Dr.Tigrine has a very strong research interest in the field of solar
desalination and membrane technol ogy for water applications. She has beeninvolved as amanager
or a participant in several national and international projects, @ well in international
collaborations. She has published more than 30 international papersin peer-reviewed journas, and
3 patents and has approximately 100 international oral communications.

Title: Membrane Desalination by Renewable Energy in Arid Regions to
Mitigate Climate Change: Application and Case Study

ZahiaTigrine
Unité De Dével oppement Des Equipements Solaires, Route Nationale N°11, BP386, Bou-lsmail, 42415, Wilaya de
Tipaza, Algeria

Abstract:

Desalination techniques are essential for addressing water scarcity and resolving the energy-water-
environment nexus. In general, the two main types of desalination technologies are membrane
processes (mainly reverse osmosis) and thermal processes (multi-effect distillation (MED) and
multi-stage flash (MSF)). Moreover, forward osmosis (FO), membrane distillation (MD),
capacitive deionization (CDI), humidification dehumidification (HDH) are some of the emerging
desalination technologies that are still largely in the research and development stages. The
desalination industry isnow able to build the largest desalination facilitiesin the world to generate
drinking water because to advancements in reverse osmosis (RO) membrane technology.
Production of drinking water is now .amajor challenge for many nations, particularly inthe Middle
East and North Africa region which is the world's most water-scarce region. Indeed, reverse
osmosis is awidespread technique that has been installed in large scales configurations, due to its
reliability andlowers energy consumption (3-4 kWh/m3), compared to M SF (20-27 kWh/m?) and
MED (15-22kWh/m°®). Renewable energy is an endless source of power that also offers cost-
saving advantages and clean energy production. The use of renewable energy for seawater
desalination is appealing, especialy when there is no electricity network. The use of renewable
energy for seawater desalination can have a positive impact and areliable source of drinking water
production when fresh water and grid power connections are not available.

Keywords: Desalination; Membrane; Reverse osmosis, Seawater; Renewable energy
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Presenting Author
Prof. Dr. Mohamed Hassen Elkiki

Short Biography
Prof. Dr. Mohamed Elkiki is a professor in the Civil Engineering Department, Head of the Civil
Engineering department, Higher Institute for Engineering and Technology, New Damietta,
Ministry of Higher Education, 34517, Egypt. Member of the arbitrators’ committees in the
permanent scientific committee to examine scientific production for the positions of professors
and assistant professors — the 14th session 2022-2025 (water resources). REVIEWER TO:
International Journal of Plant Breeding and Crop Science, PORT SAID ENGINEERING
RESEARCH JOURNAL, Egyptian International Journal of Engineering Science and Technology
(EIJEST), Journal of Engineering Sciences, Faculty of Engineering, Assiut University, American
Journal of Water Science and Engineering and Journal of Water Science, National Water Research
Center.

Title: Joint Effect of Sediment Transport and Floodplain Divergence
on Flow Pattern in Compound Channels

Hesham, M2, Elkiki, M2, Selim, T.2 and Elsakka, M3
L Civil Engineering Department, Faculty of Engineering, Port Said University, Port Said 42523, Egypt.
2 Civil Engineering Department, Higher Institute for Engineering and Technology, New Damietta, Ministry of
Higher Education, 34517, Egypt
3 Mechanical Engineering Department, Faculty of Engineering, Port Said University, Port Said 42523, Egypt.

Abstract:

Sediment transport in open channels is considered as one of the most complex processes in
hydraulic engineering .In this study, a numerical investigation of the joint effect between the
floodplain divergence angle and the size of suspended sediment particles on sediment transport
and flow.depth-averaged velocity (DAV) in non-prismatic diverging compound channels was
conducted. The anaysis was implemented using the Computational Fluid Dynamics (CFD)
software ANSY S-Fluent. Results reveadled that the span-wise relative depth-averaged velocity
(RDAYV) gradient between the main channel and floodplain at the middle and the end sections of
the divergence reach is much larger in the case of higher divergence angle. Based on the results, it
can be concluded that the span-wise DAV gradient was greatly affected by the floodplain
divergence angle and sediment particle size.

K eywor ds: Suspended sediment particles, Divergence Angle, Compound Channels, CFD.
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Ekram Said Hassan Abdel ghani )1
Short Biography —

Preliminary Master of Environmenta Sciences and Industrial Development - Faculty of Graduate
Studies, Beni Suef University- Postgraduate Diploma in Chemical Engineering, Faculty of
Engineering / Cairo University - Bachelor of Chemical and Nuclear Engineering, Faculty of
Engineering / Cairo University. Consulting engineer for quality management - Head of the
Environmental Performance Unit Of The Egyptian General Organization for Standardization and
Quality and Senior chemical specifications specialist - Secretary of multiple committees in the
authority, including (sustainable development - various chemicals - paints - building materials -
water treatment chemicals) .

Title: The Role Of The Egyptian Organization For Standar ds and Quality
Towards Sustainability And Green Transformation

Ekram Said Abdel ghani
Egyptian organization standards and quality ( EQS)

Abstract:

Egyptian organization standards and quality ( EOS).EOS is the only national & competent body
in Egypt affiliated with undertaking all the relevant activities of preparing and issuing Egyptian
standards, as well as the different activities in the field of quality assurance and conformity
assessment for the relevant products, testing & industrial measurements, aiming at increasing the
guality of the Egyptianproductsto be competitivein the international and local markets along with
consumer's protection and environment. Inline with the global requirements and recommendations
at the present time, as well as the sustainable devel opment goals submitted by the United Nations,
which adopt the principle of reducing harmful emissions affecting public health as well as climate
change, and based on the vision of EGY PT plan 2030, which reflects the long-term strategic plan
of the state to achieve the principles and goals of sustainable development in all fields. Where the
state seeks to preserve development and the environment together through the rational use of
resources in away that preserves the rights of future generations in a more secure future by facing
the effects of climate changes and enhancing the adaptability of environmental systems and the
ability to face risks and natural disasters and increase reliance on renewable energy and adopt
sustai nable consumption and production patterns.

Keywords: EOS; Standards; Environmental; Quality.
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Presenting Author
Prof. Dr. Miriam Sartor

Short Biography -
Prof. Dr.-Ing. Miriam Sartor is professor for Environmental Process Engineering and
Technology at Cologne University of Applied Science (TH KoéIn), Germany. She has more than
15 years of experiencein industrial liquid media treatment, filtration and membrane filtration and
material technology. Her research at TH Kdoln is focused on industrial process water and liquid
effluent treatment by hybrid processes with membranes or biological treatment processes,
especially with algae. Before, she was COO at “CERAFILTEC Germany GmbH” a technology
provider for ceramic flat sheet membranes and Head of the Department Surface Technology at
“VDEh-Betriebsforschungsinstitut”, applied research institute for steel and process industry.

Title: Enhanced removal of micro-pollutants by hybrid processes combining
flocculation or adsor ption with ceramic flat sheet membranefiltration

Pascal Erdmann (1), Fin Florack (1), Martin Kaschek (1), and Miriam Sartor (2)

(1) CERAFILTEC Germany GmbH Blue Filtration, Quellenstral3e 14, 66121 Saarbriicken, Germany
(2) Cologne University of Applied Science (TH Kdln), Faculty of Computer Science and Engineering Science,
:metabolon Institute, Gustav-Heinemann-Ufer 54, 50968 Cologne, Germany

Abstract:

Different approaches to remove micro-pollutants - especialy persistent organics as well as
phosphate residues - by hybrid processes consisting of ceramic flat sheet membrane filtration
combined with flocculation or adsorption were investigated. The target of the studies was to
improve the quality of treated sewage effluent (TSE) to protect the ecosystems from micro-
pollutants and allow a reuse of water. Therefore, ceramic flat sheet membrane filtration was
combined-with a flocculation process (cake layer filtration) to remove dissolved and colloidal
organics from treated sewage effluent and to co-precipitate phosphate. By combining ceramic
flat sheet membranes with powdered activated carbon adsorption (active cake layer filtration)
persistent trace organics were efficiently removed from surface water.

Keywords: ceramic membranes; hybrid processes; cake layer filtration, micropollutants
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Ass. Prof. Noelia Alonso Morales

Short Biography
Associate Professor of Chemical Engineering at Auténoma University of Madrid with more than
20 years of experience teaching and research on Chemical Engineering. During this period her
research has been centered on the design, preparation, characterization and application of
membranes prepared with carbon materials, particularly graphene oxide. The applications are
focused on water phase separation, especialy emerging pollutants. She belongsto aresearch group
with expertise on carbon materials, water treatments, catalyst preparation, etc. She has been
working in more than 20 projects with different funding sources and has been collaborating with
international teams (Pennstate University, UCV Chile, e.g.).

Title: Membranes Based On Graphene Oxide With Tunable Properties For
| mprovement Of Water Filtration

Noelia Alonso-Morales, Raul Pla, Jose Alberto Baeza, Luisa Calvo, Miguel Angel Gilarranz

Auténoma University of Madrid

Abstract:

Graphene oxide (GO) materials have attracted huge interest to prepare membranes because of their
unique and modul ated properties, whichmake possible to combine excellent water permeation and
rejection of solutesin water treatment and desalination. GO membranes have a particular structure
formed by laminated structure of GO nanosheets. The interlayer spacing and the chemical surface
composition (oxygen functional groups: epoxy, hydroxyl, and carboxyl) are two of the key
properties directly affecting to transport properties during water filtration and desalination. The
conditions used during membrane formation, such as GO initial suspension concentration and GO
load particularly influence the compaction of GO nanosheets, which controls the rejection and
flux. The GO membranes properties can be improved by chemica modification, eg.,
oxidation/reduction treatment, and by intercalation of amines. The reduction treatment of the
formed GO membranes by UV modifies the oxygen surface groups, modulating the molecul ar
weight cut-off due to changes in the interlayer spacing and chemical composition. Membranes
modified by intercalation of aminesled to asignificant increase in flux while keeping a high solute
rejection. The filtration behavior was studied with different pollutants and salts: phenol, pyridine,
naphthol, dyes and emerging contaminants, such as PFOA and pharmaceuticals, in a cross-flow
system.

K eywor ds. Graphene oxide membranes; water filtration; emerging pollutant.
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Presenting Author
Prof. Shereen Kamel Amin

Short Biography
Research Professor — at National Research Centre (NRC). Also, Consultant engineer certified by
the Egyptian Syndicate of Engineers in the field of research and development of the solid waste
management industry. She participates as a technical expert and assessor, in Egyptian
Accreditation Council (EGAC). She participates as a member of the National Egyptian Standards
Technical Committee for Ceramic Products and Refractories. She has many Scientific Awards,
one of them is an international award from India. She participates.in many applied research
projects. She participates as a reviewer and editorial board membership in severa international
journals. She published many research articles and booksin international journals and conferences.
She Supervised several Ph.D and M.Sc Thesis. She participates in the teaching of undergraduate
studentsin chemical engineering in the faculties of engineering in various Egyptian universities.

Title: Synthesisand Application of Ceramic Membranesin Water
Purification in Egypt

Shereen Kamel Amin
Chemical Engineering and Pilot Plant Department, Engineering Research and Renewable Energy Institute, National
Research Centre (NRC)

Abstract:

Membrane technology is one of the most effective technologies available for water treatment.
Water filtration using membrane technology is characterized by severa features such as small
footprint, low sludge production, ease of operation, low operating temperature, and high removal
efficiency. According to the material of construction, the main types of membranes are polymer
and ceramic membranes. Theselatter are fabricated from inorganic materials. Ceramic membranes
are usually more costly than polymer types because their starting materials are more expensive
besides the complexity of their fabrication. However, ceramic membranes are characterized by
long term durability, high mechanical strength, resistance to chemicals and solvents and thermal
stability.

Thiswork presents a number of studies about synthesis and application of ceramic membranesin
water treatment, which isproduced by Egyptian team. Where, the team was fabricated flat sheet,
tubular ceramic membranes, and composite polymeric/ceramic membranes.

Keywords: Ceramic membrane, Water trestment, L ow-cost raw materials.
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Presenting Author
Prof. RgjaBen Amar

Short Biography
RajaBen Amar is currently working as full Professor in the chemical department of the Faculty of
Science of Sfax, University of Sfax (Tunisia) and leading the research unit © Advanced
technologies for Environment and Smart Cities’. She is currently the President of African
Membrane Society (AMSIC). Her main research interests are water treatment, development of
ceramic membranes from low cost materials for various applications. She has published more than
120 papers In Indexed Journals and 4 patents.

Title: Development of Low Cost Ceramic Membranes for Waste Water
Treatment and Reuse

RajaBen Amar
Research unit “Advanced Technologies for Environmentiand Smart cities”, Chemistry Department, Faculty of
Science of Sfax, University of Sfax, Tunisia

Abstract:

Typicaly, the asymmetric ceramic membranes are manufactured from metal oxides materials such
as pure or mixed alumina, zirconiatitania and silica oxides. However, inspite of that, their useis
still limited due to high cost.of commercially available ceramic membranes manufactured using
pure oxides which require high sintering temperature, increasing the manufacturing cost. A major
cost reduction can be expected by replacing the synthetic precursor materials by natural minerals
or industrial waste. In recent years, many attempts are made to develop porous ceramic membrane
materials based on low cost materials such as clay, kaolin, zeolite, fly ash, etc. which can be
prepared at lower temperatures than those needed for high purity metal oxides. Therefore, one of
the challenges for future development of the ceramic membranes is to manufacture low-cost
membranes with high flux performance to treat large volumes of liquid effluent. The performance
of these low cost membranes will be mainly governed by the raw material composition, level of
impurities, selection of appropriate binders and pore-formers and sintering temperature, as well as
their application.

Keywords:. low cost material, ceramic membrane, sintering temperature, wastewater treatment
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Presenting Author
DdiaRasha Tawakol

Short Biography
I am an assistant lecturer at Horus University Egypt, a Ph.D. candidate, and have a master’s degree
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Title: Hydrophobic Ceramic Membranesfor Membrane Distillation
Processes

Dalia Rashad Tawakol Gaafar
Basic Science Department, Faculty of Engineering, Horus University Egypt

Abstract:

The MD process refers to a thermally driven transport of vapors through a non-wettable porous
hydrophobic membrane, with the driving force being the vapor pressure difference between the
two sides of the membrane pores. The non-wetted porous hydrophobic membranes are required
for an efficient process realization.

In the term of membrane materials, the most commonly used membranes for wastewater treatment
are made of polymeric material, such as polyvinylidenefluoride (PVDF), polypropylene (PP), and
polytetrafluoroethylene (PTFE). However, for the uses in MD, these membranes need good
mechanical strength and chemical/therma stability, and their surface should be highly
hydrophobic. Ceramic membranes represent another class of separators and are famous for their
high mechanica strength, chemical and thermal stabilities, and high flux.

However, conventional ceramic membranes exhibit hydrophilic character because of the presence
of hydroxyl groups (- OH) on the membrane surface and thus require hydrophobic modification
for application in MD. To address this issue, grafting is frequently practiced due to its high
performance, convenient operation, and easy adjustability.

MD presents several significant benefits compared to other separation processes, such as
multistage flash ditillation (M FD), reverse osmosis (RO), nanofiltration (NF), ultrafiltration (UF),
and microfiltration (MF), for example, lower operating temperatures than in distillation process
and lower hydrostatic pressures than in pressure-driven processes. Moreover, the possibility of
using waste heat or alternative energy sources, such as solar and geothermal energies, enablesMD
to be combined with other processes into integrated systems, representing more promising
separation techniques for industrial applications. There are various MD modes utilized, for
example, sweep gas membrane digtillation (SGMD), direct contact membrane distillation
(DCMD), air gap membrane distillation (AGMD), and vacuum membrane distillation (VMD).

K eywor ds: Membrane Distillation; desalination ; Ceramic Membranes ; Hydrophobicity
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Title: Elaboration and Characterization of ceramic membranes: application
for the pretreatment of Mediterranean Seawater

Fatma. Kesri(1),Djilai.Tassalit (2), Zahia Tigrine (2) and Nadia. Aicha.Laoufi(1)

&) Laboratory of transfer phenomena (LPDT), Faculty of mechanical and process engineering, University of Houari
Boumediene (USTHB), B.P32 El Alia, 16111 Bab Ezzouar, Algiers, Algeria
@ Unité de Dével oppement des Equipements Solaires, UDES/Centre de Développement des Energies
Renouvelables, CDER, Bou-1smail 42415, W. Tipaza, Algeria.
*Email: kesri.fatma@gmail.com

Abstract:

Flat ceramic support was prepared from the clay, by mixing different mass compositions of the
raw materia ranging from 65% to 95% with a pore former to improve the porosity of the support.
The support was prepared and sintered in a muffle furnace at different temperatures, ranging from
1000°C to 1250°C. In this study, the preparation of ceramic membranes, for the Mediterranean
seawater pretreatment in the Algerian coastal region (Bouismail Town), using loca and
inexpensive raw materials will be presented. In addition, we study the influence of various
parameters such as the raw material composition and sintering temperature on the membrane
performance. The membrane performance was eval uated by measuring the membrane porosity and
permeability. Sodium chloride solutions werefiltered with the aim of reducing their turbidity, Salt
Density Index (SDI), and Total Organic Carbon (TOC).

K eywor ds: Ceramic support- membrane performance-seawater pretreatment-water pretreatment.
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Title: Cost-effective removal of nitrogenous compounds from aquaculture
wastewater by magnetic chitosan-seagrass hydrogels

FatmaH.A. Mustafa, HebaM. Ezzeldin, Ghada Y. Zaghloul, Zaki Z. Sharawy

National | nstitute of Oceanography and Fisheries (NIOF), Cairo, Egypt

Abstract:

Magnetic Chitosan-seagrass hydrogels were synthesized by gelation  of chitosan with the non-
toxic crosslinker glutaraldehyde for the purpose of removing ammonia from aquaculture
wastewater. The hydrogels were identified using spectroscopic and morphologica approaches.
The effects of adsorbent dosage, pH, contact time, temperature, and initial ammonia concentratio
ns were examined by batch technique. For Chitosan- seagrass hydrogel, the ideal conditions
were: adsorbent dosage 0.3 g, pH 1, contact time 25 min, and temperature 25 °C;  for Magnetic
Chitosan sea grass hydrogel.

Theidea conditions were: adsorbent dosage 0.4 g, pH 1, contact time 25 min, and temperature 4
0 °C. The adsorption potential of newly developed hydrogels was compared. For the adsorption of
ammonia, both adsorbents fitted a pseudo-second-order kinetic model. Low values of ASq
suggested a low degree of freedom with ordered ammonia molecules on hydrogel surfaces. The
negative AH, indicated that the ammonia adsorption process was exothermic. The negative AGo
confirmed that the ammonia adsorption process was spontaneous.

Keywords: chitosan hydrogel; magnetite;, ammonia; Adsorption isotherm, Kinetics and
Thermodynamics
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Title: Approach to designing a vertical sub-surface flow constructed wetland
for wastewater treatment in arid climates

Mohamed Elsayed Gab™, and Osami Saied Rageh?
1 Civil Engineering Department, Higher Institute for Engineering and Technology, New Damietta, Ministry of
Higher Education, 34517, Egypt
2 Professor of Harbor Engineering, Dean of the Higher Institute for Engineering and technology new Damietta.

*Corresponding author's mail: mohamed.gabr @ndeti.edu.eg

Abstract:

In this study, awastewater treatment system is proposed, designed, and cost estimated. The system
is serviced 3000 capita and has awastewater discharge of 400 m®/day in the developing arid region
in West Minya new reclaimed area in western desert of Egypt. The system includes a primary
sedimentation tank, a vertical sub-surface flow constructed wetland (VSSF-CW), and a storage
tank. The relaxed tanks in series model based on areal loading rates and background pollutants
concentrations (P-K-C*) was utilized to size the VSSF-CW. The influent wastewater pollutants
for biological oxygen demand (BOD), total Phosphors (TP), and facale coliforms (FC) are 350
mg/L, 11 mg/L; and 1.4 x 1000000 MPN/100mL. After the primary sedimentation, the influent
wastewater pollutants that enter the VSSF-CW are 250 mg/L, 7 mg/L, and 1000000 M PN/100mL
for BOD, TP, and FC respectively. The results indicated that utilizing Phragmites australis and
Papyrus for the biological treatment, VSSF-CW design treatment surface area was 2840 m2. The
hydraulic surface loading rate (HSL) and hydraulic retention time (HRT) are 0.2 m/d and 1.14 day
respectively. The expected overal cumulative removal efficiencies were 95, 73, and 99.9% for
BOD, TP, and FC respectively. The proposed wastewater treatment system can be used to meet
the Egyptian treated wastewater regulation at a cheaper cost and contribute additional non-
conventional water sources for irrigation uses.

Keywords: Constructed wetlands; Surface hydraulic loading rate; water resources management;
Biological oxygen demand; wastewater treatment; Aird regions.
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Title: Performance of Agro- Fibers Material Using as A filter for Industrial
Wastewater Treatment Reclamation and reuse for irrigation”

H. El-Manakhly? A.M. Shaaban ®

a Climate Ambassador, Environmental Compliance Consultant
b National Research Centre

Abstract:

The world works through the axis of sustainable development in the circular economy, whether
solid, liquid or gaseous waste, to reduce carbon emissions and combat climate change. Use the
environmentally friendly materials at waste treatment process. The process of wastewater
treatment to make it fit'for re-use is still a major problem and represents a great challenge for
economic factors.

In thiswastewater treatment; adifferent environmental friendly agro-fiber such asrice straw, luffa,
sawdust, palm hemp and mixture of rice straw and luffa were used in trickling filter system as a
filter media. The overal abjective of this study was evaluation of final effluent quality achieved
by using different agro-fibers.Removing of oil and grease and wastewater impurities are the main
target of this work to reuse the effluent for irrigation un-fruitful trees purpose.

Theresults showsthat the highest reduction in BOD (95.33%), COD (89.79%), TSS (96.6%), TDS
(95%) and Oi/ grease (99%)) were recorded using the mixture of rice straw & luffa beds. The
BOD(mg/l), COD(mg/l), TSS(mg/l), TDS(g/l) and oil/grease(mg/l) of the final effluent were
21,84.8,17,0.15(mg/!).

Keywords:. agro-fiber, industrial wastewater.
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Title: Synthesis of Zinc Oxide Nanoparticles by co-precipitation Methods
and ther activity against bacteria

Y asser Mohamed Tawfic Al
Higher ingtitute Of Engineering & Technology in New Damietta

Abstract:

For ZnO NPs using co-precipitation methods, they were made from Zn chloride and NaOH at a
constant annealing temperature of 300°C. Fourier transform infrared (FTIR), X-ray diffraction
(XRD), scanning electron microscopy (SEM), and UV -vis spectroscopy were used to analyze the
produced ZnO NPs. From the FT-IR result, ZnO NPswere observed in the region of 400-600 cm-
1. Wurtzite hexagonal structure of ZnO NPswith the average crystal size 32 £ 49 nm was observed
from XRD results. Evolution of the antibacterial ‘activity against various bacteria including
Staphylococcus aureus and Escherichia coli was studied.

Keywords. Zinc Oxide Nanoparticles; Co-precipitation methods; Activity against bacteria.]
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Title: Pectin /quaternary ammonium salt as highly selective cation
nanofiltration membranes for application in desalination

M.S.Shalaby, Marwa H. Gaber

Chemical Engineering and Pilot Plant:Department
National Research Centre - El Buhouth St., Dokki, Giza, Egypt

Abstract:

Nanofiltration membrane-based separation technologies have attracted an important interest from
various industries owing to their high process efficiency. However, the wider applications of
conventional polyamide (PA) thin-film-composite (TFC) membranes are very popular athough
they are limited by their poor pH stability and low cation selectivity, demanding the devel opment
of membranes with advanced chemistries. Herein, an extreme cost effective, pH-resistant, highly
cation-selective membrane is fabricated by synthesizing a poly(quaternary ammonium) (PQA)
selective layer with pectin as green polymer via el ectospinning. The membrane produced a thin,
densely crosslinked, and_positively charged PQA permselective layer without hydrolysis-prone
functional groups. Moreover, the PQA membrane exhibits remarkably high regection and
selectivity for divalent cations owing to the exceptionally strong positive charge imparted by its
abundant cationic QA groups. More importantly, the PQA membrane displays ultrahigh pH
stability under both extremely acidic (1.5 m H2S04) and akaline (5 m NaOH) conditions. The
prepared fibers were subjected to full chemical analysisand were evaluated for removal of divalent
from seawater.

Keywords: Nanofiltration , pectin, quaternery ammonium, salt, el ectrospinning, divalent, cations
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Title: " Sustainable Electrospun Nanofiber M embrane for Enhanced
Oil/Water Separation: Eco-friendly and Reusable Approach”

SaraM. Moatmed °, M.H. Khedr 2 S, |. El-dek 2 Ahmed G. El-Deen ©
a Materials Science and Nanotechnology Department, Faculty of Postgraduate Studies for Advanced Sciences
(PSAS), Beni-Suef University, Beni-Suef 62511, Egypt
b Environmental Affairs and Quality Sector, Quality Department of Central Laboratory of Beni Suef Water and
Sanitation Company of The Holding Company for Water Drinking, Egypt
¢ Renewable Energy Science and Engineering Department, Faculty of Postgraduate Studies for Advanced Sciences
(PSAS), Beni-Suef University, Beni-Suef 62511, Egypt

Abstract:

The increasing occurrence of oil spills and organic pollution in marine environments has
necessitated the development of a cost-effective and efficient oil/water separation process. This
study introduces a novel approach wusing standalone, environmentally friendly polystyrene
composite nanofibers as hybrid membranes for rapid oil/water separation without external
pressure. Electrospinning created = a superhydrophobic/super-oleophilic membrane by
incorporating metal oxide intercalated polystyrene nanofibers with multifunctional coverage.
Characterization techniques such as field emission scanning electron microscopy (FE-SEM),
transmission electron microscopy. (TEM), X-ray diffraction (XRD), and contact angle
measurements were employed to investigate the morphology, crystal structure, and surface
wettability properties of the membranes. The optimization of nanofiber membrane
functionalization was explored to achieve the highest separation performance. The results
demonstrate that the integration of nanoparticles into the membranes significantly affects their
superhydrophobic properties and separation efficiency for both light and heavy oils. Among
various formulations, the fabricated polystyrene nanocomposite membrane exhibited exceptional
characteristics, including ultra-high flux, remarkable separation efficiency, outstanding
superhydrophobicity, and excellent recyclability for over 50 consecutive cycles. Remarkably, the
proposed hybrid coated nanofiber membrane showcased the switch ability to
superhydrophilic/superhydrophobic behavior, enabling efficient separation of diverse oil types.
Overall, this study provides a cost-effective and straightforward method to enhance membrane
performance for long-term oil/water separation processes. Using green and reusable electrospun
nanofiber membranes offers a promising solution to address the challenges of oil spills and organic
pollution in marine environments.

Keywords: superhydrophilic/superoleophobswitch able nanofiber membrane oil separation
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Title: Innovative Approach for Enhancing the Efficiency of Membrane
Desalination Processes through Electromagnetic Treatment

Emad Alhseinat*, Pham Le Phuong Tu, Ahmad Al Masri Alwan, Salha Bahayan
Department of Chemical Engineering, Khalifa University.of Science and Technology, Abu Dhabi, P.O. Box 127788,
United Arab Emirates.

Center for Membranes and Advanced Water Technology, Khalifa University of Science and Technology, Abu
Dhabi, P.O. Box 127788, United Arab Emirates

Abstract:

Comparison to conventional -thermal desalination membrane desalination, particularly reverse
osmosis (RO) and membrane distillation (MD) is preferred due to its higher efficacy and lower
energy consumption. However, contamination continues to be a significant issue in membrane
desalination. Scaling, which is caused by the precipitation of inorganic salts is the most persistent
fouling problem for RO and MD regardiess of the pretreatment method. Electromagnetic field
(EMF) has been evaluated asasol ution for membrane scaling issues. The experimentsinvestigated
the effect of electromagnetic fields on the formation of CaCOsz during RO and MD desalination.
The results. of the MD' experiment demonstrated that EMF increases the efficiency of water
evaporation and the crystallization of CaCOs in bulk. In the absence of EMF effect, a mixture of
calcite, aragonite, and vaterite formed, but aragonite was observed to be the predominant
morphology of CaCQOsin the experiment with EMF. In contrast, the results of a RO experiment
with a high level of supersaturation revealed that EMF has an effect on the dissolution of CaCOs
when it is formed prior to the passage of EMF. For further membrane desalination industrial
applications, it iscrucial to gain a comprehensive understanding of the effects of electromagnetic
fields.

K eywor ds: membrane desalination; reverse osmosis, membrane distillation; Electromagnetic
field
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Title: Management and Treatment of Brine Solutions: A Review

Nawaf S. Alhgjeri?, Fahad M. Al-Fadhli?, Salem Al Jabri3; and Mohamed Elsayed Gabr4
! Department of Environmental Technology Management, College of Life Sciences, Kuwait University, Safat
13060, Kuwait
2 Department of Chemical Engineering. College of Engineering and Petroleum, Kuwait University, Safat 13060,
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3 Department of Soils, Water, and Agricultural Engineering, Sultan Qaboos University, Muscat, Oman
4 Civil Engineering Department, Higher Institute for Engineering.and Technology, New Damietta, Ministry of
Higher Education, 34517, Egypt
*Corresponding.author's mail: alhgjeri.n@ku.edu.kw

Abstract:

Extremely concentrated saline water used for desalination, brine contains a variety of salts,
minerals, heavy metas, organic pollutants, and microbiological contaminants. Desalination
brine's toxic and salinity levels are raised by conventional disposal, which has detrimental effects
on natural and marine ecosystems. The creation of brine management technology that can result
in zero liquid discharge is necessary to address these problems. By implementing financially
viable approaches, brine management can be productive and alow for the recovery of priceless
resources including freshwater, minerals, and energy. This review focuses on the most recent
improvements in brine management employing various membrane/thermal-based technologies
and their-application in recovering energy, minerals, and water while weighing the benefits and
downsides of each. The information analyzed and the prognosis provided in this analysis might
undoubtedly aid in the creation of future policies for sustainable brine management that are
economically feasible.

K eywords: Brine solution; Brine treatment; Management; Sustainability
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Title: Development of polymeric membranes for wastewater treatment

Eman S.Mansor, Heba Abdallah, Ahmed Shaban
Water pollution Research Department, Environment Research and climate change Institute, National Research
Centre, Dokki, Cairo, Egypt, 1,3.
Chemica Engineering Department, Engineering and Renewable Energy Research Ingtitute, National Research
Centre, 33 El-Bohouth St. (Former El-Tahrir St.), Dokki, Cairo, Egypt,2

Abstract:

In the framework of the Sustainable Development Goals issued by the United Nations, there has
been considerable discussion about equal access to clean water and sanitary facilities. Due to the
greatest population and significant economic development, demands on water and purification
have significantly risen.

Classica wastewater treatment procedures have made some progress over the years in purifying
effluents for disposal, but they fall lacking in the way they deeply control emerging harmful
substances.. The potential to reuse treated wastewater for home, agricultural, and industria
needs depends on breakthroughs in purifying technologies. One of the most recent breakthroughs
to be implemented effectively is membrane technology. Nanofiltration, microfiltration, reverse
osmosis, ultrafiltration, and membrane bioreactors are examples of widely utilized membrane
processes depending on features such as size or charge. Over traditional treatment, membrane
technology offers various benefits. This review article discusses a number of membrane-related
topics, including membrane categorizing, integration of filtration membrane for wastewater
treatment and application in various fields.

Furthermore offer an outlook of the filtering membranes that will be used in the future. Smart
membranes have gained interest because of their selectivity, and tunable characteristics. Modified
interfacial polymerizations approaches have been investigated in addition to adsorptive
ultrafiltration mixed matrix membranes.

Keywor ds: membrane technology; membrane classification ;Application ;wastewater
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Title: Solar Panel Optimization Based on Graphene-Silicon-Droplet
Integration

Nada A. Abd Elshafy, Abdelrahman E. Hamouda, Arwa E. Abozaher, Haneen M. Siyaam,
Ahmed A. Kabed

Department of Communication.and Electronics.

Higher ingtitute Of Engineering & Technology in New Damietta

Abstract:

Solar panels are an essential component of renewable energy systems. However, the efficiency
and cost-effectiveness of traditional solar panels have been alimitation in widespread adoption. In
recent years, there has been significant researches and development in improving solar panel
technologies. One promising advancement is the integration of graphene-silicon-droplet materials
into solar panels. This paper presents anovel approach that combines graphene, silicon, and dropl et
panel integration to enhance solar energy harvesting capabilities, making it an ideal candidate for
improving solar panels. The new solar cell can be excited by incident light on sunny days and
raindrops on rainy days, yielding an optimal solar-to-electric conversion efficiency of 6.53 %
under AM 1.5 irradiation and current over micro amps as well as a voltage of hundreds of
microvolts by simulated raindrops. The combined use of graphene, silicon, and the droplet panel
demonstrates promising advancements in solar panel technology. The synergy between these
materials results in a highly efficient, cost-effective, and scalable solar panel design. This new
design holds significant potential for revolutionizing the renewable energy landscape, paving the
way for sustainable and eco-friendly power generation.

Keywords: Graphene-silicon solar cells, Droplet panel, Solar Pannel, Transparent Antenna,
Renewable energy
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Title: Usesof the polymeric membranein medical application

Esraa Khaled Mohamed Hefny
Canal High Ingtitute of Engineering and Technology, Ministry of High Education, Suez, Egypt

Abstract:

Membrane technology is applied in many applications as desalination, water treatment, oil/ water
separation, and medical fields. In medical fields, membranes are used in hemodialysis and wound
dressing. The hemodialysis technique is permeability for substances smaller than albumin and the
request to prevent the passage of impurities of the dialysate into the blood, membranes used are
composed of a hydrophobic base material and hydrophilic components, The hydrophilic
component in the membrane is the pore-forming agent and improves blood compatibility and
antifouling properties, the efficiency of a membrane depends on low membrane thickness,
effective pore size and binding capacity for uremic substances. Wound dressing is one of the most
frequently used applications for hydrogel membranes. Hydrogel membranes used in wound
dressing processes must be hydrophilic polymers, Hydrogels can absorb and retain the wound
exudates, which promote fibroblast proliferation and keratinocyte migration. The advantages of
hydrogel membranes in wound dressing are easily removed from the wound, accelerate healing,
reduce pain, and have low cost. But its disadvantages are semi-permeabl e to gases and water vapor,
and poor bacterial barrier.

Keywords. hydrogel membrane; wound dressing; Hemodialysis; hydrophilic; hydrophobic
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Title: Improvement of Oil / Water Treatment Using Advanced Technique

DinaM. Sorour'!, Eman A. Ashour!, Marwa Shal aby?

! Department of Chemical Engineering, Faculty of Engineering, MiniaUniversity, 61516 Minia, Egypt.
2 Department of Chemical Engineering, Engineering research & Renewable Energy Institute, National Research
Centre, 33El-buhouth street, Dokki, Egypt

Abstract:

Nowadays large amounts of oily wastewater have been produced from many sources. The main
important challenge of oily wastewater treatment i s separate the stable emulsified oil particlesfrom
water, generally, because of the easy of advanced separation processing and low cost, as well as
their high flexibility, polymeric membranes are critical in these processes. Many types of additives
are added to a based polymer to increase it is hydrophilicity and increase it is properties as
enhancing pure water flux (PWF). This paper illustrates the preparation of PVC membrane by
phase inversion method using N, N-Dimethyl-formamide (DMF). In order to achieve both higher
permesation flux and fouling resistance, modification of PV C has been done by adding polymeric
additives such as polyvinylpyrrolidone (PVP), aso in this paper, we compare lab chemical
membrane and commercial chemica membrane on the hand of their fluxes, reection and
characterization. the enhanced PV.C/PVP membranes were characterized and evaluated by
Mechanical strength, porosity, scanning electron microscopy (SEM), Fourier Transform Infrared
(FTIR), and water contact angle measurement. Finally, the membranes were evaluated in a lab-
scale cross-flow system with synthetic oily wastewater as feed.

Keywords: Oil/water separation, UF membranes, Membrane modification
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Title:“Stripped sour water reuse at an Oil Refinery’’. Case Study and an
Economical Evaluation.

Sherif M. Elsherbinil, Marwa S. Shalaby?, Ebrahiem E. Ebrahim?, Hassan

A Farrag®
Chemical Engineering Department, Faculty of Engineering, Minia University*
Chemical Engineering Department Engineering Research and Renewable Energy Institute, National
Research Center, EI Bouhouth Street 2,
Chemical Engineering Department, Faculty of Engineering, Minia University®
Chemical Engineering Department, Faculty of Engineering, Alexandria University*

Abstract:

Many opportunities are studied to decrease the overall water balance to achieve sustainability and
water management of the petroleum sector by applying modern methods of conservation/reuse
and recycling. Various sources of wastewater are generated in the petroleum oil refineries and
contaminates are the restricting factor of water reuse . Oil refineriesgenerate |arge volumes of sour
water, which contains high concentrations of contaminants suchas oil, grease, ammonia, hydrogen
sulfide, and dissolved solids. Traditionally, thiswater istreatedand then discharged to the surface
water bodies causing negative environmental impacts. Contaminants in sour water can be treated
to make it reusable in a valuable process.as washingwater for air coolers instead of condensate
water due to the high cost and availability of condensate. This study explores the feasibility of
using refinery-treated sour water as a supplement sourcefor condensate water in the (REAC) wash.
Thegoal isto evaluate thetechnical and economic viability of this approach, as well asits potential
environmental benefits. The results of this study show that using refinery-treated sour water is a
viableoption for air cooler wash water. The treated sour water meetsthe required quality standards
for this application, and its availability is not affected by the process requirements that limit the
availability of condensate water. Moreover, using treated sour water can reduce water
consumption and wastewater discharge, resulting in cost savings and environmental benefits.

Keywords: Stripped Sour Water- Water reuse- REAC (Reactor Effluent Air Cooler) Condensate
water Wash-Water Management-Treated water-Environmental  Regulations-Economical
evaluation
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Title: Biofuels From Algaes And Microrganism

Gawel Solowski

Department of Molecular Biology and Genetics, Faculty of Science and Art, Bingol University, Bingol, 1200,
Turkiye, gawel solowski @gmail.com

Abstract:

European sustainability plan for 2050 assumes conversion from fossil fuelsinto renewabl e sources.
Therefore many countries besides Europe published many plans of using microbial and algae as
relevant parts, also. Both methods often combine themself for optimization. Butanol and ethanol
can be obtained by acetone-butanol-ethanol bacteria but more solutions are from algae, while
hydrogen is from dark fermentation. Algaes are lipid-rich plants and after biophotolysis and
biosorption can be then fed for dark fermentation. In dark fermentation, the rest are partialy
converted by anaerobic bacteria into hydrogen and unconverted for biodiesel.

Keywords: hydrogen, ;...butanal..;...acetone;...ethanol ..
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Title: Desalination Of Wastewater To Ensure Fresh Water Supply

Martin Hubrich, Matthias K ozariszczuk

V DEh-Betriebsforschungsinstitut GmbH, ‘Sohnstrasse 69, 40237 Diisseldorf, Germany

Abstract:

Water is one of the most important mediain iron and steel industry; being mandatory for machine
and product cooling, gas washing and material conditioning with atotal freshwater demand of over
2 billion m3 per year in EU27. Due to climate change, water stress, effecting the water availably
and quality, a sufficient and reliable water supply is becoming more important in whole Europe.
As aresult, novel technologies are required for opening new water sources such as e.g. waste
waters of central and decentral wastewater treatment plants.For this purpose, the use of membrane-
based capacitive deionization, already been successfully tested for cooling water treatment, is
considered more in detail together with other technologies. Current BFI work is focusing on the
treatment of organic and solid-containing wastewaters from chemical-physical or biological
treatment plants for the treatment of degreasing baths and old emulsions or for a central treatment
plant before discharge. Another focusisthe determination of potential impuritiesand their removal
to ensure reliable wastewater desalination. Further, the production of mono-concentrates as raw
material for the electrochemical production of a chlorine-based biocide for direct use in cooling
circuits by using nanofiltration in combination mixed concentrates from desalting, is being
investigated.

Keywords. wastewater, internal treatment, water supply, desalting, recovery, nanofiltration,
membrane based capacitive deionization, iron and steel production, concentrate handling
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Title: Development of Forward osmosis process for different water treatment
applications

Sahar S. Ali, Rania Sabry; Hanaa Gamal; Hanaa Ali

Chem. Eng. Dept., Flat sheet membrane group, NRC Egypt

Abstract:
Forward osmosis (FO) is a process that may be able to desalinate water sources at a notably

reduced cost. The development of the FO process can govern by two major factors, the
development of high-osmotic draw solutions and highly efficient FO membrane. The main
objective of this study isto investigate different natural types of draw solutes which can generate
highly osmotic pressure by using highly efficient FO membranes prepared for different
applications. Also, the effect of different FO membranes prepared was investigated. A high FO
performance in terms of high water flux of > 100 LMH with no reverse solute flux was obtained
at the optimum condition. It was found that the development of the FO process is mandatory to
apply for different water treatments.

Keywords. Forward osmosis, Draw solutes, membrane preparation, application, water treatment
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Title: Novel nanofiltration membrane prepared from amphiphilic copolymer -
based nanoparticles packing for molecular separation

Li-Feng Fang?!, Wen-Han Yu?, Ming-Yong Zhou?, Yu-Jie Shen?, Bao-Ku Zhu!
! Department of Polymer Science and Engineering, ERC of Membrane and Water Treatment (MOE), Zhejiang
University, Hangzhou 310027, China

Abstract:

Nanofiltration (NF) as a promising candidate is widely used in molecular separation, due to its
proper pore size and charge property. In this report, we will introduce the novel NF membrane
prepared from amphiphilic copolymer-based nanoparticles packing, which will be used for
biomolecules (water phase) and dye separation (organic solvent phase). The amphiphilic
copolymer-based nanoparticle emulsion was firstly prepared by soap-free emulsion
polymerization, and then directly depositing onto porous substrate to form nanochannel selective
layer of NF membrane, followed by the proper post treatment. The optimal NF membrane shows
adesirable rgection of basic amino acids and biopeptides (i.e., ~95%) and allows neutral or acidic
ones with similar molecule weight to permeate through. Moreover, by replacing the organic
solvent resistant substrate membrane, the resultant membrane shows excellent retention for dyes
with specific molecular weights, with a molecular weight cut-off (MWCO) of 825 Da. In
particular, the rejection rates of Coomassie brilliant blue (BB) and Bengal rose red (RB) were
96.6% and 97.9%, respectively. This work provides the novel membrane material and facile
operation process for NF membranes, which have the great potential in biomolecular separation
and the field of organic solvent nanofiltration (OSN).

K eywords. Amphiphilic copolymer; Nanoparticle packing; Nanofiltration (NF); Molecular
separation
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Title: Development of Performance of RO Desalination Membrane.

Ayman El-Gendi &%
a, Canal High Institute of Engineering and Technology, Ministry of High Education, Suez, Egypt
b, Chemical Engineering Department, Engineering Research Institute, National Research Centre, 33 El-Bohouth St,
Dokki, Giza, Egypt, Post Code 12622, Tel: +20233335494, Fax: +20233370931, corresponding author:
aymantaha?010@yahe0.com

Abstract:

Shortage of water is a serious global problem owing to the increase of industrial activities as well
as dramatic population growth. The limited fresh water resources make it necessary to produce
fresh water from brackish or seawater by desalination technology. The current and future growing
need for clean water puts a great pressure on the development of highly efficient and low-cost
water purification systems as well as the exploration of unconventional or untraditional water
sources such as the use of purified municipal wastewater. Membrane based processes are
recognized as energy efficient solutions for many separation tasks, including water purification.
Reverse osmosis (RO) technique is used for desalination of seawater by applying high pressure to
overcome the osmotic pressure of the seawater. Fabrication of antifouling separation membranes
is of significant interest for water treatment. However, fabrication of membrane with antifouling
properties associated with improved performances is a great challenge particularly in the field of
materials. This proposed work will cover the development of considerable fundamentals and
know-how involved in the improvement of Reverse Osmosis (RO) antifouling membranes for
water desalination.

Keywords. Water shrinkage, Membrane; Desalination; Nanomaterial; Fouling; Characterization
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Title:Desalination Performance Enhanced By In-situ Growing ZI F-8
Nanoparticles Into Thin-film Composite Reverse Osmosis M embr anes For
Unconventional Water Purification

Zhuo Fan Gaol,3, Xia Chenl, Xian Zhoul, Zeyu Fanl, Shanshan Dengl, Jiazheng Li1, Qi Lul,
We Hanl, Gang Chen2*,Tai. Shung Chung3,4*

1 Changjiang River Scientific Research Institute, Research Center of Water Engineering Safety and Disaster
Prevention of Ministry of Water Resources, Wuhan 430010, China. 2 College of Environmental Science and
Engineering, Donghua University, Shangha 201620, China. 3. Department of Chemical and Biomolecular
Engineering, National University of Singapore, Singapore 117585. 4 Graduate I nstitute of Applied Science and
Technology,

National Taiwan Wniversity of Science and Technology, Taipei, Taiwan 106335

Abstract:

Thin-film nanocomposite (TEN) membranes have outstanding performance in desalination from
wastewater, seawater and brackish water. ZIF-8, a type of metal-organic frameworks, were
induced into the polyamide-based TFN reverse osmosis membranes. Theinherent porous structure,
suitable triangular aperture size, and high chemical and water stability of ZIF-8 offer the TFN
membranes with lower cross-linking and extra passageways for water molecules across the
polyamide skin layers. A new methodology to produce TFN membranes is displayed by layer-by-
layer (LBL) in-situ growth of ZIF-8 nanoparticles under mild environment onto an ultrafiltration
support, followed by athin film polyamide layer coating via interface polymerization. By tuning
the ZIF-8 in-situ growing procedure times, a water flux of 56.6 LMH with a salt removal rate of
99.1 % is gained for the optimal TFN membrane. Compared to the pristine membrane, the water
permeance is enhanced by 78 % without scarifying the salt rejection in brackish water desalination
tests. Meanwhile, in high-concentrated seawater desalination tests, the newly developed TFN
membranes till present abetter water flux and salt rejection than the pristine membrane for 7 days.
This simple and mild method promotes a new effective strategy to fabricate TFN membranes for
unconventional water treatment and reuse.

Keywords: Thin-film nanocomposite (TFN), desalination, ZIF-8 nanoparticles, layer-by-layer
(LBL)
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F.Z.YAHIAOUI, Z.TIGRINE?!, C.TORKI}
IUnité de Développement des Equipements Solaires, UDES/Centre de Dével oppement des Energies Renouvel ables,
CDER, Bou-lsmail, 42415, W. Tipaza, Alegria.
*Email: ayadiyahiaoui.fatmazohra@yahoo.com

Abstract:

The desalination of sea water is the most recommended solution to overcome the thirst that
threatens humanity due to contemporary climate change. Algeria is one of the countries most
affected by drought. Faced with the shortage of drinking water, the Algerian government has
launched severa seawater desalination stations along the M editerranean coast. Reverse osmosis
processes are becoming the most widely used technol ogy for seawater desalination. Although one
of the major obstacles to reverse osmosis processes is the clogging of the membranes. The
performance of the membranes is altered and thelr lifespan is considerably reduced. The project
aims to identify and characterize the different agents clogging the used membrane. In the present
work, we present an experimental study of spiral-wound reverse osmosis membrane fouling to
determine the nature and origin of the fouling matter. The samplewas collected from alarge-scale
reverse osmosis water desalination plant from the seawater desalination station of El-Magutaain
the west of Oran City (West of Algeria). The clogged membrane was unwrapped and opened, and
all membrane sheets of each module were visually examined. Different RO membrane specimens
were cut from the membrane for autopsy. The membrane samples were characterized by an infra-
rouge spectroscopy in arder to identify the elements in the foulants and sealants. In addition, the
crystalline deposits structure of the membrane surface was analysed by X-ray diffraction
(XRD).Externa inspection of the membrane reveal ed the presence of athick, green\brown deposit
on some surfaces of the membrane sheets. One of feed spacers was removed. Integrity tests with
methylene blue and rhodamine show damage to the membrane. According to the test of weight
loss with heating, the rate of mineral matter is significantly high with 94%. Therefore, the type of
clogging tends towards minera clogging. The spectra drawn by Fourier Transform Infrared
Spectroscopy (FTIR) confirm the results obtained by the fire weight loss test. Absorbance is
minimal in the regions of double and triple bonds that characterize organic compounds. The XRD
spectrum of this membrane contains only the crystaline phase of SiO2, which means that this
membrane is completely covered by clays. Microbiological analyzes of the membrane reveal the
presence of the following bacteriaz Staphylococcus aureus, Flavimonas oryzihabitans,
Burkholderia cepacia.

K eywor ds: Membranefouling, Reverse Osmosis, Seawater Desalination, RO membrane Autopsy,
Fouling Characterization.
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Title: Residual Soil as L ow-cost natural adsor bent for adsor ption of cationic

dye from aqueous solutions
R.A. Mansour
Department of Basic Science and Engineering, High Institute Engineering and Technology, New Damietta
Coresponding author:
R.A.Mansour
drramadanel katep@yahoo.com

Abstract:
A single-stage batch adsorber was designed for adsorption of MB by andesite rocks based on

optimum isotherm. Experimental work was carried out by studying contact time (5-60 min),
adsorbent dosage (0.5-1.3g), temperature (25-55°C) and pH (2 — 11). The maximum adsorption
capacity of MB was found to be 4.24 mg/g using the Temkin isotherm model which is the best-
fitted model for the pracess. The values of the free energy (AG), enthalpy (AH), and entropy (AS)
were -5.19 kJmol, -42.2 kJmol and -0.13 kJmol K, respectively. The kinetics of MB dye
adsorption was analyzed using pseudo-first-order and pseudo-second-order models, and it was
found that the pseudo-second-order model was suitable for the behavior of the MB dye at R? =
0.999. The changes in functional groups, surface morphology, and chemical composition of
andesite before and after adsorption were identified by Fourier transform infrared spectroscopy,
scanning electron microscope, energy-dispersive X-ray spectroscopy, respectively. The specific

surface area of andesite was found to be 35.12 m?/g using Brunauer— Emmett-Teller analysis

Keywords: Adsorption, Andesite, Dye removal, Kinetic, Thermodynamic.
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Title: Rice Straw Extracted Cellulose I'ncor por ated Sulfonated
Polyether sulfone for Petr ochemical Wastewater Treatment

FatmaH.A. Mustafa (1), Hanan A.E.-A. Attia (2)

(1) National Institute of Oceanography and Fisheries (NIOF), Cairo, Egypt
(2) Quality Control Department, Oriental Petrochemicals Company Ninth Industrial Zone Northwest Gulf of Suez
Ain Sokhna, Suez, Egypt

Abstract:

cellulose (CE) and its composite with sulfonated polyethersulfone (CE-SPES) were created from
their respective supplies, rice wastes, and polyethersulfone (PES). The successful creation of novel
materials and the functionalization of their surfaces with OH and SOsH groupswere both validated
by the characteri zation techni ques. To optimize the parametersfor the batch experiment, the effects
of sorbent dose (SD), equilibrium contact time (CT), pH, temperature (T), and initial Zn?*
concentration were investigated. The following conditions were determined to be optimal: pH =
5; CT =5 min for CE and 30 min for SPES, SD = 0.2 g for CE and 0.02 g for SPES, T = 25 °C for
CE and 30 °C for SPES; and Zn?* concentration = 2 ppm. Zn?* adsorption on CE and CE-SPES
followed Langmuir (R2 = 0.956 and 0.968, respectively) with a minor contribution of the
Freundlich model (R2 = 0.809-0.859). Both biosorbents exhibited pseudo-second-order kinetics
for Zn2+ adsorption (R2=0.974-0.992). The negative AH® and AS® values indicated that the Zn2+
adsorption was exothermic and Zn2+ ions are more orderly spread over the adsorbent surface.

K eywor ds: Cellulose; Sulfonated polyethersulfone; composite; Zn?* removal; Adsorption
Kinetics and Thermodynamics
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Title: Technologiesfor wastewater treatment in aquaponics and their
sustainability: A review

Mohamed Elsayed Gabr?!, Nawaf S. Alhajeri?, Fahad M. Al-Fadhli®, and Salem Al Jabri4

1 Civil Engineering Department, Higher Institute for Engineering and Technology, New Damietta, Ministry of
Higher Education, 34517, Egypt
2 Department of Environmental Technology Management, College of Life Sciences, Kuwait University, Safat
13060, Kuwait
3 Department of Chemica Engineering. College of Engineering and Petroleum, Kuwait University, Safat 13060,
Kuwait Management and treatment
4 Department of Soils, Water, andAgricultural Engineering, Sultan Qaboos University, Muscat, Oman
*Corresponding author's mail: mohamed.gabr @ndeti.edu.eg

Abstract:

The globe is dealing with a number of major issues, the most significant of which include climate
change, population growth, water scarcity, soil erosion, and food security. These issues might be
addressed by aguaponics, a closed-loop system that combines hydroponics with agquaculture
components. The main components of aquaculture wastewater that can have an adverse effect on
fish growth and the environment include dissolved and particulate organic matter, total dissolved
solids, ‘and nutrients including phosphorus and nitrogen. In this study, different wastewater
treatment methods used in aguaculture are compared along with how effectivethey areat achieving
sustainability. For small scale aguaponics commercial reverse osmosis filtration system that
provides outstanding water quality control is an effective solution to eliminate dangerous
chemicals from water. Constructed wetland systems have demonstrated excellent efficacy in the
treatment of wastewater containing nitrogen compounds, with removal efficiencies for NH4-N up
to 98% and NO2-N exceeding 98%. Since just 10% of the entire volume of water is replenished
daily, recirculation systems are shown to be more sustainable and effective in managing the
volume of effluent in aguaculture units. The use of this technology in a business setting will be
especially beneficial to arid regions experiencing water stress.

K eywor ds: Aquaponics; Water scarcity; Recirculating aquaculture systems; Wetland treatment
system; RO system
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Title: Magnetite-Cellulose Core Shell Nano Structurein Polymer Composite
Materialsfor Storage Energy Applications

Sohier Mohamed. Abobakr !, A.M. Abdelghany >
L Higher Ingtitute of Engineering and Technology, New Damietta, 34517, Egypt
2 Spectroscopy Department, Physics Research Ingtitute, National Research Centre, EIBehouth St., 12311, Dokki,
Giza, Egypt

Abstract:

Therise of innovation in the electronic industry is driven by the controlled design of new materials.
The hybrid materials based on magnetite/cell ulose nano structure are highly interesting dueto their
various applications in electromagnetic interference shielding, medicine, biomedical sensing,
solar cell and electronics devices, etc.Magnetite-Cellulose Core Shell nanocomposites or
nanoparticles embedded in polymer matrices have attracted a great deal of attention because of
their multifunctional nature and ease of integration with existing manufacturing processes.

In this work, we have sucecessfully synthesized a new kind of (polyvinyl acohol- polyphenyle
phenol) composite membraneswith different concentrations of magnetite/cellul ose nano structure
core shell. The real part of the dielectric constant ¢ , dielectric loss factor (¢”) and the ac
conductivity ocac for al the samples are measured as a function of frequenciesfrom 50 Hz -5 MHz
with a 0.1-V applied voltage using HIOKI 3532-50 LCR Hi tester . The optical properties of the
thin membranes were determined using UV-Visible spectrum. It was found that these composite
membranes can be used in electronic devices because of their good dielectric behavior. The effect
of magnetite/cellulose nano structure loading on the crystal structure of synthesized composites
membranes was investigated by XRD and FTIR methods.

Keywords: Magnetite-Cellulose Core Shell, polymer composites, Electrical properties, optical
properties
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Title: Energy harvesting System based on transparent microstrip patch
antenna combined with solar sill system for environmental application

Ahmed A. Kabeel
Department of Communication and Electronics.
Higher ingtitute Of Engineering & Technology in New.Damietta

Abstract:

Energy harvesting technology has gained significant attention due to the widespread use of
wireless devices. It has become a highly researched topic globally, as it plays a crucia role in
providing convenient and cost-free energy for inaccessible applications. Energy harvesting
involves capturing energy from various sources such as solar, light, thermal, wind, and kinetic
energy. Thistechnology supports applications with specific quality-of-service requirements. This
paper provides an overview of amulti-source energy system that utilizes both radio frequency and
solar energy for computing purposes. The radio frequency collection technique relies on a
transparent antenna that can be applied on top of solar cells, alowing light to pass through the
antenna and reach the cell, this proposed energy harvesting system will provide a dependable
source of renewable electrical power that can be used for various applications

Keywords: Radio frequency Energy Harvesting, Microstrip Patch antenna, solar Pannel,
transparent Antenna, Nano material
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Title: Effectiveness of Forward Osmosisto Treat |ndustrial Process Water
Using On-Site Basal Depressurization Water as Draw Solution

Mohamed Gamal EI-Din, Ph.D., P. Eng., FCSCE, FASCE
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta, Canada, T6G 1H9

Abstract:

Because of the increasing scarcity of fresh water supplies, many industries that intensively rely on
the use of water for their operations have adopted severa practices for water conservation and
reuse. In particular, the oil sands industry in Alberta, Canada, depends upon the reuse of oil sands
process water (OSPW), water generated after the extraction process, to support other production
processes. In this study, forward osmosis (FO) was used to treat OSPW, using on-site waste basal
depressurization water (BDW) asdraw solution. Theresultsindicated that the rejection efficiencies
of naphthenic acids, one of the important contributors of organic carbon in OSPW, were 98.3%.
The experimental results also showed that the volume of OSPW was reduced for more than 40%
in an experimental period of 24-h using 1 L of BDW as draw solution. The decline of the water
flux due to membrane fouling was 30% without any pre-treatment. The findings of this study show
that forward osmosis is an effective method to treat OSPW, has less and reversible membrane
fouling, and allows the reuse of diluted BDW.

Keywords: Forward asmosis; industrial process water; basal depressurization water
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Title : Evaluation of an Ultrafiltration Membrane for Drinking Water
Production in Comparison to the Traditional M ethods,
Alexandria, Egypt

Ali M. Abdullah
HCWW, Cairo
Tsm.hcww@yahoo.com

Abstract:

In most developing nations, it has long been difficult to meet the public's need for clean, drinkable
water for a variety of reasons. Over the past 20 years, numerous developed nations have
demonstrated the effectiveness of large-scale membrane water treatment systems. This opens the
door for underdevel oped nations to research the viability of using membrane technology for water
treatment and to adopt it. There are still many obstacles to be solved, particularly with regard to
the membrane technology's significantly higher capital and operating costs as compared to the
traditional water treatment method. In order to generate drinking water, waterborne bacteria, and
viruses are successfully removed from surface water using ultrafiltration (UF) membranes. In this
study, the effectiveness of the UF membrane for the removal of waterborne pathogens and water
pollution was assessed in comparison to the conventional technology used for the manufacture of
drinking water. According to the study, UF technology produces water with high water quality
indices (WQI 99.8), whereas conventional techniques create water with indicesthat vary from 98.2
to 98.8. The study revealed numerous obstacles to using UF technology in the production of
drinking water, and its operating costs are higher than those of conventional techniques.

Keywords: UF membrane, Conventional technique, drinking water treatment.
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Title: Enhanced Photocatalytic TiO2 Heter ostructures I ncor porated PVC
Membranesfor Effective Removal of Organic Compound from Wastewater
under Sunlight.

Sahar. A. Mousa'*, Heba Abdallah?
1 Physics department, faculty of science, Cairo University, Giza, 12613, Egypt
2 Chemical Engineering and Pilot Plant Department, Engineering Research Division, National Research Centre, 33
El-Bohouth St. (Former El-Tahrir St.), Dokki, Giza, PO Box 12622, Egypt

Abstract:

In this study, a highly efficient photocatalytic membranes process is demonstrated for water
purification using sunlight. The process relies on the development of TiO. heterostructures
membranes and their incorporation into an innovative water purification device that combines
membrane filtration with semiconductor photocatalysis. green synthesized TiO., ZnO, MnOx,
nanoparticles (NPs), and GO nanosheet were fabricated to use in the composite membranes’
fabrication with a Phase inversion method. and photogenerated charge separation resulting from
the hetero-structure TiO2/ZnO, TiO2/GO, TiO2/MnO2, composite photocatalytic membranes.
Different devices were used to examine the properties of nanocomposite membranes. The contact
angle was used to examine the hydrophilicity, although the crystal structure and chemical bonding
of the membrane surface were investigated using Raman, and Fourier transform infrared
spectroscopy (FT-IR). The modified membrane's hydrophilicity was significantly improved.
Furthermore, the integrated process showed much better efficiencies, and water flux of humic acid.
This work gives insight to the effective application of solar energy for the improvement of
membrane separation in water treatment.

K eywor ds. Photocatalytic Membrane, PV C membrane, heterostructure, TiO, Green synthesized,
TiO/ZNnO, TiO/GO, TiO/MnO2, and nanocomposite.
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Title: Recent Advancesin Iron, Manganese and Ammonia Removal from
Brackish Ground Water Using M embranes

M.S. Shalaby !, El Rafie, Sh'., R., Ramadan®, Moustapha S. Mansour?, 1brahim Ismail 1brahim?
1Chemical Engineering and Pilot Plant Department, Engineering Research Division, National Research Centre, 33
El Buhouth St. (Former El Tahrir St.), Dokki, Giza, Egypt,
2Chemical Engineering Department, Faculty of Engineering, Alexandria University, Alexandria, Egypt,
3Chemical Engineering Department, Faculty of Engineering, EI-MiniaUniversity, EI-Minia, Egypt

Abstract:

In the coming decades, there will be a significant issue with the availability of drinkable water as
aresult of population growth, present‘consumption patterns and climate change. This issue will
have asimilar social impact to rising energy prices. By far the most prevalent and easily accessible
source of freshwater is groundwater, which is then followed by lakes, reservoirs, rivers, and
wetlands. But it contains low concentrations of chemical or microbial contaminants.
Simultaneously; Ferrous iron (Fe?*), manganese (Mn?*), and ammonia (NH**) are alway's present
at the same time in the majority of anaerobic groundwater sources, due to natural processes and
anthropogenic activities, posing a serious threat to the safety of drinking water supplies. Excessive
levels of Fe?* and Mn?* in water supplieslead to problems, such as undesirabletaste, brown colour,
pipeline clogs, and a risk to the public's health owing to possible nervous system damage.
Consuming high levels of NH* is also linked to major health hazards for people, including ionic
balance disruption in cells that could cause convulsions. Additionally, the transformation of NH**
into cancer-causing trihalomethanes and organochl orinesis possible. in order to solve these issues,
Various techniques have been developed to remove Fe?*, Mn?*, and NH* from drinking water
sources. This study focuses on the use of an ultrafiltration membrane as apretreatment for areverse
osmosis membrane to treat brackish groundwater. High colloidal and suspended particles are
present in brackish water sources, which can cause fouling load of RO membranes and reduce their
effectiveness.

K eywor ds: Brackish water; UF pretreatment; Iron-manganese removal; anmonia removal
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Title: Predicting Seepage L osses from Cracked Lined Canals Using ANN and
GEP Models

Elshaarawy, M.%, Elkiki, M-23, Selim, T.? and Eltarabily, M.?
ICivil Engineering Department, Faculty of Engineering, Horus University-Egypt, New Damietta 34517, Egypt.
2 Civil Engineering Department, Faculty of Engineering, Port'Said University, Port Said 42523, Egypt.
3 Civil Engineering Department, Higher Institute for Engineering and Technology, New Damietta, Ministry of
Higher Education, 34517, Egypt

Abstract:

In this study, artificial neural network (ANN) and gene expression programming (GEP) models
were utilized to predict the seepage |osses from lined canals in the presence of cracks. In order to
develop the ANN and GEP models, sixty simulations were performed using the SEEP/W
numerical model to estimate the seepage losses considering combinations of non-dimensional
parameters Results showed that the ANN and GEP models had higher correlation values and lower
error values in both stages. Therefore, engineers and researchers are advised to use these models
as precise, reliable, and quick toolsthat are provided in mathematical expressions and script codes
to predict seepage losses from cracked lined canals. It was found that the seepage losses were
increased by increasing the crack’s width and number of cracks by 230-460% and 66-88% for
single and multiple cracks in the liner, respectively. Regardless of the canal berm width, the crack’s
location was found to have a minor effect on the seepage losses under the canal’s bed, while the
maximum seepage losses occurred when the crack was at the center of the canal..

Keywords: Artificial neural network; crack; lining; seepage 0sses; gene expression programming
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Title: Stability, Analysisand Control of Power System Using Artificial
Intelligence.

Dr. Amira. A .Elsonbaty, Dr. Rabab Reda Mohamed Ibrahim
Department of Communication and Electronics.
Higher institute Of Engineering & Technology in New Damietta

Abstract:

Increasing use of renewable energy sources, liberalized energy markets and most importantly, the
integrations of various monitoring, measuring and communication infrastructures into modern
power system network offer the opportunity to build a resilient and efficient grid. This review
paper presents an overview of the utilization of Al in the stability, analysis, and control of power
systems. Al-based methods, such as machine learning and optimization algorithms, have been
employed to enhance the monitoring, prediction, and control capabilities of power systems. These
techniques leverage vast amounts of data collected from various sensors, historical records, and
real-time measurements.to develop accurate models and intelligent decision-making systems. A
brief review of reinforcement |learning (RL) and deep reinforcement learning (DRL) approaches
to transient stability assessment is also presented. Finally, we highlighted some challenges and
directions for future studies.

Keywords. Artificial Intelligence, Power Framework Stabilizers, power system, deep
reinforcement learning, reinforcement learning
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from Aqueous Solutionsvia Statistical Experimental Design and Artificial
Intelligence
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8 Chemical Engineering Department, Port Said University, Port Said, Egypt,
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Abstract:

This study explores the efficient remova of methylene blue through adsorption by employing
statistical experimental designtechniques. The adsorption process parameters, including adsorbent
dose, temperature, and stirring time, were systematically varied, and the response was measured.
Artificial neural network (ANN) and response surface methodology (RSM) models were used to
develop predictive models, capturing the complex relationships between process variables.
Agricultural waste-derived carbonaceous material served as the adsorbent and was characterized
using FTIR and SEM. The ANN and RSM models achieved high R? values of 0.963 and 0.956,
respectively, indicating their effectivenessin modelling the adsorption process. Optimal conditions
for maximum removal efficiency were determined as a dose of 10 g/L, temperature of 42.26 °C,
and contact time of 7.92 min, confirmed by both ANN aided genetic algorithm and RSM
techniques. Under these conditions, a remarkable removal efficiency of 98.29% * 0.68% was
achieved. Thisstudy highlightsthe potential of statistical experimental design and ANN modelling
for efficient methylene blue removal through adsorption.

K eywor ds: Adsorption; ANN; Methylene blue; RSM
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Abstract:

Reverse osmosis (RO) technology has emerged asavital processfor desalination. One of the major
drawbacks of modern desalination plants'is the massive quantities of reverse osmosis (RO)
membranes solid waste. Thisreview paper explores the problem of non-biodegradable membranes
and the growing concern surrounding the massive accumulation of RO membrane waste.
Furthermore, it investigates the feasibility and potential benefits of recycling and reusing RO
membranes as a sustainable solution. Reverse osmosis membranes have a limited life span of
between five to seven years. Tons of non-biodegradable RO membranes are disposed of annually
in landfills which poses severe environmental concerns. Severa challenges hinder the widespread
adoption of recycling RO membranes, including the presence of irreversible fouling, the diverse
composition of membranes, and the need for cost-effective and energy-efficient recycling
methods. However, recent advances in membrane treatment techniques, characterization, and
material science provide possibilitiesfor overcoming these complications. By embracing recycling
and reuse strategies for RO membranes, the water treatment industry can transition towards a more
sustainable and environmentally responsible approach. Therefore, recycling RO membranes can
offer large economic and environmental benefits.

Keywords. Membrane recycle; Desalination; Reverse osmosis, Sustainability.
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Enhanced removal of micro-pollutants by hybrid processes combining
flocculation or adsor ption with ceramic flat sheet membranefiltration

Pascal Erdmann (1), Fin Florack (1), Martin Kaschek (1), Miriam Sartor (2)

) CERAFILTEC Germany GmbH Blue Filtration, Quellenstral3e 14, 66121 Saarbruecken, Germany,
@ Cologne University of Applied Science (TH Kéln), Faculty of Computer Science and Engineering Science,
:metabolon Institute, Gustav-Heinemann-Ufer 54, 50968 Cologne, Germany

Abstract:

Different approaches to remove micro-pollutants - especialy persistent organics as well as
phosphate residues - by hybrid processes consisting of ceramic flat sheet membrane filtration
combined with flocculation or adsorption were investigated. The target of the studies was to
improve the quality of treated sewage effluent (TSE) to protect the ecosystems from micro-
pollutants and alow a reuse of water. Therefore, ceramic flat sheet membrane filtration was
combined with a flocculation process (cake layer filtration) to remove dissolved and colloidal
organics from treated sewage effluent and to co-precipitate phosphate. By combining ceramic
flat sheet membranes with powdered activated carbon adsorption (active cake layer filtration)
persistent trace organics were efficiently removed from surface water.

Keywords: ceramic membranes; hybrid processes; cake layer filtration, micropollutants

1. Introduction
Growing awareness for environmental pollution, the poor quality of water bodies and the
impairment of the environment as well as contaminations caused by anthropogenic substances
are becoming focus of society. This increasing awareness is aso driven by the constant
improvement of chemical analysis technology: stepwise it is possible to detect and measure even
the smallest amounts of chemica substances quantitatively and qualitatively. Due to the
continuous improvement of analytica methods, the extent of pollution is becoming drastically
clear. The synthesis of various persistent substances, which are released into ecosystems, causes
continuously - greater problems, eg. sterilization of fish or the accumulation of harmful
substances in food. Microplastics, organic trace substances like drug residues or their metabolites
as well as phosphates are proven to accumulate in rivers and deteriorate the quality of the water.
To prevent chronic diseases of humans or animals and to avoid the destruction of entire
ecosystems these persistent, hazardous, toxic, and often bioaccumulating pollutants need to be
removed from the water. Often trace substances were emitted in the past, where they were
released carelesdy and partly without knowledge of their environmental hazard. The list of
detected dangerous (micro-) pollutants that should not be released into nature or need to be
removed thereof is growing continuously. In particular, ingredients used in pharmacy as well as
microplastics and even phosphates enter ecosystems through the sewage and the treated sewage
effluent as the conventional sewage treatment plants cannot retain or decompose these
contaminants. Conventional wastewater treatment plants work with three purification stages.
- Mechanical treatment for the removal of coarse particles and ail,
- Biological treatment for degradation of organic carbons and nitrogen compounds,
- Chemical treatment for phosphate elimination.
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The removal of many of the undesired substances from wastewater is currently not completely
possible with the three mentioned conventional clarification stages 0, 0. The different kinds of
micropollutant cause severe problems for ecosystem and human heath: Although phosphate
removal technologies were installed in sewage trestment plants decades ago, they cannot
eliminate phosphate fully 0 and up to 1.0 pg/l arereleased into the rivers. On average in the years
2012 to 2016 about 22 kilotons of phosphorus per year were discharged into the German water
bodies: The share from sewage treatment plants was around 30 % 0 and has hardly decreased in
recent years. However, especially in combination with nitrogen compounds the residual
phosphate promotes eutrophication in the receiving water bodies leading especially during
summer time to a collapse of the entire ecosystem 0. Persistent organics like e.g. drugs and their
metabolites harm the growth of duckweed, lead to sterilization of fishes or have toxic effects on
aguatic organisms while other persistent organics like e.g. PFAS are suspicious to cause cancer
or other diseases in human 0. More than 100 medical active substances or their metabolites were
detected in German sewage treatment plants. In surface waters approx. 130 pharmaceuticals or
their metabolites were found. Isolated concentrations above 1.0 ug/L were measured O. Further,
microplastics accumulate in rivers and surface waters, which can have far-reaching consequences
for organisms 0. Laboratory studies have shown, for example, that exposure to microplastics
reduces the fertility of copepods 0. Further studies showed that microplastics accumulate in the
digestive tracts of mussels and fish and can lead to inflammation O.

1.1 Overcoming Challengesin Water Supply by Micro-Pollutants

In order to relieve receiving water bodies from the above-mentioned substances and to avoid
further pollution of drinking water sources and impairment of ecosystems, the installation of a
fourth purification stage for sewage treatment plants is discussed in Germany since years 0, O.
However, the optimum treatment in terms of effectiveness and (resource) efficiency is still under
investigation. Traditional activated carbon adsorption O including fine-powder activated carbon
processes 0 or other adsorbents O are considered. To increase the removal efficiency of the
residual organics also ultra- or nanofiltration steps O, O are investigated. However, the mentioned
processes are limited either due to efficiency, material costs (e.g. adsorbents, membranes) or
energy consumption and there is a demand to develop treatment processes facing these
objections. In the study presented different approaches to remove micro-pollutants, especially
persistent organics as well as phosphate residues, were studied. The approach is the utilization of
hybrid processes consisting of ceramic flat sheet membrane filtration in combination with
flocculation or adsorption. The target of the investigations was to find approaches to improve the
quality of treated sewage effluent to protect the ecosystems from micro-pollutants and surface
water for drinking water production. This research is in line with the discussion in membrane
science claming that for breakthrough implementation of membranes especialy in
environmental science new processes need to be investigated rather than new materias to be
developed.

1.2 Membrane Filtration and Ceramic Flat Sheet Membranes

In membrane filtration at low pressure (microfiltration and ultrafiltration) there are two options
for filtration direction through the membrane 0. For inside-out-filtration the water is pressed
from inside the membrane module through the membrane layer itself to the outer side, while for
outside-in-filtration the water flows from the outer side of the membrane module to theinside. In
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genera, both variants offer procedural advantages and disadvantages and their selection is a
decisive step for the projection of membrane processes and system integration. As the core
difference lies in the direction of the water flow through the membrane and thus the place of
accumulation of the separated substances, outside-in-filtration is the relevant filtration direction
for the hybrid processes. Furthermore, the driving force as pressure difference for water transport
through the membrane can be realized in two ways 0. Pressure-driven membrane filtration
(tubular membranes) apply a pressure on the membrane module while for systems with
submerged membranes (hollow fibres, flat sheet membranes) the driving force is a suction
pressure. Pressure-driven membrane filtration processes lead to the formation of a relatively
dense filter cake. Thus, a high resistance for the water passage lead to an increase of the energy
required to continue the filtration. To alow continuous filtration energy consuming cross-flow
water stream is used to minimize the cake-layer formation. O The operation of membranes as a
submerged system with a suction pressure allows the formation an almost non-compressed filter
cake leading to a low energy consumption. For the hybrid processes ceramic flat sheet
membranes in the filtration direction outside-in-filtration were selected as submerged system
(Figure 1). Thus, the rgjected particles in standard filtration for particle removal, flocculants or
the adsorbents (active material in case of the hybrid process) form a cake layer on the surface of
the membrane. Thus, the water is forced to contact first the flocculation or adsorption before
passing the membrane. This specific type of membrane was first produced and patented at the
beginning of the 1990s in Germany 0. Commercial applications with ceramic flat sheet
membranes in wastewater treatment (membrane bioreactors, MBR) O and demonstrations in
fresh water treatment from surface water O were realized around 2005. During the last decades
several processes and applicationsfor difficult-to-treat effluents were developed, e.g. 0, 0, 0. The
advantages of ceramic flat sheet membranes compared to polymeric membranes are predominant
especialy in harsh environments like extreme pH values, aggressive chemicals or high
temperature applications.as well as for the filtration of abrasive particles. 0

Figure 1 Schematic drawing of submerged filtration with ceramic flat sheet membranes (outside-
in filtration) (Source: CERAFILTEC®)

As the technology has been significantly improved in terms of membrane production capacity,
the availability of various membrane materials, module development and process stability it has
very good prospects for the future 0. Especially for applications with fluxes above 400 LMH or
under harsh conditions ceramic membranes - which are significantly more expensive than
polymer membranes - are now competitive 0, 0. Especially for drinking water treatment from
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deep groundwater sources where fluxes of 700 LMH are realized ceramic flat sheet membranes
seem to have advantages. Their utilization is especially interesting considering hybrid processes
where the material properties of high mechanical strengths and chemical stability are relevant.

2. Hybrid Processes with Ceramic Flat Sheet M embranes

Surface water as well as treated sewage effluent contains organic particles like microorganisms
but also degraded organic material as dissolved or colloidal organics or micro-pollutants which
are separated insufficiently. While the particles have a density at approx. 1,000 kg/m? which
makes sedimentation uneconomically due to long residence times or size of the sedimentation
basin dissolved organics as well as colloids will not settle at all.

Filtration processes in the range of sieving or microfiltration are often inefficient as these
particles are very small and pass the filter. In addition, the strong surface charge of the particles
also promotes their stabilization in the water. Nanofiltration allows the removal of dissolved
organics but suffers from fouling, e.g. 0. Supportive technologies, especially oxidation processes
like e.g. pre-ozonation which are intended to avoid fouling on the membranes 0 need further
energy and increase TOC level in the treated water. Especially for the treatment of water with
organic micro-pollutants ozonation can be regarded as a critical technology as ozone destroys the
organic compounds and forms smaller molecules which are hard to remove from the water and
have unknown toxicity.

Typicaly, fixed bed adsorber with granular activated carbon are applied to remove trace or
persistent organic from water sources. Especially for trace substances the effort to remove those
substances from water is high-as the diffusion path of the molecules into the granular activated
carbon grain is comparably long. Thus, the utilization of powdered activated carbon (PAC) is of
high interest as the specific surface is maximized and the pathways for the adsorption are
comparable short. However, as the small powdered activated carbon particles (D50 < 100 pm)
are hard to rgject the removal of the PAC after loading limits its effectiveness. Conventional
filter materials block due to the fine particles and polymeric membranes suffer from surface
impairments by abrasion.

By combining unit operations like flocculation, precipitation, adsorption or ion exchange with
micro- or ultrafiltration the disadvantages of the single unit operation are solved. The new hybrid
processes improve water treatment for micro-pollutant removal and reuse of treated water.

2.1 Cake Layer Filtration (CLF)

Flocculation of ‘organic materia allows the conversion of suspended and colloidal contaminants,
into larger, separable particles. In combination with a filtration step with ceramic flat sheet
membranes an economic approach is chosen as aformation of small flocs is acceptable to form a
particle layer on the membrane’s surface. Further, dissolved organics can be adsorpt in the flocs
during the filtration process. This hybrid process allows the removal of the residual organic
material from treated sewage effluent and is called “cake layer filtration” (CLF): The
flocculation is done in a separate tank followed by the membrane filtration step (ref. Figure 2).
Asiron or aluminum salts are used for the floccul ation step of the colloidal and dissolved organic
substances a co-precipitation of phosphates is possible. Polymeric flocculants should be avoided
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for the treatment of the treated sewage effluent for reuse as they may increase the organic load of
the water when not removed compl etely.
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Figure 2 Block diagram of caké layer filtration for quality enhancement of treated sewage
effluent

2.2 Active Cake Layer Filtration

The combination of the adsorption step with ceramic flat sheet membrane filtration into a hybrid
process is called “active cake layer filtration” (ACLF): The ceramic flat sheet membrane is a
carrier of a packed bed of “active” material, like e.g. a fine powdered activated carbon as
adsorbent (Figure 3). The submerged out-to-in-filtration allows a comparable loose powdered
activated carbon bed without compression and therefore a high-flux and low-pressure membrane
operation (step 1). The formed adsorbent bed layer allows a perfect contact area for adsorption or
ion exchange (step 2) and a quick removal of trace pollutants from the water O, O.

Step 1: Formation of aktive cake layer Step 2: Adsarption of micro-pollutants and
subsequent membrane filtration
) PFAS Adsarption .
1) Activated
)C:rg:ne contaminated —————» — D\:’;ﬂ:g
water and UF
2) Recirculation

of water

Figure 3 Block diagram of active cake layer filtration for quality enhancement of drinking water:
step 1 isthe formation of the active cake layer and during step 2 the PAC isrejected by UF and
organic trace molecul es are adsorbed

3. Experimental

The investigations for the two hybrid processes were done in lab scale and followed by technical
scale investigations. Selected membranes were ceramic flat sheet membranes. The flocculant
applied was ferric chloride for the lab experiments and aluminum chloride for the technical scale
experiments. As adsorbate different powdered activated carbons (PAC) were used. Experiments
were done in lab units as well as technical scale units which were designed and constructed by
the company CERAFILTEC®.

3.1 Material and Methods

Ceramic flat sheet membranes. The membranes applied for the tests were supplied by
CERAFILTEC®. The membranes were ultrafiltration membranes with a pore size of 0.1 pm
made of two different materials: Silicon Carbide (SC) and Alumina Oxide (Al203). The
characteristics are displayed in Table 1.
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Table 1 Characteristics of the applied ceramic flat sheet membranes

Flocculants. The flocculation was realized with chlorides. During laboratory study iron chloride

Type SiC-1 Al203-7

Material Silicon Alumina
Carbide Oxide

Nominal Pore Size | 0.1 0.1

[pm]

Porosity [%0] 42 34

Clean water | 7,500 1,800

permeability

[1/m2hbar]

and for the technical scaletrials aluminum chloride was used.

Powder activated carbon (PAC). Different PAC were investigated as adsorbents, Table 2.

Analysis. The analysis of the water was done were pH, turbidity, SAK254, Orthophosphate,

Table 2 Characteristics of the applied powder activated carbon

Type H1AK1 | H2AK2 | Cabot  Darco

(Lab) (Lab) S-51
(Technical)

D50 [um] 20 20 30-42

lod number [ 950 nfa n/a

[mg/g]

Methylenblue | 28 20 n/a

adsorption

[9/200 g

BET [m#/q] 1050 950 650

COD and Extinction. The analysis equipment displayed in Table 3 was used.

Table 3 Laboratory analysis methods applied

Parameter Equipment Comments

pH [-] Parallel anayzer SL 1000, Hach
Lange

Turbidity Turbidimeter 2100 P, Hach Lange

[NTU]

SAK254 [m- |Red UV 254,  Redltech

1 Incorporation

COD [mg/l] | Spectrophotometer DR 2800, Hach | Range for COD measurement:
Lange 0.0 - 150 mg/l as O2

PO43- [mg/l] | Pardlel analyzer SL 1000, Hach | Range for orthophosphates:
Lange 0.2 — 4.00 mg/l as PO43-

Fe total | Spectrophotometer DR 2800, Hach | Range for Fe total:

[mg/l] Lange 0.2 - 6.0 mg/l
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Fe2+ [mg/l] | Spectrophotometer DR 2800, Hach

Lange
Fe3+ [mg/l] | Spectrophotometer DR 2800, Hach

Lange
Extinction Spectrophotometer DR 2800, Hach | Maximum of adsorption for brilliant
[nm] Lange bluee 629 nm (628-630 nm,

detection limit: 5 pg/l according to
0) For the cdibraion a
concentration serieswas prepared.

3.2 Inlet Water for Investigations
Depending on the investigation target for the CLF filtration and the ACLF different approaches
and polluted water were used.

3.2.1 Water for cake layer filtration (CLF)

For the laboratory investigations to remove organics and trace phosphates from sewage effluent,
effluent from the municipal sewage treatment plant in Saarbruecken, Germany was used. Thisis
a municipal sewage treatment plant with a daily inlet water of 60,000 m3 of wastewater from
households with almost no industrial wastewater 0. The water for the laboratory investigations
was taken after the settling tank prior to discharge the effluent into river Saar. The water is clear
with a slightly yellowish color and eontains some particles. Table 4 shows the results of the inlet
water analysis for the cake layer filtration experiments.

Table 4 Average concentrations of specific water parameter of the feed for the CLF laboratory

experiments

Parameter Unit Average value of treated sewage effluent
pH [-] 7.14

Turbidity [NTU] 1.56

SAK?254 [m-1] 0.198

COD [mg/l] 22.1

PO43- [mg/l] 1.13

Fe total [mg/l] 0.246

Fe2+ [mg/l] 0.055

Fe3+ [mg/l] 1.191

The technical scale experiments were done with treated sewage effluent of an industrial sewage
treatment water plant in Thailand with a COD of approx. 70 mg/I.

3.2.2 Water for active cake layer filtration (ACLF)

Laboratory investigations were done with a model organic (dye - brilliant blue FCF, E133, 0)
which alows a quick characterization of the process due to short analysis times. This approach
was selected as analysis of trace organic contaminants takes several days and is not allowing a
quick change of process parameter during the process development. Brilliant blue was selected
asit is easy to handle, not harmful and has a high solubility in water. Due to the solubility the
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dye is not rejected by the ultrafiltration membrane and need to be adsorbed on the activated
carbon for removal from the water. Thus, it is a good model for trace, persistent organics.
Experiments were done with a concentration of brilliant blue of 1 mg/I. This concentration isin
the typical trace concentrations of persistent organic at contaminated sites which normally show
concentrations in the same range of several pg/l. Surface water concentrations are lower and
found in the range of several ng/l. However, it was expected, that these experiments will give a
first indication and proof of functionality of this process.

The technical scale experiments were done with a groundwater contaminated with 1.3 ng/l PFAS
as trace organic micropollutant. The water was from a drinking water plant in the City of Rome,
USA.

3.3 Lab Filtration Systems

For the filtration tests a lab filtration unit was used consisting of a filtration tank, ‘@ pump for
filtration and backwash, a blower and a datalog unit 0. The flux is set by the pump speed and the
pressure is detected by a pressure sensor (Figure 4). The filtration tank of the laboratory system
is designed in correspondence to the dimensions of a ceramic flat sheet filtration module. The
membrane of 0.01 m2 is mounted in a membrane adapter and stands upright in the filtration tank
for batch filtration tests (volume of 5 litres). The distance between the membrane and the wall
corresponds to that of two mounted membranes (5 mm) in afiltration module.

Permeate

Fitration Pump
o1

Tank

Blower
9-01

Drain

Figure 4 P& ID of the laboratory unit (Source CERAFILTEC®)

For continuous operation a pressure vessel was connected to the filtration tank as a storage tank
in order to continuously convey feed water into the filtration tank. A level sensor controlled the
feeding. As aresult, the hydrodynamic pressure as an error variable for long-term measurements
can be omitted.

3.4 Plantsfor Technical Scale Experiments
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The technical scale experiments were done in full-scale technical units with full membrane
modules. The modularized plant for the technical scale ACLF experiments was installed inside a
40-feet-sea-container (Figure 5) while the technical scale plant for CLF was fixed onsite. Both
plants have a control unit for data storage (flux, pressure, pH, conductivity) including remote
control 0. For the mixture of powder activated carbon into the water as well as the addition of the
flocculants separate tanks were applied.

Drain

pump Inlet Buffer

tank Chemical
pump preparation and

dosing

Backwash

Activated carbon £ pump
police filters iitered water

(optional operation) tank

Lifting unit

for installation and service
work of CERAFILTEC®
filtration tower

Blower
for air scouring

Mixing and reaction zoné
for optional chemical pre=
treatment, e.g. flocculation

CapClean
pumps

Sprinkler pump

Filtration pump

Control unit
with SCADA and
remote function

Figure 5: 3D-drawing of a mobile, containerized unit (right) (Source CERAFILTEC®)

4. Results
The results are presented separately for cake layer filtration (CLF) and active cake layer filtration
(ACLF).

4.1 CakeLayer Filtration (CLF)

Targets of the cake layer filtration experiments were to improve the quality of the treated water
from the sewage treatment plant in terms of removal of residual organic material by flocculation
and to remove residual phosphates by co-precipitation.

As known from basic literature the application of flocculants leads to three sub-processes O:

- First during the coagulation: the electrostatic rejection of the suspended and colloidal organic
substances is overcome and agglomerates are formed.

- Second during flocculation: the flakes formed adsorb further organic material and even the
removal of dissolved organic substancesis possible.

- Third: ferric chloride leads to a precipitation as the ferric and the orthophosphates form
sparingly soluble ferric phosphate (eg. 1).

[PO,]3” + FeCl; > FePO, 1 +3Cl~ (eq.l)

Aluminum containing salts like used for the technical scale experiments lead to the formation of
sparingly soluble aluminum phosphates (eg. 2).
[PO,]3” + AICl; -6 H,0 - FePO, 1 +3 HCl+3 0H™ (eq.2)
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4.1.1 LabresultsCLF

The experiments were divided in two different steps. In afirst step the optimum concentration of
the flocculant in terms of organic removal (measured as SAK254) and phosphate precipitation
were determined. In a second step the combined process of flocculation and ultrafiltration was
investigated. Figure 6 shows the results of the determination of the optimum flocculant
concentration.

phiisphaks, DO 5]

E

=

Dacsasa ol SAK,

] 1= o # = =] a0 -4 = 1]
Conoantrat o of fenio [megil
Figure 6 Decrease of organicsand phosphate concentration by addition of ferric chloride
depending on the concentration

The investigations showed, that the maximum phosphate concentration is aready achieved with
a ferric concentration of 25 % while the organic removal can be improved with rising
concentrations of the flocculant.

The filtration experiments were done in order to evaluate the interrelations of the flocculant with
the membrane and — which is most important — to determine the improvement of water
clarification by this combined process. The flocculant is added with a concentration of 0.075 ml/|
to the flocculation tank with a stirring velocity of 4.7 m/min which is applied for 30 seconds,
after for 15 minutes the pre-treated water is stirred with a velocity of 0,3 m/min. The filtration
flux applied was 200 LMH while the backwash flux was 700 LMH. The filtration cycle was 45
minutes followed by a 30 second backwash which was enhanced by shear forces due to aeration.
Total filtration time was 1.5 h (two cycles). During filtration the tank volume was kept constant.
The results of the filtration experiments in terms of permeability of both investigated membrane
typesis shownin Figure 7.
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Figure 7 Permeability of the investigated membranes with floccul ation (ferric chloride) in
comparison with clean water flux

The investigations showed, that ferric chloride causes only a low decrease of permeability.
However, the membrane is not recovering fully during backwash which indicates a dight
fouling. The effect on the membranes is comparable athough the permeability of the SiC-1
membrane is significantly higher.than the Al203-7 membrane. No severe difference could be
determined for the filtered water quality between the two different membrane types, Table 5.
However, due to the higher permeability the efficiency of the SiC-1 membrane is significantly
higher.

Table 5 Decrease of organic and phosphate concentration in treated sewage effluent

Parameter | Decrease [%]

SiC-1 Al203-7
Turbidity 88.4 86.2
SAK254 39.3 38.4
PO43- 91.1 89.6
COD 58.5 60.0

During a long-term filtration test of 24 h a volume 60 | of treated sewage effluent was post-
treated. The results achieved during the 2 h filtration tests were confirmed. Phosphate
concentration was reduced below 0.2 mg/lI and organic concentration below 15 mg/l (as COD) or
below 0.065 m-1 (as SAK254).

4.1.2 Technical scaleresults CLF

A technical scale plant was redlized at a soy bean production plant in Prachinburi, Thailand. As
state-of-the-art the water was collected in open ponds. However, the residual nitrogen and carbon
concentration as well as the oily residues increases the eutrophication resulting in bloom of
algae. Recovery of the water for reuse is challenging as it leads to strong membrane fouling.
Cake layer filtration allowed to overcome this challenge and allows arecovery of the water.
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For the flocculation and cake formation an aluminum-based flocculant is used. The filtration is
operated with a flux of 215LMH. The plant treats a water volume of 15.5 m3h. After the
filtration time of 1.93 h a backwash is done to remove the cake layer. The backwash including a
short chemical cleaning takes 3 min/h. The water parameter turbidity, total suspended solids
(TSS) and oil are reduced below detection limits allowing a reuse of the treated water in chillers
(Table 6). The plant is constantly in operation since December 2019.

Table 6 Water quality before (feed water) and after (filtrate) treatment with CLF, data extracted

fromO
Parameter Unit Feed water Filtrate
Turbidity [NTU] |11.2 <05
COD [mg/l] 68 30
TSS [mg/l] 18 <1 (nil)
Oil [mg/l] 7.2 <0.2

4.2 Results Active Cake Layer Filtration (ACLF)

Persistent organic trace material can be removed by adsorption on activated carbon 0. Especially
per- and polyfluorinated alkyl substances (PFAS) have recently received increasing attention in
connection with contamination of the soil and groundwater and the associated risk of
contamination of drinking water. The group of PFAS are artificial, industrial chemicals that
comprise about 4,700 substances. They are persistent, toxic and accumulate in the food chain.
Worldwide, contaminated drinking water is one of the main sources of adverse effects on
humans caused by PFAS,; among other things, PFAS is suspected of being carcinogenic and
toxic in reproduction. 0, 0, O

For the lab experiments suspension with a concentration of 2.5 g/l of PAC was mixed in a beaker
and the suspension was given into the lab unit. The PAC layer was formed by high filtration
speed of 1,000 LMH. After the layer was formed uniformly to avoid loca breakthrough, the
filtration started at lower filtration flux. With the filtration flow as the driving force, the activated
carbon adheres to the membrane surface. Nevertheless, approx. 15 % of PAC is lost during this
process and not fixed on the membrane’s surface. The thickness of the PAC layer was measured
by light microscopy-in a cross section of the coated membrane. The average thickness is between
178 up to 155 um (Figure 8).
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4.2.1 LabresultsACLF

Comparable to the experiments with the flocculation first experiments were done for adsorption
of the organics in stirred beakers. The residual concentration of the dye brilliant blue was
measured after 24 h and 48 h. The results showed, that after 24 h 99.98 % and after 48 h 100 %
of the dye was removed by both activated carbons.

Theidea of active cake layer filtration isto increase the adsorption time drastically by applying a
cake layer formed by PAC on the surface of the membrane. The fine particles are regjected by the
membrane and the polluted water is forced to move through this thin packed bed layer. The
investigated aspects were the pressure drop caused by the PAC layer on the membrane and the
adsorption ability of the thinPAC layer for the trace organic.

The membrane applied was SIC1 and the PAC layer was formed from with 400 ml suspension
with 2.5 mg/l PAC with aflux of 1,000 LMH. The filtration velocity (flux) was varied between
400 up to 1,000 LMH to find the optimum operation parameter. The formation time for the PAC
layer (precoating time) was 2 minutes.

Regarding permesability or pressure drop respectively it was found that there is amost no
influence on the membrane filtration caused by the PAC. However, for finer particle grains a
dlight increase of filtration pressure is found as the transport distance through the layer
(tortuosity) arises. The contact time within the PAC layer was calculated by the flow through the
porous bed (eg. 3). Thiswas done

as empty tube velocity t = % (eg. 3)

with

t = contact time [

h = thickness of powdered activated carbon bed [m]

A = surface area of activated carbon bed [m?]

V =Volume flow [m3/g]

with correction factors of porosity € [%] and tortuosity t. Porosity was estimated based on basic
literature to € = 0.4 and for the tortuosity values of t =2 and t = 4 were selected 0.
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The calculation shows, that the contact time in the thin fixed bed is less than 2 seconds, Table 7.

Table 7 Calculation of contact timein the thin fixed bed at different filtration fluxes
Average | Contact time[s]

Flux |layer , ) .
[LMH] | thickness without with & with - ¢ | with B €
[Lm] cand T and =2 |and =4
700 193.63 |0.98 0.39 0.79 1.57
800 177.77 |0.79 0.32 0.63 1.26
900 147.25 |0.58 0.23 0.47 0.93

1,000 [239.25 |0.85 0.34 0.68 1.36

Both investigated activated carbons were able to retain the dye at a concentration of 1. mg/L and
aflux of 1,000 LMH completely over aperiod of 5 h. After'5 h, the retention decreased to 99.7%
for the HIAK1 and to 99.5% for the H1IAK2 (Table 8). Due to the very slow surface diffusion,
the activated carbon in the precoat layers is only partially loaded. The adsorption experiments
with contact times between 24 h to 48 h showed that 150 mg/l dye could be adsorbed on the PAC
while only 65 g/l were adsorbed with a filtration speed of 1,000 LMH. However, the tank
volume and retention time is lower and therefore the process is interesting for the treatment of
high-volume water streams like e.g. removal of persistent organic from drinking water.

Table 8 Retention of brilliant blue by ACLF

Filtration time | Retention [%]

[h] H1AK1 H1AK?2
1 100,0 100,0
2 100,0 100,0
3 100,0 100,0
4 100,0 100,0
5 100,0 100,0
55 99,7 99,5

4.2.2 Technical scaleresults ACLF

The technical scale experiments were done in a period of three months with a containerized unit
in the City of Rome, Georgia, USA. The city’s drinking water supply is affected by a
contamination of PFAS in the range of 1.3 ng/l. The turbidity of the influent water was 0.1 to 0.3
NTU. A full-scale membrane module of CERAFILTEC® with 6 m? of membrane area was
covered by a thin powdered activated carbon layer. After covering the membranes with
powdered activated carbon (PAC), the filtration was operated with a flux of approx. 200 LMH.
The plant treated awater volume of 1.2 m3/h. After the filtration time of 23.75 h a backwash was
done to remove the loaded PAC and a new cycle started.

Four different water sources were tested during the technical scale trials. Water samples were
taken and analyzed by the laboratory of the City of Rome almost every week. The results are
displayed in Table 9.
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Table 9 Mean vaues in the different months of technical scale trials, data extracted from O

Water Source PFAS [ng/l] | PFAS [ng/l] | Removal [%0]
before treatment after treatment

1 0.85 0.06 93.1

2 0.74 0.00 99.3

3 0.34 0.00 99.5

4 0.05 0.00 99.7

The results show that aremoval of PFAS was achieved for three of the four sources for 99 to 100
%. The results from water source 1 were poorer as it was the first attempt for the formation of the
PAC layer. After PAC layer formation was optimized, the PFAS was removed from the water to
detection limit.

5. Discussion of the results

The laboratory experiments showed, that the hybrid process of floccul ation with co-precipitation
followed by ceramic flat sheet membrane (cake layer filtration, CLF) is suitable to remove
dissolved and colloidal organics from treated sewage effluent and to reduce the phosphate
concentration in this water. It should be noted that the performance of filtration varies greatly
due to the type of membrane, flocculant and inlet surface water. Overdosing flocculants might
lead to membrane fouling. Therefore; the interactions of flocculants with membrane surfaces
need further investigation. The hybrid process with precoated powdered activated carbon on the
ceramic flat sheet membrane (ACLF) for adsorption of trace organic material showed high
removal efficiencies. For thisprocess the selection of the suitable activated carbon is a crucial
step for the removal of the targeted organics. Additionally, the mechanisms of the adsorption
process need to be studied in detail asit cannot be explained by exiting fixed bed models.

The technical scale trials proved that the hybrid processes developed in [aboratory scale improve
the treatment of water with residual and trace organics:

combination of flocculation and ceramic flat sheet membrane filtration (CLF) reduces membrane
fouling caused by organic residuals and allows a reuse of treated sewage effluent while reaching
fluxes of 215 LMH,

combination of adsorption and membrane filtration (ACLF) allows the efficient removal of trace
organic components from drinking water. The technical scale trias showed that ACLF can
remove hazardous micro-pollutants like PFAS constantly > 99 % and the suitable operation flux
is 200 LMH. Further experiments with the hybrid process of an active cake layer formed by PAC
on the ceramic flat sheet membrane is perspective to remove trace organic components from
surface water. This process is interesting as due to the high surface area of the PAC compared to
granular activated carbon it is more efficient than typica fixed bed adsorber and the
ultrafiltration process itself is more energy efficient than nanofiltration / reverse osmosis
processes currently applied for trace organic removal. PAC layer avoids aso membrane fouling.

6. Conclusions and Per spectives

Within the scope of this work, it could be shown that hybrid processes combining ceramic flat
sheet membrane ultrafiltration with a flocculation or adsorption process is valuable for the
treatment of surface water contaminated with micro-pollutants. The combination of activated
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carbon adsorption and ceramic flat membrane is suitable for removing trace organic substances
from the treated effluent and by combination of ceramic flat sheet membrane with flocculation,
colloidally dissolved and finest suspended organic water constituents are converted into
separable flakes which alow a high-flux membrane filtration. Part of the latter process is a co-
precipitation of phosphate. The combination of flocculants and ceramic flat sheet membranes
contribute to a good post-treatment of treated sewage effluent by removing organics and
phosphates. This will on the one hand protect the ecosystems from eutrophication and on the
other hand allow a reuse of the treated sewage effluent as rinsing water, for gardening or
agricultura irrigation. The hybrid process of ACLF showed a high-potential for trace organic
removal from surface water. This contributes especially to the improvement of drinking water
security. The biggest advantage of using the hybrid processes with ceramic flat sheet membranes
is the modularity of the process. Existing sewage and drinking water treatment plants can be
equipped with a very low degree of upgrade to improve water quality. This is particularly
interesting when the concentration of the pollutants in the feed is subject to strong seasonal
fluctuations, which means that the need for flocculation / co-precipitation or adsorption is not
always present. Such fluctuations can occur in surface waters due to heavy rain or supplied
meltwater and introduce significant amounts of pollutant into the water. In-an application for
industrial wastewater, such fluctuations are also conceivable, for example due to large time
intervals between individual batches of problematic products. EXisting constrains are poor
knowledge on the details of the interactions of flocculants with the membranes and the
adsorption mechanism during the short.contact time. These aspects will be part of future research
to improve the hybrid processes constantly in order to contribute to water reuse and cleaner
water resources.
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Abbreviations

ACLF  Active cake layer filtration

A Surface area of PAC layer [m?]

BET Surface area (Brunauer, Emmet, Teller)

CLF Cake layer filtration
COD Chemical oxygen demand
D50 Average particle size (50 %)

E Porosity [%0]

Fe Iron

Fe2+ Iron (I1)

Fe3+ Iron (I11), Ferric

Fe3PO4 Ferric phosphate
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FeCl3 Ferric chloride

H Thickness of PAC layer [m]

[/m2hbar Permeability — liters per square meter of membrane
area, hour and pressure

LMH Flux — liters per square meter of membrane area
and hour

MBR Membrane bioreactor

NTU Nephelometric turbidity units

PAC Powdered activated carbon

PFAS per- and polyfluorinated alkyl substances
PO43-  Orthophosphate

SAK254 Specific adsorption coefficient at 254 nm
TSE Treated sewage effluent

TSS Total suspended solids

T Contact time [s]
T Tortuosity
14 Volume flow [m?/s]
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Abstract:

Utilization of unconventional resources is being encouraged by the growing scarcity of water for
agricultural irrigation in arid and semiarid countries. In spite of the supply price being
significantly higher than that of other conventional water sources, seawater desalination has
steadily gained farmers acceptance. Extremely concentrated saline water used for desalination,
brine contains a variety of salts, minerals, heavy metals; organic pollutants, and microbiol ogical
contaminants. Desalination brine's toxic and salinity levels are raised by conventional disposal,
which has detrimental effects on natural and marine ecosystems. The creation of brine
management technology that can result in zero liquid discharge is necessary to address these
problems. By implementing financially viable approaches, brine management can be productive
and allow for the recovery of priceless resources including freshwater, minerals, and energy.
This review focuses on (i) the maost recent improvements in brine management employing
various membrane/thermal-based technologies and their application in recovering energy,
minerals, and water while weighing the benefits and downsides of each, (ii) possibility of
desalinating water for agriculture in the Arab World. The information analyzed may surely help
in the development of future, economically viable desalination water for agriculture in the Arab
World and brine management plans.

Keywords: Brine solution; Brine treatment; Management; Sustainability

1. Introduction
The most fundamental human need for health and well-being is access to clean water,
proper sanitation, and hygiene. If development doesn't triple, billions of people will lack
access to these essential services by 2030. Rapid population expansion, urbanization, and
increased water requirements from the agricultural, industrial, and energy sectors are all
contributing to an increase in demand for water (SDGs 2014). A clean drinking water
service was available to 74% of the world's population in 2020, up from 70% in 2015.
Even in 2020, two billion people will lack access to properly managed drinking water
systems, including 1.2 billion who will not even have the most basic level of service. 1.6
billion people won't have access to properly managed drinking water, 2.8 billion won't
have access to properly managed sanitation, and 1.9 billion won't have access to even the
most basic hand hygiene facilities by 2030 if current rates of development continue
(SDGs 2022).
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Therefore, the utilization of unconventional resources is being encouraged by the
growing scarcity of water for agricultura irrigation in arid and semiarid countries. In
spite of the supply price being significantly higher than that of other conventional water
sources, seawater desalination has steadily gained farmers acceptance in Spain over the
past ten years, solidifying its position as a source alternative to increase the supply for
agricultural irrigation. Additionally acknowledged as a practical technological option to
increase the water supply for irrigated agriculture in coastal areas is sSeawater
desalination.

Desalinated seawater (DSW) primary advantages for agriculture irrigation have
been underlined by early experiences (Aznar et al. 2017; Gao et a. 2017; Martinez-
Alvarez et al. 2017; El-Rawy et al. 2023): (i) It is an endless'source of agricultural water
that also reduces the risk of drought; (ii) When used to replace low-quality water sources
in areas with alack of water, its low salinity can significantly boost crop yields in terms
of quality and quantity; and (iii) The use of DSW in place of conventional water sources
opens up new possibilities for water management and water regulations. The main issues
are (i) the high energy consumption, which results in costs that are significantly higher
than for other water supply options (Aznar et a. 2017); (ii) the boron concentration,
which is above the threshold for sengitive crops, implying toxicity risks (Martinez-
Alvarez et a. 2019); and (iii) the aggravation of the water-energy nexus in DSW
production, i.e., high greenhouse gas emissions that fuel the processes of climate change
(Gao et al. 2017).

Desdlination of seawater and brackish water utilizing high-pressure membranes,
such as reverse osmosis (RO) and nanofiltration (NF) technology, has recently emerged
as an excellent solution to this problem because it results in water of exceptiona quality
(Korngold et a. 2009; Jiang et a. 2014; Suwaileh et a. 2020; Buzaina et al. 2022). It has
been shown that-these membranes are very efficient at filtering out a wide variety of
organics from: feed water, including micropollutants, hormones (Bello et a. 2021)
different inorganic chemicals (and biological materials (viruses, bacteria, cell
components) (Backer et al. 2022). Additionally, this has the benefits of a small footprint,
simple maintenance, and expansion potential. Desalination converts separate feedwater
into clean water and brine streams, which are concentrated streams. In seawater RO
systems, the usual water recovery ranges from 40% to 50%. Plants for RO desalination of
(Lee et a. 2016) and brackish water typically run at recoveries of 75% to 85% (Sethi et
al. 2009). The varying sample parameters, trans-membrane pressure, and membrane type
employed for the treatment all affect the amount of water recovered (Lu and Wang 2020).
The maority of desalination facilities, however, have a severe environmental problem in
properly managing and disposing of the brine because it contains extremely concentrated
salts, organics, and other contaminants.

Surface water discharge, deep well injection, evaporation ponds, and land
application are common methods of disposing of concentrate (Kim et al. 2017, Abdul
Wahid et a. 2017). Membrane-based technologies are appropriate in this situation
because they can extract these minerals from complicated solutions while aso purifying
the water. Kuwait has a very dry climate (Mohamed et al. 2007), little yearly
precipitation, and a very small supply of freshwater. Since the 1950s, Kuwait has relied
heavily on the pricey MSF process to transform seawater into freshwater (Hisham et al.
1998). Along the Gulf Coast, Kuwait has nine desalination facilities, seven of which use
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multistage flashing technology and the other four RO technology (Adel 1983). 3.7% of
the desalination capacity in the Middle East and North Africaregion is accounted for by
Kuwait (Hanan et al. 2015). The experience recounted suggests that DSW might be an
efficient way to alleviate water restrictions for irrigated agriculture in coastal locations
that are experiencing ongoing water scarcity. Although its broad use is currently
constrained by the high energy requirements and accompanying costs compared to other
water sources, the complementing function of DSW supply for crop irrigation is helping
to preserve food production in many irrigation regions in South East Spain (SE Spain). In
fact, it is permitting the cultivation of high-yield crops for which highly efficient water
use and farming methods have aready been adopted, ensuring the socioeconomic
prosperity of the surrounding area. This review's goals are to.go over DSW in agriculture
and the brine solution characteristics and give a quick rundown of available brine
disposal methods. The standard technologies intended to lessen the environmental impact
of the disposal of RO concentrates are also critically examined in this essay. In addition,
the methods for brine treatment and disposal evaluation are discussed.

. Reverse Osmosis membrane system for irrigation uses

The mgjority of our water resources are still used for agriculture, and the world continues
to disregard the fact that water sources are running out. As a result, we have made
tremendous progress in reducing the load on variousindustries, most notably agriculture,
by building high-quality water treatment systems that can generate enormous amounts of
freshwater from inappropriate sources such as rivers, lakes, wells, and so on (Jongmin et
al. 2023). In arid regions, Irrigation is the most typical usage of freshwater. The vast
majority of this water'is derived from scarce groundwater. Each year, aguifers are
poisoned or depleted, making it harder to find enough fresh water for crops. Alternative
methods are now-being used by farms all over the world to conserve water and sustain
this precious natural resource.

It is well knowledge that reverse osmosis water treatment systems are used in
greenhouses and aguaculture facilities to cultivate the newest plants. These commercial
agricultural water filters have been a mainstay of professional growers for many years.
Reverse osmosis systems might be a wise investment for farms. Reverse osmosis (RO)
filters, which are similar to carbonate filters, separate water molecules from other
dissolved particles in the water. Carbonates, which serve as a buffer, can make
maintaining pH more difficult. It isimpossible to exaggerate the importance of water for
agriculture because it is this resource that propels the growth of food (Nirenkumar et al.
2023; Shaheen et al. 2019).

Water is necessary for the growth of crops as well as the raising of livestock for
meat production. The quantity of crops produced in the agricultura industry is directly
correlated with the amount of water used (Samuel et al. 2015). Due to extensive subsidies
in the agricultural industry and problems with efficiency, it is now more challenging to
increase output while reducing water use. Some atoms or molecules can pass through a
semi-permeable membrane, but not others. A screen door is an easy illustration. Pests and
anything bigger than the screen door's perforations cannot travel through it; only air
molecules can (Shanxue et a. 2017). Another illustration is the Gore-tex fabric used for
clothing, which has a very thin plastic layer with countless tiny pores cut into it. The
pores are both large enough to allow water vapor through and tiny enough to block the
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passage of liquid water (Figure 1 A). The reverse process of 0sSmosis is known as reverse
osmosis. Osmosis occurs naturally without the need for energy, but in order to reverse the
process, energy must be added to the more saline solution. Reverse osmosis membranes
are semi-permeable membranes that mostly block the passage of dissolved salts,
organics, bacteria, and pyrogens. They enable the passage of water molecules.

To desdlinate (demineralize or deionize) water, you must, however, apply
pressure that is greater than the naturally occurring osmotic pressure, which will "push’
the water through the reverse osmosis membrane while keeping most contaminants out
(Figure 1B). Reverse osmosis works by employing a high-pressure pump to increase
pressure on the sat side of the RO and drive the water past the semi-permeable RO
membrane, leaving nearly al (about 95% to 99%) of the dissolved salts behind in the
reject stream (Bijan et a. 2021). Depending on how much salt is in the supply water,
different pressure levels are needed. Pressure is needed to overcome the osmotic pressure
to a greater extent the more concentrated the feed water is (Figure 1C).

Prars Wb fpplied Pressawn Pure Water
Salt I | Frash
Wakar Fresh i Sal Water
Water Wator
1
Fiter Hy Wiaster Flow
Osmosis B. Reverse Osmosis (RO)
R0 Membrane
Feed Water p
Permeate Water
[Low ennceriration of aits)
Pump J'
Reject Stream

{Hagher comceatratinn fran feed walern)
C. Reverse Osmosis (RO) unit

Figure 1. Membrane desalination A: Osmosis, B: Reverse Osmosis (RO), C. Reverse Osmosis
(RO) unit

In recent years, a number of studies on agricultural desalination facilities have
been carried out. In Australia, the Sundrop Greenhouse (Figure 2) is a well-known
undertaking (Olga et a. 2015). They generate heat and electricity for their greenhouse
using a concentrated solar power (CSP) system. In order to conduct a Multi-Effect
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Digtillation (MED) process for seawater desalination and agricultural irrigation, they
additionally use heat from their CSP system. Desalination applications in agriculture have
also been evaluated for viability in some published studies across the nation (Quist-
Jensen et a. 2015; Samuel et al. 2015). In addition, in Spain, due to the fact that south
east Spain's existing agricultural desalinated seawater (DSW) consumption is
concentrated in coastal regions and the areas immediately surrounding them, any inland
alocation of DSW must take the price of new water distribution systems into
consideration. Due to its greater total cost in comparison to other conventional water
sources, DSW is one of the key obstacles preventing it from. being widely used for
irrigation (Martinez-Alvarez et a. 2019).

Due to the enormous amounts of energy needed for manufacturing and
distribution, DSW is expensive (ranging from 0.53 to 0.72 /m®). About 70% of the total
Specific energy consumption (SEC, kW/m?3), which ranges from 3.49 to 4.84 KWh/m?, is
used in the desalination processes, while the remaining 30% is primarily used for DSW
allocation and distribution. Figure 2 illustrates the five stages of a typica DSW
production and supply chain for agriculture in SE Spain, each with distinct SEC
requirements. Pumping for the following processes. (1) seawater intake; (2) desalination;
(3) pumping to an elevated reservoir for regulation; (4) gravity-driven conveyance to
irrigation districts; and (5) pumping for water distribution within irrigation districts.
Seven SWDPs in SE Spain have these stages (ACUAMED 2016, 2017). Figure 3
illustrates the variance range for each stage.

— E — - - .
Figure 2. Sundrop Farms' greenhouse just outside of Port Augustain South Australia, relies on
sunlight and seawater to grow tomatoes. (Supplied: Sundrop Farms)
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Figure 3. Specific energy consumption characteristics (kW/m3) for the various stages of DSW
production and delivery for irrigation in SE Spain in 2017 (Martinez-Alvarez et a. 2019)

Desalination of agricultural drainage water with medium salinity and moderate
pollution with organic and inorganic chemical pollutants was suggested by El Sayed et al.
in 2022 as a possible solution to the problem of water scarcity in desert regions. The
current work offers a potential ADW desalination system with zero liquid discharge that
is suggested to treat 300,000 m%d. The method relies on staged reverse osmosis (RO)
membrane pretreatment to eliminate contaminants that are hazardous to desalination. To
recover more fresh water and salts with monetary value, the brine from the final RO stage
iS processed using thermal vapor compression and solar pond evaporation. They used
software for. water pretreatment, RO membrane, desalination, thermal desalination, and
solar evaporation ponds (Figure 4) to estimate the technical and financia indicators of the
proposed system's components. The system has a total recovery rate of about 98% with
294,000 m*/d of total distilled water recovery and 245,000 t/y of recovered salts. The net
cost of producing water is USD 0.46/m°.

The main variables influencing the use of desalinated water for agriculture are the
type of crop, the cultivation and irrigation techniques used, the salinity of the soil and
water, the seasonal weather patterns, the environmental effects of the desalination
processes, the accessibility of conventional water sources, and finally the cost of the
water. High-value crops like pistachio are the only ones that can use desalinated water for
agricultural reasons because it is more expensive than traditional freshwater resources.
Due to the high cost of desalinated water, however, factors like effective irrigation
techniques, soil salinity control measures, leaching needs, and the choice of suitable salt-
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tolerant crops should be taken into account as part of an integrated program (Welle et al.
2017; El Kharraz et al. 2023).

The use of desdination techniques for agricultural purposes differs from
desdlination for potable reasons in both technica and economic aspects. These
desalination systems are substantially less expensive than those for drinking water since
agricultural uses require lower water quality, which aso results in lower energy
consumption and running costs (Welle et al. 2017; El Kharraz et al. 2023). Additionaly,
because the permeate flow contains less calcium and magnesium than normal, it must be
remineraizer by blending it with surface or groundwater resources, which can further
lower overall expenses, especialy when it is utilized for salt<tolerant crops like cotton
and pistachio.

Desalinated water offers advantages and disadvantages when used for irrigation.
The following are the primary benefits of inland brackish water desalination techniques
for agriculture: (El Kharraz et al. 2023).

e Less water use because farmers adopt effective irrigation techniques due to the
high cost of water;
e Lessdetrimenta effects on soil, which, thanks to its high-water quality, can aid in
the recovery of saline soils;
e Using high-quality, demineralized irrigation water to increase agricultural output
and quality while reducing crop toxicity issues,
Providing water that is reusable.
Water is more expensive than traditional water sources.
The potential for groundwater resources to evaporate quickly,
The issue with brine discharge and the requirement for brine management,
lonically balanced is required everywhere,
The desalination units consume alot of electricity.

. Brine Disposal'in Inland L ocations

Brine disposal Is very important from an environmental and economic
perspective, especially for inland communities. For instance, in Canberra, Australia,
sustainable brine management continues to be a major economic and environmental
hurdle for the RO-based advanced reclamation facility (Azerrad et a. 2019). Brine
concentrate has been used more frequently lately as a source of water for irrigation and
industry. According to studies, these waste streams contain a variety of rare and valuable
metals and metalloids, including alkaline metals like lithium (Li), magnesium (Mg), and
potassum (K), rare earth metals like cerium and scandium, precious metals like
palladium, platinum, and rhodium, radioactive metals like radium, and precious metals
like palladium, platinum, and rhodium (Pramanik et a. 2016; Quist-Jensen et al. 2016).
Table 1 summarizes the typica properties of brine produced by seawater desalination
plants.
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Table 1. Typical properties of brine produced by seawater desalination plants (Kress et al. 2020;
Ogunbiyi et a. 2021).

Parameter

Facts

Physical
characteristics

Conductivity: 0.6 W/mK at 25 °C; temperature: ambient
seawater; pH: 7-8; salinity: greater than 55,000 mg/L of
TDS.

Inorganic salts

The principal components are sodium chloride (NaCl),
magnesium chloride (MgCly), and calcium chloride
(CaCl).

Nutrients Nitrate, anmonia, and phosphorus.
Metals caused by If afactory makes use of inferior stainless steel, brine may
corrosion have high concentrations of iran, chromium, nickel, and

molybdenum.

Halogenated organics

Trihalomethanes are common byproducts of chlorine
addition (low content).

Pretreatment

Antiscale additive (ethylenediaminetetraacetic acid: EDTA,

chemicals sodium hexameta phosphate).
Biofouling control additivessuch as chlorine (small

guantities)—coagulants

Cleaning chemicals Acidic solutions used to adjust the pH of the seawater.
Detergent such as EDTA, oxidants (sodium perborate) and

biocides (formaldehyde) are used to clean the membrane.

However, for the advancement and spread of brine management, any management
strategy should take into account sociopolitical and legal issues (Sanmartino et al. 2017;
Al-Anzi et a. 2021). A multitude of frequently ignored socio-political elements have a
significant negative impact on it. These important variables are divided into four groups.
strengths, weaknesses, opportunities, and risks, and they play a significant role in the
success or failure of numerous brine management initiatives around the world. The
crucial societal needs of political stability, improved heath, economic prosperity, and
water security are all connected to brine management. Indeed, these substances are
among the most priceless non-renewable resources for our contemporary society because
they are essential to the electrical and electronic sectors.

As an illustration, effective brine management can lead to the commercialization
of priceless resources such as water, minerals, and energy, which will reduce costs
overall and present a business opportunity that unquestionably will ensure the economic,
social, and environmenta stability of nations. Additionally, due to their toxicity, these
substances have the potential to harm the ecosystem severely if released improperly.
Inland brackish groundwater has been used more and more lately for desalination.
However, brine disposal is the desalination plant's limiting constraint. There are
numerous disposal alternatives that are currently accepted by most people. The most of
them are in use or being researched, although the accessibility of the disposal alternatives
varies depending on the site. Therefore, it is necessary to analyze each disposal strategy
according to its effects on the environment and economic viability. Table 2 summarizes
advantages and disadvantages of common brine treatment and disposal methods.
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Table 2: Advantages and disadvantages of common brine treatment and disposal methods

Disposal method

Advantages

Disadvantages

Evaporation
ponds

e A viableoption for
inland plantsin highly
arid regions

e Possible commercial
salt exploitation

e No marine impact
expected

Low technological and
managing efforts

e Expensive

e Highenergy
consumption

e Production of dry solid
waste — precipitates

Land applications

e Canbeusedtoirrigate
salt tolerant species

e Viableforinland
plants with small
volumes of brine

e No marine impact
expected

¢ Requireslarge areas of
land

e Suitable for.smaller
discharge flows

e Can affect the existing
vegetation

e Canincrease the salinity
of groundwater and
underlying soil

e Storage and distribution
system needed

Direct surface
water discharge

e  Natural processes
promote degradation

e Can accommodate
large volumes

e Water body promotes
dilution

e Low cost
e Highdilutionratesin
the water body,

possible dilution and
blending with power
plant discharge

e Dilution dependson local
hydrodynamic conditions

e Good knowledge,
monitoring and planning
programs of receiving
waters are required

e Limited natural
assimilation capacities
cause adverse impacts on
marine environment if
exceeded

e Therma pollution,
reduction of dissolved
oxygen in receiving
waters, eutrophication,
toxicity, pH increase,
damage of biota

Deep well
injection

e Viablefor inland
plants with small
volumes of brine

¢ No marineimpact
expected

o Cost efficient only for
larger volumes
e Needsastructurally
isolated aguifer
e Increasesthe sdinity of
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groundwater

Dischargeto a
sewage treatment
plant

Lowersthe BOD of
the resulting effluent
Dilutes the brine
concentrate

Uses existing
infrastructure

e Caninhibit bacterial

growth

e Can hamper the use of

the treated sewage for
irrigation due to the
increasein TDS and
salinity of the effluent
Overload the existing
capacity of the sewage
treatment plant while
diminish its usable
hydraulic capacity

Mixing with the
cooling water
discharge

e Achievedilution of

both effluents prior to
discharge

e Combined outfall

reduces the cost and
environmental impacts
of building two
outfalls
Necessary to reduce
sainity if disposing in
fresh water bodies

e Dependent.on the

presence of a nearby
thermal power plant

Mixing with the
sewage treatment
effluent

Achievedilution of brine
effluent prior to
discharge

Does not overload the
operational capacity of
sewage treatment plant
Use of existing
infrastructure
Necessary to reduce
sdinity if disposing in
fresh water bodies

e The brine could enhance

the aggregation and
sedimentation of sewage
particul ates that can
impact benthic organisms
and interfere with the
passage of light in the
receiving water body

4. Possibility of Desalinating Water for Agriculturein the Arab World

Desdlination technology has advanced in recent years from being low-end in the
world to being employed in some oil-rich nations where energy prices are low. Additionally,
their use has expanded to include the agriculture industry due to advances in technology and
decreased costs. Three criteria must be considered in determining the average cost of
desalinated water: feedwater quality, desalination technology and energy requirements, and
water quality products. According Jagerskog and Anders 2022, the majority of Golf
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Cooperation Council (GCC) nations have a strong solar energy potential for irrigation and
rural water delivery.

To create a favorable climate for crop growth, greenhouses are used. More than 50
nations around the world engage in covert commercia crop cultivation. According to Awaad
et al. (2022), the primary crop demand within greenhouses is 3 L/m? for tomato, cucumber,
pepper, and lettuce whereas it is 8 L/m? for flowers. The Mediterranean region currently has
about 200,000 acres of conventional greenhouses. It is possible to manufacture fresh water
from saltwater in greenhouses, which can be used for irrigation and replenishing groundwater
(Awaad et . 2022).

The Arab Region is one of the most water-scarce regions of the world. Moreover,
85% of the water in the Arab Region is used for irrigation. The region is the world’s largest
importer of grains. The attempt of Saudi Arabiato be self-sufficient in water-intensive crops,
such as wheat, from the 1970s onward is a unique trail of self-sufficiency in water-intensive
crops, such as wheat; it is a clear example of unsustainable development adopting the latest
desalination technology (Jagerskog and Anders 2022). In 1984, Saudi Arabiabecame self-
sufficient in wheat. However, such an agricultural strategy was environmentally
unsustainable and depended mainly on subsidies from the government. Wheat output
increased to over 2.6 million tons in 2006, albeit at a significant expense to non-renewable
subsurface water resources (Sewilam and Nasr 2017). About 1.2 million m¥day of
desalinated water is used in Qatar. If farmers don't adopt the most effective water-saving
methods, such as greenhouses, dripirrigation, and hydroponics, they will need to use up to an
additional 3.5 million m*day -of desalinated water to feed Qatar's 1.8 million people
(Jagerskog and Anders 2022).

Hirich et a. (2015) demonstrated that a greenhouse farming method is the most
widespread in the Souss' Massa region of Morocco, where more than 15,000 ha of crops are
cultivated in greenhouses. Since the yearly rainfall in this areais less than 200 mm and there
is a severe water shortage, the water deficit in this area is greater than 260 mm?.
Additionally, 90% of the water resourcesin this region are used for agriculture. Additionally,
excessive groundwater pumping, particularly in coastal locations, is one of the practices that
exacerbates the environmental crisis by lowering the water table, raising pumping expenses,
and salinizing groundwater as a result of seawater intrusion. A cost-effective way to supply
water for the ongoing production of horticultural goods is to employ seawater desalination to
irrigate crops like tomatoes, berries, and other vegetable crops. In the Souss Massa region,
pumping costs average around US$0.3, while 1 m3 of desalinated water costs US$0.5 on
averagein 2014 (Hirich et al. 2015).

Farmers approve the use of desalinated water for irrigation to grow various crops
despite being aware of the issue of water scarcity. Additionally, future desalination costs will
be lower thanks to advancements in technology. Water scarcity affects agricultural
productivity in Egypt, as it does in the mgjority of Mediterranean nations, and is made worse
by rising demand and the effects of climate change (Desalinating brackish groundwater is
essential for the development of new water resources, Qadir et a. 2007; Elsaeed 2012).
According to Islam et al. 2022 concluded that any evaluation of Egypt's water resources must
take into account the nation's heavy reliance on the Nile, which accounts for around 95% of
Egypt's water budget. Precipitation and groundwater make up little more than 5% of Egypt's
total supply of water from other sources. However, the impact of increases or decreases in
precipitation close to the Nile's sources can have a greater than anticipated impact on Nile
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flows. Three factors work together to produce Egypt's total water budget: the Nile (95%),
groundwater (1.5%), and precipitation (3.5%) (Gabr et a. 2023; Gabr 2023). As part of a
recent major national project, the National Company for Protected Cultures in Egypt is
currently constructing 100,000 greenhouses, including 5000 greenhouses, over a 20000
feddan area in the communities of El-Hammam, Abu Sultan, the Tenth of Ramadan, and the
village of Hope in Sinai east of Ismailia. Some crops are grown in high-tech greenhouses,
which has reduced irrigation water use by 90% while increasing production by afactor of six
compared to open crops in the same places. This has increased the availability of severa
vegetable kinds for consumers at reasonable rates throughout the year.
5. Conclusions and recommendations

Using RO technology to desalinate seawater and brackish water for agriculture in the
Arab World is a promising method for sustainable agriculture in arid regions because it (i)
uses less water because farmers use efficient irrigation techniques due to the high cost of
water, (ii) has fewer negative effects on the soil and can help restore saline soils due to its
high water quality, and (iii) uses high-quality, demineralized irrigation water to increase
agricultural output, (iv) providing water that is reusable, (v) water is more expensive than
traditional water sources, (vi) the potential for groundwater resources to evaporate quickly,
(vii) the issue with brine discharge and the requirement for brine management, (viii) lonically
balanced is required everywhere, and (ix) the desalination units consume a lot of electricity
therefore using renewable energies is preferred. It should be highlighted that each nation has
a cost-effective adaptation strategy based on its water resources, existing levels of usage and
efficiency, as well as the practical viability of aternative technologiesto close the water gap.

Numerous options are available to decision-makers can be divided into three main
operating areas as listed below:

e Enhancing agricultural practices and choosing suitable crop species and types,

e Expanding water reuse for domestic and industrial applications, and

e Enhancing irrigation-based agriculture are all ways to increase water productivity.

Environmental effects of the desalination process, such as alternatives for brine
disposal and marine and air contamination. Consequently, it is essential to evaluate each
disposal plan in light of its environmental and financial sustainability. However, we should
be aware that desalination technol ogies face some difficulties in achieving widespread
adoption, particularly because they necessitate highly educated and/or qualified farmers or
users and might not be profitable unless farmers pair them with high-value goods.
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Abstract:

This study explores the efficient removal of methylene blue through adsorption by employing
statistical experimental design techniques. The adsorption process parameters, including adsorbent
dose, temperature, and stirring time, were systematically varied, and the response was measured.
Artificial neural network (ANN) and response surface methodology (RSM) models were used to
develop predictive models, capturing the complex relationships between process variables.
Agricultural waste-derived carbonaceous material served as the adsorbent and was characterized
using FTIR and SEM. The ANN and RSM models achieved high R? values of 0.963 and 0.956,
respectively, indicating their effectivenessin modelling the adsorption process. Optimal conditions
for maximum removal efficiency were determined as a dose of 10 g/L, temperature of 42.26 °C,
and contact time of 7.92 min, confirmed by both ANN aided genetic agorithm and RSM
techniques. Under these.conditions, a remarkable removal efficiency of 98.29% + 0.68% was
achieved. This study highlightsthe potential of statistical experimental design and ANN modelling
for efficient methylene blue removal through adsorption.

Keywords: Adsorption; ANN; Methylene blue; RSM

1. Introduction
The water supply crisis has emerged as one of the most critical high-impact risks of our time, as
highlighted by the World Economic Forum (Liu et al., 2017) .Addressing water scarcity requires
the exploration of aternative and unconventional water resources to enhance water availability in
regions experiencing shortages (Tzanakakis et al., 2020). Among these resources are wastewater
treatment, rainwater harvesting, and seawater desalination. Wastewater treatment helps minimize
waste and pollution. Despite the advantages, wastewater treatment must be carried out properly,
considering health risks and adhering to quality standards, ensuring the treated water meets
environmental requirementsfor agricultural, industrial, and domestic use (Jhansi & Mishra, 2013).
Textile wastewater contains various harmful substances such as toxic dyes, heavy metals,
suspended solids, and aromatic compounds (Elhussieny et al., 2008). M ethylene blue (MB), among
these dyes, is particularly problematic asit exhibits a deep colour, has alow degradation rate, and
can cause severe environmental issues even at low concentrations. Consequently, considerable
efforts have been made to address this challenge (Zeitoun et a., 2020). One effective method for
removing dyes from water is the adsorption process. Selecting a suitable adsorbent with a
significant adsorption surface area and a strong affinity for the dyes presents a notable challenge.
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Activated carbon, known for its porous structure and extensive surface area, proves to be an
efficient adsorbent for this purpose (Husien et a., 2023). Agricultural wastes serve as promising
raw materials for producing activated carbon (Elshabrawy et a., n.d.)The use of such waste-
derived activated carbon can contribute to more sustainable and environmentally friendly dye
remova processes. The use of such waste-derived activated carbon can contribute to more
sustainable and environmentally friendly dye removal processes. One of the agricultural wastes
utilized in our study is sugarcane bagasse pulp, a byproduct that is produced when sugar is
extracted from sugarcane (Elshabrawy et a., 2023). Our research aims to study how effective
activated carbon derived from sugarcane bagasse pulp is in removing MB: dye from wastewater.
Response Surface Methodology (RSM) is a valuable technique that combines mathematical and
statistical methods to model and explore the interactions among multiple independent factors.
RSM assesses how the dependent factor (response) relates to the independent factors, enabling a
thorough comprehension of their individual and combined @ impacts on the process.
It offers severa advantages, including the need for fewer experimental runs, providing an
understanding of how various parameters interact with the response variable, quicker estimation
of response, and more efficient use of time. In this approach, low-order polynomial equations are
employed within a predetermined range of independent variables, To evaluate the suitability of the
model, the analysis of variance (ANOVA) is aso used. These eguations are then statistically
assessed to find the independent variable values that produce the optimum model.
By combining RSM and ANNS, our main objective is to analyze the effectiveness of activated
carbon from sugarcane bagasse pulp in removing MB, contributing to more efficient and
sustainable wastewater treatment processes, and offering a potential solution to address the water
crisis.

2. Methodology
Sugar cane bagasse pulp along with MB of high-purity grade of 98.5% were purchased. The
following equipment was used for adsorbent characterization: scanning electron microscopy
(SEM, JEOL JSM-6380) to examine the surface structure of the absorbent. Additionally, an FTIR
spectrophotometer. The adsorbent was prepared by burning an adequate amount of sugarcane
bagasse pulp in a muffin furnace for 1 hr. at 400 °C. This temperature along with the time are
sufficient for activated carbon formation. 100 ml of 50 mg/l methylene blue solution was taken in
each beaker for the experiments. The adsorbent dose varied from 1 to 10 g/l. The temperature
effect was studied by varying the temperature from 20 to 60 C and the contact time was studied by
varying it from 5 to 60 minutes.
All the other parameters that may affect the adsorption process are kept constant. The final
solution was measured at wavelength equals to 665 nm.

The removal efficiency was then calculated by the following equation.

o_Ce

Removal ef ficiency (%) = * 100 Q)

o

where C, and C. are the concentrations of methylene blue in the solution before and after
the adsorption process.
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3. Resultsand Discussion

Figure 1 showsthe FTIR absorption spectra of the prepared activated carbon. The band around
3406.26 cm—1 is attributed to hydroxyl (OH) stretching of cellulose present in the structure,
since about one-third of sugarcane plant tissuesis covered by cellulose The bands around 2890
cm—1 (2924.1) and in the region 1604 cm—1 (1628.97) indicate the presence of the CH2-group
and C= C ring stretching respectively which are both main constituents of the cellulosic
structure. Remaining bands at 1382, 1301, 1030, and 690 cm—1 correspond to —OH bending,
C-O stretching, C-OH stretching, and C=C bending. Figure 2 shows SEM micrographs of
sugarcane bagasse pulp before and after physical activation. The activation of sugarcane
bagasse pulp created pores and holes. The produced activated carbon appears to have porous
and fibrous texture. The surfaces of the thermally carbonized carbons are full of cavities
indicating the possibility for the dye to be adsorbed.
The effect of al the 3 parameters on the adsorption process is shown in Figures 3.

\\

“am

Figure 1. FTIR analysis of the prepared activated Figure 2. SEM analysis of the prepared activated
carbon carbon

The removal efficiency of MB at this range of adsorbent doses is found to be decreasing with
increasing temperature. This is attributed to the fact that at high temperatures and high doses,
the concentration of active sites on the adsorbent surface may decrease due to increased
competition for adsorption sites. At high contact times and elevated temperatures, the thermal
energy can cause the desorption of already absorbed MB molecules from the surface of the
adsorbent. Statistically designed experiments were carried out using the faced central
composite design to model the interactive effect of the independent parameters on the removal
efficiency of MB.

x"'- - Oy
N a

Figure 3. Contour surface graphs showing the effect of temperature, adsorbent dose, and
contact time of MB removal efficiency.
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The model is considered statistically significant. Thanks to the high correlation coefficient
(R? = 0.956), a good match between the measured and predicted values of MB removal
efficiency. ANN is used to build different interpretations, analyze existing processes, and
predict the reactions and performance of systems. RSM, the optimum conditions were 0.868
of adsorbent dosage, 20.01 °C and 14.684 mins for contact time with removal efficiency of
98.672% while ANN optimum operating conditions were dose of 10 g/L, temperature of
42.26 °C, and contact time of 7.92 min for removal efficiency of %98.594. Validation for those
results by experiments in triplets showed removal efficiency of 98.13% * 0.63% and 98.29%
+ 0.68% for ANN aided genetic algorithm and RSM respectively.

4. Conclusion

In this study, the efficiency of MB adsorption onto activated carbon driven form sugarcane
bagasse pulp was investigated using both of RSM and ANN. R? value of 0.963 and 0.956 for
ANN and RSM were achieved respectively which ensured that they are effective and reliable
techniques to model the adsorption process. At dose of 10 g/L, temperature of 42.26 °C, and
contact time of 7.92 min, the best removal was achieved by both ANN aided genetic algorithm
and RSM. Maximum removal efficiency of 98.29% + 0.68% was achieved under optimum
conditions. The study's findings therefore demonstrate that employing AC made from
sugarcane bagasse pulp is an effective method for MB removal. The results encourage the use
of the prepared activated carbon as an adsorbent which can be employed on the membranes
surface for the fabrication of adsorptive membranes to be used for industrial wastewater
treatment.
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Abstract

In the framework of the Sustainable Development Goals issued by the United Nations, there has
been considerable discussion about equal access to clean water and sanitary facilities. Due to the
greatest population and significant economic development, demands on water and purification
havesignificantly risen. Classical wastewater treatment procedures have made some progress over
the years in purifying effluents for disposal, but they fall lacking in how they deeply control
emerging harmful substances. The potential to reuse treated wastewater for home, agricultural, and
industrial needs depends on breakthroughs in purifying technologies. One of the most recent
breakthroughs to be implemented effectively is membrane technology. Nanofiltration,
microfiltration, reverse osmosis, ultrafiltration,” and. membrane bioreactors are widely utilized
membrane processes depending on features such as size or charge. Over traditional treatment,
membrane technology offers various benefits, This review article discusses a number of
membrane-related topics, including membrane categorizing, integration of filtration membranes
for wastewater treatment, and application in various fields. Furthermore, offer an outlook on the
filtering membranes that will be used in the future. Smart membranes have gained interest because
of their selectivity, and tunable characteristics. Modified interfacial polymerization approaches
have been investigated in addition to adsorptive ultrafiltration mixed matrix membranes.

Keywords: membrane technol ogy; membrane classification ;Application ;wastewater

1. Introduction
Growing water scarcity and heightened awareness associated with water conservation are
prompting more industrial manufacturers to explore water recycling within facilities - a strategy
that also reduces wastewater effluent volumes [1].

Wastewater generated from the industry is very complex in the case of constituents; hence it is
almost impractical to characterize al components as for other industrial wastewaters. This
wastewater has high organic content, dark color and toxic matters [2]. One of the impacts related
to the discharge of dark color wastewater into receiving waters is the reducing photosynthetic
activity of aquatic plants [3]. Moreover, the increase of high organic matter in water leads to a
decrease in dissolved oxygen concentration and disturbs the life of the fishes and other organisms
consequently [4]. Treatment options include primary treatment such as clarification to remove
solids and particulate matter and secondary biological treatment processes for removing
biodegradabl e organic matter and decreasing the effluent toxicity. Additionally, tertiary treatment
technologies such as membrane filtration, ultraviolet (UV) light disinfection, ion exchange, and
granular activated carbon can aso be employed to further treat effluent water to higher qualities.
Membrane technologies such as microfiltration, ultrafiltration, and nanofiltration are the most
effective strategies for treating water to a level where it can be utilized at the beginning of a
process. So clean water remains one of the major socia concerns and as the need for clean water
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increases the demand for new purification technologies with low environmental impact grows.
Recognizing these needs, the development of efficient, sustainable, and environmentally friendly
water treatment technologies is urgent for our future. One of the most dangerous pollutants in the
water is organic dyes which represent an important source of environmental contamination, since
they are toxic and cause serious damage to human beings even at very low concentrations and
mostly non-biodegradable because it found to be very stable to light and oxidation which makesiit
very difficult to biodegrade. So the elimination of harmful organic dyes from industrial waste
effectively is considered as a massive environmental challenge [5]. Various metal oxides such as
TiO2, ZnO, graphene oxide, and SnO. etc. were extensively used as-photocatalysts for the
photocatalytic degradation of organic pollutants [6]. But the efficiency of photocatalytic on a
single semiconductor is still limited owing to the following reasons: i) Quick back reaction
between photogenerated (el ectron-hole) e/h* pairs: conduction band electrons (ecs ™) can react with
valence band holes (hve™) followed by energy release (viaradiative or honradiative decay). ii) the
Limited number of metal oxides excited by visible light: The bandgap of most stable
semiconductors is greater than 3.2 eV, so only ultraviolet (UV) light can be utilized for hydrogen
production. The solar spectrum reaching ground level contains only about 4% of UV light and
about 50% of visible light. Thus, the inability to absorb light from the visible region limits the
efficiency of photocatalysis to photodegradation of pollutants [7]. Integration of photocatalysis
with membrane processesis apromising and ideal alternative to reduce the membrane fouling and
improve membrane properties. The application of membrane separation technology to zero-
discharge wastewater technology has obvious technological  advancement and investment
economy. It plays a strategic role in.the reform of ‘industrial technology in the 21st century and is
considered to be one of the most promising high-tech [8].

2. Membrane Preparation

The membranes were prepared using the phase inversion method. 2 g of NPs were first
ultrasonically dispersed for 1 hour in 84 g of DMAc. Thereafter, 12 g of PVC was dissolved in the
solution with vigorous stirring after the addition of 2 g of PVP, creating a homogenous casting
solution. Degassing for 24 hoursto get rid of air bubbles, then casting on a glass plate with a 200
pm thick casting knife drawn onto a non-woven fabric. To complete the solvent/nonsolvent
separation, the cast films were immediately submerged in a distilled water coagulation bath
without the solvent evaporating. The prepared flat sheet membrane was thoroughly coagulated,
repeatedly rinsed in DW to eliminate any leftover solvent, and then kept in clean water for
supplementary testing.

3. Membrane Performance Test
The effect of NPson the pure water flux and rejection was investigated after 30 min in the dark.
the pure water flux of the membrane is 1.54 L/(m?.h) with an efficiency of 76.72% the flux was
decreased to 0.55 L/(m?.h) with the addition of TiO2 asaresult of the reduction, and the efficiency
was enhanced to 90.56% and for ZnO membrane but the water flux wasimproved to 1.53 L/ (m?.h)
and the efficiency increased to 98.90%. but after embedding the PV C membrane with ZnO/TiO-
both the water flux and the efficiency were enhanced to 4.56 L/ (m?.h), and 95.31% respectively.
As a result of the increase in the porosity of the membranes. al nanocomposite membranes
demonstrated higher degradation efficiency to humic acid wastewater in comparison to the blank
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PV C membrane, revealing better rejection of nanocomposite membranesin dark conditions, which
might propose benefits for NPs in enhancement the property of the membranes.

Non-woven support
E — 3
[ w— | 1
Glasy Plate
/ Casting Knife Casting of polymeric solution
. a TS == — 1
i L 1
Ienmersion in coagulution bath
Formed Membrane

Fig 1. Preparation procedure of photocatalytic nanocomposite membranes

4. Conclusion

The prepared NPs were used to fabricate PV C nanocomposite membranes via the phase inversion
method for humic acid wastewater treatment. The surface morphology of the composite membrane
and surface roughness were changed significantly. Meanwhile, the addition of NPs improved the
membrane porosity, hydrophilicity, pure water flux, and humic acid rejection. The nanocomposite
membranes exhibited photocatalytic activity under sunlight based on the photodegradation and
permeation of humic acid. Both the water flux and the rejection were enhanced in sunlight and the
two couples.
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Abstract:

The globe is dealing with a number of major issues, the most significant of which include
climate change, population growth, water scarcity, soil erosion, and food security. These issues
might be addressed by aguaponics, a closed-loop system that combines hydroponics with
aquaculture components. The main components of aquaculture wastewater that can have an
adverse effect on fish growth and the environment include dissolved and particulate organic
matter, total dissolved solids, and nutrients including phosphorus and nitrogen. In this study,
different wastewater treatment methods used in aguaculture are compared along with how
effective they are at achieving sustainability. For small-scale aquaponics commercial reverse
osmosis filtration system that provides outstanding water quality control is an effective solution
to eliminate dangerous chemicals from water. Constructed wetland systems have demonstrated
excellent efficacy in the treatment of wastewater containing nitrogen compounds, with removal
efficiencies for NHs-N _up to 98% and NO->-N exceeding 98%. Since just 10% of the entire
volume of water is replenished daily, recircul ation systems are shown to be more sustainable and
effective in managing the volume of effluent in aquaculture units. The use of thistechnology in a
business setting will be especially beneficial to arid regions experiencing water stress.

Keywords: Aquaponics; Sustainability; wetland treatment system; Water quality; Wastewater
integrated system.

1. Introduction

The globe is dealing with a number of major issues, the most significant of which
include climate change, population growth, water scarcity, soil erosion, and food security.
These issues might be addressed by aquaponics, a closed-loop system that combines
hydroponics with aquaculture components (Joyce ET AL. 2019). Aquaponics is an
integrated multi-trophic system that combines aspects of hydroponics and recirculating
aguaculture (Turcios and Papenbrock 2014), wherein nutrient-rich fish tank water is used to
support plant development. It is a naturally occurring, soil-free, scaled-down process that
occurs in lakes, ponds, and rivers. It is customary to use fish excrement as an agricultural
fertilizer. A promising sustainable food production technique, the intertwining of
aguacultural and hydroponic methods enables some of the inadequacies of the individua
systems to be overcome.
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According to Lehman et a. (1993), define sustainable agriculture as a process that
does not exhaust any non-renewable resources that are necessary to agriculture in order to
sustain agricultural practices, aquaponics can be regarded as a sustainable agricultural
production system. According to Francis et al. (2003), "designing systems that close nutrient
cycles'—one of the aquaponics key features—and mimicking natural ecosystems are two
more ways to accomplish sustainable agricultural output. While water recirculation
minimizes water use, mineral transfers from aguaculture to hydroponics support effective
nutrient recycling (Turcios and Papenbrock 2014). High-yield hydroponic systems consume
alot of macro- and micronutrients that come from industrial and mining sources, which use a
lot of energy (for manufacturing and transportation) and deplete scarce resources (such as oil
and phosphorus) (Ragnarsdottir et a. 2011, Sonneveld et al. 2011; Sverdrup and
Ragnarsdottir 2011). Additionally, sporadic dumping of large amounts of nutrient-rich water
in no-recirculating systems causes high water consumption as well as surface and
groundwater pollution (Gagnon et a. 2010). Aquaponics does not require the frequent water
exchange that is accomplished in traditional aquacultural systems. This is because 1 kg of
beef meat requires between 5000 and 20,000 L of water (IME 2013) and.1 kg of fish raised
in semi-intensive and extensive conventional aquaculture systems needs between 250 and
375,000 L (Al-Hafedh et al. 2003). On the other hand, recirculating aquaculture systems
utilize less water (below 100 L kgl) per kg of fish produced and have a high rate of water
reuse (i.e., 95%-99%) (Dasgaard et al. 2013). Instead of being eliminated in gaseous form in
denitrification units, surplus nitrate in aquaponics is utilized to produce beneficia plants
(Martins et a. 2010; Van Rijn 2013).

The agquaponics concept is hopeful to contribute to both global and urban sustainable
food production while also reducing pollution and resource use, even though preliminary
research has shown that devel oped aguaponic system components are not yet fully realized in
view of either cost-effectiveness or technical capabilities (Rakocy 2012; Vermeulen and
Kamstra 2013). Aquaculture wastewater (AWW) and the catastrophic overfishing of wild
fish populations for use as ingredients in fish feed raise environmental concerns (Robaina et
al. 2019). Unused feed and feces, which are organic components of aquaculture effluents,
harm the ecosystem by degrading recipient water bodies and sediments. The main
components of aquaculture wastewater that can have an adverse effect on fish growth and the
environment include dissolved and particulate organic matter, total dissolved solids, and
nutrients including phosphorus and nitrogen. The enhanced metabolic activity of aerobic
bacteria is the main result of the significant volumes of decomposable organic waste in
aquaculture effluent. Aerobic nitrification and denitrification reactions are simultaneously
inhibited by the anaerobic sulphate reduction reaction that predominates in anaerobic
environments (Delaide et al. 2019; (Lu et al. 2019).

The death of sediment macrofauna, which is necessary for bio-irrigation in natural
water streams, will result from oxygen deprivation in both processes, further lowering the
aeration levels in the recelving water bodies. The environment is severely harmed by the
organic enrichment in river sediments caused by an insufficient microscopic animal
population. Such an ecosystem is dominated by sulfur-fate reducers and methanogens, which
also disrupt the relationship from the river basin to the subsequent level of the food chain
(Gott et a. 2019). To improve the sustainability of aquaculture units, all these environmental
effects of dumping untreated aguaculture effluent to receiving water bodies should be
minimized. The nutrient enrichment of aquaculture wastewater through the feedstock can
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also result in the eutrophication of lakes and discharge channels, which therefore requires
environmentally acceptabl e treatment methods.

Aquaculture systems also use traditional wastewater treatment techniques that
combine physical, chemical, and biological approaches. For the oxidation of organic matter,
nitrification, or denitrification, biological processes such as submerged biofilters, trickling
filters, rotating biological contactors, and fluidized bed reactors are utilized (Van Rijn 1995).
Traditional wastewater treatment techniques are expensive in terms of initial outlay, energy
use, and upkeep. In this case, the development of sustainable solutions is crucial for the
treatment of aquaculture wastewater.

This study evaluates the chalenges facing aguaponic: farming operations and
identifies which issues still need to be addressed. The latest technology possibilities for
treating wastewater from sustainable aguaculture have been thoroughly examined in the
review, which is necessary to maintain a sustainable connection between the water, food, and
energy chains. Figure 1 shows the study methodology.
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Figure 1 Study methodology.

2. Hydroponics and aquaponics systems
The practice of growing plants in a nutrient-rich water solution rather than in soil, known
as hydroponics, is well known. Hydroponics systems are closed-loop, which means that they
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cycle the water solution to use less water overall. In addition to being used for small-scale crop
production, such as for salad greens, cannabis, and ornamental plants, hydroponics can aso be
used in the home and garden (Figure 2A). The agricultural method known as aquaponics is less
well-known to many people (Lennard and Goddek 2019).

Similar to hydroponic systems, aguaponics makes use of water solutions with the ideal
nutrient balance. Fish or other aquatic animals are cultivated alongside plants in aguaponic
systems, which is the fundamental distinction between them and hydroponic systems. In
aquaponics, plants and animals coexist in a symbiotic connection where the plants feed the
aquatic creatures and aid in water filtration while the animals create nutrients in the form of
waste that the plants need to grow (Figure 2). The growing method known as aquaponics
combines hydroponics and aquaculture in many ways (Espinal and/Matuli¢ 2019). Aquaponics
holds considerable promise as a way to maximize harvests while minimizing water use in the
home and in big commercial agriculture enterprises. Aquaponic systems can be used to grow a
variety of plants, but the most popular ones are cannabis, tomatoes, leaf lettuce, peppers,
cucumbers, strawberries, cabbage, cruciferous vegetables (broccoli and cauliflower), and leafy
greens (chard, bok choy, and spinach).

Aquaponic systems give growers the chance to produce and harvest aquatic organisms,
which is an additional benefit. In the closed system, these animals flourish alongside the plants.
Even if not al aguatic animals cultivated in a reverse osmosiS aguaponics system are
harvestable, some of the more well-liked options include Tilapia, Carp (edible and ornamental
Koi varieties), Catfish, Trout, Freshwater prawns, Crawfish, Mussels, Baitfish, and Perch. Each
plant and animal will have its own-unique water quality parameters. Growers must ensure the
right water composition for their crops, making filtration systems like reverse osmosis very
important.
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Figure 2 A: Hydroponics, B: Aquaponic system, and C: Aquaponic system layout

2.1 Principles of aguaponics

Recirculating aquaculture and hydroponics are combined in aguaponics. Traditional
hydroponic systems need minera fertilizers to provide plants with the nutrients they need, but
aquaponic systems employ readily available fish water that is nutrient-rich in fish waste instead.
Another benefit of this combination is that excess nutrients do not need to be eliminated by the
regular replacement of fresh water with enriched fish water, as is done in aguaculture systems.

Fish, bacteria, and plants all coexist in harmony as a result of the system, which also promotes
the recycling of nutrients and water (Figure 3).
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For proper growth, plants reguire macronutrients like C, H, O, P, N, Ca, K, Mg, and S aswell as
micronutrients like Fe, Mn, Cl, B, Zn, Mo, and Cu. With the exception of C, O, and H, which are
obtained from air and water, these elements are present in hydroponic solutions in predetermined
ratios and are added in the form of ions (Resh 2012). In aquaponics systems, fish waste (gill
discharge, urine, and feces), which contains both soluble and solid organic compounds, is
dissolved into nutrient-rich ionic form in the water and fed to plants as a source of nutrients.

Monitoring the concentrations of micro- and macronutrients is necessary to ensure
proper plant growth. Maonitoring the concentrations of micro- and macronutrients is necessary to
ensure proper plant growth. The concentration of some nutrients may need to be adjusted from
time to time; for instance, iron is frequently insufficient in fish waste (Damon et a. 1998;
Rakocy et a. 2004). Different microorganism communities that are engaged in the processing
and solubilization of fish waste must be able to live in aguaponic systems. If the anmonia (NH4)
from fish urine and gill discharge is not eliminated from the system, it can accumulate to
dangerous levels. Step-by-step microbial conversion to nitrate can accomplish this. The
nitrifying autotrophic bacteria consortium, which forms a biofilm on solid surfaces in the system
and is primarily made up of nitroso- and nitro-bacteria (such as Nitrosomonas sp. and
Nitrobacter sp.), is one of the most significant microbial components. The nitroso-bacteria in the
system first turn the ammonia in the system into nitrite (NOz), which is then turned into nitrate
(NOg3) by the nitro-bacteria (Tyson et a. 2008).

Nitrate, the final byproduct of this bacterial conversion, is far less hazardous to fish and
serves as the primary nitrogen source for plant development in aquaponics systems because of its
bioconversion (Rakocy et al. 2006; Graber and Junge 2009; Endut et al. 2014). Most systems
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require a specialized biofiltration unit with extensive nitrification. To achieve the ideal balance
between fish nutrient production and plant uptake in each system, the best fish to plant ratio must
be determined. This may be based on the feeding rate ratio, which is the quantity of feed
consumed daily per m? of plant variety, according to Rakocy (2007). For |leafy greens growing in
raft hydroponic systems, a value of between 60 and 100 g/day/m? has been advised (Rakocy
2012). For eight water spinach plants (Ipomoea aquatica), Endut et al. (2010) discovered an ideal
ratio of 15-42 grams of fish feed m? of plant growing with one African catfish (Clarias
gariepinus). Therefore, in order to strike the correct balance, the following factors must be
understood from the ground up and experienced: (1) Fish species and feod consumption rates,
(2) Fish food composition, such as the percentage of pure proteins converted to Total Ammonia
Nitrogen (TAN); (3) Feeding frequency; (4) Hydroponic system type and design; (5) Types and
Physiological Stages of Cultivated Plants (Leafy Greens vs. Fruity Vegetables); (6) Plant Sowing
Density; and (7) Chemical Composition of Water Influenced by Fish Waste Mineralization Rate.
Furthermore, because fish, bacteria, and plants all share a water cycle, it is important to maintain
environmental variables like pH, temperature, and mineral concentrations at a compromise that is
as close as possible to each organism'sideal growth conditions.

2.2 Quality of Water in Aquaponic Systems

In aguaponics systems, the quality of the water affects both the plants and the animals.
Agricultural runoff, ammonia, heavy metas, petroleum residues, ammonia, chlorine, heavy
metals, and high levels of dissolved salts are just a few of the dangerous el ements that farmers
must make sure the water is free of (Joyce et a. 2019). Along with the possibility of impurities
getting into the aguaponics system's water supply, aquatic animals that grow alongside plants
produce waste. As this waste builds up more quickly than plant roots can use it, the quality of the
water decreases with time. The water solution in the system could turn hazardous to plant and
animal lifeif it isnot controlled.

The water in aguaponics systems can be filtered using a variety of techniques. In most
systems, the biological filtering action of plant roots and animal activity is supplemented by
some kind of chemical or mechanical filtration. Water filtration and a reverse osmosis
aquaponics system provide unmatched control over the system's water quality. Reverse osmosis
(RO) is a.imechanica procedure that imitates the osmosis that occurs naturally in cells. Water
travels through cell walls in live cells to create a balance by moving from areas of lower
concentration to those of higher concentration. When water is forced through a semipermeable
membrane by pressure, reverse osmosis removes sediments, debris, dissolved mineras, and solid
waste thanks to the membrane's small pores. An RO filter is used between a reverse osmosis
aquaponics system and the incoming water supply, which might be a well or a public water
source. The RO filter's impurities are washed away through adrain.

3. Sustainability in aquaculture treatment technologies

3.1 Reverse Osmosisrolein the aquaponics

For individuals who use hydroponic or aquaponic systems to raise aquatic plants and animals,
RO systems are effective at eliminating dangerous chemicals from water. A commercial reverse
osmosis filtration system that provides outstanding water quality control is often used in a
reverse osmosis aguaponics system (Turnsek et al. 2019). The biggest commercial RO systems
include automatic controllers and can handle 1000 gallons or more of water each day. Precision
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valves alow aguaponic farmers to regulate the flow and chemistry of both treated and untreated
water.

As aresult, gardeners can maximize the water's concentration of dissolved minerals and
ammonium nitrate, which are essential for the development of both plants and animals. Up to
99% of contaminants, such as heavy metals (mercury, lead, and arsenic), chlorine, fluoride,
suspended particles, and pathogens (bacteria and protozoan cysts), may be eliminated using
commercia reverse osmosis aguaponics systems. RO systems are effective, efficient, and ssimple
to keep up with. These systems provide clean water for the fish and plants that are raised in the
system, which enables aquaponics growers to achieve high yields. Additionally, these strong
water filtering systems are employed in bakeries, food processing plants, pubs and restaurants,
and pharmaceutical manufacturing facilities. The finest comprehensive, portable, light-
commercia reverse osmosis system is the PRO-RO-I as shown in Figure 4. The PRO-RO-1 was
built with the ssmplicity of installation, usage, longevity, and peak performance in mind.

Figure 4 PRO-RO-| reverse 0Smosis aguaponics systems

3.2 Wetland recirculating aquaculture system

Because wetlands have shown to be a workable and affordable approach for treating
wastewater (Gabr 2021; Gabr 2022; Gabr etal. 2022; Gabr et a. 2023), constructed wetlands
technology is hecoming more and more significant in recirculating aguaculture systems (RAS).
Figure 5 depicts a marsh that has been artificially created for a recirculating system. Energy is
only needed to pump and distribute wastewater in developed wetland systems. By combining
plants with aquaculture water, the symbiotic process can be employed to generate a mutually
beneficial eco-friendly system in RAS systems. The advantage of constructed wetland systemsis
their great efficacy in treating sewage containing nitrogen compounds (Table 1). However, in
large-scale treatment systems, wetlands are more effective at removing some nutrients, such as
ammonium and nitrites, while nitrate and phosphorus removal is ineffective or occasionaly
detrimentally impacted by wetland passage.

As aresult, alengthy retention period is needed to achieve the requisite nitrogen removal
(Kadlec and Knight 1995). They require a considerable amount of land, up to 2.7 times the area
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of the pond, which is another drawback (Kadlec and Wallace 2009). Wetland systems may be
less economically viable as a result, as they require a lower hydraulic loading rate and a longer
hydraulic retention time to effectively remove pollutants (Gabr et al. 2023). This issue can be
reduced by effective pre-treatment in small artificial wetlands with strong hydraulic loads that
are commercialy viable and remove 80% of the total suspended solids (TSS) (Gabr 2021). An
additional strategy for overcoming the limits of the built-in wetlands in the RAS system is the
inclusion of aguaponics.
Culture tank L
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Figure 5Wetland recirculating aquaculture system

Table 1 pollutant removal efficiency in constructed wetlands (Lin et al. 2002)

Parameter Average removal efficiency
Suspended solids 47-86%
COD 25-55%
Phosphors 71.2-31.9%
Total inorganic nitrogen 95-98%
NH4 86-98%
NO. More than 99%
NOs 82-99%

3.3 Recirculating aquaculture system (RAYS)

The classic pass away (race away) aguaculture systems need an excess amount of water
supply, and the sustainability of the water supply is the most crucial issue to take into account.
The typical water sources for raceway aquaculture are groundwater wells as well as surface
water from rivers, springs, lakes, and reservoirs. These systems must have enough water flow to
either supply the unmet oxygen needs or remove the metabolic waste produced by the aguatic
life. The new intake water substantially replaces the water already present in the flow-through
unit. Only when the system has a sufficiently high flow velocity can the self-cleaning be
accomplished.

By transferring hazardous pollutants back into the effluent and recirculating the cleaned
water, the recirculation aquaculture system (RAYS) treats it. As aresult, RAS systems use a very
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modest volume of water to produce high numbers of fish. Recirculation of the wastewater into
the fish tanks is possible in some or al cases. Depending on the supply and feeding rates,
recirculation aguaculture systems typically replace 5 to 10% of the water each day (Emperor
2011; Delong and Losordo 2012). With the use of recirculating aquaculture systems (RASs), fish
farming produces less pollution and uses less freshwater, making it more environmentally
friendly. Recirculating aquaculture systems must be developed, and this requires the removal of
solids, organic debris, ammonia, and nitrite (Lennard and Goddek 2019). Recirculating
aquaculture systems allow fish to be raised with other creatures that turn nutrients that have been
discharged into waste products into valuable products (Delaide et al. 2019). This makes the
system more sustainable than pass away systems.

For the growth of recirculating aquaculture systems, removal of solids, organic debris,
ammonia, and nitrite is essential (Lennard and Goddek 2019). Aquaculture systems that use
recirculation (RAS) recycle the cleaned water while aso rel ocating hazardous particles are used
to remediate wastewater. Because of this, RAS systems only need aréelatively modest amount of
water to produce big amounts of fish. Recirculating the wastewater to the fish tanks might be
done in part or in whole. Depending on the supply and the feeding rates, recirculation
aquaculture systems typicaly have a daily water replacement of 5 to 10% (Emperor 2011;
Delong and Losordo 2012). Recirculating aguaculture systems (RASs), which are available,
mitigate the impact of fish farming on the environment and reduce the need for freshwater. The
growth of recirculating aquaculture systems depends on the removal of sediments, organic
debris, anmonia, and nitrite.

4. Discussions

Sustainable development Is said to require the security of fundamental resources
including water, energy, and food. These resources are under stress as a result of population
growth, economic expansion, and shifting consumption patterns. The demand of the population
and availability of needs like food are predicted to become difficult in many regions of the world
in the near future. The nexus notion can be regarded as a multi-sectoral management tool that
works on interrelated and interdependent network systems among several elements, particularly
water, energy, and food. Food and energy security do not demonstrate an encouraging
performance, according to a case study of sustainable development goa indicators, as their
percentage growth in terms of accessibility is lower than in recent years and their sustainability
indicator is declining (Cansino-Loeza et a. 2020).

The availability and accessibility of high-quality water is one of the primary problems
facing the aguaculture industry, one of the major contributors to the global food supply. This
calls for the development of environmentally friendly methods for the treatment of aguaculture
wastewater. In order to ensure sustainability, it is crucial to maintain adequate water quality for
good marketable goods and to manage the negative consequences brought on by aguaculture
wastewater. There are a number of technological issues that need to be resolved before
commercial aquaponic systems can be developed that are socialy, ecologically, and
environmentally sustainable. (1) tailored pest control; (2) increased nutrient solubilization and
recovery for better use of the nutrient input and eliminating extra-mineral addition, such as
phosphorus recycling; (3) greatly reduced water use by limiting the requirement for water
exchange (4) using aternative energy sources for hot, cold, and arid regions; and (5) using
fluidized lime-bed reactors, revolutionary pH stabilization techniques that have been successfully



MTAIC
4t International Conference for Membrane Technology & Its Applications

applied in natural waters (Sverdrup et al. 1982). Constructed wetlands (CWs) are a green
technology for effectively removing nitrogenous waste.

The CW system uses less energy (0.1 kWh/m?) than aerobic filters (0.28 kwh/m?®) (Brix
1999) making it amore environmentally friendly choice (Gabr et al. 2022; Gabr et a. 2023). The
main challenge for the CW system is that as the treatment system is scaled up, it has been
discovered that nitrate removal effectiveness decreases. The CW method aso has to deal with
the need for a vast amount of land Gabr 2021). Pre-treatment was proven to increase the
effectiveness and cost-effectiveness of CWs. Aquaponics is a symbiotic method of growing
plants and fish that upholds the idea of sustainability. However, this system's energy need is far
higher than that of CWs, making it difficult to justify economically. By utilizing renewable
energy sources and lowering the number of water pumps in the system, it can be made more
economical and energy-efficient.

The rafter aguaponics system has a 46.8% energy demand, making it more
environmentally friendly. On the other hand, by substituting freshwater for wastewater in the
traditional pass-away system, it is possible to retain the quality of the water while ‘avoiding the
expense of wastewater treatment equipment. The replacement of wastewater, which necessitates
a significant amount of fresh water, is a crucia problem that the conventional wastewater
treatment system must address. Here, the valuable freshwater resource is abused, and untreated
effluent can have a negative impact on the environment. Recirculating aquaculture systems
(RAS) get around the drawbacks of the traditional system, which uses less fresh water because
the wastewater is reused. For the production of huge amounts of fish, the RAS system employs
an additional 10% of the total water volume as fresh-water, making it more sustainable. The
accumulation of nitrate in water; which may impact water quality, is the RAS system's main
weakness.

The current solutions to this issue include installing aerobic filters and external carbon
sources, however, there are significant drawbacks, including increased cost and energy
requirements when treating nitrate-enriched wastewater. The efficiency of nutrient and water
utilization in multi-loop aquaponics systems was enhanced by Goddek and Keesman 2020. They
suggested an integrated systems approach that has the potential to eliminate the need for
excessive fertilizer supplementation and periodic nutrient and water rel eases, which are currently
required to maintain good water quality for fish and an ideal nutrient solution for the plants.
Nutrients currently tend to accumulate in the RAS portion of decoupled aguaponics systems
while being somewhat scarce in the hydroponics system. Only by switching the subsystems
concentrations in the opposite direction can this issue be resolved from the standpoint of mass
balance.

The critical factor in this reverse-engineering process is the amount of water that actually
needs to be released daily because it determines the process and concentrate flows. Because it
affects the concentration factor of the process water obtained from the RAS, the RO efficiency
ratio is crucial. A 4:1 ratio would result in 4 m3 of demineralized water and 1 m® of RAS
concentrate from 5 m3 of RAS process water. The system in Figure 6 is provided with a moving
bed biofilm reactor (MBBR) that is a very efficient biological treatment method that combines
biofilm media with the traditional activated sludge process. Within the aeration and anoxic tanks
of the MBBR process, floating High-Capacity Micro Organism Bio Chips medium are used. In
addition, an up flow anaerobic sludge blanket reactor (UASB) schematic, the UASB creates a
layer of granular sludge that suspends in the tank using an anaerobic process. The anaerobic
bacteria in the blanket digest (degrade) the wastewater as it moves upward through it. For the
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purpose of removing organic substances from water, such as food and waste particles, utilize a
protein skimmer (Port. Skim) or foam fractionator.
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Figure 6 The nutrients are extracted from the RAS in this aquaponic system. As aresult, the
nutrient concentrator is RAS-dependent. This means that a variety of hydroponics subsystems
can use the concentrated nutrient solution in the buffer. Additionally, the RAS's low nutrient
concentration makes it possible to use RO technology more effectively.
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Abstract:

Reverse osmosis (RO) technology has emerged asavital processfor desalination. One of the major
drawbacks of modern desaination plants is the massive quantities of reverse osmosis (RO)
membranes solid waste. Thisreview paper exploresthe problem of non-biodegradable membranes
and the growing concern surrounding the massive accumulation of RO membrane waste.
Furthermore, it investigates the feasibility and potential benefits of recycling and reusing RO
membranes as a sustainable solution. Reverse osmosis membranes have a limited life span of
between five to seven years. Tons of non-biodegradable RO membranes are disposed of annually
in landfills which poses severe environmental concerns. Several challenges hinder the widespread
adoption of recycling RO membranes, including the presence of irreversible fouling, the diverse
composition of membranes, and the need for cost-effective and energy-efficient recycling
methods. However, recent advances in membrane treatment techniques, characterization, and
material science provide possibilitiesfor overcoming these complications. By embracing recycling
and reuse strategies for RO membranes, the water treatment industry can transition towards amore
sustainable and environmentally responsible approach. Therefore, recycling RO membranes can
offer large economic and environmental benefits.

Keywords: Membrane recycle; Desalination; Reverse osmosis; Sustainability.

1. Introduction
Reverse osmosis (RO) membrane recycling and reuse have gained widespread recognition in the
scientific community [1-3]. Currently, reverse osmosis is the most applied technique for water
desalination with a more than 70% share of the total desalination plants worldwide [4]. Reverse
osmosis process has great potential in eliminating the dissolved contaminants in seawater,
however, the membranes suffer from irreversible fouling over time and must be replaced
frequently. Tons of end-of-life non-biodegradable membranes have been disposed into the
ecosystem which possesses serious environmental concerns [5]. A previous study estimated the
mass destined for landfills due to the disposal of 9000 RO modules to be 121.5 tons/year [6].
Statistically, based on the linear economy approach embarrassed by industrial entities, more than
1.5 x 104 tons of RO modules are discarded annually [7]. The market for RO technology is
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forecasted to increase tremendously by 2030 (Figure 1) due to increased pollution and the lack of
freshwater sources[8].

W North America
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M Asia Pacific
M Latin America
m Middle East & Africa . l

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 1 Forecast of the global membrane market size (USD Billion), region based.

There are many potentia benefits of reusing and recycling RO membranes. For one thing,
it can aid in reducing the cost of water treatment by extending the lifespan of the membranes and
reducing the need to purchase new modules. It can reduce the environmental impact of the
treatment process by reducing the amount of waste generated and conserving resources.
Additionally, by reusing and recycling the materials used to create RO membranes, the amount of
energy and resources required to manufacture new membranes in.the future are reduced which
reduces the carbon footprint of the desalination plants [8-10]. Despite the benefits of reusing and
recycling RO membranes, severa challenges should be tackled in order to commercialize the
membrane recycling process: For instance, the lack of standardization in the industry and the
technical challenges related to repairing and cleaning damaged or fouled membranes. In addition,
the cost of reusing and recycling RO membranes may still be higher than the cost of simply
purchasing new membranes. This can be due to the additional labor and equipment required for
membrane conditioning and the fact that the average life span of arecycled membraneis 60% less
than that of a new membrane. However, as technology continues to improve and the demand for
more sustainable water treatment practices grows, it islikely that the cost of reusing and recycling
RO membranes will decrease, making these practices more economically feasible. The aim of this
work isto review the state-of-the-art RO membrane reuse and recycling, discuss the problemsin
current end-of-life RO membrane disposal, and state some of the proposed solutions to the current
limitations in membrane recycling.

2. Membrane Disposal and the Non-Biodegradability Issue

Non-biodegradable polymers are utilized extensively for RO membrane synthesis owing to their
high thermal and chemical stability. The end-of-life RO membranes are commonly discarded into
landfills. The accumulation of non-biodegradable RO membranes in the environment adversely
affects wildlife and might affect human communities as well. The membranes tend to break down
into their constituting monomers which are usually toxic [11]. Another pollution aspect is landfill
leachate which is defined as the toxic liquid that forms due to the leaching of pollutants from a
landfill by rainwater [12]. Landfill leachate is agrowing environmental concerninlow and middle
income countries due to the adaptation of the lower-cost open dumps or non-engineered landfills
[13]. The extraction of the degraded membrane pieces from either the water or land is expensive



MTAIC
4t International Conference for Membrane Technology & Its Applications

and tedious. Furthermore, the degraded pieces can be consumed by land and aquatic animals [14].
Figure 2 illustrates the possible harms caused by landfill leachate. The limited non-biodegradable
polymers’ recycling infrastructure and elevated mass of disposed materials may lead to the
membranes ending up incinerated. End-of-life membrane incineration increases the carbon
footprint of the process, contributes to global warming, and increases air pollution through the
emission of toxic carbon, nitrogen, and sulfur oxides [15].

Rain

Humans
/P

Groundwater pollution —:

Figure 2 Possible pollutants that leach out to the environment from landfills and the possible
pathways.

3. Current Membr ane Reuse Options

The waste management hierarchy for RO membranes (Figure 3) prioritizes the possible pathways
for reducing environmental pollution from discarded RO membranes. Minimizing the generation
of new RO modules is the best option in terms of waste management. Disposal and incineration
arethe least desired optionswith efficient energy recovery being a preferable choice than disposal.
Direct membrane reuse is recommended over recycling.
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Figure 3 End-of-life reverse osmosis membrane management hierarchy.

3.1 Direct Reuse

The research on this approach is very limited in the literature. Two recent publications were
reviewed to assess the current state of direct membrane reuse. Pacheco, R. et.al reused discarded
8> RO membranes from a seawater desalination plant for the treatment of landfill leachate [17].
The authors did not specify the first lifespan of the membrane, however, they stated that the
average span considered is within 1 to 3 years. Membrane regeneration to eliminate fouling
comprised the use of achemical wash solution with controlled concentration, pH, and contact time.
The membranes with no physical damage could be applied for large-scale treatment while the
membranes with external physica damage were used for laboratory tests. Six out of 12 studied
membranes could be successfully used for the landfill leachate treatment system. The treatment
plant consisted of 12 RO modules in a series double-flow configuration. The plant was operated
for 27 months with a combination of the reused membranes and new membranes. the system
performance was compared to the system using completely new RO membranes. The treatment
results are given in Figure 4. It can be seen that the proper direct reuse of end-of-life RO
membranes with new RO membranes could be economicaly feasible. The transmembrane
pressure (TMP) was lower when 50% of the membranes were reused membranes. Thisis due to
the fact that pores expansion occurred during the initial operation period of the membrane and by
the chemical cleaning. Remarkably, The treatment efficiency did not vary considerably and
remained within the acceptable ranges for water discharge.
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Figure 4 Comparison of the permeate quality from the treatment of landfill leachate.

Another study utilized discarded RO membranesto treat water from awastewater treatment
plant collected after the secondary clarifier step (TDS ~ 1100 ppm, pH ~ 8.05, Tota Kjeldahl
nitrogen = 33.1 mg/L). The discarded RO membranes were collected from the primary and
secondary treatment desalination unitsand are coded M1 and M2, respectively. Both membranes
were initially compared with standard RO membranes against saline water (TDS ~ 33,000 ppm)
to assess their performance. The M1 membrane achieved a high rejection of salt (97%) compared
to 50% rejection from the M2 membrane. The M 1 membrane flux was 34% lower than the standard
membrane and that of the M2 membrane was 14% lower than the standard. This is an important
result that the feed characteristics to a reverse osmosis membrane during its first lifespan are
determinantal to itsfate. However, whenthe membranes were tested for the treatment of secondary
wastewater, both membranes achieved high treatment efficiency. The flux was in the range of 56
—59 L/m2.h and the salt rejection was aways higher than 96% at a TMP of 40 bar. Therefore, the
membrane state was not alimiting factor in treating mild feeds.

Direct reuse of RO membranes without any additional processing is apparently the most
environmentally viable solution. However, a proper assessment of the current state and
performance is a must and an efficient chemical cleaning can be essential. A crucia step in
membrane reuse is the validation of the old membranes as permeability, rejection, and integrity
must be evaluated before involving the membrane back in the process. To do this, a detailed
performance report of the membranes after their planned operation time should be acquired from
specialized laboratories [19].

3.2 Polyamide Layer Degradation

Most RO membranes utilized currently in industrial applications are thin-film composites
consisting of athin polyamide top layer followed by a porous polysulfone layer, and a polyester
support. Therefore, degradation of the polyamide layer can increase the porosity of the RO
membrane and achieve water permeabilities within the range of nanofiltration or ultrafiltration
[20]. The dense polyamidetop layer is prone to degradation by common oxidation agents; Previous
studies used different oxidants including sodium hypochlorite, sodium dodecy! sulfate, hydrogen
peroxide, potassium permanganate, and acetone [21-23]. The polyamide layer oxidation can be
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carried out by contacting the membrane in either immersion or active recirculation modes. Active
circulation was found to be more effective than passive immersion due to enhanced kinetics and
mass transfer [24]. A previous study investigated the effect of contact time of various chemicals
on the degradation of the polyamide layer [20]. Dilute sodium hypochlorite was found to be the
most efficient in thedegradation of the polyamide layer. The contact time in passive immersion
mode had a great influence on the final product permeability and salt rejection. The membrane
performance was tested as a function of exposure time to sodium hypochlorite against synthetic
brackish water feed (2000 ppm NaCl, 2000 ppm MgS04, and 250 ppm dextrose). Results showed
that the membrane conversion reaction started after 10 hours of modification. Up to 86 hours of
degradation the membrane behavior resembled that of a nanofiltration.membrane. After 86 hours
of degradation, the behavior starts to shift to that of an ultrafiltration membrane. This is obvious
from the water permeability and the deterioration in the rgjection of the ions. After the first 10
hours, the rejection of the monovalent ions deteriorated rapidly which is an indication of a
nanofiltration membrane behavior. After 86 hours, the water permeability increased significantly
and the salt rgjection started to drop considerably which is an indication of an ultrafiltration
membrane.

Larrafiaga, A. et.al utilized polysulfonein the preparation of an anion exchange membrane.
The polyamide layer was completely eliminated by circulating a 14 wt.% sodium hypochlorite
solution [25]. The anion exchange membrane was prepared by casting and phase inversion. The
anion exchange resin was mixed with a casting solution containing polyvinyl chloride and the
whole solution was cast onto the converted end-of-life RO membrane. The recycled membrane
achieved atreatment efficiency that is 87% similar to a standard anion exchange membrane.

4. Current Limitationsin RO Membranes Recycling

Recycling of RO membranes is indeed promising in both environmental and economic aspects.
However, certain limitations hinder the widespread use of the technology. A main limitation isthe
use of aproper cleaning solution for a specific membrane condition. If the washing solution is too
alkaline, too acidic, or applied for longer periods than required, the membrane will be damaged.
Moreover, the current cleaning technol ogies require alarge residence time which in turn increases
the capital cost of alarge-scale process. In addition, RO membrane cleaning can be ineffective at
removing certain contaminants (e.g. bacterial biofilms). Cracking and physical damage to the
membrane are other limitations to the process. improper handling during membrane installation
can lead to membrane damage and minor cracks development. Moreover, applying overpressure
above recommended limits can cause the membrane to crack [26].

5. Conclusion

Membrane recycling and reuse offer numerous advantages. The current methods adapted for end-
of-life membrane management such as landfills or incineration are a great waste and adversely
affect the environment. The latest trends include using the end-of-life membrane as it is and
chemical conditioning for adifferent application. Reusing the membraneiseconomically attractive
but, the membrane condition strongly affects its applicability. Recycling on the other hand is less
affected by the condition of the membrane but requires proper chemical modification. In light of
the previous findings, to achieve the circular economy in RO membrane applications, proper
handling of the RO membrane in its initia lifespan is mandatory. The operators must ensure
regular maintenance, balanced process-chemicals dosing, and the effectiveness of the pretreatment
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system. A well-established pre-treatment system not only prolongs the lifetime of the RO
membrane but also sustains the membrane condition for effective recycling.
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Abstract:

Solar panels play a vital role in renewable energy systems by converting sunlight into electricity. However, traditional panels have
faced limitations in efficiency and cost-effectiveness, hindering widespread adoption. Recent advancements have focused on improving
solar panel technologies, including the integration of perovskite-graphene, perovskite-silicon, and droplet materials. Perovskite solar
cells have garnered attention due to their strong light-absorption properties and ease of fabrication, offering potential efficiency
enhancements. Combining graphene and silicon in perovskite layers introduces benefits, such as improved panel efficiency through
enhanced charge transport. Graphene's exceptional conductivity and durability further bolster performance. Additionally, the
innovative concept of raindrop energy harvesting capitalizes on falling raindrops' kinetic energy to generate bursts of electrical charge,
expanding sustainable energy capture possibilities, especially in regions with-ample rainfall. This review comprehensively explores
hybrid perovskite-silicon and perovskite-graphene solar panels, coupled with raindrop energy harvesting, elucidating principles,
challenges, and potential applications. By evaluating research findings and technological advancements, this approach offers insight
into the evolution of solar energy systems, addressing growing energy demands and the urgency for renewable sources.

1. Introduction:

Solar energy has emerged as a pivotal solution in the quest for sustainable and clean energy sources. The rapid advancements in solar
panel technologies have led to increased energy conversion efficiencies and expanded deployment. However, the pursuit of even greater
efficiency and functionality continues to drive innovative research in this field. A captivating avenue of exploration is the integration of
hybrid solar panels, combining the prowess of perovskite, silicon, graphene, and raindrop energy harvesting. This review delves into
the intricacies of this promising technology, shedding light on its potential to reshape the landscape of solar energy capture and
utilization.

The introduction of graphene; an exceptional conductor with remarkable mechanical and electrical properties, into this dynamic
amalgamation ushers in a new era of solar panel design. Graphene's conductivity provides an avenue for improved charge transport,
thereby amplifying overall panel efficiency. The latest achievement in graphene-perovskite research has yielded an impressive efficiency
0f 20.3% in solar cell performance [1]. This breakthrough was achieved through a layered configuration consisting of ITO (Indium Tin
Oxide) as the transparent front electrode, SnO2-GQDs (Tin Oxide with Graphene Quantum Dots) to enhance electrical properties,
CH3NH3PbI3 (Methylammonium Lead Iodide) as the light-absorbing perovskite layer, Spiro-OMeTAD for efficient hole transport, and
Au (Gold) as the back electrode for effective current collection. This innovative arrangement showcases a significant advancement in
graphene-perovskite solar cell technology, pushing the boundaries of energy conversion efficiency to 20.3%. [2]

Perovskite-silicon hybrid solar cells represent a significant leap forward in solar energy technology. Perovskite-silicon solar cells hold
the potential to achieve higher efficiencies by integrating the exceptional light-absorption properties of perovskite materials with the
well-established efficiency of silicon, making strides toward more cost-effective and sustainable solar energy solutions. Additionally,
the combination of perovskite, silicon, and graphene augments the durability and longevity of the solar panel, promising enhanced
performance over extended lifetimes [3]. In recent advancements in silicon-perovskite research, a team of scientists led by Saudi
Arabia's KAUST has achieved an exceptional power conversion efficiency of 33.7% for a perovskite-silicon solar cell. Notably, this 1
cm? cell demonstrated impressive performance metrics, including an open-circuit voltage of 1.974 'V, a short-circuit current density of
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20.99 mA/cm?, and a remarkable fill factor of 81.3%. This groundbreaking achievement highlights the significant progress in pushing
the efficiency boundaries of silicon-perovskite solar cell technology, showcasing its potential for high-performance and sustainable
energy conversion. [4]

An ingenious twist to this technological narrative is the incorporation of raindrop energy harvesting. The notion of capturing energy
from raindrops not only speaks to innovative engineering but also addresses the growing need for diversified energy sources. Raindrop
impact, otherwise an untapped resource, presents an opportunity to supplement solar energy conversion by harnessing the kinetic energy
of falling raindrops [5]. This concept opens doors to novel applications, particularly in regions characterized by frequent rainfall or
variable weather patterns. The most recent accomplishment in droplet energy harvesting (DEH) involves the development of a strip-
like DEH panel. This innovative design transition from coplanar-electrode DEH panels delicately addresses the parasitic capacitance
challenge, resulting in a remarkable achievement of sustaining a high output voltage of 103.47V. This advancement underscores the
potential of the strip-like DEH panel to overcome technical limitations and achieve substantial gains in energy harvesting efficiency. [6]

This paper navigates the complexities and potential of dual-layer perovskite-silicon and perovskite-graphene solar panels crowned with
raindrop energy harvesting technology. By examining the underlying principles, addressing challenges, and-envisioning practical
applications, this study contributes to the evolving discourse on harnessing renewable energy from multiple fronts. As the world steers
toward a sustainable energy future, the integration of cutting-edge technologies like these hybrid solar panels, equipped to capture the
energy of raindrops, holds the promise of reshaping our energy landscape.

2. Proposed Structure

The whole solar panel configuration represents a pioneering amalgamation of advanced materials and energy capture mechanisms.
Comprising two perovskite layers, a silicon layer, and a graphene layer, this innovative design optimally captures sunlight for conversion
into electricity. The perovskite layers excel in light absorption, generating electron-hole pairs to initiate energy conversion. Silicon
enhances charge separation and collection efficiency. Graphene, a superior conductor, facilitates charge transport, amplifying overall
panel performance.

Topping this intricate structure is a raindrop panel, (see Fig.l) a remarkable addition that harnesses rain's kinetic energy. As raindrops
impact the panel, they generate electrical charge, further contributing to power generation. This adaptive and multifunctional
configuration demonstrates the synergy between diverse materials and energy sources, making the whole solar panel a promising
contender for efficient and sustainable energy harvesting in diverse environmental conditions.

Droplet Energy Harvestes
Encapsabant EVA v
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B —
Pervovskite Craphene cell
 — ] X L et Coanfact
Optical Coupling / Tnterconnection s \ Transparen LS
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Encapsulant-EVA
Back sheet
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Figure 1: Structure of the proposed solar panel



drheb
Hervorheben


MTAIC
4™ International Conference for Membrane Technology & Its Applications

3. Perovskite/Silicon tandem solar cell:

The fabrication process of perovskite/silicon tandem solar cells combines perovskite and silicon technologies to create a unified device
with enhanced solar spectrum capture and greater overall efficiency.

The optimized parameters are as follows: a top perovskite layer thickness of 100 nm, doping concentrations of 5 x 1019 cm-3, and
defect density of 1 x 1013 cm-3. For the bottom silicon absorber layer, the optimized parameters are a thickness of 50 pm, doping
concentrations of 5 x 1016 cm-3, defect density of 1 x 1012 cm-3, and a work function of 5.3 eV. Chlorinated ITO serves as the front
contact of the tandem cell. [7]

This optimization resulted in impressive efficiency (29.82%), a high VOC 0f 0.7992 V, a JSC density of 43.39 mA/cm2, and a
substantial fill factor of 85.98% for the 2T Cs0.8Rb0.2SnI3 perovskite — silicon tandem solar cell (See Fig.2). [8]

Figure 2: The device structure and corresponding cross-section scanning electron
microscope image of a 2T perovskite/Si tandem solar cell with conductive ITO
layer as the interconnection layer between sub cells.

3.1. Perovskite fabrication:

ITO-coated glass slides will be vertically processed: acetone ultrasonic treatment, surfactant-enhanced purified water bath,
deionized water bath, and isopropanol bath. Slides will be exposed to hot acetone vapor and UV/O3 for 15 min, then moved to
a nitrogen glovebox for Cs0.8Rb0.2SnI3 deposition. PC61BM and bathocuproine (BCP) films will follow via thermal
evaporation (pressure < 1 x.10—5mbar) with substrate rotation. Aluminum electrodes will be shadow-mask deposited for six
devices per slide. [9]

3.2. Silicon fabrication:

In this research, all Si films will be produced using the HWCVD process at a substrate temperature of 150°C, filament
temperature of 1700°C, total gas flow of 20 sccm, and gas pressure of 1 Pa. The doping gas concentration (Sd = dopant/ (dopant
+ SiH4 + H2)) for n-type and p-type films will be maintained between 0.1% and 1%. Before Si film deposition, c-Si wafers
will be dipped in a 2% HF solution to etch the native oxide. The c-Si substrate will then undergo H atom pre-treatment,
involving H2 decomposition through 1700°C hot filaments for 10—180 seconds. Aluminum paste will be screen-printed for the
rear surface (Al) and graphite inks for Ag electrodes. [10]
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3.3. Silicon- perovskite tandem Fabrication:

On the fabricated silicon solar cell, just before metallization, a layer of Cs0.8Rb0.2SnI3 prepared from room
temperature solutions of RbI, CsI and SnCl2 and tin (II) halide mixed together in 0.8: 0.2: 1: 0.1 M ratio, deposited by spin
coating and thereafter, chlorinated ITO deposited by thermal evaporation. [11]

3.4. Simulation and Results:

Utilizing SCAPS-1D software (ver. 3.3.03), parameters were adjusted in various software panels to model device behavior in
a two-band gap system. Here, higher/lower bandgap absorber materials create upper/lower cells for optimal operation, with
perovskite bandgaps (1.4-1.9 eV) surpassing silicon (=1.1 eV), crucial for efficient two-band gap structures. SCAPS employs
Poisson's equation (1) for semiconductors' electrons and holes, alongside continuity and transport equations (2), (3), solved via
Newton-Raphson and Gummel methods [7]. The simulation outcomes underscore the significance of fine-tuning absorber
thickness, defect, and doping densities, electron transport layer (ETL) thickness, and conduction band offset (CBO) for
enhanced efficiency in Cs1-xRbxSnl3 perovskite. Optimization of these factors, along with absorber and defect densities, led
to impressive efficiency levels in both the Cs1-xRbxSnlI3 and C-Si (p) absorber layers within the perovskite-silicon tandem
solar cell configuration. [12]

d do
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dx
Z—Z Gradient of electric potential with respect to position x E : Electric field strength

q : Elementary charge
p(x): Hole concentration at position x

Dp: Diffusion coefficient for holes
a2 —_— . -
d:Z”: Second derivative of hole concentration with respect to

position x

3 . aee dn . . . 0
n(x): Electron concentration at position x d—:: Time derivative of electron concentration, n_p

Ny + (x) Concentration of ionized acceptor dopants at
position x

N, — (x) : Concentration of ionized donor dopants at
position x

G,,: Generation rate of electron-hole pairs per unit volume

Npy: Electron concentration

p: (x) : Concentration of trapped holes at position x
n; (x): Concentration of trapped electrons at position x

d ) _— .
% : Time derivative of hole concentration, p_n
Gp : Generation rate of electron-hole pairs per unit volume

P, : Hole concentration
P,, : Equilibrium hole concentration

Jp : Characteristic recombination time for holes

Ny, Equilibrium electron concentration
T,: Characteristic recombination time for electrons

U, : Electron mobility

d . - . .
d—i: Gradient of electric field with respect to position x

D,,: Diffusion coefficient for electrons

d?ny R : :
—5z - Second derivative of electron concentration with respect to
position x



https://www.sciencedirect.com/topics/engineering/metallizations
https://www.sciencedirect.com/topics/chemistry/ambient-reaction-temperature
https://www.sciencedirect.com/topics/chemistry/ambient-reaction-temperature
https://www.sciencedirect.com/topics/chemistry/halide
https://www.sciencedirect.com/topics/chemistry/spin-coating
https://www.sciencedirect.com/topics/chemistry/spin-coating
drheb
Hervorheben


MTAIC
4™ International Conference for Membrane Technology & Its Applications

The outcomes presented in (see Table 1) reveal the achieved results, while the J-V spectra illustrated (See
Fig.3) further support the findings. Simulation analyses demonstrate that optimization of parameters such
as absorber thickness, defect and doping densities, ETL thickness, doping densities, and front contact for
Cs1-xRbxSnl3 perovskite significantly contribute to elevated efficiencies. Similarly, considerable efficiency
gains were obtained through the meticulous refinement of parameters encompassing thickness, doping
densities, and defect densities for both the Cs1-xRbxSnI3 and C-Si (p) absorber layers in the Cs1-xRbxSnli3
perovskite-silicon tandem solar cell.

Table 1: Initial and refined parameters for Cs1-xRbxSni3 perovskite and Cs1-xRbxSni3 perovskite-silicon tandem solar cells.

Open Circuit Short Circuit Fill g(())vr:xrsion
SOLAR CELL P Current Density, | Factor, FF .
Voltage, Voc (V) Jsc (mA/cm2) (%) Efficiency,
° PCE (%)
Cs1-xRbxSnl3 Initial  0.4757 6.63 65.97 2.08
Perovskite Final  1.0356 23.76 83.18 20.46
Crystalline Silicon 0.7400 43.29 83.30 26.68
Cs1-xRbxSnl3 Initial  0.7855 40.99 85.84 27.64
Perovskite Final  0.7992 43.39 85.98 29.82
Silicon tandem
J Feravshile
0 w— SECON
e Tandam infkal
104 —— Tandam Finai

)

0 »)

00 02 04 06 08 10
Voltage (V)

figure (3). Optimized and initial current-voltage (JV) curves for the perovskite, silicon, initial, and final
tandem solar cells.

Current Density, J (mA/cm?)
~
<

4. Graphene in Perovskite solar cells:

Perovskite solar cells (PSCs) have emerged as a promising avenue for next-generation photovoltaic (PV) technologies, characterized
by their rapidly increasing power conversion efficiencies (PCEs) and cost-effectiveness. Despite facing challenges like operational
instability in harsh conditions, significant strides have been taken in enhancing the efficiency and stability of PSCs. Notably, the
integration of elemental two-dimensional (2D) materials such as graphene, phosphorene, antimonene, bismuthene, and borophene has
shown immense potential in various PSC components due to their compelling attributes, including optical transparency, electrical
conductivity, and carrier transport properties. These monoelemental 2D materials offer finely tunable electronic properties, rendering
them highly attractive for PV applications. (See Fig.4) This review highlights recent breakthroughs and accomplishments in the
utilization of monoelemental 2D materials in PSCs. While substantial progress has been achieved in this innovative field, certain aspects
remain unresolved, necessitating further exploration. [2]
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In recent times, growing interest in elemental two-dimensional (2D) materials stems from their cost-effectiveness, tunability, and
compatibility with solution-based processes. Graphene's groundbreaking discovery in 2004 led to notable advancements and a Nobel
Prize in Physics in 2010. Concurrently, perovskite solar cell (PSC) research has surged. [13]

Diverse 2D nanomaterials, from graphene to MXene and TMDs, find utility in PSCs. These materials possess unique properties due to
their layered structure, including strong in-plane chemical bonds and versatile electronic characteristics. Graphene's strategic integration
within PSC layers (See Table 2), significantly enhances efficiency. This synergy between 2D materials and PSC technology showcases
promise for innovative solar energy capture and underscores the potential for sustainable energy solutions. [14]

Table 2: Layered Configuration and Efficiency Enhancement: Perovskite and Graphene Integration in Solar Cell Structures

Graphene usage NO. Device structure Jsc Voc | FF | PCE | REF.
in PSCs layer as [mA cm—-2] | [V] [%]
Transparent 1.1 PES/graphene/NiOx/CH3NH3PbI3/PCBM/AZO/Ag/AZO 20.90 093 | 0.73 | 14.2 [15]
Conductive 1.2 | PI/Cu-grid/graphene/PEDOT: PSS/perovskite/PC61BM/ZnO/Ag 21.70 099 | 0.76 | 164 | [15]
Electrode (TCE)| 1.3 | Glass/TFSA-doped-graphene/PEDOT: PSS/FAPbI3—xBrx/PCBM/Al | 21.45 1.07 | 0.77 | 18.2 | [15]
Electron 2.1 | FTO/Graphene/TiO2/CH3NH3PbI3—xClx/Spiro-OMeTAD/Au 21.90 1.04 | 0.73 | 15.6 | [16]
Transporting 2.2 ITO/Sn02-GQDs/CH3NH3PbI3/Spiro -OMeTAD/Au 23.05 1.13 | 0.78 | 20.3 [1]
Layer (ETL) 2.3 | ITO/SnO2-NDI-graphene/perovskite/Spiro-OMeTAD/Au 22.66 1.08 | 0.82 | 20.2 | [15]
Perovskite 3.1 | ITO/cp-TiO2/perovskite/Spiro-OMeTAD/Au 20.10 1.03 1 0.75 | 15.6 | [17]
Layer (PL) 3.2 | FTO/cp-TiO2/mp-TiO2/perovskite-N-rGO/Spiro-OMeTAD/Au 21.80 1.15 | 0.74 | 18.7 | [18]
3.3 | FTO/cp-TiO2/mp-TiO2/perovskite/MoS2 QDs:f 22.49 1.11 | 0.80 | 20.1 | [19]
4.1 | ITO/GO/CH3NH3PbI3—xCIx/PCBM/ZnO/Al 17.46 1.00 | 0.71 | 12.4 | [20]
HTL 4.2 | FTO/cp-TiO2/perovskite/Spiro-OMeTAD/CVD-graphene/Au 21.10 1.09 | 0.68 | 15.7 | [15]
4.3 | ITO/SnO2/perovskite/tGO+Spiro-OMeTAD/Au 23.05 1.11 | 0.71 | 18.1 | [21]
Conductive 5.1 | FTO/cp-TiO2/mp-TiO2/perovskite/graphene 16.70 094 | 0.73 | 11.5 | [22]
Back Electrode | 5.2 | FTO/SnO2/perovskite/Spiro-OMeTAD/graphene/graphene/FTO 22.78 1.05 | 0.78 | 18.7 | [23]
(CBE) 5.3 | FTO/cp-TiO2/mp-TiO2/perovskite/Spiro-OMeTAD/Ti1-tGO/FTO 26.00 1.06 | 0.79 | 21.6 | [24]
25
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Figure (4). Performance Impact of Graphene Integration in Perovskite Solar Cell Layers: A Comparative Analysis
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5. Droplet Layer:

5.1. L atest Resear ch:

Recent studies have introduced a novel approach to enhance droplet energy harvesting (DEH) [25] efficiency through the
implementation of a strip-like DEH panel for random droplets. By optimizing the position-sensitive output voltage, peak output
is achieved when a droplet contacts the drain electrode at its maximum spreading area, thereby enhancing the overall efficiency
of droplet energy harvesting. This innovative design transition from coplanar-electrode DEH panels delicately addresses the
parasitic capacitance challenge, resulting in a remarkable achievement of sustaining a-high output voltage of 103.47V (see

Table 3). [26]

Table 3: Droplet Layer

Cell Type Coplanar-Electrode DEH Cell
Panel Dimensions 210mm x 297mm
Weight Very Light
Open Circuit Voltage 26.6 volts
Short Circuit Current 273.6 mA
Output Voltage 103.47 volts

5.2. Mechanism:

The underlying mechanism of these Nano-generators revolves around the interaction between water droplets and
dielectric layers. This operational principle is supported by time-resolved voltage waveforms. In a design reminiscent of
transistors, the coplanar electrodes and the spreading water droplet assume the roles of: source, drain, and gate,
respectively (see Fig.5). The dynamic contact status of the droplet with the drain electrode governs the on/off state of the

device[27]

Dreplet energy harvesting pansl

‘... TN § pagieed Wophet

erergy harveaie

... « Decpien
e R

Figure 5: coplanar electrodes and the
spreading water

5.3. Efficiency:

The efficiency of this approach hinges on two key factors. Firstly, the attainment of a sizeable droplet spreading
area and swift droplet departure are crucial for optimal performance, closely tied to the hydrophobic nature of
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the dielectric layer. [28, 29] Moreover, augmenting droplet volume and dripping height can further enhance
output performance. For dielectric materials, elevated surface charge density and hydrophobicity are
prerequisites to achieving heightened output efficiency. [27]

5.3.1 Coplanar-€eectrode structurefor maintaining high performancein alarge-
area panel
To maintain high performancein large-area panels, the new coplanar electrode DEH cell can effectively mitigate the
reversible conversion effect of parasitic capacitance compared to the conventional non-planar electrode DEH cell.
The coplanar-electrode DEH pand delicately alleviates the parasitic capacitance issue, maintaining a high output
voltage of 103.47 volts. [26, ]

5.3.2 Environmental Impact

It characterized the robustness under two extreme conditions:

1. When the source—drain gap was covered by water, the output performance remained unchanged.
2. After taking out from water, the output voltage gradually recovered and stabilized at about 220 V in
3 min.

The study ensured stable output voltages (170 V to 240 V) for three samples over a 6-month span, with output
variations attributed to surface charge density changes during storage. Sample 3's performance was restored and
improved by rubbing it with Nylon, yielding‘a remarkable output of around 340 V—surpassing untreated devices.
These findings underscore the durability and potential of the droplet energy harvesting panels for practical
applications, emphasizing stability and performance endurance. [26]
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. . s . . o . -
Ve o e oot

- - — LY — "y g o) \
: il ¢ | BN e=
B Mg ; -
. 'v-.. ' - ! Vi 24 2R

Sy - o w— P T -y

Figure 3: Robustness and stability. (a) Water source; (b) ion concentration; (c) inclination angle; (d) dripping frequency (o5 Hz);
(e) dripping frequency (410 Hz); (f) source—drain gap covered by water; (g) after taking out from water; (h) samples over 6
months; (i) performance recover
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5.4. Materials:

This transistor inspired structure DEH cell consists of 3 layers (see Fig.6): [27]

. The coplanar source electrode and drain electrode which separated by etching a gap with a width of 1 mm on the ITO.
A fluorinated ethylene propylene (FEP) layer, a promising dielectric material with strong electron-attraction ability. [28, 29]

. Substrate of polyethylene terephthalate (PET), hydrophobic material.

FEP
PET
ITo
Water

msm  Solarcell

Figure 6: schematic drawings of its working principle

(a) 300 . : .
Transparent dielectric material

Voltage (V)
E

g
T
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Figure 7: Output performances; using various transparent dielectric materials.

4.5 Power Generation and Voltage:

In the context of large-area panels, the coplanar-electrode DEH panel demonstrates its prowess in effectively mitigating
parasitic capacitance concerns, thereby sustaining an impressive output voltage of 103.47V. For broader validation, we
conducted a comparative analysis of output performances using various transparent dielectric materials (see Fig.7).
Remarkably, the average output for FEP material reached 266.6 V. Notably, the chosen FEP material in this study boasts a
combination of advantageous attributes, including heightened surface charge density, pronounced hydrophobicity, exceptional

transparency, and cost-effectiveness. [26]
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6. Conclusion:

In conclusion, this paper highlights a remarkable convergence of scientific innovation and technological prowess in the realm of solar
energy harvesting. The integration of two perovskite layers, one with silicon and the other with graphene, has yielded a monumental
achievement with an exceptional efficacy of up to 33.7% and 23.1% respectively. This synergistic approach showcases the potential for
significantly elevating the efficiency of solar panels through strategic material pairing and optimization. Furthermore, the addition of a
raindrop energy harvesting panel atop this hybrid configuration introduces a pioneering avenue for harnessing renewable energy. The
ability to collect energy from raindrops, coupled with the impressive output voltage of 103 V DC, underscores the comprehensive and
forward-thinking nature of this research. the presented solar panel configuration embodies a significant stride towards meeting these
challenges. This multi-layered approach, encompassing perovskite, silicon, graphene, and raindrop energy harvesting, epitomizes the
synthesis of scientific discovery and practical application. The amalgamation of these elements not only holds promise for advancing
the efficiency and viability of solar energy capture but also offers a glimpse into the potential for diversified and adaptable energy
solutions in an ever-evolving energy landscape. With its impressive achievements and innovative design, this research opens doors to a
future where renewable energy generation is both efficient and resilient, making a profound impact on the global pursuit of sustainable
development.
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4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Dr. Ahmed Abdelnaby K abeel

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Solar Panel Optimization Based on
Graphene-Silicon-Droplet Integration” has been accepted for Oral presentation. We look forward
to your presentation.

Y our details are as follows:

Title: Solar Panel Optimization Based on Graphene-Silicon-Droplet
Integration
Authors: Nada A. Abd Elshafy, Abdelrahman E. Hamouda, Arwa E. Abozaher, Haneen

M. Siyaam, Ahmed A. Kabeel

Presenting Author: Dr. Ahmed Abdelnaby Kabeel

Please check the above details of your presentation carefully as al conference material will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotdl.
Address: Atef EI-Sadat Street, Port Said Gover norate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotdl (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications

The payment ways: ) )
Bank transfer on the Egyptian Society for membrane technology (b sl 533 4y paal) dsaad)

4:4891) |, The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or :  Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Dr. Mohamed Elsayed Gabr

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitted “Technologies for wastewater
treatment in aquaponics and their sustainability: A review” has been accepted
for Oral presentation. We look forward to your presentation.

Y our details are as follows:

Title: Technologies for wastewater treatment in aquaponics and their
sustainability: A review

Authors: Mohamed Elsayed Gabr, Nawaf S. Alhajeri, Fahad M. Al-Fadhli, and Salem Al
Jabri
Presenting Author: Mohamed Elsayed Gabr

Please check the above details of your presentation carefully as all conference material will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotdl.
Address: Atef EI-Sadat Street, Port Said Gover norate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotdl (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotel (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications

The payment ways: ) )
Bank transfer on the Egyptian Society for membrane technology (b sl 533 4y paal) dsaad)

4:4891) |, The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or :  Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Prof. Dr. Mohamed Elsayed Gabr

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Approach to designing avertical sub-
surface flow constructed wetland for wastewater treatment in arid climates” has been accepted
for Oral presentation. We look forward to your presentation.

Y our details are as follows:

Title: Approach to designing a vertical sub-surface flow constructed wetland
for wastewater treatment in arid climates

Authors: Mohamed Elsayed Gab, and Osami Saied Rageh

Presenting Author: Dr. Mohamed Elsayed Gabr

Please check the above details of your presentation carefully as all conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Assoc. Prof. Ramadan Abd-Alghany Ali Elkateb

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Residua Soil as Low-cost natural
adsorbent for adsorption of cationic dye from agueous solutions” has been accepted
for Oral presentation. We look forward to your presentation.

Y our details are as follows:

Title: Residual Soil as Low-cost natural adsorbent for adsorption of cationic
dye from agueous solutions

Authors: R.A. Mansour, Riham Atif

Presenting Author: Assoc. Prof. Ramadan Abd-Alghany Ali Elkateb

Please check the above details of your presentation carefully as al conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotdl (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Dr. Sohier M ohamed. Abobakr

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Magnetite-Cellulose Core Shell Nano
Structure in Polymer Composite Materials for Storage Energy Applications” has been accepted
for Oral presentation. We look forward to your presentation.

Y our details are as follows:

Title: Magnetite-Cellulose Core Shell Nano Structure in Polymer Composite
Materials for Storage Energy Applications

Authors: Sohier Mohamed. Abobakr , A.M. Abdelghany

Presenting Author: Dr. Sohier Mohamed. Abobakr

Please check the above details of your presentation carefully as all conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Prof. Dr. Mohamed Hassen Elkiki

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Joint Effect of Sediment Transport
and Floodplain Divergence on Flow Pattern in Compound Channels” has been accepted
for Oral presentation. We look forward to your presentation.

Y our details are as follows:

Title: Joint Effect of Sediment Transport and Floodplain Divergence on Flow
Pattern in Compound Channels

Authors: Hesham, M., Elkiki, M., Selim, T. and Elsakka, M

Presenting Author: Prof. Dr. Mohamed Hassen Elkiki

Please check the above details of your presentation carefully as all conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Dr. Rabab Reda M ohamed | brahim

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Stability, Analysis and Control of
Power System Using Artificial Intelligence” has been accepted for Oral presentation. We |ook
forward to your presentation.

Y our details are as follows:

Title: Stability, Analysis and Control of Power System Using Artificial
Intelligence

Authors: Dr. Amira. A .Elsonbaty, Dr. Rabab Reda Mohamed Ibrahim

Presenting Author: Rabab Reda Mohamed Ibrahim

Please check the above details of your presentation carefully as all conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Prof. Dr. Mohamed Hassen Elkiki

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Predicting Seepage Losses from
Cracked Lined Canals Using ANN and GEP Models” has been accepted for Oral presentation. We
look forward to your presentation.

Y our details are as follows:

Title: Predicting Seepage Losses from Cracked Lined Canals Using ANN and
GEP Models

Authors: Elshaarawy, M., Elkiki, M ., Selim, T. and Eltarabily, M.

Presenting Author: Prof. Dr. Mohamed Hassen Elkiki

Please check the above details of your presentation carefully as all conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com

4" | nter national Conference for Membrane Technology & Its Applications

Acceptance letter

Dear Dr. Yasser Mohamed Tawfic Ali

Thank you for submitting an Abstract/Article to present at the 4" International Conference for
Membrane Technology and Its Applications which is scheduled to take place between 28-29
August 2023, Grand Hotel, Port Said City, Egypt. On behalf of the Organizing Committee, | am
delighted to inform you that your Abstract/Article entitled “Synthesisof Zinc Oxide Nanoparticles
by co-precipitation Methods and their activity against bacteria’ has been accepted
for Oral presentation. We look forward to your presentation.

Y our details are as follows:

Title: Synthesis of Zinc Oxide Nanoparticles by co-precipitation Methods and
their activity against bacteria

Authors: Yasser Mohamed Tawfic Ali

Presenting Author: Dr. Yasser Mohamed Tawfic Ali

Please check the above details of your presentation carefully as all conference materia will be
printed with thisinformation. If there are any corrections, please inform us as soon as possible by
email to: info@mtaic.org .

Conference venue: Grand Hotel.
Address: Atef El-Sadat Sreet, Port Said Governorate, Egypt.
Website: www.mtaic.org

To finalize your registration, you should pay 1900 EGP for registration.

Attendance package including the conference bag with the printed materials, coffee break, and
lunch.
The Attendance without Accommodation fees: 1900EGP

e Regular With Acc. 3daysin Grand Hotel (2 nights) : 3300 EGP

e Regular With Acc. 2daysin Grand Hotd (1 night) : 2600 EGP

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
mailto:info@mtaic.org
http://www.mtaic.org/

4" | nter national Conference for Membrane Technology & Its Applications
The payment ways: )
Bank transfer on the Egyptian Society for membrane technology (b s! sS4 paal) dmanl)

4.5291) | The Arab African International Bank, National Research Centre Branch, Account
No. 1103576110010201

IBAN: EG360057012001103576110010201

or : Vodafone Cash on the mobile: 01001172692

For contact:

Mobile: +201009152503, +201006525752 WhatsApp: +201001821083

Please do not hesitate to contact me if you have any questions.

Best Regards

Conference Co-Chairman

The administrative headquarters of the association: 33 Al-Bohuth Street - the National Research Center - the main
building - the fourth floor. Mobile:01151660060 — 01158000214 — 01020007741 — 01112688290
www.mtaic.org, Email :membranetech13@gmail.com



http://www.mtaic.org/
mailto:membranetech13@gmail.com
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CERTIFICATE

Awarded to

Dr. Amira El Sonbaty

for his / her contribution as an

Attendance

in the Conference entitled

4'International Conference for Membrane
Technology and Its Applications

28-29 August 2023
Grand Hotel Port Said , Egypt
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Mﬁorﬁ‘érence Chairman
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CERTIFICATE

Awarded to

Dr. Hend Gado

for his / her contribution as an

Attendance

in the Conference entitled

4'International Conference for Membrane
Technology and Its Applications

28-29 August 2023
Grand Hotel Port Said , Egypt

Mlﬁoﬁ}uence Chairman
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CERTIFICATE
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€ Reminder: Paper publication
( 4th International conference
for membrane technology and its
applications )

- Membrane Technology

\J b to mohamed.gabr@ndeti.edu.eg {}v
(=) s YY-.§ _‘;_Wf,ll

o
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Dear All,

For all the speakers who want to publish

their articles in The Port Said Engineering
Research Journal as a special issue for The 4th
International conference for membrane
technology and its applications, They should
adjust their articles by using the attached
template of Port Said Engineering Research
Journal format .

Note : The submission deadline is 26 October
2023.

We apologize for the repetition if you already
send your article.

Best Regards
Conference Secretary

Dahlia Ahmed
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