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Welcome Message from General Chairs 

 
Dear Colleagues, Scientists and Participants 
 

It is our great pleasure to invite you from around the globe to join us for the First Edition 
of the International Conference on Bio-Materials Science, Mechanical and Electrical 
Engineering (ICBMSM2E'24), set to unfold in the city of Nador, Morocco, December 11-12, 
2024. 

This event plays a pivotal role in advancing knowledge and innovation across a wide range 
of fields, reflecting the multi-disciplinary and dynamic nature of modern science and 
technology. It spans areas such as materials science, electronics, mechanics, and electricity, 
while also embracing cutting-edge domains like artificial intelligence. Furthermore, the event 
addresses pressing challenges and opportunities in renewable energy technologies, including 
solar cells, photovoltaics, wind turbines, and fuel cells, as well as critical applications in civil 
engineering and beyond. 

By fostering dialogue and collaboration among experts from these diverse disciplines, the 
event offers participants a unique platform to exchange ideas, share insights, and explore new 
directions for research and development. This gathering not only highlights the 
interconnectedness of these fields but also provides a fertile ground for sparking innovative 
solutions and building impactful collaborations that will shape the future of science and 
technology. 

We hope to see you all in the vibrant city of Nador, to enjoy the event while exploring the 
charm of this coastal gem. Nestled between the Mediterranean Sea and the majestic Rif 
Mountains, Nador offers a unique blend of natural beauty and cultural richness. We extend 
a heartfelt welcome on this special occasion, promising an engaging, inspiring, and 
unforgettable experience. 
Thank you, and we look forward to sharing this memorable journey with you! 
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To Infinity and Beyond 

Summary 

 

Gabe will give a motivational presentation to encourage students to adopt three key 

principles: always do your best, enjoy everything you do, and believe in yourself. Gabrielle's 

mission is to instill hope and positivity in young minds, showing them that a fulfilling life is 

attainable through hard work and passion. 

 

 

 

Gabe Gabrielle has dedicated approximately 17 years to NASA as an Engineering 

Programmer at the Kennedy Space Center (KSC), where he has played a crucial role in 

maintaining and improving the infrastructure, including roads, bridges, mechanical systems, 

and environmental conditions. His responsibilities include identifying problems, proposing 

solutions, calculating costs, and prioritizing funding for necessary repairs. Gabrielle is also 

an active member of NASA’s Disability Awareness and Action Working Group, where he 

works to enhance the work environment for personnel with disabilities, and has served on 

NASA’s Speakers Bureau for 11 years, sharing his passion for space exploration with young 

audiences. 

His experiences at KSC have provided him with unparalleled access to significant facilities 

such as the Vehicle Assembly Building and Launch Complexes. Gabrielle recalls the thrill of 

witnessing shuttle launches firsthand, describing the powerful sensations of the earth shaking 

and the shuttle ascending into the sky. These experiences have fueled his desire to inspire 

children about careers in Science, Technology, Engineering, Arts, and Mathematics 

(STEAM), emphasizing the importance of believing in oneself and pursuing dreams. 

 

 

 

Mr. Gabe Gabrielle 

Former NASA Engineer, USA 
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Smart Cities, Smarter Futures: Accelerating UN SDGs Through Innovation 

Mohamed ESSAIDI   

 

Abstract  

As urbanization continues to shape the global landscape, smart cities are emerging as pivotal hubs 

for sustainable development and innovation. This keynote explores how smart city initiatives can act 

as powerful accelerators for achieving the United Nations Sustainable Development Goals (SDGs). 

By integrating cutting-edge technologies, data-driven solutions, and citizen-centric approaches, smart 

cities have the potential to revolutionize urban living, address pressing global challenges, and promote 

inclusive, equitable, and resilient communities. Join us to discover transformative strategies and 

success stories that demonstrate how smart cities are shaping smarter futures for all. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Mohamed ESSAIDI is the founder and current president of the IEEE Moroccan Section since 

November 2004. He founded the Mediterranean Microwave Symposium (MMS) in 2000 and the 

Information and Communication Technologies International Symposium (ICTIS) in 2005. He co-

directed the NATO Advanced Research Workshop on Information Security Assurance in Tetouan 

in 2005. Additionally, he chairs the Scientific Committees of several symposia and conferences, 

and referees for multiple journals including IEEE Transactions on Microwave Theory and 

Techniques. 

 

 

 

Pr. Mohamed ESSAIDI   

Founding President of the IEEE Morocco Section 



 

15 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 
 

 

 

 

Advancements and challenges in hybrid systems for renewable energy 

Daniel TUDOR COTFAS 

Transylvania University of Brașov, Romania 

Abstract  

Due to the variability of solar energy, efficient solutions must be found that have an almost 

continuous supply of the systems. One of the efficient methods in this case is the use of hybrid 

systems, that is, the use of two or more methods. Hybrid systems can use solar energy and 

wind energy, solar energy, wind and geothermal energy or biomass, etc., or can transform 

solar energy into electrical and thermal energy. My presentation will focus on hybrid systems 

in the last category, namely systems consisting of photovoltaic panels and thermoelectric 

generators or both and solar collectors. These systems are analyzed in different structures, in 

natural light and concentrated light. 

These systems will be analyzed and discussed in terms of advantages and disadvantages, 

limitations and challenges. Also, different applications will be discussed and analyzed. 
 

 

 

 

 

 

 

 

 

 

Daniel Tudor Cotfas is Professor in Electronics and Computers Department, at the Transilvania 

University of Brasov, Romania. His research interest is in the characterization of the hybrid PV 

components, virtual instrumentation, and remote systems control. During his career he received 

several awards - Gold medal at invention salon Euroinvent 2015; National Instruments Graphical 

System Design Achievement Awards 2013, USA, Austin: Education Winner, NI Community's 

Choice; Editor's Choice Award; Romania National Instruments NIDays Contest 2012 Romania, 

Bucharest. Prof. Dr. Cotfas published more than 65 papers in ISI journals or ISI conferences and 

over 50 papers in proceedings of international and national conferences and has reviewed more 

than 100 papers for ISI and BDI journals. 
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Characterization of solar thermoelectric generator based on RIO hardware 

Petru A. COTFAS, Daniel T. COTFAS 

Transilvania University of Brasov, Electrical Engineering and Computer Science Faculty, 500036 Brasov, Romania 

Abstract  

Renewable energy sources have become a solution for the increasing energy demand of humankind. 

Different renewable sources are used today like solar, wind, biomass, or ocean waves. The solar irradiance can 

be used based on photovoltaic or thermic processes. The latter can be used for thermal energy generation or 

electrical energy generation. One solution for electrical energy generation based on the thermic process is to 

use the thermoelectrical generators which are based on the Seeback effect. To use these generators, it is 

necessary to understand how they work and how they are characterized. The focus of this paper is to develop a 

modular and reconfigurable system for thermoelectric generator characterization and study. The device is based 

on the RELab board and NI myRIO device. The system allows the study of the behavior of the thermoelectric 

generators in laboratory conditions, but also in natural conditions like solar thermoelectric generators. In the 

laboratory conditions, the temperature gradients of the two sides of the generator can reach more than 500C. 

The paper also presents the study of the solar thermoelectric generator with and without graphite sheet as solar 

irradiance absorber which increases its efficiency three times. Also, steady state and transient conditions are 

studied and presented. 

 
 
 
 
 
 
 
 
 
The STEG testig device in laboratory conditions 

References 

1. O. H. Ando Jr., C. L. Izidoro, J. M. Gomes, J. H. Correia, J. P. Carmo, and 
L. Schaeffer, Acquisition and Monitoring System for TEG 

Characterization, International Journal of Distributed Sensor Networks, 

Vol. 2015, 2015 
2. P.A.Cotfas, D.T.Cotfas, Design and implementation of RELab system to 

study the solar and wind energy, Measurement, Volume 93, November 

2016, Pages 94-101 

 

Petru A. Cotfas is a full professor at the Electronics and Computers Department, Faculty of Electrical 

Engineering and Computers Science, Transilvania University of Brasov, Romania. He received his BSc 

degrees in mathematics and physics and also in computer science in 1997 and 2001, respectively, and his 

MSc degree in mathematics and computer science at Transilvania University of Brasov in 1998. In 2007, he 

obtained a PhD in material science engineering at Transilvania University of Brasov. His research interests 

include photovoltaics and hybrid systems characterization and testing, virtual instrumentation, data 

acquisition, graphical programming, and remote engineering. He is a member of the Institute of Electrical 

and Electronics Engineers, the International Association of Online Engineering and the Romanian Physical 

Society. 
 

 

 

Pr. Petru Adrian Cotfas 
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ID : 7  
Metal-organic frameworks for enhanced hydrogen production: A pathway to 

sustainable energy 

Abdelqader El Guerraf 1,2, Kamal Essifi3, Meriyem Mouloudi1, Ghulam Abbas4, Mohammed 

Bazzaoui5 and El Arbi Bazzaoui6 
1Laboratory of Applied Chemistry and Environment, Faculty of Sciences and Techniques, Hassan First University, 26002 

Settat, Morocco 
2International Society of Engineering Science and Technology, United Kingdom 
3Coordination and Analytical Chemistry Laboratory, Faculty of Sciences, University of Chouaïb Doukkali, El Jadida, 

Morocco 
4Department of Chemical Engineering and Waterloo Institute of Nanotechnology, University of Waterloo, Ontario N2L 

3G1, Canada 
5Materials and Environmental Laboratory, Faculty of Sciences, Ibn Zohr University, Agadir, Morocco 
6Laboratory of Applied Chemistry and Environment, Faculty of Sciences, Chemistry Department, Mohammed First 

University, 60000 Oujda, Morocco 

Abstract  

The global transition toward sustainable energy sources has sparked growing interest in hydrogen 

production due to its high energy density and clean combustion. Metal-organic frameworks (MOFs) have 

emerged as promising materials in this field owing to their tunable porosity, high surface area, and versatile 

chemical functionality. This presentation explores the use of MOFs for hydrogen production, focusing on their 

role in hydrogen storage, photocatalytic water splitting, and electrochemical hydrogen evolution. We 

hypothesize that the unique structural and electronic properties of MOFs can significantly enhance hydrogen 

production efficiency by facilitating charge transfer and gas diffusion. The synthesis of MOFs with specific 

metal nodes and organic linkers, tailored to optimize catalytic activity, is discussed. Experimental results 

demonstrate enhanced hydrogen production rates, with key findings showing improved performance under 

various operational conditions. We conclude that the development of MOF-based materials holds immense 

potential for scalable and sustainable hydrogen production, paving the way for future green energy solutions. 
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Abstract  

Calcium phosphate (CaP) biomaterials are gaining increasing interest in orthopedics, 

thanks to their wide range of properties. The functionalization of CaPs is a promising strategy 

that enables the improvement of their properties and/or the impartation of new functionalities 

such as mechanical support, and therapeutic activity [1]. Casein hydrolysate (CHL) has 

garnered attention for its potential benefits in supporting bone health [2]. Thus, the 

association of CaP with CHL holds promise for developing new composites for application 

in targeted treatment of bone-associated pathologies. The adsorption approach is a key step 

in the association of CaP materials with CHL molecules. It allows a good understanding of 

the mechanisms, and the driving forces involved in both retention and release processes, 

which is crucial for the determination of the biocomposite's performance in vitro and in vivo 

[3]. This study aims to elucidate the adsorption and release behaviors of CHL onto CaP 

compounds, for potential application in drug delivery in orthopedics. 

In this context, three CaP compounds with various physicochemical properties were 

investigated for their adsorption and release behaviors for casein hydrolysate. The results 

showed a rapid uptake of CHL molecules on CaP surfaces and the retention processes are 

well described by the Langmuir model. The adsorption performance is greatly affected by 

CaP physicochemical characteristics including microstructure, surface charge, and 

crystallinity. Furthermore, the composition of the adsorption medium (ionic strength, pH, and 

ion content) has a pronounced influence on the adsorption capacity. On the other hand, the 

release of CHL from the CaPs was fast and showed an ultimate dependence on the CaP 

properties and medium composition. Finally, the retention process of CHL is primarily 

governed by electrostatic interactions. The obtained findings are encouraging and hold 

promise for further research on CHL-loaded CaP for application in the targeted treatment of 

bone pathologies.   
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Abstract  

Carbon-12 ions are among the heaviest ions used in hadron therapy. Carbon particles, 

which are 12 times heavier than protons, have properties that make them particularly suitable 

for cancer treatment due to their superior physical dose distribution and Relative Biological 

Effectiveness (RBE).  Unlike the proton beam, carbon ions produce secondary particles that 

deposit an additional dose that needs to be characterised. 

In this study, we focus on carbon-12 fragments produced by a 270 MeV/u primary carbon 

ion beam, simulated using Monte Carlo methods via TOPAS (Tool for Particle Simulation). 

After the carbon-12 ions interact with a water phantom. the secondary particles produced at 

the output end of the Bragg peak like (neutrons) and six types of light charged particles: 

hydrogen (H), helium (He), boron (B), beryllium (Be), carbon-11 (11C), and lithium (Li) form 

a mixed field of particles with different energies accompanied by an additional dose.  
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Abstract  

The FLASH radiotherapy is an innovative cancer treatment delivering ultra-high dose 

rates in a very short time, often less than a second. This technique is gaining attention due its 

ability to minimize damage to healthy tissues and shortens treatment time 1. This emerging 

technique has the potential to revolutionize radiotherapy by improving both patient outcomes 

and treatment efficiency. However, the high-intensity, rapid dose delivery of FLASH 

radiotherapy introduces significant challenges in dosimetry. Traditional dosimeters cannot 

accurately measure doses in real time at these ultra-high dose rates, limiting the ability to 

ensure precise and safe treatment delivery. The lack of reliable dosimetry solutions is a 

critical issue that must be addressed before FLASH radiotherapy can be fully implemented 

in clinical settings. 

To overcome these challenges, we propose the use of Low Gain Avalanche Detector 

(LGAD) 2 as a novel solution for dose monitoring in FLASH radiotherapy. LGADs are 

semiconductor detectors specifically designed to provide a gain higher than six, achieved 

through the process of impact ionization. This internal gain enhances the sensitivity and 

response of the detector, making it ideal for capturing the rapid and intense dose rates 

characteristic of FLASH therapy. 

In this work, we report a precise simulation of the LGADs Detector and provide a detailed 

analysis of the detector’s behavior, offering insight into its potential performance and laying 

the groundwork for future optimization. This study represents a crucial step towards 

developing reliable dosimetry systems for the safe and effective implementation of FLASH 

radiotherapy. 

Keywords: FLASH radiotherapy, ultra-high dose rates, dosimetry, Low Gain Avalanche Detector 

(LGAD), TCAD simulation.  
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Abstract  

  Alginate, a biodegradable biopolymer, combined with biochar, a carbon-rich material 

derived from biomass, offers an innovative approach to developing controlled-release 

fertilizers (CRFs). This combination harnesses the nutrient retention and water-holding 

capacity of biochar alongside the encapsulation and biodegradability properties of alginate, 

enabling efficient nutrient delivery, reducing nutrient loss through leaching, and improving 

soil quality. 

This review delves into the progress and mechanisms underpinning alginate-biochar-

based biomaterials for CRFs, charting their evolution from early formulations to recent 

advancements. By highlighting their role in enhancing agricultural efficiency and mitigating 

environmental challenges, this work underscores their potential as a sustainable alternative 

to conventional fertilizers. 
 

 
Shema. Controlled Release Fertilizers Using 

Alginate-Biochar 
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Abstract  

Amorphous calcium phosphate (ACP) has been widely applied in biomedical fields 

(dentistry and orthopaedics) due to its excellent biological properties. Compared to other 

calcium phosphate components, ACP has been demonstrated to have better biodegradability 

than tricalcium phosphate, higher in vivo osteoconductivity than hydroxyapatite, and good 

bioactivity without any cytotoxicity [1]. Nevertheless, the limited lifespan [2] and the fragile 

mechanical properties of ACP-based materials [3] represent the primary disadvantages that 

prevent their application as implants for hard tissues. In this light, the current study focuses 

on the in situ functionalization of ACP powders using biopolymers as well as the 

manufacturing of three-dimensional composites derived from the resulting composite 

powders. 

The effect of different biopolymers on the chemical composition, the lifetime of the 

amorphous phase, and the mechanical strength of the prepared three-dimensional materials 

was evaluated. The XRD and FTIR analyses revealed that the in situ synthesized composite 

powders are amorphous and similar to the ACP-free polymer. In order to estimate the 

amorphous phase lifetime and to follow up the evolution of the amorphous components, the 

chemical composition of the prepared composite powders was monitored over time and 

compared to ACP-free polymers. ACP-free polymer exhibited a fast conversion into the 

apatite phase. However, the in situ functionalization led to an extended lifetime of the 

amorphous phase, enhancing its stability. The three-dimensional composites derived from 

ACP polymers showed a compressive strength similar to that of spongy bone. The in vitro 

bioactivity and biodegradability of the prepared composites were evaluated and confirmed 

using a simulated body fluid solution. 

The findings indicated that the developed powders and their composites could be used as 

a potential biomaterial for bone and dental engineering applications.  
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Abstract  

In this paper, we use fully explicit finite difference methods to model the thermal 

dynamics in the layered structure of a photovoltaic (PV) module. By solving the conductive 

heat transfer equation, we analyze temperature variations and their effects on module 

efficiency. The model examines key components, from the glass cover to the semiconductor 

layers and the Tedlar backsheet, each influencing the module's thermal behavior. Boundary 

conditions account for combined convection and radiation. We validate the model by 

comparing simulated temperature profiles at the Tedlar layer with real-world measurements 

under different irradiance conditions, showing a strong correlation through statistical indices 

like NMSE, MRSE, and COR. 
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Abstract  

Rammed earth is an ancient construction technique, historically used in various regions 

around the world, including Morocco, Australia, and France. Recently, it has experienced 

renewed interest due to its environmental benefits. This study focuses on the reliability 

analysis of unstabilized rammed earth walls, with particular attention to the effects of wind 

pressure, which is a critical factor in the design and construction of these walls. Wind pressure 

is considered in the RPCTerre 2011 (Moroccan Seismic Regulation for Earth Constructions), 

as well as in several studies analyzing the performance of rammed earth structures. The 

reliability analysis in this study is conducted using Monte Carlo Simulation. First, a limit 

state function is established, followed by the identification of relevant random variables and 

their statistical parameters. These variables include the weight of the roof, wind pressure, and 

the compressive strength of rammed earth walls. Deterministic variables, such as wall 

dimensions, are also incorporated into the analysis. The Python-based Monte Carlo 

simulation was performed to identify the critical values of the random variables that lead to 

the failure of rammed earth walls. A statistical analysis of the results is presented to provide 

a comprehensive understanding of the impact of wind pressure on the stability and 

performance of rammed earth walls. This study is significant for its original focus on the 

reliability of unstabilized rammed earth walls, a subject that has not been thoroughly studied. 

It also offers new insights into the stability of rammed earth constructions in modern contexts. 
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Abstract  

Bone infections are serious complications that can arise after orthopedic surgery. Conventional treatments 

often involve the systemic administration of antibiotics to eradicate the infection. However, this approach has 

limitations, such as insufficient antibiotic concentrations reaching the site of infection and undesirable systemic 

side effects1. A promising alternative involves using CPCs as local delivery systems for therapeutic agents such 

as antibiotics. CPCs can be loaded with antibiotics and implanted directly into the infected area, enabling 

controlled release of the antimicrobial agent. This approach offers several advantages, it ensures a higher 

concentration of antibiotics at the site of infection, minimizes systemic side effects, and reduces bacterial 

resistance 2. The association of CPCs with antibiotics can affect the physicochemical and structural properties 

of materials. It is therefore important to consider these effects when designing antibiotic-associated CPCs 3,4. 

This work aims to develop an antibacterial bone substitute based on calcium phosphate cement, to prevent 

the risk of postoperative infections. For this aim, several cement systems were designed, and the effect of 

incorporating ciprofloxacin on the functional properties, drug delivery, and antibacterial activity was 

investigated. 

The results of the physicochemical characterization showed that adding ciprofloxacin (Cip) antibiotic altered 

the composition and structure of the designed cement systems, delaying the setting reaction and hence the 

formation of the reaction product, the apatite phase. Moreover, the injectability was affected by the composition 

of each cement. Indeed, increasing the ciprofloxacin dose reduced the injectability of the CPC system, while 

rising for CPC-BG cement and decreasing also for the CPC-BG-Alg cement. The cohesion ability of Cip-loaded 

CPC-BG and CPC-BG-Alg was excellent, and the pastes retained their shape in the PBS medium. However, 

the Cip-loaded CPC system cement showed poor cohesion disintegrating the cement pastes when immersed in 

the PBS solution. The setting times were also impacted by incorporating Cip antibiotic resulting in prolonged 

setting duration when increasing the amount of Cip. 

Furthermore, the ciprofloxacin release kinetic was assessed for each cement, revealing a different release 

behavior depending on the composition, and the released Cip concentrations were comparable to the CMI and 

CMB of staphylococcus aureus and Escherichia Coli germs. These findings were confirmed by the assessment 

of the antibacterial activity using the disk method which revealed that the Cip-loaded cements are efficient for 

inhibiting the growth of S. Aureus and E. Coli germs. 

Through the findings of this work, the functional properties and release behavior of the drug were critically 

dependent on the additives’ nature incorporated into the CPC. It was demonstrated that all the formulated 

cements exhibited an antibacterial activity allowing their application as drug delivery systems for the local 

treatment of bone infections. 
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Abstract  

This paper proposes an innovative approach based on long-short-term memory (LSTM) neural 

network to perform short-term forecasting of photovoltaic energy generation. Accurate forecasting of 

PV energy generation is very important for optimum use of solar energy. Differently from traditional 

models which use merely statistical techniques, the more advanced LSTM technique aims at modeling 

apparatus focusing on the temporal data with nonlinear and complicated interdependence. In this 

regard, it incorporates the major operational meteorological variables; irradiance, temperature, 

humidity, wind speed to understand the energy production fluctuations. Owing to careful hyper 

parameter tuning, which augments the accuracy of the forecasts while lowering the computational 

overhead, the model has undergone careful optimization. Given the procedures of using historical 

data of several years, the model training also ensures enhanced resilience to shocks from unpredictable 

and sudden climatic changes. For this adaptable capacity, consideration is required because climate 

change does have influence on the production of solar energy. Bringing this predictive solution into 

the fold of managing photovoltaic systems allows potential production swings to be predicted 

accurately, thus enhancing the performance of solar systems. This helps not only in improving 

operational efficiency but also in enhancing the effectiveness of energy generation. The solution put 

forward presents considerable enrichment, particularly in improving the efficiency and quickness of 

the management of PV systems, and adds a flexible and inspiring approach to seasonal changes. 

Therefore, this technology promotes efficient harnessing of the sun’s energy and enhances the energy 

performance of existing systems. 
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Abstract  

Former closed landfill sites pose significant environmental and health risks, as soil and 

groundwater contamination from heavy metals and other pollutants can persist for decades after 

closure. The rehabilitation of these sites is particularly challenging due to extreme conditions, such 

as poor soil quality, pollution, and instability, which complicate restoration efforts. The former 

uncontrolled landfill at Sidi Yahya-Oujda in Eastern Morocco, located 7 km southeast of the city near 

the Algerian border, was active from 1990 to 2005. Spanning approximately 41 hectares, it received 

between 1.2 and 1.5 million tons of waste in a semi-arid climate. Following its closure, rehabilitation 

efforts were initiated to consolidate the waste and cover it with compacted silt. 

Samples of soil-like material (SLM) were collected from the site to assess the level of 

contamination in the topsoil (0-40 cm) and to analyze the associated environmental risks. The 

assessment focused on organic content, pH, electrical conductivity (EC), total dissolved solids (TDS), 

and heavy metals (Pb, Zn, Cd, Fe). The results revealed an organic content ranging from 0.35% to 

14.51%, a pH varying between 6.31 and 7.50, EC levels ranging from 424.89 to 7638 µS/cm, and 

TDS levels from 220 to 3850 ppm. The concentrations of heavy metals, particularly Pb, Zn, Cd, and 

Fe, were found to be moderate to high. 

This study highlights the challenges associated with managing old landfills, particularly those 

established before the implementation of stringent regulations. Despite rehabilitation efforts, the Sidi 

Yahya site continues to pose contamination risks, primarily due to heavy metals and dissolved 

substances, which could potentially impact the environment and public health. 

Keywords: Former uncontrolled landfill; Municipal solid waste; Soil-like material; Contaminants; 

Physicochemical characterization; Eastern Morocco. 
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Abstract  

As the population continues to grow, and with more people are living in the city every-

day, urban governance is becoming increasingly difficult, smartening the city is the step that 

has been taken lately to integrate digital information and connect management tasks with 

inhabitants in order to facilitate service access, improve city function and provide a high-

quality life for citizens, without forget the environmental sector witch should keep a balance 

harmony between functionality, technology evolution and sustainable natural environment.  

And as a next step in researches, Smart Cities (SC) nowadays need to be modelled in a 

virtual world and updated with continuously information about everything, everywhere and 

everyone using internet of things (IoT) technology, several data base storage for backups and 

feedbacks, also creating an Artificial Intelligence (AI) agent program to establish the 

possibilities of simulating scenarios, taking decisions and proposing solution to prevent 

natural disasters, pandemic accidents and to control public events, here it comes the Digital 

twin role for the Smart city management.  

This paper aims to highlight the relation between concepts SC and DT in the literature 

view introduction, compare multiple DT frameworks for SC based on bibliometric analysis 

methodology, and as a result, generate a structural architecture DT model, moreover, it 

present latest new-technologies function in this architecture, to conclude, a discussion section 

for more feature works on how to take actions in real land in order to establish a Digital Twin 

City (DTC). 

Keywords: New applications; Sustainability; Urban management, City modelling. 
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Abstract  

This study investigates the removal of neutral, cationic, and anionic substances using bio-

based calcium alginate and alginate@montmorillonite (Alg@MMT) hybrid microcapsules 

through encapsulation and adsorption processes. Experimental results demonstrated that both 

capsule types exhibit higher encapsulation affinity for cationic substances, followed by 

neutral and anionic ones. Encapsulation proved more effective than adsorption, with 

encapsulation capacities being 2 to 3 times greater. These findings highlight the potential of 

Alg@MMT hybrid microcapsules as a promising eco-friendly material for controlled 

substance removal and release in water treatment applications. 
 

Fig: Effect of Na-Mnt clay content on EE 
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Abstract  

High cell temperatures in photovoltaic panels (PV-Ps) compromise electrical efficiency 

(EE), which can hamper the development of PV systems. To overcome this problem, it is 

essential to cool the PV-Ps. In this study, we carried out a three-dimensional numerical 

analysis of a new photovoltaic thermal system (PVT-S) that operates, in the first case, with 

water cooling and, in the second case, with air cooling, in order to determine the most 

suitable fluid for PVT-Ss. We also examined the effect of solar irradiance on system 

performance. For these analyses, we used COMSOL Multiphysics software, which is based 

on the finite element method (FEM).  

The numerical model was validated using numerical and experimental data available in 

the literature. The results show that the water-cooled system achieves electrical, thermal, 

and overall efficiencies of 12.66%, 69.79%, and 82.46%, respectively. In contrast, the air-

cooled system achieves efficiencies of 10.59%, 39.12%, and 49.71%. In addition, the 

increase in solar irradiance leads to a rise in cell temperature and electrical power, reaching 

3.64°C and 75.93 W respectively for the water-cooled system, and 32.52°C and 44.88 W 

for the air-cooled system. 
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Abstract  

Mobile health (mHealth) applications have become crucial for managing chronic conditions 

like hypertension (HTN) by enabling dietary monitoring and encouraging healthier behaviors. 

This literature review examines the role of mHealth apps in lowering salt intake, a significant 

factor in managing HTN and cardiovascular disease (CVD). Although mHealth interventions 

have demonstrated potential in raising awareness and fostering behavior change, their 

effectiveness is often constrained by short follow-up periods and inadequate control groups. 

Recent advancements in artificial intelligence (AI) algorithms present opportunities to 

enhance the personalization and accuracy of these applications.   

AI contributes to predictive modeling of salt intake, integrates wearable technology for 

real-time monitoring, employs natural language processing for dietary assessments, and 

utilizes big data analytics to inform public health policies. Nevertheless, challenges such as 

data privacy, variability in app-based estimates, and the necessity for robust clinical trials 

persist. Future research should prioritize long-term studies to evaluate the sustainability and 

scalability of these interventions in reducing CVD on a global scale. 

Keywords: Mobile health, Hypertension, Salt intake, Dietary monitoring, Artificial 

intelligence 
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Abstract 

Bioactive glasses (BAG) have garnered significant attention over the last decades for 

their therapeutic effectiveness in bone tissue regeneration (BTR). They are considered as 

multi- functional biomaterial that not only induces apatite formation on their surface but 

also can exhibit additional biological functionalities through the local release of therapeutic 

ions in the defect site. Silica-based BAGs have long been the most studied category due to 

their high stability, diverse compositional range, and modes of synthesis. Nonetheless, new 

BAG compositions have emerged recently in the alternative systems that opened new 

research perspectives in the field of tissue engineering. By incorporating therapeutic ions, 

such as Zn, Cu, or Mg, these glasses can attain distinct biological properties of interest, 

such as antioxi- dant, antibacterial, antitumor, etc. In the present work, new compositions 

of doped BAG are presented for potential dual antioxidant and biomineralization 

properties. Comprehensive characterizations of these glasses through FT-IR, DSC, XRD, 

and SEM were conducted. In addition, bioactivity assessments and antioxidant activities 

were also performed. Results show that all doped glasses, at different percentages, exhibit 

an amorphous nature related to their disorganized atomic structure. FT-IR analysis 

indicates minor changes in the struc- tural features of the glasses which can be related to 

the incorporation of the dopant in the glasses. In addition, all glasses were characterized by 

rapid biomineralization ability in Sim- ulated Body Fluid (SBF) solution. This was 

confirmed by FTIR where new bands related to P-O vibrations were detected. Furthermore, 

the antioxidant assay indicated that doping glasses with XO2 induced an H2O2 scavenging 

activity which was more pronounced with increasing doping content. In light of these 

results, XO2-doped BAG can be considered as multifunctional biomaterials for bone tissue 

regeneration. 
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Abstract  

 
A polyaniline–silver nanocomposite (PAni@Ag) modified cellulosic paper was synthesized via in situ 

chemical oxidative polymerization, using aniline monomer and silver nitrate. During the redox reaction, 

silver ions oxidize the monomer and are subsequently reduced. The unique properties of these 

nanocomposites make them particularly suitable for direct contact applications in the food industry. The 

structural features and formation of the composite on cellulosic fibers were characterized using scanning 

electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy, and X-ray diffraction (XRD). 

The material was further assessed for its antibacterial activity and its effectiveness as a sensor for detecting 

toxic volatile organic compounds (VOCs) typically associated with food spoilage. In these composites, the 

silver content plays a crucial role in enhancing antimicrobial efficacy against both gram-positive 

Staphylococcus aureus and gram-negative Escherichia coli. Furthermore, significant variations in the 

internal resistance of the PAni@Ag composite upon exposure to ammonia, acetone, methanol, and ethanol 

vapors highlight its outstanding sensing performance. 
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Abstract 

Cadmium sulfide (CdS) thin films play a crucial role as a window layer in solar cells due to their 

high optical transparency and suitable band gap (~2.4 eV). Positioned at the front of the cell, the CdS 

window layer allows most of the incident light to pass through while absorbing harmful UV radiation. 

Its ideal band gap complements the absorber layer, such as in CdTe or CIGS solar cells, facilitating 

efficient charge carrier separation. Additionally, CdS thin films are typically synthesized via vacuum 

deposition or chemical methods, offering scalable and cost-effective manufacturing for photovoltaic 

applications. 
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Abstract 

The presence of fecal bacteria in seawater is a crucial bioindicator of fecal pollution. This 

study assessed microbiological and physicochemical parameters along the coastal area of Ras 

Kebdana-Saïdia (eastern Morocco) through a comprehensive monitoring program. Data were 

collected from surface seawater samples taken monthly in 2018 at four designated stations. 

Bacteriological analyses were conducted using the membrane filtration technique. Results 

indicated that the highest concentrations of fecal coliforms (log 1.17 cfu/100 mL) and fecal 

streptococci (log 1.58 cfu/100 mL) were observed during autumn and winter. A significant 

negative correlation was observed between physicochemical parameters and fecal bacteria 

levels, confirmed by Pearson's correlation test. Routine monitoring of fecal contamination 

parameters is recommended to enhance the environmental health of coastal cities. 
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Abstract 
 

Polymer-based additive manufacturing denotes building a three-dimensional polymer 

object from a digital blueprint by gradually adding material until the intended size and shape 

are reached. It has developed from its inception as a rapid prototyping tool to entail more 

application levels, such as rapid tooling and manufacturing. In today's world, professionals 

and individuals can use numerous polymer-based additive manufacturing processes, like the 

FDM process. According to the LCA findings from the literature, the extruder's high 

temperature and pressure led to particle formation due to chemical reactions, with various 

TVOC compounds potentially released during the manufacturing. Besides, several factors 

influence energy consumption, namely the raster angle and the part orientation. Moreover, 

recycling polymers could be an environmentally friendly solution as it lowers the need for 

new raw resources (i.e. new raw material extraction) and conserves natural resources, despite 

obstacles like material variability. 

 

 
 

Fig : Graphical abstract 
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Abstract  
 
This study aimed to assess the antioxidant activity of key components in Pistacia lentiscus 

leaf (PL) extract through the DPPH• free radical assay. HPLC analysis of the extract 

identified 27 compounds, with gallic acid (GA), quercetin (QT), and catechin (CT) as the 

major constituents. The inhibitory concentration (IC50) values were 0.0068 mg/ml for gallic 

acid, 0.0070 mg/ml for quercetin, 0.0148 mg/ml for catechin, and 0.0015 mg/ml for the PL 

leaf extract, indicating high antioxidative efficacy. Additionally, theoretical calculations 

using density functional theory (DFT) further clarified these interactions, revealing negative 

interaction energies of −20.46, −18.95, and −16.19 kcal/mol for GA, QT, and CT, 

respectively, which corroborate the experimental findings. 
 
 
 

 
 
 
Fig: The optimized structure of interacted complexes 

(a) QT-DPPH, (b) CT-DPPH and (c) GA-DPPH. 
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Abstract  

The precise estimation of the SOC is fundamental for the safety and efficiency of batteries, 

especially for electric vehicles. In this work, a new method for estimating the SOC based on 

LSTM is proposed, which take advantage of their ability to learn complex temporal 

sequences. The main innovation consists in the integration of a new input in the LSTM 

model: the internal resistance of the battery, calculated using the Rint model. This parameter 

provides additional information on the state of the battery and contributes to improving the 

accuracy of the estimate. The tests conducted show that the proposed method considerably 

reduces the estimation errors of the SOC, ensuring greater accuracy and reliability. The 

implementation of this method can contribute to improving the safety, efficiency, and lifespan 

of batteries. 

Keywords: State of Charge, Battery Efficiency, Electric Vehicles, Long Short-Term Memory, 

Temporal Sequence Learning, Internal Resistance, Battery Management System. 
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Abstract  

  Biomaterials combining alginate, a biodegradable biopolymer, and montmorillonite, a 

clay mineral, for controlled-release fertilizers (CRFs) offer significant advantages over 

conventional fertilizers. This synergy enables precise regulation of nutrient release, 

significantly reduces leaching losses, and prevents excessive nutrient accumulation in the 

soil. 

This review aims to provide a fundamental understanding of the reasons and mechanisms 

behind developing biomaterials-based organic and mineral substances for encapsulating and 

controlled-release fertilizers (CRFs). It traces the evolution of these technologies from early 

approaches to recent trends, highlighting their contributions to agricultural efficiency and 

environmental sustainability. 
 

 
Shema. Controlled Release Fertilizers Using Alginate-

Montmorillonite. 

References 

1. Essifi, K., Brahmi, M., Ed-Daoui, A., Boussetta, A., 

Benelmostafa, M. H., Dahmani, M., Salhi, S., Moubarik, 
A., El Bachiri, A. & Tahani,. (2023). International Journal 

of Biological Macromolecules, 242, 125011. 

2. Brahmi, M., Essifi, K., Bakirhan, N. K., El Bachiri, A., 
Ouldriane, S. D., & Tahani, A. (2023). Journal of 

Molecular Liquids, 387, 122635. 

3. Essifi, K., Hammani, A., Berraaouan, D., El Bachiri, A., 
Fauconnier, M. L., & Tahani, A. (2022). Materials 

Chemistry and Physics, 277, 125569 

 
 
 
 
 
 
 
 
 
 
 

 

 

I have solid expertise in formulating various types of liquid and solid fertilizers. My experience 

includes developing advanced encapsulation techniques and controlled-release systems using 

biomaterials or biocomposites to regulate the release of nutrients. These approaches aim to 

enhance fertilizer efficiency while minimizing their environmental impact. This expertise also 

extends to designing innovative solutions to improve the effectiveness and sustainability of 

agricultural practices. 

 

Email: laamaouiabd@gmail.com 

 

 



 

42 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID : 207 

Low-grade phosphate ore from Benguerir mine: characterization and application for 

the desulfation of industrial phosphoric acid 
 

Jihad El Makaoui, Abderrahim Najah Elidrissi, Younes Chaali, Mohammed      Dahbi,  

Abdessalam Bouddouch, Abderrahmane Aboulhassane, Driss Zakaria. 
 

Laboratory of Physical Chemistry of Materials (LPCM), Department of Chemistry, Faculty of Science, Chouaib Doukkali University, BP 20, El Jadida, 

Morocco 

 

Abstract 

Due to the increasing demand for phosphate, particularly for the fertilizer industry, 

exploring low-grade phosphate ore has become essential. This study evaluates the potential 

of this ore for the desulfation of industrial phosphoric acid and compares its effectiveness 

with concentrate phosphate. Phosphate ore from Morocco's Bengurir mining site was 

analyzed using XRD, XRF, FTIR, and TGA-TDA. Low-grade phosphate primarily consists 

of calcite and carbonate- fluorapatite, with notable concentrations of CaO (56.3%), and P2O5 

(16.43%). Moreover, concentrate phosphate primarily consists of carbonate-fluorapatite and 

calcite, with notable concentrations of CaO (53%), and P2O5 (28%). In both samples, 

different bonds such as P–O, and CO3
2− were highlighted by FTIR analysis, whereas TGA-

TDA indicated carbonate decomposition. 

The low-grade is used directly to desulfate phosphoric acid 29% P2O5. The process used 

is simple, operating under industrial-scale conditions. The results obtained indicate that low-

grade phosphate presents a significant source of calcite and phosphorus. For phosphoric acid 

desulfation, concentrate phosphate removed 74.8% of sulfates, consequently, 67.5 % of solid 

rate was removed. Also, 52.8% of organic matter and 48% of fluorine were removed. On the 

other hand, low-grade phosphate removed 74.8% of sulfates, resulting in 65% of the solid 

formed being removed. Furthermore, 23.6% of organic matter, and 42% of fluorine. The 

study demonstrates that low-grade phosphate can be effectively utilized for desulfating 

phosphoric acid 29% P2O5. This natural material improves the quality of phosphoric acid 

while preserving the P2O5 content of the desulphated acid. 

This study highlights the importance of exploiting low-grade phosphate ore to improve 

the quality of phosphoric acid to meet industrial requirements and provide sustainable 

solutions for the phosphate industry. 

Keywords: Low-grade phosphate, Phosphoric acid, Desulfation, sustainable resource. 
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Abstract  

This study presents a numerical modeling of a radiofrequency discharge in a two-

dimensional inductively coupled plasma reactor. The primary objective is to analyze the 

discharge characteristics in order to enhance reactor performance and optimize deposition 

quality. Key parameters such as frequency, pressure, and power are systematically varied to 

investigate their effects on plasma behavior. The model incorporates fluid dynamics and 

electromagnetic field interactions, allowing for a detailed examination of electron density, 

ionization rates, and energy distribution within the plasma. Results indicate that specific 

combinations of frequency and power significantly improve deposition rates and uniformity, 

while pressure variations influence the stability and characteristics of the discharge. These 

findings contribute to a better understanding of plasma processes and offer insights for 

optimizing industrial applications in thin film deposition and surface modification. 
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Abstract  

Solar photovoltaic (PV) systems present a valuable opportunity for industries to lower 

energy costs and reduce carbon emissions. However, the intermittent nature of solar power 

characterized by daily variations and seasonal fluctuations poses significant challenges for 

consistently aligning power generation with industrial energy demand. This study 

investigates passive strategies to optimize the intermittency of solar PV output in an industrial 

context in Morocco. By adjusting parameters like plant capacity, panel orientation, and tilt 

angle and, without the addition of active components, such as batteries, which entail 

significant CAPEX and ongoing operational costs, this research highlights the importance of 

these parameters on system performance and examines how they can be leveraged for 

effective optimization.  

The case of study results demonstrate that by reducing tilt angle can boost summer 

production, and a right-sized plant capacity lowers CAPEX, can optimize the LCOE and 

increasing profitability by over 8%. This passive approach provides an economically feasible 

solution for enhancing solar PV efficiency in industrial applications, reducing reliance on 

costly storage systems. 
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Abstract  

This study examines the degradation of photovoltaic (PV) modules based on crystalline 

silicon (p-Si and c-Si) and thin-film technologies, covering three specific types: a-Si/μc-Si, 

HIT, and CIGS. These PV modules were operated outdoors for a short-term period spanning 

three years in two distinct climatic zones in the United States. The outdoor exposure was 

divided into two sub-periods: the first began on January 21, 2011, and ended on March 4, 

2012, in Cocoa, while the second started on December 20, 2012, and concluded on January 

20, 2014, in Eugene [1,2].The degradation analysis focused on factors such as reductions in 

maximum power, the degradation of current and voltage at key points of the I-V curve, and 

changes in the shape of the I-V and P-V characteristics. The results revealed that c-Si and p-

Si PV modules experienced a slight performance decline, with degradation rates (DR) of 

0.87%/year and 1.01%/year, respectively. Thin-film technologies showed higher degradation 

rates, with a- Si/μc-Si at 3.26%/year, CIGS at 2.45%/year, and HIT at 1.75%/year. 

Additionally, the study analyzed the degradation of key points on the I-V curve over the entire 

period and presented the effects of degradation on the I-V and P-V curves between two time 

points spaced approximately 30 months apart. 

Keywords: PV module; Degradation rate; Crystalline silicon; Thin-film technologies. 
 

 
Fig: Evolution of the effective maximum power for different PV 

module technologies 
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Abstract  

This study evaluates the environmental impacts of liquid effluents from phosphoric acid 

production on Morocco’s El Jadida coastal province, focusing on physicochemical, heavy 

metal, and radiological contamination in phosphogypsum discharges. Analyzed parameters 

include pH, conductivity, salinity, turbidity, hardness, nitrate, nitrite, orthophosphate, and 

a suite of heavy metals. Radiological analyses were conducted using gamma spectrometry 

to detect isotopes of 238U, 232Th, and 226Ra, while radon concentrations were measured 

with LR-115 solid-state detectors. Results indicate that the effluents are highly acidic, with 

an average pH of 1.8, and contain elevated concentrations of fluoride, phosphorus, and 

radiological elements. These findings underline the need for enhanced treatment measures 

to mitigate environmental and health impacts of industrial discharges in coastal zones.  

 
Fig: Variation of the specific activities of the main 

radionuclides obtained for Khouribga PR, PG and PA 
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Abstract  

Genome mining, the systematic exploration of genomic data to discover novel 

biomolecules, has emerged as a transformative approach for identifying bacteria as producers 

of glycosaminoglycan (GAG)-like biopolymers1. These biopolymers, including hyaluronic 

acid and heparosan, have significant biomedical applications, particularly in tissue 

engineering and drug delivery2. 

In this context, bacterial GAG-like biopolymers were identified using genome mining. 

Besides, laboratory characterization confirmed the production of GAG-like biopolymers 

through-screened bacteria. These substances are structurally analogous to natural 

extracellular matrix components, making them suitable biomaterials for clinical applications 

such as drug delivery systems3. The selected bacteria provide metabolic pathways that can 

be harnessed to synthesize polysaccharides with desirable properties, in terms of 

biocompatibility, biodegradability, and hydrogel-forming capabilities4. 

The main biosynthetic pathways in bacterial strains were defined, enabling the 

optimization of GAG-like polymer production. These biomaterials hold great potential as 

carriers for controlled drug release, enhancing therapeutic efficacy while minimizing side 

effects5. Furthermore, the inherent adaptability of bacteria species to diverse environmental 

conditions highlights their value in scalable biotechnological applications. 

In summary, some screened bacterial genus represent an untapped resource in biomaterials 

research, with significant potential to advance drug delivery systems and other biomedical 

technologies. 
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Abstract  

Monte Carlo methods are essential in radiation physics, particularly for simulating 

ionizing radiation transport in radiotherapy. However, these simulations, especially when 

modeling photon beams interactions, can be both computationally expensive and time 

consuming 1. The main goal of this work is to apply a deep learning model to optimize beam 

parameter selection, thereby reducing the number of simulations needed to construct our 

simulation model for linear accelerator simulations and improving the efficiency and 

accuracy of Monte Carlo simulations 2. The results of this work indicate that the Feed forward 

Neural Network (FNN) model performs well on both training and test datasets, explaining 

approximately 92% of the variance. It demonstrates a low error rate and shows strong 

correlation with unseen data in the test set.  Additionally, our analysis utilizes an inverse 

neural network to predict primary beam input parameters based on the desired value of 

gamma index. The results from the inverse and the forward neural network were compared, 

showing significant agreement between the models and validating the inverse model's 

accuracy and reliability in simulating real system behavior. This result will be foundational 

for constructing a model that integrates both inverse and forward neural networks, enabling 

the creation of an "inverse design" framework. Furthermore, the weights of each parameter 

distribution within the primary beam parameters were analyzed using the gradient boosting 

model, offering insights into their relative importance in photon transport simulations. 

 
Neural Network Model Architecture for Gamma 

Index Prediction Based on Radiation Properties 
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Abstract  

This research investigates internal cooling strategies for aeronautical gas turbine blades 

using computational fluid dynamics (CFD) simulations with ANSYS Fluent. It examines how 

varying coolant injection rates influence temperature and pressure distributions within the 

blades. The study finds that an injection rate around M=1 is optimal for achieving the lowest 

interior blade temperature, while moderate rates are most effective for managing wall and 

outlet temperatures. Higher injection rates significantly increase internal and wall pressures, 

particularly beyond M=1, highlighting the need for careful balance. Although higher injection 

rates improve cooling efficiency, none achieve complete efficiency, emphasizing the 

importance of optimizing injection rates within practical limits. These findings underscore the 

necessity of balancing injection rates to optimize turbine cooling. 

 
 
 
 
 
 
 
 
 
 
 

Gas turbine blade cooling schematic 

References 

1. L. Zhang, B. Qian, C. Zhang, J. Mao, and H. Fan, “Numerical study on the 
cooling characteristics of cat-ear-shaped film-cooling holes on turbine 

blades,” Case Studies in Thermal Engineering, vol. 36, p. 102050, Aug. 2022. 

2. S. Irfan Ahmed, P. Kumar Balguri, D. Govardhan, and S. Habeeb, “Numerical 
study and heat transfer analysis of nickel-chromium and titanium carbide gas 

turbine blades cooling,” Materials Today: Proceedings, vol. 62, pp. 2709–

2713, 2022. 
3. D. Cherrared, “NUMERICAL SIMULATION OF FILM COOLING A 

TURBINE BLADE THROUGH A ROW OF HOLES,” Journal of Thermal 

Engineering, vol. 3, no. 2, pp. 1110– 1110, Apr. 2017. 
4. M. Dey, P. Jindal, and A. K. Roy, “Numerical Investigation of Film Cooling 

Effectiveness in Turbine Blades,” American Journal of Fluid Dynamics, 2016. 

5. H. I. H. Saravanamuttoo, G. F. C. Rogers, H. Cohen, P. Straznicky, and A. Nix, 
Gas turbine theory, 7th edition. Harlow; New York; Toronto: Pearson, 2017. 

6. F. R. Menter, “Two-equation eddy-viscosity turbulence models for engineering 

applications,” AIAA Journal, vol. 32, no. 8, pp. 1598– 1605, Aug. 1994 

 

 

 

 

 

 

 

 

 Kamal ABOUELMAJD has expertise in Fluid Mechanics, 3D Simulation, CFD Simulations, 

Aeronautics, Aeronautical Engineering, and Compressible Flow. 

Email : kamal.abouelmajd@uit.ac.ma 

 

 

 

mailto:kamal.abouelmajd@uit.ac.ma


 

51 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID : 15 

Investigation of the magnetized dusty plasma sheath in the presence of non- extensive 

electrons and two species of positive ions 

Zakariae Eljabiri, Omar El ghani, Ismael Driouch 

National School of Applied Sciences, UniversityAbdelmalek Assaadi, Ajdir Al-Hoceima, Morocco 

Abstract  

This work numerically investigates the magnetized complex plasma sheath problem with 

two species of positive ions. The sheath constituents include thermodynamic non-equilibrium 

electrons governed by the Tsallis distribution, dynamically charged dust grains treated as cold 

fluids, and positive ions (heavy ions Ar⁺ and light ions He⁺), also considered as cold fluids. 

The results highlight the impact of a second ion on sheath characteristics, including electrical 

potential, dust and ion dynamics, and sheath width. The study focuses on three types of 

electrons: sub-extensive (q > 1), Maxwellian (q = 1), and super-extensive (q < 1). Notably, 

the presence of two positive ions significantly influences the structure and dynamics of the 

sheath components in the case of super-extensive electrons.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Normalized sheath potential profile for different values 

of parameter q, and ratio 𝛿𝑖 = 𝑛 0,𝐴𝑟 +/ 𝑛 0,𝐻𝑒+ 
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Abstract  

This paper analyses the impact of the integration of electric vehicles (EV) on the 

Moroccan electricity grid by 2050 using EnergyPLAN software. Based on the national 

electricity demand profiles of Morocco, the production profiles of conventional power plants, 

as well as the renewable energy production modelled using the software System Advisor 

Model (SAM), we propose different scenarios for EV integration. The VE consumption 

profile was constructed from socio-economic data and using artificial neural networks 

(NRNs) projections, covering 1990–2050. Six scenarios of EV penetration in the Moroccan 

transport sector are explored, ranging from non-adoption to complete conversion of vehicle 

fleet to EV by 2050. These scenarios are based on predictions of vehicle numbers, average 

kilometres traveled, and energy consumption. In addition, the study takes into account an 

annual increase of 5% in electricity demand as projected by the Ministry of Energy, Mines, 

and the Environment. Finally, statistical methods were applied to accurately determine the 

VE consumption profile for each scenario. The overall analysis aims to provide information 

on the constraints, challenges, and opportunities related to the massive integration of electric 

vehicles into the Moroccan electricity grid, considering the balance between energy 

production and consumption. 
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Abstract  

A river with a given water flow velocity, and a bed composed of sediments of varying 

sizes, will simultaneously have its lighter grains transported by suspension and heavier grains 

transported by bed load. This phenomenon is governed by the Saint Venant equations for 

flow coupled with the transport diffusion equation for suspended particles and the bed 

morphology change equation for bed load trasport. In the sediment transport model, erosion 

and deposition are treated independently, so the sediment flux is given by the difference 

between the mass of the sediments that are deposited and those that are eroded. The resulting 

system of highly nonlinear partial differential equations is discretized using the finite volume 

method on unstructured meshes and the SRNH scheme, which is a second order scheme in 

both time and space. In order to optimize the calculations we use an adapted mesh procedure 

which refines the mesh in areas where the concentration gradients are significant. The 

developed model is used to investigate a variety of problems involving coupled flow and 

sediment transport including channel initiation and dame break. 

 

Fig: Dame break at t=20 mn: Water free surface and 

bed profiles. 
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Abstract  

The development of non-destructive methods to provide faster and more accurate results 

is a key objective for many researchers. The aim of this study is to demonstrate that the 

velocity of ultrasound can be used as a reliable diagnostic tool to evaluate the mechanical 

properties of mortars based on treated wastewater in the short and long term. 

The mechanical properties of mortars based on treated wastewater determined by the 

destructive method are compared with those determined by the non-destructive method. 

High values of ultrasonic velocity indicate better quality of mortars based on treated 

wastewater, and both destructive and non-destructive methods show a strong correlation in 

the long term. 
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Abstract  

Topological photonic materials are designed to manipulate light propagation by exploring 

topological properties. The main feature of these topological systems relies in the presence of 

topologically protected edge states, where photons can propagate along the material surfaces in a 

robust manner, enabling robust and controlled manipulation of electromagnetic waves1,2. Their 

ability to resist to perturbations and precisely to control light makes them a promising technology for 

the future of photonics. 

In this work, we propose a one-dimensional (1D) photonic crystal (PC) heterostructure, composed 

of two concatenated binary or quaternary superlattices for the generation and manipulation of 

topological interface states. This design is based on the Su–Schrieffer–Heeger (SSH) model, which 

accounts for the topological properties of many 1D periodic structures1,3. By tuning the thickness 

ratio of the unit cells in these superlattices, we are able to design interface states in different band 

gaps for different incidence angles. In the 1D SSH model, an interface state will exist inside a bandgap 

by concatenating two periodic lattices with different topological invariants4. This can be assured by 

the bandgap inversion process around a Dirac point (closing and reopening of the gaps). The existence 

of topological states discussed here, is based on the analysis of the symmetry of the band-edge states 

and the Zak phase of each band in the infinite PC. This approach is equivalent to an analysis of the 

sign of the reflection phase in two gaps surrounding a bulk band. These modes are successfully 

realized at the interface when two conditions are satisfied: the two systems share common gaps; and 

the symmetry of the band-edge states are opposite. The bandgap inversion mechanism allows the 

generation of an interface state which remains robust and protected against any perturbation that does 

not change the underlying topological invariants of the structures. 
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Abstract  
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Abstract  

The world knows a fast evolution day by day mainly in wireless technologies due to the 

desire to meet the data traffic needs increasing. 6G technology Researchers aim to face the 

challenges based on exploiting new frequencies bands as sub-THz and THz, using 

appropriate material and improving the devices abilities, between the important devices 

should improve there is the antenna that plays a crucial role in sending and receiving this 

huge data rate. Therefore, this paper aimed to design a patch antenna using CST in a band 

range [ 0.5THz -0.94THz] at the resonance frequency 0.72 THz, with a patch size 127.9 um 

* 120 um, silicon substrate with a dielectric constant 11.9 and dimensions 300 um * 200 um, 

to present the effect of graphene on the antennas behavior and the ability of THz to suit 6G 

application. 

     First, the patch material was copper, to optimize the antenna behavior at the resonance 

frequency the used technic was antenna geometry evolution, that gave respectable results: 

gain 5 dBi in E plan and 4.48 in H plan, S11 parameter equal -16 dB and the real part of the 

input impedance 48.48 Ω. 

     Second, the patch material was graphene, using the same antennas dimensions before 

applying antenna geometry evolution method, playing with graphene characteristics until 

getting the appropriated ones, was able to improve the antennas outcomes: gain more than 5 

dBi in E plan and more than 4.48dBi in H plan, S11 parameter -32 dB and the real part of the 

input impedance 49.7 so near to the desired value 50Ω. 

     Finally, the simulation outcomes of return loss, gain, radiation pattern and input 

impedance show the ability of the proposed antenna to support 6G applications in THz, and 

the importance of graphene to improve the antennas performance without antenna geometry 

evolution. 
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Abstract  

This study examines the seismic performance of non-load-bearing walls constructed from 

stabilized earth bricks, consisting of 20% olive pomace, 40% lime, 10% fibers, and 10% cement, in 

the El Haouz region of Morocco, known for its seismic activity. The region experiences a seismic 

acceleration of approximately 0.35g. Numerical simulations were carried out to evaluate the shear 

stress experienced by the walls at different thicknesses when subjected to seismic forces. The results 

indicate that walls with a thickness of less than 35 cm experience shear stress exceeding the material's 

maximum resistance of 1 MPa, making them prone to cracking under such conditions. However, when 

the thickness is increased to 35 cm or more, the walls stay within the safe range for shear stress, 

ensuring their stability during seismic events. These findings underscore the importance of 

appropriate wall thickness for ensuring the structural integrity of buildings in seismically active areas. 

The study also highlights the potential of using sustainable building materials like stabilized earth 

bricks for seismic resilience in regions like El Haouz. This research provides practical 

recommendations for improving the seismic safety of structures using eco-friendly materials, 

contributing to the sustainable construction field. 

Keywords: Seismic performance; Stabilized earth bricks; Shear stress; Earthquake resilience; Wall 

thickness; seismic acceleration  
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Abstract  

Based on the Collins formula and the moment’s method, the analytical expressions for the 

beam field propagation through an ABCD system, the beam propagation factor (M2-factor) 

and kurtosis factors of a vortex higher-order cosine-hyperbolic-Gaussian beam (vHOChGB) 

are derived. It is shown that the propagation characteristics are determined by the beam 

structure parameters, such as the decentered parameter b, the cosh order N and the 

topological charge m. The kurtosis parameter is dependent, besides the structure beam 

parameters, on the propagation distance. Numerical examples are presented to discuss the 

influences of the parameters b, N and m on the propagation characteristics of vHOChGB in 

free space. This research may be beneficial to the applications involving vortex beams in 

optical communications, beam splitting, and micromanipulation of particles. 

 
Fig: 3D illustration of the Kx factor of a vHOChGB 

against the b and z/zR parameters (m and N are 

taken fixed), and for (a) m = N = 2, (b) m = N = 3 

and (c) m = N = 4. 
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Abstract  

In an age defined by the rapid advancement of artificial intelligence and automation, introducing 

robotics at the high school level is essential to inspire and prepare students for careers in engineering 

and technology. However, the high cost and complexity of available robotics platforms often limit 

their integration into schools, particularly in public institutions. This paper presents a case study that 

explores the use of low-cost, 3D-printed robots in a Moroccan high school, utilizing a quadruped 

robot and Arduino-based controller. By combining affordable hardware with 3D printing technology, 

students were able to design, assemble, and program their own robots, gaining practical skills in 

robotics and engineering. This approach not only made robotics education more accessible but also 

encouraged creativity and problem-solving abilities among students. The results of this case study 

demonstrate that with the right tools and support, low-cost robotics platforms can play a significant 

role in enhancing STEM education in Morocco. This paper highlights the potential for expanding 

such initiatives across the country, providing educators with an affordable, scalable solution to 

introduce robotics in schools. 

Keywords: Low-cost robotics, Educational robots, 3d printing, STEM education. 

 

Fig 1: Students learn CAD software based on robot models 
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Fig 2:  Assembled 3d printed robot parts 
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Abstract 

As the energy transition gathers pace, improving the efficiency of renewable technologies 

becomes crucial. Photovoltaic panels, which exploit the photoelectric effect of silicon to 

generate electricity, currently reach a maximum efficiency of around 22%, limited by rising 

panel temperatures. Photovoltaic-thermal hybrid (PVT) systems, which combine 

photovoltaic cells and thermal collectors, offer a promising solution by using a water circuit 

to absorb heat and maintain panel temperature close to its nominal range, thus optimizing 

electrical efficiency. However, further improvements can be made by integrating phase-

change materials (PCMs) and fins to enhance heat transfer. This study examines the benefits 

of incorporating PCMs, in particular organic PCM RT35 with a melting point of 35°C and 

latent heat capacity of 210 kJ/kg, and rectangular fins in a PVT configuration. Two 

simulations are carried out in ANSYS Fluent: the first to assess the impact of PCMs on 

temperature control and system efficiency, and the second to analyze the additional benefits 

provided by the fins. The results are intended to quantify improvements in energy efficiency 

and system performance, providing insight into advanced PVT design strategies. 
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Abstract  

Maintenance 4.0 represents the integration of advanced digital technologies to revolutionize industrial 

maintenance practices. It leverages data-driven tools, such as predictive analytics and real-time monitoring, to 

optimize maintenance operations, reduce downtime, and extend the life of critical assets. In this context, non-

destructive testing (NDT) techniques, particularly vibration analysis, play a crucial role in enhancing predictive 

maintenance strategies. Vibration analysis, as a part of condition monitoring, allows for the early detection of 

faults in rotating machinery by analyzing oscillation patterns and identifying deviations from normal operating 

conditions. This method provides invaluable insights into the health of equipment without interrupting 

production processes. 

The fusion of NDT methods with Industry 4.0 technologies, such as the Industrial Internet of Things (IIoT) 

and artificial intelligence (AI), enables the creation of digital twins and predictive maintenance frameworks. 

These systems continuously collect and analyze data from sensors embedded in machines, allowing for precise 

fault prediction and proactive maintenance scheduling. This paper explores the synergy between Maintenance 

4.0 and vibration-based NDT techniques, highlighting their potential to reduce unplanned downtime, enhance 

safety, and improve operational efficiency in industrial environments. Case studies of industrial applications 

will be discussed to demonstrate the effectiveness of this approach in real-world scenarios. 

Keywords: Maintenance 4.0; Vibration Analysis; Non-Destructive Testing; Predictive Maintenance; IIoT 

 
Fig: Maintenance 4.0 framework integrating non-

destructive testing (NDT) and vibration analysis. 
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Abstract  

Road pavements are subjected to considerable cyclic traffic loads, which result in the propagation of cracks, 

especially in the vicinity of existing discontinuities. These cracks can ultimately evolve into various forms of 

road deterioration. To acquire a comprehensive understanding of the lifespan of roads in relation to crack 

propagation during both the design and maintenance phases, it is essential to thoroughly investigate the behavior 

of cracks within the pavement layers. Consequently, a significant body of research has been dedicated to this 

critical subject. 

The aim of this study is to investigate the propagation behavior of a reflective crack originating from the 

base of the first bituminous layer and advancing through the asphalt layers of a pavement under the influence 

of traffic loading. This analysis employs the principles of fracture mechanics, utilizing finite element analysis 

as its methodological framework. 

The study presents a three-dimensional model created using Abaqus software, depicting a four-layer 

pavement that incorporates a pre-existing longitudinal crack located at the base of the first bituminous layer, 

which is expected to propagate upward through the asphalt layers. The pavement structure comprises a surface 

layer, a base layer, a sub-base layer, and a sub-grade layer. The first two layers on the top are constructed from 

bituminous materials, the third from untreated aggregate, and the final layer consists of soil. All materials are 

assumed to exhibit linear elastic behavior, with the structure subjected to loading from a pair of wheels. 

Subsequently, numerical calculations of the J-integrals and the stress intensity factors 𝐾𝐼 , 𝐾𝐼𝐼 and 𝐾𝐼𝐼𝐼 were 

conducted, taking into account varying lengths and positions of the crack tip in relation to the interfaces between 

layers. 

Several conclusions have been reached that offer insights into the behavior of crack propagation within the 

pavement structure, which can prove practically beneficial during the road design and maintenance process. 
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Abstract  

This study was dedicated to the analysis of the effect of rotations for a mat-foundation 

system under dynamic seismic loading. The structure was assumed to be a flexible mat having 

one degree of freedom and which is anchored on a rigid base supported by the foundation 

soil. The analysis has taken into account both local uplift of the foundation and elastic-plastic 

behavior of the soil. The equations of motion of the coupled system were obtained by 

expressing momentum conservation principle. They are strongly nonlinear due to the 

occurrence of unilateral contact associated to local uplift of the base foundation and the soil 

elastic-plastic deformation. A numerical scheme was proposed in order to integrate the 

obtained multiform nonlinear differential equations. Then, the maximum response of the 

coupled system was determined under strong earthquake for various configurations of the 

coupled mat-foundation system: elastic or elastic-perfectly plastic soil, considering large 

rotations or only small rotations. The obtained results have shown that the maximum values 

of rotation and horizontal displacement of the mat are not always restrained by taking into 

account soil plasticity. This depends on the assumption used regarding the magnitude of 

rotation and soil behavior, particularly for the case of slender structures.  
 

 
Fig: Flexible structure on elastic-perfectly plastic 

foundation 
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Abstract  

Photovoltaics offers an advanced solution for replacing fossil fuels in electricity 

generation. However, this technology can only convert around 20% of the sun's energy into 

electricity, while the rest is dissipated in the form of heat. This heat build-up causes the 

temperature of the panels to rise, which has a negative impact on their efficiency and reduces 

their lifespan. Faced with this challenge, particularly in hot regions, researchers have focused 

on cooling methods to improve the efficiency of solar panels. Among the solutions studied, 

the use of phase change materials (PCMs) has emerged as a promising approach for 

regulating the temperature of photovoltaic systems. This paper reviews advances in the use 

of PCMs for photovoltaic thermal systems (PVT-PCM). It looks at the development and 

configuration of these systems, the evaluation of their performance, and the choice of the 

most appropriate materials. The paper also explores techniques for optimizing heat transfer, 

such as the use of nano-enhanced PCMs, the addition of fins, and the integration of 

microencapsulated or multilayer PCMs. In addition, a classification of PCMs is provided, 

with a detailed description of their characteristics. In conclusion, recommendations are made 

to guide future research aimed at improving the performance and feasibility of PVT-PCM 

systems. 
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Abstract 

This paper studies flexible solar cells and amorphous silicon (a-Si:H) hydrogen, which are ideal for 

disposable portable electronics and more flexible smart devices. Because the film production is less 

efficient than other technologies, it offers more advanced economics. The innovation of this paper lies in 

an advanced simulation of a flexible solar cell, using Monte Carlo optimization and parallel resistance 

adjustment. This method is used to determine the optimal model parameters in order to reduce the 

discrepancies between photovoltaic model predictions and experimental  data  by  adjusting  the  model  

parameters.  The paper meets the advantages of this approach, such as the ability of more complex, 

nonlinear models and spatial screening of parameters to find optimal solutions. 

Keywords: Solar Cell, Flexible Photovoltaic Cell, Monte Carlo optimization, parallel resistance 

adjustment 
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Abstract  

This work presents an evaluation of different height of reinforced concrete buildings to scaled ground-

motion taking into account local uplift of foundation, soil properties, site categories and seismicity of area 

recommended by the Moroccan seismic code RPS2011. The RC building was modeled by equivalent flexible 

column with lumped mass placed at the top of the column. Small and large rotation about the system base 

motion is both taken an account. The analysis has considered into count a local uplift of foundation and elastic-

plastic behavior of the soil in different site categories and seismicity of area. The equations of motion of the 

coupled system were obtained by expressing momentum conservation principle. They are highly nonlinear due 

to continuous change in change in the contact area associated to local uplift between the base foundation mat 

and soil elastic-plastic deformation. The governing equations can be-solved by an adequate numerical 

integration method. Then, the extreme seismic response of the coupled system was determined under El Centro 

earthquake motion for various configurations of the coupled mat-foundation system: elastic or elastic-perfectly 

plastic soil in different site categories and seismicity of area suggested by the Moroccan code RPS2011, 

considering large rotations or only small rotations. This study shows that the nonlinear seismic demand of RC 

buildings, in terms of extremes values of rotation and horizontal or vertical displacements are appreciably 

depending on the adopted assumption for rotation magnitude, height of the structure and on the hypothesis 

regarding soil deformation 

 

 
Fig: Flexible structure on elastic-perfectly plastic 

foundation 
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Abstract  

Global competition in the manufacturing sector is intensifying, pushing companies toward constant 

innovation. As this competition grows, industrial systems and production machinery are becoming 

increasingly complex. In this context, rigorous maintenance planning is crucial to ensure optimal equipment 

availability and production tool longevity, while also improving product quality and overall plant 

productivity. However, while conventional maintenance and traditional servicing methods have proven 

effective over time, they are now becoming inadequate in addressing the increasing complexity of modern 

industrial systems. The advent of digital technologies, particularly IoT sensors, opens new opportunities by 

enabling the continuous collection of precise data on the operational status of equipment. Once analyzed, this 

data generates large databases that are invaluable for optimizing maintenance strategies. To address this 

technological shift, this study presents an enhanced approach to the application of Maintenance 4.0 in thermal 

systems. A comprehensive transition to 4.0 maintenance, based on the integration of new technologies, has 

been developed, refined, and applied. This approach leads to improved equipment reliability and lifespan, a 

reduction in unplanned downtime, real-time monitoring of industrial systems, the ability to predict future 

system states, and optimization of key input variables, such as fuel oil flow and boiler temperature, to achieve 

maximum efficiency with minimal inputs. The results demonstrate a significant reduction in maintenance 

costs, estimated at around 20%, along with an increase in boiler efficiency to 81%. Additionally, the overall 

Synthetic Efficiency Ratio (SER) improved by 2%, reaching 82.58%. This innovative approach opens new 

perspectives for the maintenance of industrial thermal systems, promoting more efficient and sustainable 

production practices. 
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Abstract 

Energy management in industrial companies helps reduce operational costs, comply 

with environmental regulations, and maintain long-term competitiveness. The process of 

manufacturing PET (polyethylene terephthalate) bottles from preforms, which are heated 

and then blown at high pressure, is energy intensive. Achieving a balance between blowing 

pressure and preform heating temperature is critical to producing bottles with the desired 

mechanical and geometric characteristics while reducing energy costs. By optimizing the 

preform heating temperature, it is possible to lower the blowing pressure and achieve 

overall energy savings. The use of online energy meters on the machines has enabled tests 

that helped reduce overall energy consumption on the blow molding machine. 
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Abstract 

Manufacturing Execution Systems (MES) have a significant influence on maintenance by 

collecting real-time information on machinery performance, enabling predictive 

maintenance, and optimizing maintenance schedules. The MES enhances traceability and the 

ability to learn from past maintenance events and to continuously improve practices. The 

MES allows using data from it to predict breakdowns and improve maintenance effectiveness 

and efficiency. A case study shows the improvements of maintenance due to integration of 

MES in a manufacturing facility. It resulted in a significant decrease in unplanned downtime, 

as well as an increase in overall equipment effectiveness. Moreover, it enabled the facility to 

shift from reactive maintenance to a proactive approach minimizing disruptions to 

production. The case study shows the impact of MES on maintenance and its ability to elevate 

overall manufacturing performance. 

References 
1. M. Younus, P. Cong, L. Hu and Y. Fan. "MES development and 

significant applications in manufacturing -A review". Jun. 

2010. 10.1109/icetc.2010.5530040. 

2. C. F, "Predictive maintenance in the Industry 4.0: A systematic 
literature review". 

3. "Maintenance transformation through Industry 4.0 technologies: 

A systematic literature review". 

4. G. Liguori, "Industry 4.0. The evolution of Maintenance  

Strategy". 

 

 

 

5. I. Roda, M. Macchi and L. Fumagalli, "The Future of 

Maintenance Within Industry 4.0: An Empirical Research in 
Manufacturing". 

6. Y. Lu, "Industry 4.0: A survey on technologies, applications and   

open research issues". 

7. "Lean Maintenance 4.0: An application of the IoT Technology in 

the facility management industry". 

8. R. Y. Zhong, X. Xu, E. Klotz and S. T. Newman, "Intelligent 
Manufacturing in the Context of Industry 4.0: A Review"  

 
 
 
 
 
 
 
 

 Author has expertise in industrial management, with a specialization in Production, 

Maintenance, Quality and Safety. As an Electromechanical Engineer, he has gained extensive 

experience in industrial projects, Optimization of production processes and Energy 

Management. Currently a PhD candidate in Maintenance 4.0, his research focuses on strategies 

for implementing maintenance 4.0 in SMEs. 

Email: l.sehli@ump.ac.ma 

 

 
 

 

 

 

 

mailto:l.sehli@ump.ac.ma


 

71 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID :135  

Enhanced Monitoring and Fault Detection in Rotating Machinery: A Maintenance 

4.0 Approach Leveraging Real-Time Vibration Analysis 
Ali EL KIHEL1, Soufiane EMBARKI1 

1Laboratory of Industrial Engineering and Seismic Engineering, National School of Applied Sciences ENSA Oujda, Mohammed Premier University, 

Oujda, Morocco 

Abstract  

In the era of Industry 4.0, Maintenance 4.0 has emerged as a crucial technological advancement aimed at 

enhancing machine reliability and operational efficiency through real-time data analysis. This paper presents 

the development of an advanced monitoring system for rotating machinery, focusing on unbalance and 

misalignment detection. A novel algorithm utilizing the Fast Fourier Transform (FFT), implemented in 

Python, is employed for vibration analysis based on ISO 10816 standards. The system's architecture includes 

a real-time data acquisition module that collects and processes vibration signals through strategically placed 

accelerometers. The collected data is analyzed to identify early signs of unbalance and misalignment, 

allowing for timely intervention. Experimental validation was conducted on a test bench, where the method 

successfully differentiated between normal and faulty motor conditions, showing a marked increase in 

vibration levels during fault occurrences. This approach not only ensures the automatic detection and 

diagnosis of machine faults but also provides an efficient solution for predictive maintenance. The research 

contributes to extending machine lifespan, reducing operational costs, and minimizing downtime by 

providing a robust and scalable monitoring framework suitable for Maintenance 4.0 environments. Future 

work aims to integrate digital twins to enhance fault prediction and operational simulations, further 

improving machine reliability and maintenance decision-making. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References 

1. Z. Li, K. Wang, and Y. He, “Industry 4.0 - Potentials for Predictive 

Maintenance,” presented at the 6th International Workshop of 

Advanced Manufacturing and Automation. 

2. M. X. Chiementin and M. L. Rasolofondraibe, “Contribution au 

processus de surveillance intelligente des machines tournantes : cas 

des roulements à billes. Thèse dirigée par Xavier Chiementin et 

Lantorasolofondraibe,” p. 137. 

3. A. EL KIHEL, and El. Bouyahrouzi, and All, “Optimizing Energy 

Generation: Real-Time Performance Management Strategy 

Leveraging 4.0 Technologies in the Energy 4.0 Era,” presented at 

Conference: 2023 7th IEEE Congress on Information Science and 

Technology (CiSt). 

4. El. Bouyahrouzi, and B. EL KIHEL, “Development of a new 

monitoring method for rotating machines based on Maintenance 4.0, 

a case study of unbalance and misalignment.  

 
 Author has expertise in Industry 4.0 and advanced maintenance technologies, with a specific focus on 

integrating artificial intelligence for predictive maintenance and energy optimization. Mr. Ali EL 

KIHEL is a professor at the Ecole Supérieure de Technologie de Nador, affiliated with Mohammed 

Premier University in Oujda, Morocco. His research interests center on integrating Artificial 
Intelligence (AI) and the Internet of Things (IoT) into predictive maintenance strategies for Industry 

4.0 applications. He specializes in the development of intelligent systems that monitor and diagnose 

faults in industrial machinery, with an emphasis on real-time performance management and energy 
optimization. 

Additionally, Mr. EL KIHEL has contributed to the fields of warehouse logistics and continuous 

improvement, with a focus on optimizing operational processes. His work in the automotive and food 
industries demonstrates the application of Lean 4.0 tools to reduce waste and improve energy 

consumption. His expertise extends to energy audits, thermography, and the development of 

sustainable distribution supply chains, further highlighting his contribution to both industrial 
efficiency and sustainability. 

 

Email: a.elkihel@ump.ac.ma 
 

 

mailto:a.elkihel@ump.ac.ma


 

72 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID :137  

Enhancing Supply Chain Resilience Through Digital Technologies with a Case 

Study 
Yousra EL KIHEL1, Soufiane EMBARKI 2, Bachir EL KIHEL2 

 
1 CESI Engineering School - LINEACT, France 
2 Applied Sciences Research Laboratory, National School of Applied Sciences, Oujda, Morocco 

Abstract  

Numerous global issues are causing disruptions to supply chains (SC’s), including 

health problems, conflicts, staff shortages, inventory scarcity and political uncertainty...In 

response to these challenges, this research work aims to present a conceptual framework 

that explains the relationship between 4.0 technologies and SC Resilience. We answer the 

following question: 

“To what extent do new technologies contribute to strengthening the links in the SC and 

its resilience in the face of risk? In other words, the ability to avoid most supply chain 

disruptions and mitigate the consequences of those that do occur. Operational risks and 

service interruptions can threaten the SC at various points, and ultimately jeopardize the 

resilience of the entire enterprise. To be truly resilient, a SC must be able to anticipate and, 

in many cases, avoid disruptions. To achieve this, the most resilient and agile SC’s must be 

designed to integrate new technologies, to do more than simply resist, and enable them to 

foresee, anticipate and react rapidly to future risks or opportunities. 

To do this, we first define the concept of resilience (presented in various fields), then 

show how the integration of I4.0 digital technologies can fundamentally change SC 

management, acting as a catalyst for a more effective response to disruptions. The results 

obtained for a food SC will help to improve business performance and ensure a reliable, 

SC resilience 
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Abstract 

The increasing urgency to address climate change and transition to sustainable 

energy systems calls for greater educational focus on renewable energy, especially at 

the high school level. This study examines the integration of renewable energy topics 

into high school curricula to raise awareness, build knowledge, and develop critical 

skills for a sustainable future. Through an interdisciplinary approach, students can 

explore the principles, technologies, and real-world applications of renewable energy 

sources such as solar, wind, hydro, and bioenergy. The research assesses the impacts 

of renewable energy education on student engagement, environmental awareness, and 

motivation toward STEM (science, technology, engineering, and mathematics) fields. 

Findings highlight that introducing renewable energy education at an early age fosters 

environmental responsibility, prepares students for green career pathways, and 

promotes community engagement. This paper advocates for curriculum development, 

teacher training, and resource allocation to ensure effective renewable energy 

education, positioning young people as active participants in the global shift toward 

sustainability. 

Keywords: climate change; sustainable energy systems; renewable energy education; 

high school curricula; interdisciplinary approach 
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Abstract 

The performance and durability of membrane materials are critical in seawater 

desalination process. This study investigates the aging mechanisms of a polymeric 

membrane that has reached the end of its operational life. We employed a 

combination of accelerated aging tests and real-time monitoring to assess changes 

in physical and chemical properties over time. Key parameters such as permeability, 

selectivity, and mechanical integrity were evaluated before and after exposure to 

harsh operational conditions.  

The results indicate significant alterations in membrane structure, with 

increased pore size and reduced selectivity correlating with extended usage. 

Understanding these aging mechanisms provides insights into the development of 

more robust membrane materials and informs lifecycle management strategies for 

membrane-based systems. 

Keywords: Membrane, desalination, mechanical characterization. 
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Abstract 

A Monte Carlo simulation has been employed to investigate the critical behavior of a multilayer system 

composed of two blocks: the upper block A with spin-5/2 and the bottom one B with spin-3/2. In the first 

instance, the effect of number of layers is studied in order to determine the optimal number of layers to select. 

The influence of exchange coupling and crystal fields constants on total and sublattice magnetizations, 

susceptibilities, and internal energy is deduced for specific parameters. The phase diagrams under the effect of 

different parameters have also been established. Moreover, we analyzed the hysteresis cycles for selected values 

of temperature, exchange coupling interaction and the crystal fields. At last, we noticed that our findings are 

comparable with the results of theoretical and experimental studies carried out by others. 
 

 

 

Fig: Schematic representation of a multilayer BC system with two 

blocks : A occupied by Si = 5/2 and B occupied by Sk= 3/2 
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Abstract  

This study investigates the main factors affecting damage and crack propagation in 3D-

printed polylactic acid (PLA), particularly focusing on how crack length impacts material 

lifespan across different orientations (0°, 45°, and 90°). Through static damage and reliability 

analyses, a predictive relationship between damage evolution and the life fraction β was 

established, revealing that as crack length increases, mechanical performance deteriorates 

significantly, highlighting the need for effective crack monitoring. A critical life fraction was 

identified for each orientation, beyond which static damage rapidly surpasses reliability: β ≈ 

0.17 for 45°, β ≈ 0.21 for 90°, and β ≈ 0.24 for 0°, with a secondary threshold between β ≈ 

0.50 and 0.70. The 0° orientation showed the greatest resistance to damage progression, 

followed by 45° and 90°, defining a toughness hierarchy with 0° as the most resilient. 

 

 

 
 

 

Fig: Evolution of static damage and reliability as a 

function of the fraction of life based on the remaining 

ultimate lives 

References 

1. F. Majid, T. Hachimi, H. Rhanim, and R. Rhanim, 

“Delamination effect on the mechanical behavior of 3D 

printed polymers,” Frattura ed Integrità Strutturale, vol. 17, 
no. 63, pp. 26–36, 2023, doi: 10.3221/IGF-ESIS.63.03. 

2. F. Majid and M. Elghorba, “HDPE pipes failure analysis and 

damage modeling,” Eng Fail Anal, vol. 71, pp. 157–165, 

2017, doi: 

https://doi.org/10.1016/j.engfailanal.2016.10.002. 

3. T. Hachimi, F. Majid, N. Zekriti, R. Rhanim, and H. Rhanim, 
“Improvement of 3D printing polymer simulations 

considering converting G-code to Abaqus,” The 

International Journal of Advanced Manufacturing 
Technology, vol. 131, no. 9, pp. 5193–5208, 2024, doi: 

10.1007/s00170-024-13300-9. 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 
 
 
 

Hachimi Taoufik is a researcher specializing in material mechanics and 3D printing, focusing 

on damage mechanics and crack propagation. With expertise in material characterization and 

CAD, he advances the durability and reliability of 3D-printed structures in high-performance 

applications. 

Email: Hachtaoufik@gmail.com 

 

 

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

0,0

0,2

0,4

0,6

0,8

1,0
 Static Damage 45°  Static Damage 90°  Static Damage 0°

 Poly (Ds 45°)  Poly (Ds 45°)  Poly (Ds 45°)

 Reliability 45°  Reliability 90°  Reliability 0°

 Poly (Reliability 45°)  Poly (Reliability 90°)  Poly (Reliability 0°)

S
ta

ti
c 

D
a

m
a

g
e/

R
el

ia
b

il
it

y
 

Life fraction (β)

mailto:Hachtaoufik@gmail.com


 

77 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID : 166 
Utilizing Complementary Split-Ring Resonators for Effective Mutual Coupling 

Mitigation in Eight-Element Antenna Arrays 

Sara Said 1,2, Yassmina Guetbach 2, El melhaoui ouafae1,2, Abdenacer Es-salhi 2, Ahmed Faize 3, 

Baghaz Elhadi 4 

1Research Center, High Studies of Engineering School, EHEI, Oujda, Morocco 
2Department of Physics, Faculty of Sciences, University of Mohamed Premier, Oujda, Morocco 
3 Department of Physics, Polydisciplinary Faculty, University of Mohamed Premier, Nador, Morocco. 
4Department of  Physics, Faculty of  Sciences, University of Chouaïb Doukkali, El Jadida, Morocco 

Abstract  

The paper investigates a novel strategy for reducing mutual coupling in an eight-element 

antenna array utilizing Complementary Split-Ring Resonators (CSRR). These resonators are 

embedded within the ground plane, disrupting the surface currents that typically lead to 

unwanted electromagnetic interactions between closely spaced antennas. The integration of 

CSRRs yields substantial isolation enhancements, achieving mutual coupling levels as low 

as -60 dB, which is vital for optimizing MIMO system performance. Furthermore, the authors 

analyze how the presence of CSRRs influences the antenna array's radiation patterns and gain 

characteristics, demonstrating their effectiveness in maintaining signal integrity and 

improving overall operational efficiency in MIMO applications. The findings suggest that 

this design approach can significantly enhance the performance of compact antenna systems 

in modern wireless communications. 
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Abstract  

This research explores the influence of the Rashba spin-orbit interaction on quantum 

entanglement and coherence between two non-interacting electrons in a two-dimensional electron 

gas (2DEG) system, a key platform for studying fundamental quantum properties.  

To accurately quantify entanglement within this system, we use concurrence (C), and to evaluate 

quantum coherence, we use the l1- norm (Cl1). Our analysis demonstrates that specific values of 

the Rashba SOC parameter can efficiently modulate both quantum entanglement and coherence, 

providing a versatile way to control these valuable quantum resources in response to system 

parameters. Notably, our results reveal that optimal values of these quantum metrics emerge when 

electrons are in close proximity, highlighting the crucial role of inter-electronic distance in 

determining quantum properties. As this distance increases, both entanglement and coherence 

metrics gradually decrease, emphasizing a significant dependence on spatial factors within 2DEG 

systems. However, by fine-tuning the Rashba parameter, it becomes possible to extend the 

persistence of these quantum resources even as electron separation increases, offering promising 

avenues for improving the control and optimization of quantum behavior in 2DEG-based 

applications involving qubits and quantum information processing. Furthermore, our results 

indicate that the l1 - norm exhibits greater robustness compared to concurrence, suggesting 

effective strategies for maintaining quantum coherence under various experimental conditions.  

The results of this study pave the way for future research focusing on fine-tuning the Rashba 

SOC as a practical control mechanism for optimizing entanglement and coherence in quantum 

technologies, highlighting the potential of 2DEG systems in advancing quantum computing and 

information technology applications. 
 

 
                    (a)                                    (b) 
Fig: Dynamical behavior of C11 (a) and C (b) as a function of R for various 

intensities with α0 =0.9eVÅ 
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Abstract 

Ground Penetrating Radar (GPR) is a non-destructive approach that is particularly suitable for the 

detection of metal reinforcement within reinforced concrete structures. This study is dedicated to the 

location and precise evaluation of the diameter of the rebar integrated into such structures. To this 

end, experiments were carried out on a specially designed concrete slab, incorporating different types 

of reinforcement with different diameters and depth of cover. The data were collected in the form of 

B-scan radargrams and subjected to image processing, using a 2700 MHz antenna, thus allowing the 

analysis of amplitudes and echo widths based on an energy model. The results obtained indicate a 

satisfactory convergence between the estimated diameter and the actual value. 

 

Fig: Geometric characteristics of a rebar buried 

in concrete 
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Abstract 

This study investigates the properties of a magnetized plasma sheath composed of 

positive ions, electrons, and neutral particles. A fluid model based on continuity and 

momentum equations is employed, incorporating an ion source term and collision 

frequency. The electron distribution is described using Tsallis' non-extensive statistics. 

Through the Sagdeev potential approach, a modified Bohm sheath criterion is derived to 

determine the required ion velocity at the sheath edge. Additionally, the ion flux, electron 

flux, and floating electric potential are calculated. The governing equations are numerically 

solved using the fourth-order Runge-Kutta method. The sheath properties are analyzed with 

a focus on the impact of the non-extensive parameter 𝑞, ionization frequency 𝛾, magnetic 

field angle 𝜃, and collision frequency 𝜖. Our results show that an increased collision 

frequency 𝜖 reduces ion flux due to significant energy dissipation within the sheath and 

leads to increased sheath thickness. Conversely, higher ionization frequencies 𝛾 generate 

more ions, enhancing ion flux near the sheath edge and increasing sheath thickness. Also, 

the magnetic field angle 𝜃 significantly affects ion flux: as 𝜃 increases, ion movement 

becomes more restricted, resulting in reduced flux and greater sheath thickness. The 

electron flux exhibits a high initial value near the sheath edge, followed by a rapid decrease 

with distance. This decrease is influenced by ionization frequency and magnetic field angle: 

higher ionization frequencies lead to a faster reduction in flux, while larger magnetic field 

angles provide stronger confinement, further contributing to a slower reduction. Moreover, 

higher ionization frequencies and larger magnetic field angles result in an increased sheath 

thickness. Finally, the floating potential shows a monotonic decrease with increasing q, 
converging to zero as the plasma approaches classical behavior. 
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Abstract 

Recent advancements in applications and technologies in the fields of healthcare, media, industry, and 

energy have been associated with a rapid growth in connected devices, necessitating innovations in mobile 

telecommunications systems. In this context, reconfigurable antennas offer advantages such as 

multifunctionality and a reduced footprint. 

This paper presents the design of a multi bands compact, reconfigurable microstrip patch antenna for 5G 

applications operating within the millimeter-wave (mmWave) range. The antenna consists of a rectangular 

monopole radiator and two radiating poles to adjust the desired radiation distribution. With dimensions of 5,5 × 

5,5 × 0,6 mm³, it is fabricated on a Rogers RT5880LZ substrate (thickness of 0,58 mm, permittivity of 2,0).By 

controlling two diodes to switch its operating modes, the antenna can redirect the main beam in the XY plane 

at 157° and 20° (gain of 0,91 dBi, angular width of 186,2°) at 26,71 GHz with an impedance bandwidth of 1,68 

GHz. At 44,10 GHz, it directs the beam at 152° and 28° (gain of 4,13 dBi, angular width of 71°) with an 

impedance bandwidth of 2,79 GHz. Finally, at 60 GHz, the beam is directed at 102° and 78° with a gain of 5,09 

dBi and an angular width of 80,2°, achieving an impedance bandwidth of 4,32 GHz. These configurations 

depend on the diode states (D1 ON, D2 OFF) and (D1 OFF, D2 ON). 

 

 

 

 

 

 
Fig: Structure and Radiation Pattern of the 

proposed Antenna at 26GHz 
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Abstract  

This study numerically investigates sheath formation and structure in a magnetized plasma 

with non-extensive primary electrons, positive ions, and secondary electron emission. The 

plasma sheath is modeled using continuity and momentum conservation equations coupled 

with Poisson’s equation. Primary electrons follow a non-extensive distribution based on 

Tsallis statistics, while positive ions and secondary electrons are described with a steady-

state fluid model. By employing the Sagdeev potential, a generalized Bohm criterion for 

sheath formation in a magnetized plasma is derived. The results reveal a significant influence 

of key physical parameters, including the secondary electron emission coefficient, magnetic 

field orientation, and the non-extensivity parameter on the Bohm criterion and sheath 

characteristics. Notably, increases in both the non-extensivity parameter and magnetic field 

orientation reduce the ion velocity at the sheath edge, highlighting the critical role of these 

parameters in sheath formation. This study may benefit technological applications in plasma 

processing for the semiconductor industry, electronic device manufacture, and fusion 

research. 
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Abstract  

This work investigates the radiation patterns at two different frequencies, 1.5 GHz and 

2.5 GHz, for antenna composed of a metallic dipole antenna and a plasma reflector 

(discharge tubes), an alternative to traditional metallic reflectors. Plasma reflectors offer 

potential advantages, such as tunability and weight reduction, which can enhance antenna 

efficiency by controlling the radiation pattern. The plasma medium's electrical parameters 

are theoretically modeled using the Drude model, helping to determine the conditions 

under which plasma can function as a reflector by analyzing its electric permittivity and 

conductivity. COMSOL Multiphysics, chosen for its effectiveness in simulating variations 

of discharge frequency within a capacitively coupled plasma (CCP), models how these 

changes effect on electron density and collision frequency. These results serve as input 

parameters for CST software to simulate the radiation pattern and simulate the gain across 

different discharge frequencies. The results demonstrate that as discharge frequency 

increases, plasma reflectivity increase with discharge frequency, resulting in significant 

improvements in gain and notable changes in antenna directivity. This study highlights the 

potential of plasma reflectors in advanced antenna design, for improved efficiency in many 

applications like GPS and WIFI. 

 

 
Fig:  Plasma reflector geometry 
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Abstract  

This paper examines the behavior of a radiofrequency (RF) plasma sheath containing 

electrons, positive ions and negative ions. The RF sheath structure is numerically analyzed 

using a one-dimensional hydrodynamic model, combined with an equivalent circuit model. 

The electrons are assumed to follow a Cairns-Tsallis distribution, while positive ions are 

described by a fluid model, and negative ions are considered to obey a Boltzmann 

distribution. The equivalent circuit model, consisting of a parallel combination of a diode, a 

capacitor, and a current source, is used to determine the spatiotemporal variation of the 

electric potential at the wall. Results show a significant impact of the negative ions on the 

plasma sheath structure. It is also shown that a decrease in the non-extensivity parameter, as 

well as an increase in non-thermality lead to an increase in potential drop and sheath thickness 

during a radiofrequency cycle. 
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Abstract 

 

We investigate here, through experimental and numerical approaches, the unsteady 

desorption process of water in a spherical, elastic, and deformable granular medium. 

Experiments were conducted at 30 and 40 °C on couscous grains in a controlled humidity 

environment to observe water behavior under different relative humidity levels. A modified 

elastic model was employed, expressing the water continuity equation in spherical 

Lagrangian coordinates to account for volume changes in the grains during desorption. The 

unidirectional radial desorption process was then analyzed through scaling analysis 

coupled with numerical resolution. Modeling results were successfully compared to 

experimental data, providing strong validation for the theoretical model. Additionally, the 

study focuses on the effects of a diffusion- elasticity coupling constant ψ, which naturally 

emerges in the continuity equation and plays a key role in desorption dynamics. Findings 

show that for high values of ψ, the water desorption process in couscous grains becomes 

non-Fickean, highlighting the importance of coupling between diffusion and elasticity. 
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Abstract 

The work presented in this paper focuses on the problem of characterizing the measurement probe error in 

antenna measurement systems using near-field techniques at 5G frequencies in mobile networks. Three types 

of probes were evaluated in this study, and a moderate gain antenna has been used an Antenna Under Test 

(AUT). The first probe is a half-dipole used as reference probe, the second one is an Open-Ended Rectangular 

Wave Guide (OERWG) probe and the one is a pyramidal horn used in the most calibrate antenna gain systems. 

The exact distribution of the near electric field has been compared to the voltage at the output of each probe at 

two particular frequencies, the first one is 6GHz of the sub- 6GHz band and the second one is 54GHz localized 

at millimetric wave band (mmW). In addition, the electric field and the probe output signal are both sampled in 

planar and cylindrical systems using numerical MOM method available in FEKO Suite software. 

The obtained results given in Figure shown that, the absolute error of the probes is function of: (1) the 

surface sensitive to the electromagnetic flux radiated by AUT, (2) the response of the probes to the parasitic 

components of the field, (3) the type of the antennas measurement systems and (4) the interaction Probe-AUT. 

This last point become more important when the operating frequencies increase. In fact, when the operating 

frequency increase, the dimension of the antennas and the probes decrease, also, as the frequency increases, the 

dimensions of the antennas and probes become increasingly miniature, and consequently the distance Probe-

AUT becomes increasingly very nearby. 

In summary, the results of our study allowed us to understand well how the error of the measuring probe 

changes depending on the frequency, and a correction step becomes important to remedy the problems of the 

probe. 

 
 

Fig: XCut and YCut of the probes error 
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Abstract  

The miniaturization of antennas is a critical advancement in modern communication systems, 

driven by the increasing demand for compact, high-performance devices in applications like IoT, 

mobile communications, and 5G networks. One of the most promising approaches to achieve 

significant size reduction without compromising performance is the use of metamaterials. 

Metamaterials are artificially engineered structures with unique electromagnetic properties not found 

in natural materials, enabling precise control over wave propagation.This paper explores the use of 

metamaterial-based techniques for antenna miniaturization, focusing on designs that integrate 

periodic structures and resonant elements, such as split-ring resonators (SRRs) and complementary 

split-ring resonators (CSRRs). These structures allow for effective permittivity and permeability 

manipulation, resulting in lower resonant frequencies in a smaller physical footprint. Additionally, 

employing LC resonant circuits within metamaterial elements provides enhanced control over 

bandwidth and radiation patterns. 

Our study demonstrates that metamaterial-based antennas not only reduce physical dimensions 

but also maintain efficiency and directivity, making them ideal for integration in next-generation 

wireless systems. This technique is a promising solution for overcoming spatial constraints while 

achieving optimal performance, thereby advancing the development of compact and efficient antenna 

systems. 
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Abstract  

 
The aerosol optical depth AOD characterizes the transparency of the atmosphere vis-a-vis solar 

radiation, it provides information on the aerosol load and quantifies the extinction of incident radiation 

in a column of atmosphere both by absorption and by scattering (Ben-tayeb et al. 2021). The study of 

the monthly evolution of the AODs allows the determination of the seasonal aerosol concentration 

and types (Meziane et al. 2020; 2021;2022). This work focuses on the optical characterization of the 

aerosol around the Mediterranean and the determination of its radiative forcing for several 

representative North sites (NM), south (SM) and East (EM). AOD measurements are obtained using 

CIMEL photometers which equip the various sites of the AERONET network (Table 1). 

The Mediterranean region observes a great diversity of aerosol sources (Desert, marine, forest, 

volcanic and anthropogenic). Despite the same Mediterranean climate, the contribution of the aerosol 

to the radiative forcing is different between the South and the East (more important) marked more by 

the natural aerosol and the North (less important) marked more by the anthropogenic aerosol. The 

climatic disturbance defined by the balance between the forcing at the top of the atmosphere and at 

the surface (CAB) shows a significant difference between NM and SM with an accentuation observed 

in Athens and Cairo. 

 
Table 1. Annual aerosol radiative forcing and AOD. 

  Sites

  

BOA  TOA  CAB  AOD

  
NM 

Athens,NOA 

2021 

-29,93 -09,33 20.6 0.185 

Toulon2021 -19,93 -08,01 11.92 0.135 

OHP 

Observation 

21 

-13,51 -06,09 07.42 0.095 

Barcelona 
2021 

-24,73 -09,96 14.77 0.185 

Cut Tepak 

2021 

-23,47 -13,13 10.34 0.175 

SM     

Tizi Ouzou 

2017 

-34,29 -11,59 22.7 0.213 

Tunis 2019 -30,17 -08,51 21.66 0.188 
   Cairo2021
  

-57,8  -18,91  38.89  0.345  
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Abstract 

Industry 4.0 technologies have brought about a profound transformation in logistics and supply chain management, 

particularly in the area of production planning. Advanced technologies such as artificial intelligence, the Internet of 

Things and digital twins are making huge strides towards efficiency within operations. The strategic advantage of using 

these technologies lies in optimizing resource allocation, improving forecast accuracy and enabling real-time decision-

making to meet the complex demands of today's production environments. They make a significant contribution to 

streamlining production flows by reducing lead times, minimizing waste and adapting seamlessly to fluctuating market 

demands, ensuring a more agile and resilient production process. 

One of the cornerstones of this transformation is the integration of data from connected systems into dynamic 

planning and predictive analysis. Well-orchestrated data integration enables organizations to merge historical trends with 

real-time information, providing planners with actionable insights that lead to more informed and accurate decisions. 

This will continue to reshape traditional planning processes, making them more reactive, adaptive and proactive in the 

face of operational challenges and market volatility. 

Furthermore, technologies are not limited to process optimization. They give companies the opportunity to improve 

collaboration between different stakeholders, increase visibility across the supply chain, and promote sustainability 

practices for resource conservation and waste reduction. Nevertheless, the adoption of Industry 4.0 technologies is not 

without its challenges. Most implementations will typically involve at least one major change in infrastructure, workforce 

training and overcoming data silos. 

This article explores the critical impact of Industry 4.0 technologies on production planning, considering the potential 

benefits, implementation challenges and implications for achieving sustainable and resilient logistics systems in an 

increasingly dynamic and competitive environment. 

Table: literature review on production planning & technology 4.0 

Year Title Author(s) Main Idea 

2020 

Machine learning applied in production 

planning and control: a state-of-the-art in 

the era of Industry 4.0 

Juan Pablo UsugaCadavid, 

Samir Lamouri, Bernard 

Grabot, Robert Pellerin, 

Arnaud Fortin 

Discusses the application of machine learning in 

production planning and control within Industry 

4.0, focusing on the role of data and AI in modern 

manufacturing.. 

2021 

Interdependencies within Production 

Planning and Control: An Approach for 

Generic Modelling of the Relationships 

between Production Planning and Control 

Tasks and Production Logistics Objectives 

Simon Hillnhagen, Thorben 

Green, Janine Tatjana Maier, 

Alexander Mütze, Matthias 

Schmidt 

Presents a model-based design approach that 

explores the inter-dependencies within production 

planning and control, by linking the goals and 

tasks of production logistics to provide clarity on 

the impact of decisions on all tasks. 

2022 

Digital Collaboration Platform for 

Distributed, Agile Engineering-Integration 

of an IT Approach and Indicators for 

Acceptance in Industrial SMEs 

David Wagstyl, 

ThorbjörnBorggräfe, Sven 

Oberdiek, Leon Wagener, 

Jochen Deuse 

This paper Presents a digital platform architecture 

for flexible collaboration in the design of 

production systems, integrating planning data and 

workflow management for SMEs. It also provides 

indicators for measuring platform adoption in 

medium-sized industrial companies. 

2023 
Energy-related material flow simulation in 

production and logistics 

Sigrid Wenzel, Markus Rabe, 

Steffen Strassburger, 

Christoph von Viebahn 

This paper Provides an overview of approaches 

and applications of energy issues in production 

and logistics using simulations. Highlights the 

significance of energy efficiency in material 

processes and the integration of energy 

management into planning processes, particularly 

with the use of regenerative energy sources. 

2024 

Production Scheduling Based on a Multi-

Agent System and Digital Twin: A Bicycle 

Industry Case 

Vasilis Siatras, 

EmmanouilBakopoulos, 

Panagiotis Mavrothalassitis, 

Nikolaos Nikolakis, Kosmas 

Alexopoulos 

This paper Proposes a multi-agent system 

framework combined with digital twin technology 

to optimize production planning in the bicycle 

industry 
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Abstract 

The digital transformation of the industrial sector is a cornerstone of global economic 

development, focusing on improving productivity and sustainable growth. Advanced 

technologies such as cyber-physical systems, artificial intelligence, and the Internet of Things 

(IoT) enhance industrial systems, making them more complex yet adaptive. Among these 

advancements, Digital Twin (DT) technology offers real-time, virtual replicas of industrial 

equipment and processes. These replicas allow accurate modeling and monitoring, enabling 

companies to simulate scenarios, predict performances, and reduce on-site testing costs. 

Additionally, DT technology integrates real-time sensor data with advanced analytics to 

improve decision-making, operational performance, and predictive maintenance, 

significantly contributing to Industry 4.0. 

This study focuses on implementing a Digital Twin solution in a water filtration unit, 

involving real-time monitoring and predictive failure analysis. The developed model will 

allow a proactive, holistic approach to optimizing industrial processes. The solution is 

developed in three stages: precise system modeling, integration of Industry 4.0 technologies 

for process optimization, and failure prognostics using advanced algorithms. This approach 

ensures continuous operational efficiency and reduced downtime. 

Keywords: Digital Twin, Industrial Processes, Modeling, Monitoring, Decision Making, 

Optimization, Predictive Maintenance, Industry 4.0. 
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Abstract  

This study explores the propagation of electromagnetic waves in a plasma medium by 

combining kinetic theory with Maxwell's equations. The finite-difference time-domain 

(FDTD) method is employed to solve the Maxwell-Boltzmann system, enabling the analysis 

of the evolution of electromagnetic fields and the electron distribution function within the 

plasma. The results show that plasma electron density has a significant impact on wave 

behavior. In plasmas with a low electron density, electromagnetic waves propagate through 

the medium with minimal interaction. Conversely, in plasmas with a high electron density, 

the waves are either reflected or absorbed by the medium.  
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Abstract  

This study presents the design of an ultra-compact band-pass filter utilizing coupled 

microstrip lines, specifically tailored to meet the requirements of 5G mobile communication 

standards as well as WiMAX and WLAN applications. One of the remarkable aspects of our 

work is that, despite the sophistication of the required performance, the structure of the filter 

remains consistently simple and devoid of unnecessary complexity, facilitating its integration 

into various systems. The innovation of our approach lies in the use of a genetic algorithm, 

a method that effectively optimizes the filter parameters by exploring a vast search space. 

This allows us to identify the most efficient configurations while ensuring the robustness and 

reliability of the device. The results of this optimization are particularly promising: we have 

achieved a center frequency of 5.5 GHz, with a -3 dB bandwidth ranging from 2.4 GHz to 

8.6 GHz, a wide bandwidth of 6.2 GHz, an impressively low insertion loss of 0.4 dB, and a 

return loss better than 20 dB. Furthermore, the filter is distinguished by its compact 

dimensions of 9 mm × 6 mm, making it an ideal choice for applications where space is 

limited. These results highlight the effectiveness of the genetic algorithm in designing high-

performance microstrip filters while maintaining a simple and uncomplicated structure. By 

integrating these filters into advanced communication systems, we pave the way for more 

efficient communication technologies and enhanced connectivity, thereby addressing the 

growing demands of the telecommunications market.  
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Abstract  

Throughout this presentation, we primarily focus on the parabolic p-Laplacian equation: 

∂tu − ∆pu + f1(x, u) = αχ {u>0} ur−1 + g (x, ∇u), with homogeneous Dirichlet boundary 

condition, by using Galerkin's approach with particular estimates, we establish the local and 

global existence of solutions.  
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Abstract  

In this work, we present a hybrid deep learning model that integrates Convolutional Neural 

Networks (CNN), Bidirectional Long Short-Term Memory (BiLSTM) layers, and an 

Attention mechanism to predict the Remaining Useful Life (RUL) of turbofan engines. The 

model begins with feature selection using Random Forest, followed by data preprocessing 

steps including scaling, capping the RUL target, and splitting the data by engine to en- sure 

the integrity of the time series. CNN layers extract spatial features from the sensor data, while 

BiLSTM layers capture temporal dependencies, modeling both past and future information. 

The Attention mechanism further enhances the model by focusing on the most important time 

steps, improving the accuracy of predictions. We utilize Hyperband to ef- ficiently optimize 

the model architecture and its hyperparameters. The model is validated using the C-MAPSS 

dataset, showing strong robustness and generalization. To increase transparency, we apply 

SHapley Additive exPlanations (SHAP) to interpret individual pre- dictions, providing 

insights into the model’s decision-making process. This work offers a significant 

advancement in predictive maintenance for aerospace, providing a scalable and interpretable 

solution for real-world applications. 

Keywords: Remaining Useful Life (RUL), Predictive Maintenance, Turbofan Engines, CNN, BiL- 

STM, Attention Mechanism, Feature Selection, Hyperband, SHAP, Aerospace Applications. 

 

 

 

 

 

 

 

 
  

 
 
 
 
 
 

 

 



 

96 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID : 33 

Fintech and Blockchain in Morocco: A Systematic Literature Review  

Oumaima Issaili 1, Abdelfettah Sedqui 2 

1Laboratory of Innovative Technologies, National school of applied sciences, Abdelmalek Essaadi University, Tangier, 
Morocco 
2Laboratory of Innovative Technologies, National school of applied sciences, Abdelmalek Essaadi University, Tangier, 
Morocco 
 

Abstract  

This paper aims to identify, analyze and organize the literature about the applications of 

blockchains and fintech technology in Morocco across a various sector such as logistic, industry, 

finance, health, energy, government…. Using PRISMA protocol our study reviewed 26 academic 

papers published between 2015 and 2024. Fintech and Blockchain technology in Morocco are still in 

its early stage of adoption despite the growing interest received from both public and private sectors. 

The finding reveals that Fintech and blockchain technology can bring significant improvements in 

areas such as supply chain management, financial transactions, and governmental services. However, 

several obstacles including regulatory uncertainty, and technological infrastructure limitations remain 

significant challenges. The limitations of this study are represented mainly by the limited available 

papers specifically addressing Fintech and blockchain applications in the Moroccan context which 

highlighting the need for more depth research. This paper has practical implications that call 

Moroccan policymakers and industrial leaders to develop strategies toward using Fintech and 

blockchain technology while focusing on the legislative and technological barriers. By focusing on 

these challenges and opportunities, this review serves as a foundation for future research and 

encourages the development of blockchain-driven innovations in Morocco. Ultimately, the study 

presents important implications for both academics and practitioners to understand how Fintech and 

blockchain technology could influence digital revolution and part of ongoing industrial 

transformation in a country. 

Keywords: Blockchain, Fintech, Morocco, digital transformation, industry 4.0, Artificial 

intelligence. 
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Abstract  

The role of this paper is to evaluate the process of calculating the maximum matching 

cardinality in the Fractal Graph, specifically focusing on Fractal Trees and Sierpiński Carpet. 

In this analysis, we delve into the characteristics, construction, properties, nature, 

implementation, iteration, and applications of renowned fractal graphs such as the Fractal 

Trees and Sierpiński Carpet. The use of Python programming language is employed to 

validate the results comprehensively. Here, we elucidate the construction and implementation 

of Fractal Graphs, employing the proof of mathematical induction methods to establish their 

properties and behaviors. The practical applications of the maximum matching cardinality 

value span various domains, encompassing construction, computer architecture design, 

camera focusing, and optimization of raw material consumption at construction sites, among 

others. 
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Abstract  

This article explores the scanning functionality in electronic document management 

(EDM) and its representation in the Business Process Model and Notation (BPMN). 

Digitization facilitates the conversion of paper documents into digital formats, improving 

storage and access to information. From this BPMN representation, the article describes the 

transformation process into a UML class diagram using the Model-Driven Architecture 

(MDA) approach. This method structures development into three levels, facilitating 

maintenance and system adaptability. The QVT transformation language is also introduced 

to define mapping rules between BPMN and UML elements, ensuring a smooth transition 

and efficient integration of GED systems. 

 

 

 

 

 

 

 

 

 

Fig: Representation in bpmn 
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Abstract  

Trajectory planning algorithms, used in robotics to avoid obstacles, are divided into two 

categories: classical and artificial intelligence (AI)-based. Classical algorithms, such as A*, Dijkstra, 

RRT, and PRM, follow predefined rules and are effective in simple environments. AI-based 

algorithms, like Q-learning, learn to adapt to more complex environments. 

The study compares these approaches through various simulations (simple, complex, and dynamic 

environments). The goal is to evaluate their efficiency and adaptability in different planning 

scenarios, highlighting the contexts where each algorithm excels or fails. The results highlight the 

strengths and limitations of each algorithm. Classical algorithms showed strong performance in terms 

of optimality in static environments, while AI-based algorithms stood out in dynamic scenarios. 

Finally, future work aims to explore hybrid combinations of classical and AI-based algorithms to 

maximize their advantages. 

Keywords: Trajectory planning, algorithms, mobile robot, artificial intelligence, performance 

evaluation.  

 

 

Fig: Comparison of the A algorithm in different 

scenarios in terms of path length and time  
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Abstract  

We carry out an in-depth theoretical and numerical study of microwave propagation in a basic unit 

cell of a transmission line (TL) placed between two substrates. We consider that our basic system is 

formed by a segment of a right-handed material (RHM medium), grafted with a lateral resonator made 

of metallic wires (TW) possessing negative permittivity (ENG meta-material). We approximate the 

basic system by a unit cell equivalent to an electrical circuit, consisting of resistors R, capacitors C 

and coils L. We use the transfer matrix method (TMM) to obtain the transmission and reflection rates 

of an electromagnetic wave as a function of electrical impedance "Z" and electromagnetic parameters 

"ε and µ", and then simulate them using the FORTRAN program. Our numerical results indicate that 

transmission and reflection rates are influenced and controlled by the geometric and electrical 

parameters of the ENG meta-material. Consequently, these parameters must be carefully selected 

according to the application in question in order to obtain meaningful electromagnetic filtering results. 

Keywords: Electromagnetic wave, Meta-materials, Transmission line (TL), Electric circuit, 

Transmission rate, Reflection rate. 

Figure: Schematic representation of a basic 

unit cell of the transmission line (TL). 

References 

1. Caloz, C., & Itoh, T. (2002). Application of the transmission line 

theory of left-handed (LH) materials to the realization of a 

microstrip" LH line". In IEEE Antennas and Propagation 
Society International Symposium (IEEE Cat. No. 

02CH37313) (Vol. 2, pp. 412-415).  

2. Eleftheriades, G. V., Iyer, A. K., & Kremer, P. C. (2002). Planar 
negative refractive index media using periodically LC loaded 

transmission lines. IEEE transactions on Microwave Theory 

and Techniques, 50(12), 2702-2712. 
3. Caloz, C.,  and Itoh, T., (2003) .Novel microwave devices and 

structures based on the transmission line approach of meta-

materials,. in IEEE MTT-S Int.Symp., Philadelphia, PA, pp. 
195–198. 

4. Zhang, L., Wang, Z., Chen, H., Li, H., & Zhang, Y. (2008). 

Experimental study of quasi-one-dimensional comb-like 
photonic crystals containing left-handed material. Optics 

communications, 281(14), 3681-3685.  

 

 

I'm a physics specialist with a master's degree in optics and materials from the Université 

Mohammed First -Oujda in 2024. My research, carried out at the Materials, Waves, Energy and 

Environment Laboratory “LaMon2E”, within the team specializing in Waves, Acoustics, 

Photonics and Materials, focuses on meta-materials, in particular filtering using transmission 

lines. I have submitted a scientific article in the journal “Optical Memory and Neural Networks” 

on this subject, which is in line with my PhD projects, where I plan to pursue research on filtering 

and detection based on periodic/quasi-periodic systems to improve metamaterial-based 

technologies. 

Email: etudiante.master2024@gmail.com  

 

 



 

101 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID : 49 

Ephemeral Diffie-Hellman Key Exchange: An Innovative Approach for IoT 

 Mohamed El Ouafi, Kaoutar Lamrini Uahabi, Abderrahim Aslimani 

Mohammed First University, FPN, Nador, 62000, Maroc. 

Abstract  

Ephemeral key exchange is a fundamental pillar of modern cryptography, providing enhanced 

security through the property of forward secrecy. The Ephemeral Diffie-Hellman (ECDHE) 

algorithm allows for the generation of temporary keys for each communication session, ensuring that 

even if a private key is compromised, previous sessions remain protected. This method is essential 

for security protocols such as TLS and VPNs, where confidentiality and security are paramount. 

However, with the advent of quantum computers, traditional Diffie-Hellman methods are 

vulnerable to quantum attacks, especially for low-performance devices like those in the Internet of 

Things (IoT). To address this challenge, we have introduced a powerful and secure interactive 

structure based on a new problem derived from Diffie-Hellman. This structure uses changing random 

elements to withstand the quantum computing capabilities of adversaries. By formulating the 

underlying computational problems within a robust complexity framework, we demonstrate that our 

scheme is secure, provided that the new Diffie-Hellman problem is sufficiently difficult to solve. 
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Abstract  

Managing truck fleets in port terminals is complicated by frequent GPS signal disruptions 

and network failures, leading to incomplete tracking data. This study explores the use of 

Temporal Convolutional Networks (TCN) for predicting truck positions in the absence of 

reliable GPS signals. TCN, known for its ability to capture long-range dependencies in time 

series data, is applied to learn movement patterns from truck position history. To optimize 

prediction accuracy, the study transforms National Marine Electronics Association (NMEA) 

GPS data from 31 trucks into a local Cartesian reference frame, which allows for more robust 

processing of spatial coordinates. The transformed data is processed into time-series 

sequences, which are then used as input for the TCN model. The results demonstrate that 

TCN outperforms traditional Recurrent Neural Network (RNN) architectures, providing a 

more accurate and computationally efficient solution for truck position prediction. This 

approach holds significant promise for improving fleet management and operational 

efficiency in port terminals. Future research could explore incorporating additional sensor 

data and extending the system to larger fleets and more complex operational scenarios. 

Keywords: Position Prediction, TCN, Time Series, GPS data. 
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Abstract  

In this paper, a novel design of a multi-band fractal antenna is proposed for WLAN 

applications. The antenna structure is based on a triangular-shaped resonator that 

incorporates a triangle-shaped slot. This initial triangular configuration serves as the 

foundation for developing a fractal rhombic patch design. Specifically, this triangular slot is 

integrated at each center side of the rhombic patch antenna to enhance the antenna's 

performance and enable multi-band functionality.  

To further optimize the antenna's adaptation and improve its operational efficiency, 

modifications are made to the shape of the slot located on the ground plane. These 

modifications are carefully analyzed to observe their impact on the antenna’s performance. 

The step-by-step development of the antenna, including its different design stages and 

variations in its dimensions, is comprehensively compared. The results are demonstrated 

through the reflection coefficient curve, which visually represents the antenna's performance 

across different frequency bands. 

The entire design process of the proposed antenna is meticulously planned and simulated 

using the CST Microwave Studio (CST MS) software. This powerful electromagnetic 

simulation tool allows for accurate modeling of the antenna's behavior, enabling the 

identification of key parameters that influence the performance. The simulation results 

illustrate how the fractal design and slot modifications contribute to achieving the desired 

multi-band characteristics, making this antenna suitable for efficient WLAN operations. 

With its innovative design and optimization, the proposed antenna presents a significant 

advancement in multi-band fractal antenna technology, offering potential applications in 

various wireless communication systems, particularly in WLAN. 
 

 

 

 

  

 



 

104 
 

First International Conference on Bio-Materials Science, Mechanical, and Electrical Engineering 

 11-12 December 2024, Nador 

ID : 79  

Transforming COBOL Legacy Systems to Cloud-Native Architectures: An ADM and QVT-
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Abstract  

This is the growing issue of modernizing the existing and predominantly used mainframe 

systems as organizations perform the transition towards cloud-native models. In response to 

this problem, Architecture-Driven Modernization (ADM) in conjunction with the Object 

Management Group (OMG) standards provide a sound approach to the problem. This paper 

focuses on using QVT-based transformation within ADM when migrating from a legacy 

COBOL mainframe system to cloud-native. It makes it possible to preserve business logic as 

well as make it possible to support modern distributed technologies. In this paper, by giving 

a detailed example, we show how our approach brings some aspects of a COBOL application 

into a microservices-style architecture running on a cloud platform and following the KDM 

and UAF. In the present context, our integrated QVT-based approach provides an effective 

way of gathering and transforming the legacy code and data into microservices, facilitating a 

structural and functional congruity with the cloud milieu. The findings show a reduction of 

migration work complexity and enhancement of the system flexibility and expandability. 

This case study points to the ability of OMG-compliant ADM methodologies to address 

legacy-to-cloud transformations, demonstrating the effectiveness and flexibility of structured 

QVT transformation for large-scale enterprise modernization. 

Keywords: Mainframe Modernization, Cloud Native Migration, QVT Transformation, 

Legacy COBOL, Microservices Architecture, Enterprise Modernization 
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Abstract 

This study delves into the complex dynamics of heat transfer within bifacial photovoltaic 

(bPV) solar modules subjected to spectral solar illumination. A novel model is developed to 

integrate internal heating mechanisms with optical absorption, based on equations governing 

the interaction between light and matter within the multi-layered structure of the bPV module. 

The analysis considers reflection and transmission at each interface between adjacent layers, 

as well as absorption within each layer. The dielectric properties of these interfaces are utilized 

to compute wavelength-dependent reflectance and transmittance. Furthermore, the optical 

properties of each layer are employed to ascertain absorption coefficients and internal heat 

sources based on the direction of irradiance, considering both the top and bottom faces of the 

module. This study explores the effect of irradiance reflection on temperature profiles. 

Additionally, it evaluates the impact of different materials placed beneath the bPV module 

and examines how albedo influences thermal performance. The heat equation is solved under 

dynamic conditions using a 1-D finite difference (FD) method, revealing detailed temperature 

profiles under Standard Test Conditions (STC), Normal Operating Cell Temperature 

(NOCT), and real-world conditions. 

 
 

 
Fig: Temperature profiles within the multilayered structure of a bPV module for various 

albedo coefficients 
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Approach Across Heterogeneous Platforms 
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Abstract  

To find out the interventions that have to be made to upgrade a legacy system to lever- age 

new technologies while retaining core competencies, the following research questions are 

pivotal. Legacy system modernization is inevitable for organizations wanting to leverage new 

technologies and at the same time, protect business logic that is regarded as strategic. 

Architecture-Driven Modernization (ADM), especially in cases dealt with OMG standards, 

offer clear guidance to overcome all the described challenges. This paper therefore presents 

a model transformation framework derived from ADM that uses the QVT language in a 

migration between two different technologies. The approach is targeted on preserving the 

continuity of architectural components which constitute an important prerequisite for system 

integration in dynamically changing IT environments. To support this framework, the case 

study is provided to show how a monolithic Java EE application is migrated to a modern mi- 

croservice .NET application. Following the OMG KDM and UAF specifications, the 

system’s architecture analysis and transformation adhere to specifications. This research 

shows that our QVT-based approach involves less complexities in migration because 

transformations are realized in a structural manner and promote the assimilation of business 

processes with IT systems. The implications witnessed in the study endorse the potential of 

OMG-compliant ADM and QVT in performing scalable, prognosis-considerate 

transformation on different platforms as established by recent endeavors in ADM and model-

based system engineering. 

Keywords: Legacy Modernization, Architecture Driven Modernization (ADM), QVT 

Transforma- tion, OMG Standards, Microservices Migration, Model Based Engineering, 

System Integration 
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Abstract  

The rapid advancement of telecommunications technology, particularly with the advent 

of 5G, represents a transformative shift in wireless communications. Central to this evolution 

is the utilization of millimeter-wave frequencies, which provide substantial bandwidth but 

also present significant challenges in optimizing antenna performance. One key challenge is 

reconfiguring antenna radiation patterns to enhance performance. 

In this study, we present a novel approach to reconfiguring MIMO antenna radiation 

patterns by employing metasurfaces. Unlike other techniques, such as diodes1,2 and RF 

MEMS3, metasurfaces offer exceptional capabilities for manipulating electromagnetic 

waves. Our method involves utilizing metasurfaces composed of split-ring resonators 

arranged in a grid, which facilitates beam steering and improves antenna gain. Specifically, 

our approach enhances the gain between MIMO elements by 2.18 dB and allows for dynamic 

beam steering through the rotation of metasurfaces around the antenna's center. 

The antenna design and analysis were conducted using CST Microwave Studio simulation 

software. The results demonstrate a reflection coefficient of -45.73 dB at 38.4 GHz, a 

bandwidth of 40.36% (spanning from 35.3 to 47.65 GHz), and a peak gain of 7.64 dB. This 

innovative use of metasurfaces marks a significant advancement in optimizing MIMO 

antenna performance for 5G millimeter-wave application.  
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Abstract 

In this paper, we have described an approach to facilitate the didactic transposition of free 

fall concept for 12th grade students. We also presented the experimental results obtained 

using an educational and experimental device developed in our laboratory, implemented 

through a free hardware platform Arduino to collect data from the free fall experiment. In 

addition, we have tested the students' satisfaction with this new device. We believe that the 

device presented can play a very important role in teaching the concept of free fall and bring 

benefit to the physics laboratory due to its high precision and reliability of measurements. 

Keywords: LDR sensors; Red diode laser; Free fall;Physics education 
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Abstract  

The Korteweg-de Vries (KdV) equation is a partial differential equation that presents a 

mathematical model for waves on shallow water surfaces. The Korteweg-de Vries equation 

can thus model the motion of the water surface and more particularly the motion of low-

amplitude waves in shallow water without transverse effect. By adding together all the 

quantities, this equation is written as 

𝒖𝒕 + 𝟑(𝒖𝟐)𝒙 + 𝒖𝒙𝒙𝒙 = 𝟎   for  𝑡 > 0  and  𝑥 ∈ ℝ  

Such that t corresponds to the time variable and x corresponds to the spatial variable. We use 

the finite difference sheme method to solve the modified Korteweg-de Vries (KdV) equation. 

We develop a scheme to obtain the numerical solution of the KdV equation with initial 

conditions. We compare the numerical solutions obtained by this scheme with other published 

results to show the reliability of the schemes considered. We analyze the schemes by their 

accuracy and stability.We use the exact solution and conserved quantities to show the 

efficiency of the found schemes. The KdV equation is used in several fields, among these 

fields the modeling of water wave propagation and hydrodynamic waves. We present 

numerical schemes for the KdV equation using the finite difference approximation and the 

trapezoidal midpoint rule. All methods used have high accuracy in finding the solution, and 

the diagrams are stable. We give numerical examples. 
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Abstract 

Current wireless communication technologies cover a wide frequency range, but existing 

power amplifiers may not be efficient across this extended range. This paper proposes a new 

structure and an enhanced design method to achieve wideband power amplifiers.  The main 

challenge is managing harmonic frequencies that overlap with fundamental frequencies. To 

address this issue, a modified class-F approach is utilized. This new method simplifies the 

design of matching networks and achieves wide bandwidth using only three fundamental 

frequency points. A power amplifier based on this approach was designed, demonstrating a 

bandwidth of 100% from 0.6 to 2 GHz, with a drain efficiency exceeding 75% and an output 

power exceeding 42 dBm. 

Keywords: Power amplifier, Wideband, Harmonic tuning, Class, F, Matching network, 

Wireless communication, Effinciency, Broadband, Frequency range, Design methodology 
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Abstract  

Predicting used car prices is a challenging task due to the many factors that affect vehicle 

valuation. This study presents a complete machine learning approach to build an accurate 

prediction model for the Moroccan market. Data was collected from a local car sales web- 

site using web scraping, followed by thorough preprocessing, including data cleaning, en- 

coding, scaling, and handling outliers. Among the evaluated machine learning algorithms, 

the CatBoost regressor emerged as the top performer, achieving an R2 score of 91.35%, 

demonstrating strong predictive accuracy. To gain insights into the factors influencing pre- 

dictions, SHAP (SHapley Additive exPlanations) was employed, revealing key features such 

as mileage, manufacturing year, and engine power as the most impactful on price estima- 

tions. The final model was deployed in a user-friendly web application that offers market 

analysis visualizations, generates predictions with interpretable results using SHAP, and in- 

cludes model monitoring to track data drift and facilitate easy retraining. This practical tool 

enables consumers and businesses to make informed pricing decisions and stay updated with 

market trends. 

Keywords: Used Car Price Prediction, Machine Learning, CatBoost, SHAP, Interpretability, 

Web Application, Morocco 
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Abstract 

Optimization in the context of physical problems, particularly at a high level of resolution, is a relatively 

new challenge faced by various fields. To address this, neural network-based methods have emerged as powerful 

tools for reducing errors and improving performance. This article presents an optimization approach that 

leverages the capabilities of neural networks. The proposed method focuses on designing an architecture that 

optimizes a discrete model (specifically, the volume flow of a pump) in conjunction with a continuous model 

that closely aligns with the underlying physical phenomenon. The architecture is structured as a multi-layer 

neural network, where its primary function is to process data related to a degradable physical quantity using a 

staircase model. This processing helps establish a relationship between the input and output variables of the 

system. The identification of this relationship is facilitated through automatic data learning, with the function 

being embedded within the network’s internal architecture, represented by matrices that enable the necessary 

correlations to be made. The results obtained demonstrate strong performance, validating the choice of the 

adopted neural network-based technique. This performance not only confirms the effectiveness of the 

optimization method but also highlights the practical applicability of the continuous model in a wide range of 

health monitoring systems for equipment. By optimizing data processing and analysis, this approach makes the 

continuous model more reliable and useful in real-world scenarios, especially for the effective monitoring and 

maintenance of mechanical and physical systems. 

 

 
Fig 1: Methodology adopted for the optimization of the 

discrete model 

 

 

 

 
Fig 2: Learning by the neural network: (a), Neural 

network used; (b), Algorithms used; (c), Progress training 
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Table 1: Values of the degradable physical parameter over 

different intervals 
 

Test t(s) Qv(l/s) 

1 [0;300[ 5 

2 [300;500[ 4.7 

3 [500;700[ 4.35 
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13 [2800;3000[ 1.5 

14 [3000;3250[ 1 

15 [3250;3400[ 0.6 

16 [3400;3500[ 0.4 

17 [3500;3650[ 0.1 

 

 
Fig 3: Result of the optimized model 

Table 2: Performance of the established neural network 

Performance Value 

MSE 0.03239 

R 0.99323 

Mu 0.00010 

 
 
 
 
 

 
 

 

 

 

 

 

Fig 4: Performace of model: (a), Mean squared error (MSE); 

(b), Correlation coefficient R. (c), Coefficient of learning μ 
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Abstract 

Industry 4.0, driven by the convergence of Artificial Intelligence and the Industrial Internet of Things, has 

revolutionized the way industrial processes, including maintenance, are approached. Preventive maintenance 

has become a critical strategy for organizations across various industries to minimize downtime, optimize 

equipment performance, and reduce maintenance costs. The integration of artificial intelligence models has 

emerged as a promising approach to enhance the effectiveness of predictive maintenance frameworks. 

Advancements in data analytics and machine learning techniques have enabled the development of robust 

diagnostic and prognostic maintenance systems that can identify potential failures before they occur. By 

leveraging these AI-driven approaches, organizations can proactively address equipment issues, leading to 

improved system reliability, reduced downtime, and enhanced operational efficiency. This paper identifies and 

examine the role of AI models in the context of preventive maintenance. Furthermore, it will focus on data-

driven models, particularly those used for predictive maintenance. These models analyze sensor data, historical 

maintenance records, and other relevant information to predict equipment failures before they occur. The use of 

multi-criteria evaluation of these various models provides a wild overview for selecting the most suitable 

technique for a reel diagnostic and prognostic of the industrial system, which will be developed in the 

perspective. 
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Abstract  

This study aimed to develop a reliable method for determining the radius of a single steel 

reinforcement embedded in concrete using ground penetrating radar (GPR). GPR, employing 

high-frequency antennas to transmit short pulses and capture reflected echoes, was utilized 

to assess internal discontinuities within the concrete structure. The resulting B-scan 

radargrams were subjected to image processing to extract relevant information. A correlation 

formula was derived to estimate the rebar radius based on these extracted features. The 

proposed method demonstrated superior accuracy compared to existing techniques in 

predicting the rebar radius. 

Keywords: B-scan, Concrete, GPR, Radius, Rebar. 

 
 

Fig : A buried reinforcing rebar visualized in a  B-scan 

configuration 
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Abstract  

Fuzzy Min-Max neural network (FMMNN) is widely recognized for its effectiveness in handling 

uncertainty and imprecision in classification tasks. However, its performance is significantly influenced by 

the choice of parameters, which often requires extensive manual tuning. This paper presents an innovative 

approach that employs Evolution Strategy (ES) for the parameter optimization of FMMNN. The proposed 

method integrates a population-based optimization technique to automatically adjust key parameters, thereby 

enhancing classifier performance. An extensive experiment on benchmark datasets is carried out to evaluate 

the effectiveness of our approach, comparing it against traditional methods. The experimental results indicate 

a significant improvement in classification accuracy and robustness when using the proposed ES 

methodology. Moreover, the findings highlight the advantages of employing evolutionary algorithms in 

optimizing complex fuzzy systems.  

 
 
 
 
 
 
 
 
 
 
 

Fig: Fuzzy min max architecture 
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Abstract  

We consider a two-spin system of 3X Heisenberg type submitted to an external magnetic 

field. Using the associated CP3 geometry, we investigate the dynamics of the system. We 

explicitly give the corresponding Fubini-Study metric. We show that for arbitrary pure initial 

states, the dynamics occurs on a torus. We compute the geometric phase, the dynamic phase 

and the topological phase. We investigate the interplay between the torus geometry and the 

entanglement of the two spins. In this respect, we provide a detailed analysis of the geometric 

phase, the dynamics velocity and the geodesic distance measured by the Fubini-Study metric 

in terms of the degree of entanglement between the two spins. 

 

 
 

Fig: Illustration of the entanglement phenomenon between two 

electrons (qudits) in a ferromagnetic material 
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Abstract 

The objective of this research project is to systematically collect and model data related 

to the Moroccan transmission network, with a focus on key infrastructure components such 

as power plants, substations, and transmission lines. The data for this study are acquired from 

various open-source platforms, including OpenStreetMap (OSM), OpenInfraMap, and 

Overpass, and then processed through QGIS software. Due to the difficulty of obtaining 

detailed and comprehensive data on the Moroccan transmission network, this approach 

involves leveraging multiple open-source platforms. The dataset includes key attributes such 

as power plant ratings and geographic coordinates and classifications, substation voltage 

levels, and transmission line lengths and specific characteristics. 

The collected data will then be integrated into GridCal, an advanced software tool 

designed for power grid modeling, to enable comprehensive simulations of the Moroccan 

transmission network. Such simulations facilitate detailed analyses of energy flows, grid 

stability, performance and carrying capacity. The integration of these different information 

provides a robust framework for modeling, evaluation and optimization of the transmission 

grid infrastructure. The results of these analyses are expected to provide crucial information 

for future planning and improvement of the national electricity grid, thus contributing to 

overall reliability and the energy transition in Morocco. 
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Abstract  

Shape recognition plays a critical role in various computer vision applications, where accuracy 

and efficiency are paramount. This paper proposes a novel hybrid approach combining Convolutional 

Neural Networks (CNN) for feature extraction, K-Nearest Neighbors (KNN) for classification, and 

Genetic Algorithms (GA) to optimize the parameters of both CNN and KNN simultaneously. The GA 

dynamically tunes the CNN’s architecture, including the number of layers, filter sizes, stride, 

activation function and number of zero padding, alongside the KNN’s parameters, particularly the 

value of k for nearest neighbors and distance metrics.  

By optimizing both components in parallel, the model achieves improved classification 

performance and adaptability to different datasets. Experimental results demonstrate the effectiveness 

of this method on benchmark shape recognition datasets, where it outperforms conventional CNN-

KNN models with manually set parameters. This approach underscores the potential of joint 

parameter optimization in hybrid deep learning frameworks, leading to more robust and accurate 

shape recognition systems. 

 
 
 
 
 
 

 

 

 

Fig : Convolutional neural network 
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Abstract  

Titanium dioxide (TiO₂) is a versatile ceramic material widely used in applications such 

as cosmetics, food products, water and air purification, and the development of self-cleaning 

surfaces. It exists in three crystalline forms—anatase, rutile, and brookite—with anatase 

being the most commonly used form for various applications. Producing a pure anatase phase 

has posed challenges, and the synthesis mechanisms for this phase remain underexplored in 

the literature. In this article, we present the synthesis process of TiO₂ and detail the formation 

mechanism of the anatase phase. Additionally, we investigate its potential as a conductive 

material for biosensing applications through Density Functional Theory (DFT) calculations, 

with a specific focus on COVID-19 detection. This approach provides insights into the 

suitability of TiO₂'s crystalline and conductive properties for enhancing the sensitivity and 

specificity of COVID-19 biosensors. 

Keywords: Titanium dioxide, Crystalline forms, Conductive properties, Density Functional 

Theory, Self-cleaning surfaces 
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Abstract 

This paper provides a comprehensive review of event extraction using large language models (LLMs), with a 

particular emphasis on the behavior of ChatGPT compared to fine-tuned models. Event extraction is a vital task 

in natural language processing (NLP) that entails detecting and categorizing events in textual data. Traditional 

methods have encountered various limitations, prompting the adoption of advanced LLMs like GPT-3, of which 

ChatGPT is a variant. This review examines the methodologies and results of previous studies that have 

employed GPT models, highlighting their performance in event extraction tasks. We compare ChatGPT’s 

capabilities with those of models specifically fine-tuned for event extraction, providing insights into their 

strengths, weaknesses, and practical implications. Our findings shed light on the capabilities of generative pre-

trained transformers in improving the accuracy and efficiency of event extraction, while also identifying areas 

where further research and development are needed. Through this comparative analysis, we aim to guide future 

research directions and applications in the domain of event extraction using LLMs. 
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Abstract  

Energy consumption is subject to increase due to population growth, the creation of new 

cities, and the sustained use of air conditioning and heating systems in Morocco. In this 

regard, research is focused on developing innovative, environmentally friendly materials 

capable of generating significant energy savings, called phase change materials (PCMs). 

The current study aims to numerically investigate the improvement of the energy 

performance of a residential building located in Meknes by integrating phase change 

materials (PCMs) compared to a conventional building that complies with the RTCM thermal 

regulation. The PCMs used in this research are bio-based PCMs available on the market. 

A numerical simulation will be carried out using the Energy Plus software to choose the 

optimal PCM in terms of its location and general thermophysical properties. Then, the 

economic feasibility of implementing PCM in building envelopes is evaluated through static 

and dynamic payback period calculations for this type of climate.  
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Literature review on the reinforcement of self-compacting concrete by plant fibers 
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Abstract  

Self-compacting concrete (SCC) is a construction material designed to fill complex and 

congested formwork without requiring vibrations to consolidate the mixture, which makes it 

particularly useful in situations where traditional compaction methods are impractical, and it 

is typically used in heavily reinforced structures where mechanical properties are crucial. To 

enhance these properties, different types of fibers are incorporated, creating a strong and 

durable composite construction material. 

In this presentation, we started with a comprehensive overview of self-compacting 

concrete and its most well-known formulation methods. Subsequently, based on state-of-the- 

art research, we introduced and examined a study on natural plant fibers, including their 

origins, chemical, physical, and mechanical properties, as well as various extraction methods 

and treatment techniques. Finally, we explored the impact of various natural plant fibers on 

the performance and characteristics of self-compacting concrete. This led to the main 

objective of this paper, which is to demonstrate that reinforcing self-compacting concrete 

with plant fibers yields positive results in various aspects, potentially providing an alternative 

to industrial fibers. 

The different experiments revealed promising results, encouraging a growing interest in 

the use of plant fibers in construction materials, particularly in self-compacting concrete. 

This growing trend is contributing to the creation of a new wave of eco-friendly and 

sustainable building materials. 

Keywords: self-compacting concrete, plant fibers, fibers treatment, mechanical properties. 
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Abstract 

In recent decades, shifts in food production and consumption patterns have emerged, 

impacting significantly the food system and having repercussions on both the environment 

and health. These changes are largely driven by an increased food production to meet the 

needs for food security and global population growth. This surge in production has, in turn, 

influenced people’s eating habits, enhancing food availability and improving food security. 

All these changes are also causing negative environmental consequences such as the deple- 

tion of natural resources, deforestation, biodiversity loss, pollution, climate change, water 

scarcity, and air quality degradation, among others. At the same time, unsustainable food 

consumption exacerbates these imbalances in terms of both quantity and quality, intensifying 

the effects during and after the COVID-19 health crisis on human health and environmental 

sustainability. In this context, organic agriculture emerges as a promising alternative to 

promote sustainable food consumption. This paper aims to assess Moroccans’ perception of 

organic agriculture through an online questionnaire, to which 423 participants responded.The 

results reports that 81.7% of survey respondents consumed organic foods for reasons mainly 

related to their benefits on health environment, 85.5% claimed the high cost as reason for not 

eating them.  The study revealed also a confusion of organic products with local products in 

a large part of the participants (66.3%). In conclusion, Moroccan population perceives 

organic food superior to conventionally grown products in terms of quality or taste. How- 

ever, the consumption of organic products is still modest or even low among the population. 

The data from this study indicate that although the development of organic agriculture is still 

insufficient in Morocco, it appears to be a promising approach for sustainable food 

consumption. 

Keywords: Sustainable food, organic food, local food, consumption, perception, Morocco 
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Study of the dynamics of seagrass Cymodocea nodosa in Al Hoceima Marine 

Protected Area 

Karim Souhail 
Facultlé des sciences techniques d’al Hoceima – Morocco 

Abstract 

Seagrass meadows are crucial coastal ecosystems due to their diverse ecological roles and 

services they offer. However, there has been a significant decline in these habitats worldwide, 

emphasizing the need for comprehensive studies to monitor and map them across their range. 

In Al Hoceima National Park, Cymodocea nodosa is the sole seagrass species reported, yet 

reliable information about its distribution is scarce. This study unveils the presence of a 

persistent C. nodosa patch on PNAH and explores its ecological and biological 

characteristics, such as density, leaf length, and associated flora and fauna. Through three 

years of seasonal monitoring, the study reveals an expansion in the patch’s size and shoot 

density, with leaf lengths displaying a typical seasonal fluctuation. Given past incidents of 

seagrass destruction on the MPA, continuous monitoring of this patch and its surroundings is 

essential to understand its development, whether it merges into a larger meadow, and how 

anthropogenic activities like coastal development and sediment runoff may impact its 

resilience. Cymodocea nodosa is a species of marine plant belonging to the Cymodoceaceae 

family. It is widely distributed in coastal habitats of warm and temperate seas around the 

globe. This species plays a crucial role in marine ecosystems by providing habitat, stabilizing 

sediments, promoting biodiversity and participating in biogeochemical processes. 

Keywords: Cymodocea nodosa, seagrass, marine protected areas 
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Abstract  

 

This project explores the innovative applications of metal-organic frameworks (MOFs) to 

address critical challenges in energy production, storage, and environmental sustainability. 

One of the primary focuses is the production of green hydrogen through water splitting, a 

pivotal technology for the future of renewable energy. By optimizing MOF-based catalysts, 

the project aims to enhance the efficiency of photoelectrochemical reactions, thereby 

contributing to clean energy transition goals and supporting Morocco's efforts to reduce 

reliance on fossil fuels. Additionally, the research investigates the potential of MOFs in 

energy storage systems, particularly for lithium-ion batteries. Thanks to their unique porous 

structures, MOFs can improve electrode performance, offering higher storage capacity and 

enhanced stability. These advancements align with the growing demand for efficient batteries 

in electric vehicles and renewable energy storage systems. The project also addresses 

pressing environmental challenges by developing solutions for water pollution treatment. By 

incorporating MOFs into composite materials, the research aims to create highly effective 

adsorption systems for removing organic pollutants, contributing to water quality 

improvement—a critical issue in Morocco, which faces significant water resource 

management challenges. 
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Abstract 

This study investigates the modeling of proton ionization cross sections for DNA bases—

guanine, adenine, thymine, and cytosine—addressing the increasing interest in the 

interactions of charged particles with biological molecules. By employing the semi-empirical 

Rudd formula, we enhance the understanding of radiation damage mechanisms. Additionally, 

we incorporate results from water targets to examine excitation and charge-changing 

processes, providing valuable insights into proton interactions with biological tissues, 

particularly in the context of radiation therapy. Our analysis of the Bragg peak position profile 

across a range of proton energies is critical for optimizing therapeutic applications. The strong 

correlation of our findings with Monte Carlo methods, GEANT4-DNA, and SRIM toolkits 

underscores the reliability of our model. 

 

  

 
 

 
Fig: Total cross sections for the main interaction processes 

for proton impact with four nucleobases of DNA. 
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Abstract  

In this work, copper oxide (CuO) thin films were successfully deposited on three different 

substrates—glass, indium tin oxide (ITO), and fluorine-doped tin oxide (FTO)—using the spin-

coating method. Structural, optical, and vibrational properties of the films were analyzed 

through X-ray diffraction (XRD), UV-visible spectroscopy, and Raman spectroscopy. XRD 

results confirmed the crystalline nature and phase purity of the CuO films, with substrate effects 

on crystallite orientation and size. UV-visible spectroscopy provided insights into optical 

properties, including band gap variations across different substrates. Raman analysis validated 

the formation of the CuO phase and highlighted the vibrational modes, showing uniformity and 

good adherence. These findings reveal how different substrates influence the properties of spin-

coated CuO thin films, supporting their application in optoelectronic and photovoltaic devices. 
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Abstract 

The research explores the opportunities presented by the Cannabis pant (Cannabis sativa) 

in the agro-food industry, particularly in the Morocco context market by the recent adoption 

of new legislation regulating Cannabis-related activities. This legislative development opens 

new perspectives for the responsible and innovative use of cannabis bioactive compounds in 

food products. The objective is also to evaluate the compatibility of these extracts with a 

variety of food products, considering regulatory requirements and consumer expectation. 

The study focuses on a thorough analysis of the physiochemical properties of these 

compounds, aiming to optimize extraction and purification methods. The objective is also to 

evaluate the compatibility of these extracts with a variety of food products, considering 

regulatory requirements and consumer expectations. 

Keywords: Cannabis sativa, agro-food, extraction, legislative development. 
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Abstract  

Maintaining and rehabilitating critical structures like bridges as infrastructure ages is becoming increasingly 

important. Bridges are essential components of modern infrastructure and, require frequent rehabilitation to 

ensure safety and longevity. Traditional inspection methods, which can be time-consuming, labor-intensive, 

and costly, are prone to delays that may jeopardize structural integrity. In this context, integrating Artificial 

Intelligence (AI) provides an innovative approach to streamlining inspection and maintenance processes. 

This research investigates the application of AI algorithms, including Artificial Neural Networks (ANN), 

Recurrent Neural Networks (RNN), and Support Vector Regression (SVR) to predict the best bridge 

rehabilitation strategy and recommends timely interventions. By analyzing real-time data collected from 

sensors embedded in bridge structures, we aim to optimize predictive maintenance strategies. This 

interdisciplinary research merges various engineering disciplines: mechanical engineering principles are 

employed for structural analysis, while environmental engineering data assesses weather-induced degradation. 

Electrical engineering contributes to sensor technology and data acquisition systems that monitor structural 

health in real-time, and software engineering underpins the development of predictive algorithms and 

simulation tools for real-time decision-making. The nature of this research helps reduce human error, improve 

decision-making speed, and enhance safety. 

Preliminary results indicate that the AI models achieved high accuracy in predicting potential rehabilitation 

strategies, significantly reducing inspection times and minimizing the need for costly manual evaluations. This 

AI- driven approach enhances the reliability of mechanical components within bridges and improves the 

efficiency of monitoring systems powered by electronic and electromagnetic devices. Furthermore, it supports 

environmental sustainability by reducing the materials and energy required for frequent repairs. 

This work demonstrates the potential of AI to revolutionize bridge rehabilitation and offers valuable insights 

for engineers, urban planners, and policymakers. By paving the way for smarter, more resilient infrastructure 

systems worldwide, this research serves as a blueprint for integrating smart technologies into civil 

infrastructure. 

Keywords: AI, bridge rehabilitation, predictive maintenance, structural health monitoring, machine learning. 
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Abstract 

Conductive polylactic acid (PLA) is an innovative composite material that combines the 

environmental advantages of PLA as a biodegradable thermoplastic with its electrical 

conductivity properties.  PLA has always been widely used in additive manufacturing due 

to its simple processing, low cost and environmentally friendly profile. However, the 

application of PLA has been limited to non-electrical contexts due to its insulating nature. 

The introduction of conductive PLA, which is usually obtained by integrating conductive 

fillers such as carbon nanotubes or carbon black into the PLA matrix, offers new possibilities 

for functional applications. This material maintains the biodegradability and printability of 

tra ditional PLA, while enabling the manufacture of components with electrical conductivity. 

This material not only allow the manufacturing of electrically conductive components, but 

also maintains the biodegradability and printability of traditional PLA. This study focuses 

on the mechanical behavior and damage analysis of conductive PLA material through a 

series of tensile tests performed on standardized samples. The aim is to explore the impact 

of different crosshead speeds on the material’s tensile properties and fracture mechanisms, 

and to analyze how strain rate affects the mechanical performance of conductive PLA, 

offering approach for its use in additive manufacturing applications that require specific 

mechanical behaviors under varied loading conditions. 

Keywords: PLA, Conductive, mechanical behavior, damage analysis, additive manufacturing. 
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Abstract 

Purpose: To evaluate decreasing and increasing dose rates along the carbon ion beam 

propagation axis for each Z-axis value and the beam deviation, as well as the displacement 

of dose-profile curves with respect to the lateral axis in a perpendicular magnetic field of 

MRI machine. 

Methods: a carbon ion beam was delivered on a voxelized phantom of rectangular geometry 

simulated by applying the GEANT4 simulation code. The beam deviation was calculated for 

a 270 MeV/u beam energy for three different magnetic fields of 0.35, 1.5 and 2 T. While the 

rates of decrease and increase in dose, as well as lateral shifts of dose profiles were performed 

in the presence of 1.5 T magnetic field. 

Results: Our Bragg depth did not change by applying a 1.5 T magnetic field under 270MeV/u 

energy. The analysis results include Bragg-curves at different off-axis positions, the Rate of 

Decreasing-Dose (RDD), the Rate of Increasing-Dose (RID), Lateral Dose-Profile as well as 

the lateral deflection of the primary beam dose-profile along the X-axis. These results show 

a decreasing dose of 45.919% at the treatment field center and a lateral displacement of 

4.57675 mm by applying a 1.5 T magnetic field. The findings further show that the 

displacement variation as a function of the magnetic field at the Bragg peak area obeys a 

linear law (a straight-line).  

 It is necessary to take into account the displacement of 4.57675 mm when ap- plying a 

1.5 T magnetic-field during a treatment with carbon ions combined with magnetic resonance 

imaging. 

Keywords: Bragg peak, Dose, Magnetic Field, Lateral profile, PDD 
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Abstract  

The structuring of the Rif chain is determined by an exaggeration of the metamorphic, scaling and 

sliding deformations associated with the main orogenic phases of the Oligocene, Burdigalian and 

Tortonian. While the shaping of its contrasting and rugged relief is dictated by epirogenic movements 

of lesser importance associated with the persistence of the African-European rapprochement. This 

neotectonic instability is driven by essentially brittle deformations accommodated by the reactivation 

of pre-existing structures. Hence the interest of this morpho-structural study, which highlights the 

contribution of digital mapping data to the characterization and assessment of these recent and active 

deformations. In the context of this work, which concerns the north-central part of the Rif mountain 

range, the first step was to identify and prioritize all the ridge lineaments, the hydrographic network 

and the coastlines. These data were compared with the analysis of slopes and the information provided 

by the geometric layout of the various tectonic depressions marked by isolated accumulations of Plio-

Quaternary deposits. The structural diagram we've drawn enables us to identify the various regional 

faults that have shaped these morpho-structural reliefs. We classify them into 3 coherent deformation 

systems whose specific tectonic attitudes and behavior correspond to the 3 respective episodes of the 

Plio-Villafranchian, Quaternary and present-day. 

Keywords: Rif, deformation , neotectonics , plio-quaternary , mapping 

 
 
 
 
 
 
 
 

 

 

 

Fig: Extract from the 1:500,000 

 Central-North Rif geological map 
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