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College of Engineering & Architecture  
University of Nizwa 

Vision 
 

To be a premier and innovative College of Engineering & Architecture highly recognized 

by the industry, accreditation bodies and international institutions.  

Mission 
 

To educate students to be problem-solvers with innovative qualities to address current 

and future challenges, achieve quality applied innovative research and serve the 

advancement of society and culture of Oman with commitment to sustainable 

development. 
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WELCOME ADDRESS 
Prof. Dr. Hussein Ali Al Abdulqader 

 

The National Symposium in Engineering Final Year Projects NSEFYP is an annual event 

organized by the College of Engineering and Architecture at the University of Nizwa. 

Based on the success of the previous symposiums and achievement of their objectives 

since 2011, it has been decided to continue working on this engineering event in its 11th 

version with the support and sponsorship of the distinguished Chancellor of Nizwa 

University Prof. Dr. Ahmed Ben Khalafan Al Rawahi and here we are gathering online on 

10th of May 2022 for the 11th National Symposium in Engineering Final Year Projects 

(11th NSEFYP). The symposium provides a platform for Students from different 

engineering disciplines and from various Engineering Colleges and Universities in Oman 

and outside Oman for the annual meeting and participation in the latest research and 

innovations in the fields of Engineering and Technology.  

The theme of the 11th NSEFYP is “Toward Advanced Technology Practice” to enhance the 

spirit of innovation among our dear students and its impact on the technological 

development associated with this industrial and technological revolution. The main 

objectives of the symposium are to disseminate and share knowledge among the students 

and academics in the research area of applied sciences, engineering and architecture as 

well as their potentials for industrial applications. To expose students to research culture, 

new ideas and academic writing.  

Research papers extracted from Engineering Final Year Projects, from various Colleges 

and Universities will be presented and discussed through 10 online sessions aimed to 

encourage the active participation and cooperation in the Engineering field and working 

as a team with a spirit of creativity, innovation and the ability to propose appropriate 

solutions to the engineering problems.  

This year in the 11th NSEFYP-2022, (63) accepted papers out of (66) submitted papers, 

which indicate the high quality of the submitted papers, students will present their paper 

online through Google meet platform. Students from 12 different Universities and 

Colleges in the Sultanate of Oman (Sultan Qaboos University, University of Nizwa, 
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National University of Science and Technology, University of Technology and Applied 

Science with its different branches of Nizwa, Ibra, Al Musanah , Sohar and Shinas , also 

University of Buraimi , Middle East College , Sohar University, Sur University College and 

from outside Oman, from  IRAQ (Mosul University)  are gathered in  order to exchange 

and share their experiences, ideas, and research results about all engineering aspects. In 

addition, students will foster their communication with researchers and practitioners 

working in a wide variety of engineering areas and to expose research frameworks, 

methodologies, tools, and applications within different scientific institutes.  

All the accepted papers are characterized by high quality, in which the organizers and the 

reviewers made sure that the accepted research papers are of high quality to match with 

the level and reputation of this Symposium, and to come up with our students to the 

required scientific and research levels. I would also like to inform you that selected papers 

from this Symposium will be published in the Journal of Engineering and Technology, 

which is published at the University of Technology in Baghdad, Iraq. 

I would like to express my sincere gratitude to Prof Dr. Ahmed Bin Khalfan Al Rawahi T.H. 

Chancellor of the University for his continuous encouragement and support to such an 

events and to our guest the keynote speaker Dr. Abdulaziz Rashid Al Hashimi from Petrol 

Development Oman (PDO) for his valuable lecture titled “Demanded Advanced Skills in 

Industry”. Special thanks to Dr. Wameath Abdul Majeed, Chairman of the Organization 

Committee and to all members of the Organization Committee and other Supporting 

Committees for their appreciated hard efforts to complete this important event. Many 

thanks to all participants and wishing them a fruitful discussion to achieve the objectives 

of this symposium. 

 

Thank you 

Prof. Dr. Hussein Ali Al Abdulqader 
Symposium Chairman / Dean 
College of Engineering and Architecture 

 



11th National Symposium on Engineering Final Year Project 

10th May 2022 

College of Engineering & Architecture 

 

iv 

KEYNOTE SPEAKER PROFESSIONAL INFORMATION 

Full Name Dr. Abdulaziz Rashid Al Hashimi 

Position Title Reservoir Engineer 

Organization Petroleum Development Oman  

Business phone number +96899100775 

Business email address Abdulaziz.ara.alhashimi@pdo.co.om 

Lecture Tittle Highly Demanded Advanced Skills in Industry 

Lecture Summary 

High school students are under the pressing burden to choose their specialization upon 

college admission. They usually select the specialization with high employment 

probabilities. This choice comes at most times with the expense on their personal 

preferences and inclination. However, employment market is evolving and changing at 

fast paces, therefore, employee demand for different disciplines and specialization is 

changing in less than 4-5 years students spend in undergraduate studies.  

Academic institutions take the burden to equip their graduates with the skills needed by 

government, business, industry, and other employing bodies. However, this has been a 

challenging task due to the highly changing employment ecosystem around the world 

and the exponential improvement of communication.  

Knowledge is now highly available and the answer to any question is now available with 

a simple web search. Also, social platforms with different focus and content has allowed 

the exchange of information and experience to be handy at any moment. One question 

one can post in a given platform and answers will be provided and assessed. Hence, 

academia might rightly respond by shifting towards empowering students and 

graduates with higher proportions of relevant advance skills required by employers.  

New skills such as mastering artificial intelligence (AI), digitalization and automation are 

highly demanded with the availability of rich asset of information and data. This lecture 

will take this topic and try to shed some light on what students should seek as skills 

during their studies and to have better job opportunities and successful careers. 
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Keynote Speaker Short Bio-Data 

 
 
 

 
 
Dr. Abdulaziz Rashid Al Hashimi  
Reservoir Engineer  
Petroleum Development Oman  
 

 

I have a BSE in petroleum engineering (SQU, 1999), MEng in Chemical Engineering 
(University of Tulsa, Oklahoma, USA, 2002) and PhD in chemical engineering (Imperial 
College London, UK, 2008).  

I taught different courses in during my employment in SQU such as chemistry for 
petroleum engineering, petroleum refining, colloids and interface science, heat 
transfer and thermodynamics. I served as a chair of department curriculum and 
accreditation committee (2014-2018), with the outcome of renewal of ABET 
accreditation of the two programs in the department by 2019. Also, I served and 
chaired the department industrial training committee (2010-2015). I also worked in 
research projects with a total fund of around 6 million USD. The main area of 
research was chemical enhanced oil recovery with funding from Petroleum 
Development Oman (PDO) and SNF (France). The outcome of these research projects 
has been published in 40 peer reviewed journal papers, 24 conference papers, and 
one patent.  

I was awarded “SQU Diligent Researcher Award” in May 2016.  Also, I got promoted 
to Associate Professor in 2014. After 20 years in SQU, I got employed in petroleum 
engineering by PDO since 2019. 
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PAPERS PRESENTED IN 

11TH NATIONAL SYMPOSIUM ON ENGINEERING 
FINAL YEAR PROJECTS 

Topics of Interest Papers 

Architecture and Interior Design 
ARCH S1-01 to ARCH S1-05 

ARCH S2-01 to ARCH S2-05 

Chemical and Petrochemical Engineering 
CHEM S1-01 to CHEM S1-09 

CHEM S2-01 to CHEM S2-08 

Civil and Environmental Engineering 
CIVIL S1-01 to CIVIL S1-08 

CIVIL S2-01 to CIVIL S2-04 

Electrical and Computer Engineering 

ELEC S1-01 to ELEC S1-07 

ELEC S2-01 to ELEC S2-07 

ELEC S3-01 to ELEC S3-04 

Mechanical Engineering MECH S1-01 to MECH S1-06 
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No 
Code Title of the Paper 

1 ARCH S1-01 Marine Life Exhibition 

Maather Khalid Al Jabri, Dr. Ayman Khalil, Dr. Mohamed 
Abdelhady 

2 ARCH S1-02 STEM Center for the Development of Children’s Talents 
in Muscat 

Khulood Said AL Amri, Dr. Mohamed Abdelhady 

3 ARCH S1-03 Quriyat ITC Project On the coast of Quriyat near the port 
of Quriyat in the Governorate of Muscat 

Sumaya Salim Sulaiman al Rawahi, Dr. Mohammed Faisal 
Al Kazee 

4 ARCH S1-04 “Commercial mixed-use building” - Commercial & 
Administrative mixed-use building in al-Qurum 

Marwa Abdullah AL-Butrani, Dr. Mohammed Faisal Al 
Kazee 

5 ARCH S1-05 Sustainable neighbourhood design project - Muscat, 
Oman 

Sawsan Domi, AlBayan AlShukaili 

6 ARCH S2-01 The Diamond of Sunrise - A Beachside Resort Project at 
Ras Al Had 

Bushra Badar AL-kalbani, Mr. Samir Al Qeisi 

7 ARCH S2-02 Blue Ocean Paradise - A Touristic Resort at Ras Al-Shajar 

Safa Ali Al-Maqaimi, Mr. Samir Al-Qeisi 

8 ARCH S2-03 “Commerce, leisure. and culture” a mixed-use center on 
Mazoon street 

Safa Hamood Al-Toubi, Mr. Samir Al Qeisi 

9 ARCH S2-04 “La Mosquée Transparent” - Marseille Islamic Cultural 
Centre 

Safa Nasser Ali Alazwani, Mr. Samir Al-Qeisi 

10 ARCH S2-05 Al Mehwar Consultancies office 

Khulood Said Al-hadrami, Dr. Luai Al jubori 

11 CHEM S1-01 Flow velocity simulation of diffuser augmented wind 
turbine 

Salim Abdullah Muftah Al Haddadi, Othman Abdullah 
Khalifah Al Maimani, Ayoub Murad Hassan Al Balushi, 
Marwan Huwayshel Sulaiyem AlJassasi, Saad A. 
Mutahser Al Jaberi 
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12 CHEM S1-02 Effect of metals doped TIO2 composite on degradation 
of methylene blue 

Asila Abdulaziz Al.Shukri, Fatema Abdullah Al.Yaaqubi 

Salam K. Al-Dawery 

13 CHEM S1-03 Methane pyrolysis and steam reforming for hydrogen 
production using cold fly jet plasma 

Ibrahim Mohammed Juma AL-ghafri, Musab Juma Nasib 
AL-marzoqi 

14 CHEM S1-04 Clean energy from plastic: production of pyrolysis oil 
from plastic waste 

Anafal Al Araimi, Pradeep Kumar Krishnan 

15 CHEM S1-05 Intensification of the gases produced from H2O-CO2 
plasmolysis 

Muna Musabah ALmamari, Moza Salim Alhasani 

Dr. Wameath Abdul.Majeed, Dr. Hazim Fhdhil Abbas 

16 CHEM S1-06 Petroleum refinery waste water treatment using  
silica nanoparticles 

Amna Wahab Yahya Abdullah Al Rasbil, M. Geetha Devi 

17 CHEM S1-07 Development of natural degradable nanocapsules for 
the delivery of antibacterial drug 

Sara Abdullah Al Shukaili, Rahma Salim Al hashmi, Riham 
Fairuz Yousuf Fairuz, Geetha Devi 

18 CHEM S1-08 Calcium carbonate nanoparticle mediated  
treatment of grey water 

Hajer Ahmed Ali Al-Lezamil, Geetha Devi, Khadija Salim 
Abdullah Al Balushi 

19 CHEM S1-09 Refinery waste water treatment using biochar derived 
from municipal solid waste 

Ilham Shabir Khatry, Faisal Al-Qartoubi, Abdulrahman Al-
Jadidi, 

Geetha Devi 

20 CHEM S2-01 Corrosion inhibition studies of mild steel pipe using nano 
thin films 

Hebatallah AL Jabri, Geetha Devi 

21 CHEM S2-02 Columns studies on sorption of organic compounds from 
industrial wastewater using green algae ulva lactuca 

Naama Al Hashemi, Nabila Al Rashdi 
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22 CHEM S2-03 Troubleshooting of the gas sweetening unit by reducing 
foaming in absorber 

Khalid Juma Hamood A- Kharusi, Geetha Devi 

23 CHEM S2-04 Production of biodegradable plastic film from waste 
banana (musa) peels 

Amna Saud Alharrasi, Varghese Manappallil Joy 

24 CHEM S2-05 Treatment of oil produced water from oil wells using 
innovative agro residue-based technology 

Wadha Said Al-muqbali, Maather Mahfud Al-saadi, Dr. 
Rajamohan Natarajan 

25 CHEM S2-06 Biological treatment of waste water and study the 
potentiality of biogas production 

Noor Al-Shukail, Noura Al Balushi, Shabib Al Rashdi 

26 CHEM S2-07 Isolation and characterization of cellulose nanofiber 
obtained from agriculture waste 

Aasma Abdul Qadeer, Shabib Al Rashdi, Noura Al Balushi 

27 CHEM S2-08 Isolation and characterization of hemicellulose a and b 
from date palm empty fruit bunch by potassium 
hydroxide extraction 

Namariq Ally, Shabib Al Rashdi, Noura Al Balushi 

28 CIVIL S1-01 Study efficiency of using GGBS materials as replacement 
of cement in the concrete 

Adbulaziz Fahad Bari Alnaimi and Hussin Yahia 

29 CIVIL S1-02 Manufacturing hempcrete blocks as a sustainable 
alternative to concrete 

Zeyad Abduljalil Al Balushi, Zeinab Abayazid Zain and 
Hussin Yahia 

30 CIVIL S1-03 Correlation between stabilized soil properties and 
stabilizer content 

Noor Abri, Rihab Al Yahmadi and Subhi Ali 

31 CIVIL S1-04 Treatment of the Sea Water Mixed Concrete with Palm 
Leaves Ash 

Ahmad Salah Nassef, Manar Alfarsi, Shouq Alwahibi, 
Shouq Aljabri and Aisha Al-Masaoudi 

32 CIVIL S1-05 Simulation Study on Flexural Behavior of High-
Performance Reinforcement Concrete Beam Under 
Static Loading 

Omar Abdelaziz Salam, Qadir Bux alias Imran Latif 
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MARINE LIFE EXHIBITION 
 

* Student Name: Maather Khalid Al Jabri and supervisor, 

Supervisor Name: Dr. Ayman Khalil and Dr. Mohamed Abdelhady 

*email: srmmrs2003@yandex.ru, maather.eng@gmail.com, and aymangadir@suc.edu.om 

 

 

  

DESIGN BRIEF:  

Marine life exhibition is a tourist and entertainment project Figure 1. The project is located in 

Khasab city in the Musandam Governorate, Oman as shown in Figure 2 life, its purpose is to attract 

tourists, economic development, and urban renewal. The idea of the project is to create an 

entertainment project that provides education and entertainment at the same time. Since the world has 

become interested in fish and marine life in general, it was necessary to keep pace with the 

development in this field. The project includes marine exhibitions, an aquarium, a marine animal care 

department, research laboratories, in addition to outdoor recreational spaces. These papers deal with 

some information about the aquarium exhibition project. The result obtained from the study of the 

project is the creation of a unique marine life exhibition in Oman, there is no similar building in the 

modern concept of this project.  

Figure 1.  Marine life exhibition. 
 

 
Figure 2. Project location. 

 
Keyword. Exhibitions, Aquarium, Marine, Entertainment. 
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STEM Center for the Development of 

 Children’s Talents in Muscat  
 

Khulood Said AL Amri and supervisor Dr. Mohamed Abdelhady 

akalamri127@gmail.com, srmmrs2003@yandex.ru,  

Email: akalamri127@gmail.com  

 
DESIGN BRIFE:  

STEM Center for the Development of Children’s Talents: It is a project specialized in developing children’s 
talents in science, technology, innovation, mathematics and engineering. The aim of the project is to 

develop children’s minds and explore and develop their talents in research, experiments, and many useful 
activities in a way that does not inspire them a spirit of boredom and raise educated generations aware of 

scientific and technological development. 

 

 
 

Figure 1.  STEM Center for the Development of Children’s Talents.  

 

 

PROJECT LOCATION: 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Project location. 

 

 

Keyword: STEM, Children’s, Talents. 
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Quriyat ITC Project 

On the coast of Quriyat near the port of Quriyat 

in the Governorate of Muscat 

 
Student: SUMAYA SALIM SULAIMAN AL RAWAHI 

Supervisor: Dr. Mohammed Faisal Al kazee 

University of Nizwa, Department of Architecture and Interior Design, Nizwa, Oman 

*email: faisal.kazey@unizwa.edu.om 

 

 

 

 

 

DESIGN BRIFE: 

 

The main objective of my project is to present a project that will be an important tourist destination in the 

Governorate of Muscat. One of the main components of the project will be the hotel and chalets. To increase 

the efficiency of the project, we need factors that attract tourists such as restaurants, cafes, a golf course and a 

garden also, two main plazas, dancing fountains and a walkway. 

 
The Project Component: 

 Main Activities 

1. the accommodation use: 

 Hotel 

 Chalets 

2. the leisure activity 

 Coffee shops 

 Restaurant 

 Sub activates 

1. Administration 

2. open space and land scape 

 Golf area 

 Plaza 

 Garden 

 Play ground 

 Out swimming pool 

ARCH133
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“COMMERCIAL MIXED-USE BUILDING” 
COMMERCIAL & ADMINISTRATIVE MIXED-USE BUILDING IN AL-QURUM 

 

Student: Marwa Abdullah AL-Butrani 

Supervisor: Dr. Mohammed Faisal AL-Kazey 

University of Nizwa, Department of Architecture and Interior Design, Nizwa, Oman 

*email: faisal.kazey@unizwa.edu.om 
 
 

DESIGN BRIFE: 

The project is a mixed-use building, which is a commercial, administrative, recreational 

and service project. It serves all segments of society. The project consists of two main 

parts: 

1. commercial part 
It is an integrated shopping center. It contains many diverse activities that provide the 

visitor with an integrated shopping and entertainment experience. Among the most 

important sections are: 

• Hypermarket 

• Retails 

• Exhibitions 

2. Administrative Part: 

The other section of the project is that it contains various companies and exhibitions in 

addition to restaurants serving each floor. As it is considered one of the investment 

projects, it contains: 

• Diverse companies 

• Gallery 

• Convention Hall 

• Meetings Hall 

There are other sections such as: 

3. Entertainment Part: 
This section is a complement to the project to take some rest and enjoyment through it. It 

includes: 

• Cinema 

• bowling 

• Playing area 

• Restaurants 

• cafes 

4. Services Part: 
This section contains the stores in addition to the rooms belonging to the maintenance 

work. 

ARCH244
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DESIGN BRIFE:  

The project is a Design of a sustainable neighborhood near Muscat, Sultanate of Oman. This 

design project aims to achieve the sustainable design of residential neighborhoods in hot 

climates. This neighborhood is including both multi-story apartment complexes and different 

sizes of single-family units. The design of this project is focusing more on “green” and 
sustainable ideas. Sustainable housing can be achieved by applying many concepts such as 

building orientation, shading devices, and high mass materials for construction. In addition, 

Many sustainable solutions used in this design included energy, water, and mobility. The 

design focused on integrating passive design solutions in buildings like passive cooling to 

minimize energy consumption. Roads are designed to accommodate bicycles and walkways. 

Utilizing solar energy to generate domestic hot water, and Utilizing storm water for 

landscaping. In addition, urban green spaces and solid waste management have been added 

to this design project. 
 

Keyword. Neighborhood; Hot Climate; Residential Unit; Passive Design 

 

 

CONCEPT: 

It is a Symbolic concept of the shape of pomegranate pellets explicitly and fits the idea of the urban 

fabric of the neighborhood and is similar to the old Omani neighborhoods in terms of 

interconnectedness and closeness and aims to a sense of familiarity and inclusion. (Figure 1) 

  
Figure 1.  Style of figure caption used in the paper, Figure 2.  3D view from the project. 

 

The arrangement of the villas in the neighborhood in the manner of (Old Omani Hara (Figure 3)) 

overlapping and closed, and in the middle of each unit an open space overlooking all the residential 

units. (Figure 4) 

Figure 3.  Old Omani Hara planning, Figure 4.  Style of figure caption used in the project. 
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DESIGN BRIFE: 

 

The main aime for my project is to provide a project that will be a landmark for Sultanate of Oman. 

One important component’s will be high rise hotel and to be more effective and more relation with site 

also we will add chalets to the project and attract different type of users. 

To increase the efficiency of the project, we need factors that attract tourists, such as adding 

entertainment activities (restaurant & cafes), health and athletic activities (spa, yoga hall & outdoor 

swimming pool), and cultural activities(galleries). 

 

 
The Project Component : 

 Main Activities 

1. Residential activities. 

2. Entertaining activities. 

3. Healthy and athletic activities. 

4. Commercial activities. 

5. Cultural activities. 

 Sub activites 

1. Administrative activities. 

2. Serving activities. 
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DESIGN BRIFE: 

 
The project is a touristic resort in a coastal area, which is provides hospitality, relaxation, leisure and 

entertainment experience. It serves the groups and individuals. 

The project consists of : 

 five main activities 

These are the basic components of the project, which include the hospitality and entertainment 

activities for the guests, and also the main and essential part of the resort project. 

1. Hospitality 

2. Leisure 

3. Health 

4. Sport 

5. Commercial 

 
 

 Sub activities 

These are the supporting components of the main components and consist of administrative and 

operational functions . 

1. Administration 

2. Services 
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DESIGN BRIFE 

The project is a "functional" mixed-use building, the main objective of which is to achieve 

commercial success for the building and its neighborhoods. It consists of 4 main activities: 

administration and office activities, commercial and retail activities, recreational and social 

and cultural activities. Serves all age groups. 

 

The project consists of 4 main activities: 

1_ Commercial and retail activities: It is one of the most important pillars of the project 
that achieves the main objective of the project, as it contains both: 

 Gift markets
 Large Commercial
 Medium Commercial
 Small Commercial

 

2_ Administrative and office activities: It is the second pillar of the commercial success of 

the project, where investors can invest in these office activities, including: 
 Company (A)
 Company (B)
 Medium Offices
 Small Offices

 

3_ Recreational activities: They are additions that increase the achievement of the goal of 

the project as well, and they are among the factors that attract people to this center in 

order to take a break and enjoy as well. Leisure activities are: 
 Cinema
 Video Games
 Café
 Restaurants
 Gym
 Snack bar
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DESIGN BRIFE: 

The design will focus on three main elements: 

The project is the Islamic Cultural Centre in Marseille This city is famous for the largest number of 
French Muslims with many immigrants. Marseille Islamic Cultural Centre, which is a cultural centre 
that promotes religious education and awareness in society. 

The project consists of three main sections: 

1. Religious department. 

It is the main centre in the building and contains prayer halls for men and women. 

2. Cultural department. 

This section completes the first section with its definition of Islamic culture, as it contains: 

 Quranic School
 Exhibitions
 Library
 Auditorium
 Multi-Purpose Hall

3. Entertaining department. 

This section is an extension of the project to take a break and 

enjoy it. It includes: 

 Shops
 coffee shops

CONCEPT: 

Designer Aim: 

 Making the building acceptable by the variety of society.
 Creating a project that a community considers is not alien to 

its culture, but rather associated with it.

 The building gives a good image of Islam.
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DESIGN BRIFE: 

 

Engineering Consultancy is an independent local engineering consulting firm which specializes 
exclusively in Civil Engineering Drawings, Construction Supervisions, Quantity Surveying, 
Subdivision of Plots, Perspective and Models, exterior and interior design.The project is 
Engineering consultation office that works on (architectural, interior, decor, gardens). 
Engineering consultants provide clients with technical solutions and engineering advice. These highly 
skilled consultants meet with clients to discuss their technical needs, then project-manage the 
implementation of technical solutions in accordance with industry regulations. It’s serving Popole, 
companies, employs who prepare to build house, restaurants, hotels, clinics, spas, etc. The office 
looks to create a new architecture for a happy life. The aim of this project is to create a contemporary 
creative space with a minimum of distracting elements, so that designers and architects could focus on 
their projects as much as possible, however using green spaces to feel fresh and comfortable. 

The project consist of: 

1. Public areas: 

 Reception and waiting area. 

 WC 

2. Private areas: 

 Offices

 Meeting rooms

 Manger room

3. Semi public: 

 Studio

 Pantry

Keyword. Buliding for engineers, design and implement, Architecture . 
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Abstract.  Wind energy technologies have become one of the fastest growing energy sources 

in the world and it symbolizes a feasible alternative, as it is a virtually endless resource. The 

wind power generation is proportional to the wind speed by cube; therefore, a large power 

output increase is attained, if it is possible to give even a slight increase in the velocity of the 

approaching wind to a wind turbine. The approach to increase the wind speed at the location 

of wind turbine is shrouded it by a diffuser with different configurations. in this project 

diffuser type with a brim was used to accelerating the wind at the turbine location. 

SolidWorks flow simulation was used to optimize the geometric dimensions of the selected 

diffuser. The results show that increase in wind speed of 2.6 times as much as the 

approaching wind speed 

 

Keyword. Wind energy; diffuser; SolidWorks flow analysis; Wind Power augmentation 

 

 

INTRODUCTION  

 

Wind energy technologies have become one of  the  fastest  growing  energy  sources  in  the  

world  and  it symbolizes a feasible alternative, as it is a virtually endless resource. According to Betz 

law turbine cannot eliminate all the energy from the wind, and theoretically can reach to 59%. The 

real-world applications show than we can achieve much lesser energy removal efficiency. There are 

two ways to improve the efficiency of the turbine. The first is to increase the swept area of the turbine 

which will require further attention into the structural reliability as longer blades will need a much 

stronger and expensive material such as a carbon fibre composite as opposed to the fibreglass 

composite material currently in-use in the field. The second way is to study the tip speed ratio of the 

turbine. This value is dimensionless and is taken as a ratio of the linear velocity of a turbine over the 

velocity of the wind, Clements and Chowdhyry [2019] [1]. As Wind power is proportional to the wind 

speed cubed. If we can increase the wind speed with some mechanism by utilizing the fluid dynamic 

nature around a structure, namely if we can capture and concentrate the wind energy locally, the 

output power of a wind turbine can be increased substantially, [2]. The concept  of  diffuser  is  to  

increase  the  power  output  of  a  wind  turbine  by accelerating the wind velocity that approaches the 

wind turbine. To increase the wind velocity, a lower pressure would appear at the back of the wind 

turbine to act as a vacuum to suck the wind and accelerate it towards the blades as shown in Figure 1. 

inside the wind turbine should not be lower than the  pressure  at  the  wake  of  the  diffuser.  This can 

be achieved by reducing or avoiding separation of fluid flow on the inner diffuser wall and cause 

vortices while creating as much vortices as possible at the back, [3]. The region of areas surrounds or 

near the vortex would have typically lower pressure where the suction force will be formed by the 

vortex. Therefore, it will act as an accelerator to accelerate the wind velocity approaching the wind 

turbine. It was stated that vortex core will collapse the pressure field flow reversal and therefore no 

augmentation occurs, [4].  This statement showed the alternative approach, where the vortex is used to 

generate a low-pressure region in the wake of the turbine. Vortex should appear at the wake of the 

diffuser but as little as possible inside the diffuser wall. If the vortices formed inside the diffuser, the 

pressure inside the diffuser might be lower than the pressure at the back of the wind turbine. In this 

circumstance, the wind speed exiting the diffuser augmented wind turbine will be decelerated and this 

only provides very low power coefficients.  To get optimum increased acceleration on the wind speed, 

CHEM9911

mailto:saadj.soh@cas.edo.om


11th National Symposium on Engineering Final Year Projects                                                                 10th May 2022 

Effect of metals doped TiO2 composite on degradation of methylene blue 
 

Asila Abdulaziz Al.Shukri,  Fatema Abdullah Al.Yaaqubi and Salam K. Al-Dawery* 

Department of Chemical Engineering, College of Engineering and Architecture, University of Nizwa, 

Oman 

  *email: salam@unizwa.edu.om   

 

Abstract. A catalyst composed of titanium dioxide and metals with presence of UV light and 

normal light is used for the degradation of methylene blue. In this project, Fe+3 and Co+2 

are doped with TiO2 were prepared using Sol Gel method and wet impregnation methods. 

The results showed that the degradations of methylene blue using different prepared catalysts 

were: 80% using pure TiO2 with UV irradiation; 60% and 70% using sol-gel 1g Fe doped 

TiO2 with UV and normal lights respectively; 90% and 50% using sol-gel 2g Fe doped TiO2 

with UV and normal lights respectively. For the case of prepared catalyst by mixing metal-

TiO2, the degradations of methyl blue were 50% and 35% using Fe-TiO2 with UV and 

normal lights respectively; 50% using Co-TiO2 with both UV and normal lights. 

 

Keyword. Methylene blue; photo oxidation; metals doped TiO2 

 

 

INTRODUCTION  

 

Many research works have been carried out for the treatment of the contaminated organic wastewater, 

and hence,  several methods have been proposed such as bio treatment, chemical treatment and of 

advanced photo oxidation process (APO). The use of titanium dioxide with ultraviolet light exposure 

placed in a completely enclosed space is more conducive to the decomposition of organic matter. But 

the ultraviolet rays are harmful to the environment and to humans as well. Therefore, many 

researchers have tried to modify the catalytic material and using normal light. The additional metals 

which doped titanium dioxide is important. Although   a lot of study has been done on using TiO2 for 

photocatalysis, however, various constraints limit the implementation of this technique, including a 

broad bandgap (3.2eV), a lack of efficient and cost-effective catalyst for high photon-efficiency, and 

the inability to use wider solar spectrum.  

The objective of this study is to investigate the possibility of using  Fe+3 and Co+2 doped TiO2 in 

single doping and combined metals doping under UV and normal lights for the treatment of methylene 

blue. Two different methods were considered for the preparation of the catalyst (metal-doped TiO2); 

Sol-gel and mixed solution methods.  

Chung-Hsin, W.et.al. performed decolorization of reactive Red 2 using AOP processes: comparative 

studies of homogeneous and heterogeneous systems [1]. The used AOP processes were to decolorize 

reactive Red 2 in water: UV/TiO2, UV/SnO2, UV/TiO2 + SnO2, O3, O3 + MnO2, UV/O3, and 

UV/O3 + TiO2 + SnO2, at different acidity conditions. Their results showed that the pH played a role 

in rate promotion. The decolorization effectiveness of heterogeneous systems was impacted by dye 

concentration fluctuation more than that of homogeneous systems. 

Naoya, M. et. al. studied the spectroscopic estimation of the photoacoustic of electron mobility in 

titanium (IV) oxide as photo-catalysts [2]. They showed that the rate of decay of various TiO2 

powders was determined using the analysis of the decay profile and compared that to the rate of 

photocatalytic methanol dehydrogenation in an aqueous solution.  

Muhammad, U. et. al. carried out a study for degradation of organic pollutants in water using 

photocatalytic process [3]. Their results showed the removal of variety of organic pollutants, including 

herbicides, pesticides, and micropollutants.  

Salam, K. et. al. applied TiO2 photo-catalyst process for the degradation of tartrazine compound in 

wastewater [4]. The findings revealed that increasing TiO2 concentration does not always improve the 

rate of organic component breakdown. Furthermore, the higher the TiO2 concentrations, the higher the 

pH values, and the more oscillatory behaviors seen. Temperature variation hasn't had much of an 

impact on the procedure. Schematic of diagram of the mechanism of photocatalytic process is shown 

in Figure 1.  
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ABSTRACT 
 

Nowadays, there is many gases effecting to the environment specially on the atmosphere like global 

warming, and of these gases is Methane, because it is a toxic gas and does not serve the economy 

sector. In this research, methane has converted to the Hydrogen which has its usage in the industrial 

sector in short time, high quality of hydrogen production and environmentally safe. Conversation has 

done by inters Methane into the reactor and shoot it by friendly non-thermal plasma which generated 

by using power supply in different magnitude and using argon as plasma generated gas in different 

flow rate. Therefore, 13 experiments have been conducted for the methane and other 13 experiments 

for steam reforming methane using different conditions. After doing the experiment at 3.5 volt and 6 

l/min the concentration of hydrogen was 4264ppm, this condition was the highest concentration of 

hydrogen obtained, also for the steam reforming of methane using 3.5volt and 6 l/min the 

concentration of hydrogen was 6524ppm means the steam reforming of methane increase the 

concentration of hydrogen. In addition, another minor gases were produced such as, CO2 & C2H6, 

and the highest concentration of C2H6 was obtained at 2.5 volt and 6L/min of argon gas.  

  

 

KEYWORD. Abstract; Introduction; Conclusion; Data Analysis; etc., 

 

 

INTRODUCTION  

 

Methane. A substance compound with the synthetic equation CH4 (one carbon particle clung to four 

hydrogen atoms) It is a gathering 14 hydride, the most straightforward alkane, and the fundamental 

constituent of flammable gas. The general bounty of methane on earth makes. In spite of the fact that 

catching and putting away it presents specialized difficulties because of its vaporous state under 

normal conditions for temperature and strain. [1] 

 

Plasma is considered the fourth state of matter after solid, liquid and gas states, meaning it is an 

ionized gas in which electrons are free and are not bound to the atom or molecule. plasma is an 

ionized gas, a gas into which adequate energy is given to liberate electrons from particles or 

atoms and to permit the two species, particles and electrons, to exist together. Plasma types are 

thermal plasma and Non-thermal plasma [2] 

 

Hydrogen production through the cracking of methane is important to reduce that emission of the 

Methane to air then to atmospheric. As its well-known that the increasing Methane in the air is 

effecting organism because it is a poising gas. It is well known that methane is produced according to: 

CO2 + 2H2O CH4 + 2O2 Methane has ability to heat the weather 25 times stronger thane effective of 

carbon dioxide. [3] 
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Abstract.  Plastic materials' applications are expanding on a daily basis due to their unique 

properties, which enable them to replace other materials in their applications while still 

meeting customer needs thanks to advanced technology. In the Sultanate of Oman, 20.9% of 

solid wastes are plastics. As a result, more plastic is produced, which leads to an increase in 

plastic waste. Since it is produced from an unsustainable crude oil source using a high-

energy consuming method, plastic waste contributes significantly to the soil, water, and even 

air pollution. As a result, they are non-biodegradable, resulting in high greenhouse gas 

emissions, a plastic waste crisis, and the non-renewable fossil fuel petroleum being depleted. 

One of the methods for handling plastic waste that has been developed is the energy recovery 

process. Since petroleum was the primary source of plastic, converting it to liquid oil 

through the pyrolysis process had tremendous potential, as the resulting oil had a high 

calorific value comparable to commercial fuel. Pyrolysis of plastics is a chemical reaction 

that includes breaking down larger molecules into small molecules by using heat. As a result, 

the aim of this study is to catalytically pyrolyze most commonly plastic waste (PET, HDPE) 

into a liquid oil using a spent FCC catalyst. This will contribute to the plastic waste 

management program while also providing a renewable energy source that can be used in 

boilers combustion and engines fueling, reducing plastic waste. Pyrolysis has been found to 

be an excellent solution for transforming Petro-plastics into different functional products, 

with liquid oil production reaching up to 80%, according to previous studies. This study 

conducted Pyrolysis of PET and HDPE plastic waste the poly fuel produced was analyzed by 

Gas Chromatography (GC) instrument and compared with commercial diesel properties. 

 

Keyword. Pollution, Plastic waste, Pyrolysis, Liquid oil, poly fuel, FCC Catalyst, PET, 

HDPE 

 

 

INTRODUCTION  

 

Plastic is a type of synthetic material structured of a high-molecular-weight polymer (20000 to 500000 

kg/Kmole) added with other ingredients to enhance performance or reduced the costs. This type of 

material was discovered more than a century ago and has the etymological sense of a "moulded 

sample,". As per of polymers the structure that makes plastic, they are 3 classes of plastics, these are 

Elastomers (high Young's modulus viscoelastic materials created by short-chain polymers linked by 

poor force of attraction) and Thermoset-plastic (brittle plastic material with over-interconnected 

polymer structure that is permanently hardened due to one-time application of temperature and 

pressure) [1]. The molecular structure of thermoplastics is basic, consisting of chemically independent 

macromolecules [2]. They are softened or melted when heated, then moulded, formed, welded, and 

solidified after cooling [3]. This property allows the thermoplastic to be used in a variety of consumer 

applications such as eyeglass lenses, shampoo bottles, food storage containers, drinking bottles, and 

other products, resulting in its high presence in landfills [4]. For these reasons, researchers are 

interested in using thermoplastic in the pyrolysis process [5]. Plastic materials have recently become 

unavoidable in the world, and they can be used to replace a wide range of materials, including metal, 

wood, bone, and leather, depending on the application for the most efficient process and standard life 

[6]. Plastics are suitable for a wide variety of applications because they are versatile, electrically and 

thermally resistant, mouldable, chemically resistant, and lightweight by nature. According to 2015 

global plastic production figures, the amount of plastic produced increased to over 360 million metric 
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Abstract: 

In line with the developments of the world, especially the development in the industrial field and 

the increase in the number of factories.  Exacerbated one of the environmental problems, namely 

global warming.   From this point of view, we conducted this study to take advantage of these 

harmful gases and convert them into gases of high economic value using cold plasma.  In this 

development study, the size of the reactor was enlarged and the order of gases entering from the 

holes was changed to get the best results. During the process, the plasma is inserted into two holes. 

The other hole is filled with a mixture of water vapor and carbon dioxide. On the other hand, argon 

gas is introduced and the other hole is connected to a gas ratio analysis device.   The process is 

controlled by plasma control and setting power supply (volts), and argon gas flow. We have 

obtained many readings and results and compared them by drawing a model to find the appropriate 

conditions for producing the largest amount of hydrogen. the reaction was CO2 and water vapor in 

plasma. The best result was 1352 ppm of hydrogen and 5386 ppm of ethylene acetylene in the 

experiment number 2 when the flow rate was 10 liters/minute and the voltage was 2 volts. 

Keyword: plasma; plasmosis; micro GC inficon ; multi flying jet plasma reactor. 

INTRODUCTION  

The concentration of gases in the atmosphere, such as carbon dioxide, methane, water vapor, and 

other gases (known as greenhouse gases), has recently grown as a result of increased human 

industrial activity and natural phenomena such as Fires and volcanoes. The greenhouse effect refers 

to the presence of greenhouse gases in the atmosphere at particular quantities that keep the 

temperature of the atmosphere at a level that is acceptable for living. Changes in greenhouse gas 

concentrations resulted in more heat rays being reflected and thus entrap them and increase the 

temperature of the earth. This is known as the global warming. 

From this point of view, the idea of our project came to exploit water vapor and carbon dioxide (one of 

the most important greenhouse gases) in the production of plasma, and thus the production of useful 

gases of high economic value.[1,2] 
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Abstract.  The main objective of this study was to synthesize silica nanoparticles for the 

reduction of organics from refinery waste water. The characterizations of the nanoparticles 

were carried out using Scanning Electron Microscopy (SEM), Energy Dispersive X-ray 

Analysis (EDX), Fourier Transform Infrared Spectroscopy (FTIR), and X-Ray Diffraction 

(XRD). The synthesized nanoparticles were employed in the reduction of organics from 

petroleum refinery effluent by performing a series of batch experimental studies by varying 

the solution pH, contact time, dosage of nanoparticles and stirring speed. The experimental 

results demonstrate that the maximum reduction in chemical oxygen demand (COD) was 

obtained at pH 4.0, stirring speed of 125 rpm, mixing time of 90 minutes and 0.5 g dosage of 

silica nanoparticles.  

 

Keyword. Chemical oxygen demand; Organics; Silica nanoparticles; Refinery waste water. 

 

INTRODUCTION  

 

The effluents discharged from enhanced oily recovery process contains considerable amount of 

organics, which creates environmental and health risk. Physical, chemical and biological processes are 

employed to remove suspended solids and organics from industrial effluents. Coagulation and 

flocculation processes are used to remove suspended solids and organics [2]. Recent study focused on 

the biopolymer based treatment in the removal of pollutants from refinery waste water [3, 4]. 

Nanotechnology has been extensively applied in waste water treatment due to its attractive functional 

properties and wider applications in various sectors. Though nanotechnology mediated research has 

shown great potential in oil recovery, but the mechanism and organics removal from oily waste water 

are not fully understood [5]. The effect of adding silica-based nanoparticles in biopolymer flooding in 

achieving the highest oil recovery have been extensively studied [6]. The utilization of SiO2 

nanoparticles has received attention due to their excellent biocompatibility, thermal stability, and low 

toxicity, and facile synthesis methods. However, the particle size, porosity, shape and crystallinity can 

be precisely manipulated, enabling these nanoparticles for various applications. Various types of 

nanoparticles are employed in the effluent treatment with the support of nanotechnology mediated 

processes. This technique has gained enormous benefits and also better performance characteristics are 

realized at different concentrations [7-10]. Nanoparticles possess distinctive properties owing to their 

extremely small size and superior surface area per unit volume; thus, they demonstrate a higher 

reactivity with other molecules [11-15]. Chemical vapor deposition, sol-gel synthesis, electro-

deposition, ball milling, etc are the various nanoparticles preparation techniques [16].The appealing 

performance of silica nanoparticles was attributed to its capability in reducing the interfacial tension 

and viscosity. Several laboratory studies were centered on the investigation of establishing the 

optimum conditions to improve the viscosity and thereby enhance the oil recovery [17]. One of the 

challenges in employing silica nanoparticles in the wastewater treatment process is its higher cost and 

hence in this research a cost effective method was selected for the in house synthesis of silica 

nanoparticles. Therefore, the current work focused on the in house synthesis of SiO2 nanoparticles 

using environmentally friendly methods followed by characterization techniques and to assess the 

capability of the particles in the removal of organics from refinery waste water. 
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Abstract.  
 

This research project aimed to develop natural degradable capsules from carboxy methyl 

cellulose (CMC) and chitosan using dip coating method by depositing oppositely charged 

biopolymers on colloidal particles followed by elimination of the template. A model 

antibacterial drug, ciprofloxacin hydrochloride was encapsulated into these hollow capsules 

and the release study was performed at different environmental conditions by changing the 

permeability of the capsule wall. The characterization techniques employed are UV-Vis 

spectrophotometer, Dynamic Light Scattering (DLS), Scanning Electron Microscopy (SEM), 

Fourier Transform Infrared Spectroscopy (FTIR), and X-Ray diffraction. The outcome of the 

research suggests an easy and effective antibacterial drug delivery system from natural 

degradable Nano capsules 

 

 

 

Keyword. Carboxy methyl cellulose; Chitosan; Ciprofloxacin hydrochloride; Nanotechnology 

 

 

INTRODUCTION  

 

Innovation in Materials engineering and nanotechnology have fueled the advancement of efficient 

drug delivery system. Novel materials play an important role in the development of biodegradable, 

biocompatible, non-toxic, and targeted delivery systems. Design and synthesis of efficient drug 

delivery systems are of vital importance for medicine and healthcare. Polymeric materials are gaining 

attention to deliver drug in the targeted site in a sustained manner. Significant advances have been 

made in development of various drug delivery devices with the help of polymers. The synthesis 

method of these polymers are very important due to the nature of release kinetics, easy handling and 

the aptitude of researchers to readily control their chemical and physical properties. Targeted drug 

delivery improves bioavailability of the drug and allows the use of lesser dosage of drugs thereby 

reducing the side effects due to cytotoxicity. Nanotechnology can aid the size control, geometry and 

multi-functionality of the drug delivery systems. Polymeric capsules are gaining much attention in 

recent past due to its potential in the pharmaceutical industry to deliver a drug at right moment, in the 

right place and at adequate dosage. Majority of the capsules used in the biomedical and 

pharmaceutical applications are prepared from synthetic polymers (eg: Poly Styrene Sulphonate (PSS), 

Poly Allyl Amine Hydrochloride (PAH), Poly Methacrylic Acid (PMA) and Poly Acrylic Acid (PAA) 

etc.), which are non-biodegradable, toxic and less biocompatible. Due to the exceptionally small size, 

nano capsules possess greater capability on an extensive range of applications with excellent 

reproducibility. The fabrication techniques of nano capsules depend on their application in 

pharmaceutical and biochemical area. The enhanced delivery of bioactive molecules through the 

targeted delivery from nano capsule provides numerous challenges and opportunities for the research 

and future development of novel improved therapies. Engineering of multifunctional drug carriers by 

combining stability and good release properties remains a real challenge to researchers due to limited 

progress of polymeric capsules. Further studies are needed to advance the development of 

biodegradable nano capsules with controllable loading and release capabilities of drug delivery 

application. The purpose of the current research was to achieve better understanding of the delivery of 

drugs through natural degradable nano capsules and to assess the prospects of polyelectrolyte Nano 

encapsulation in controlled drug release applications. Development of effective drug delivery systems 
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Abstract. Nanotechnology is one of the emerging technologies with unique functionalities and great 

potential in removing pollutants from waste water. The present study focused on the synthesis of 

calcium carbonate nanoparticles using homogenisation process. The nanoparticles were characterised 

using Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), and 

X-Ray Diffraction (XRD). The synthesised nanoparticles were employed in the batch treatment of 

grey water by varying the solution pH, stirring time; stirring speed and dosage of calcium carbonate 

nanoparticles.The pollutant removal efficiency of the nanoparticles were assessed by measuring the 

Chemical Oxygen demand (COD), Total Suspended solids (TDS), Total dissolved solids (TDS), 

Dissolved oxygen (DO) and turbidity. The study shows that the optimum pollutant removal efficiency 

was obtained at pH 8.0, stirring speed of 100 rpm, mixing time of 75 minutes and 0.7 g dosage of 

calcium carbonate nanoparticles.  

Keyword. Calcium carbonate; Chemical Oxygen demand; Nanoparticles; Nanotechnology. 
 

 

INTRODUCTION  

 

Water scarcity is one of the main issues faced globally and it is expected to worsen in the coming 

years, due to natural and human factors like droughts, population growth, and urbanization. Grey 

water is defined as the water discharged from household activities with the exception of toilet flushes 

[1]. Discarding grey water into water bodies will lead to an enhanced contamination by dip in 

reduction of dissolved oxygen resources and rapid bacterial growth. Therefore, it is essential to 

improve the quality of grey water before being discharge into the environment. Global water scarcity 

is due to anthropogenic and environmental factors such as rapid industrialization; economic 

development and climate change [2]. An alternate choice for the sustainable management of water 

resources is by reusing grey water after treatment. During the last few decades, most of studies 

focused on the environmental, economic, and energetic benefits in the reuse of grey water treated by 

natural methods. It is essential to find a sustainable mechanism to utilise the water resources by 

effective use of grey water and to ensure the water requirements for irrigation purposes [3]. Recycling 

and reuse of Grey water can play a vital role in converting a significant amount of wastewater to 

valuable water resources in environmentally friendly methods. [4]. Considerable amount of grey water 

is thrown out of the household activities on a daily basis, which in turn lead to environmental pollution 

in the long run and hence results in increased fresh water consumption. 

One of the most effective way to recycle and reuse water, is the renewal of groundwater resources. 

Treated grey water can be locally recycled for other uses and disposal of the same is considered as 

wastage of money. Therefore, it is necessary to search for an environmentally friendly and 

costeffective method to treat the grey water and reuse it again. This research work discusses one of the 

important applications of nanotechnology by employing calcium carbonate nanoparticles in treating 

grey water. 

Nano material is considered to be a feasible option for wastewater treatment due to its attractive 

properties like smaller size, higher surface area, strong solution mobility, better mechanical strength, 

high reactivity and dispersibility, hydrophobicity, and porosity [5]. Different types of nano materials 

have been successfully employed in water treatment applications demonstrating their ability to 

effectively remove contaminants from the water. Grey water is an excellent water resource available in 

the household activities and reuse of the same is the most promising water conservation technique, as 
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Abstract.  This research utilizes municipal solid waste from the landfill and converts them to 

biochar followed by activation process. The solid waste was pyrolyzed for 2 hours at 550ºC 

in the absence of oxygen to form biochar. The thermal and chemical activation of the biochar 

was carried out using potassium hydroxide (KOH) for 48 hours followed by a thermal 

treatment for 1.5 hours at 600˚C to obtain activated carbon. The activated carbon was used in 

the batch treatment of refinery effluent was performed by varying the effluent pH, dosage of 

activated carbon and contact time. The pollutant removal was monitored by measuring 

Dissolved Oxygen (DO), Total Suspended Solids (TSS), Chemical Oxygen Demand (COD), 

and Total Dissolved Solids (TDS). Characterization techniques employed where Scanning 

Electron Microscopy (SEM), and Fourier Transform Infrared Spectroscopy (FTIR). The 

experimental outcome suggest that solid waste from landfills can be a potential source for 

the production of activated carbon with little or no harm to environmental, thus reducing 

greenhouse gases from landfills and combating climate change.  

 

Keyword. Biochar; Chemical Oxygen Demand; Dissolved Oxygen; Landfills. 

INTRODUCTION  

Municipal solid waste (MSW) generation is an inevitable outcome of human activities, also 

commonly known as solid waste. Solid wastes can range from ordinary food wastes, wood, textiles, 

metals, and plastics to biomedical wastes [1].  Urbanization, industrial activities, population growth 

and agricultural activities are the main sources of municipal solid waste. Majority of these solid wastes 

are improperly managed and are sent to landfills or either incinerated which lead to environmental 

pollution [2, 3]. Incineration of waste is a major contributor to global warming through the production 

of greenhouse gases [4]. Majority of the countries rely on landfill since they are cheap and simple 

methods of disposing wastes.  Municipal solid wastes from landfills contain a variety of hazardous and 

non-hazardous material which has a negative impact on the environment.   

The Sultanate of Oman currently generates more than 5000 tons of municipal solid waste per day 

and management of this solid waste is a major issue within the country.  Despite the fact that some of 

the waste is recycled, the major portion is disposed at landfills with more than 300 dumpsite locations 

within the country [5]. The heavy dependence of landfills as disposal methods has harmful impacts to 

the people in the vicinity and the environment.  Dump sites release organic pollutants, volatile organic 

compounds, toxic leachate, and greenhouse gases to the surroundings. The particular solvents 

discharged from the landfills usually contain sulfur and lead to ozone depletion. Additionally, the 

vicinity of the landfills is surrounded by odors which is a nuisance and affects the workers capability 

to perform their tasks [6].  

In accordance to Oman’s 2040 vision, the current research utilizes Municipal solid waste (MSW) 

from Oman’s landfill and converting them into biochar by pyrolysis without the presence of oxygen 
followed by further preparation of activated carbon from the biochar. The energy content in the waste 

is utilized in pyrolysis and converts the waste into biochar, hence oxygen is not required. Biochar is a 

carbon intensive substance that has shown promising applications as soil fertilizer and pollutants 

remediation through its carbon capture and storage capability [7]. Pyrolysis is the thermal treatment of 

a substance at high temperatures (300˚C - 800˚C) without the presence of oxygen [8].  Biochar 

produced from this process is known for having increased surface area, high porosity and high carbon 
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Abstract.  Oil and gas pipelines play an important role in distributing the energy resources 

needed to power communities. Corrosion is a major concern in oil transmission pipeline, and 

the corrosion issue would be effectively addressed by conventional corrosion control 

practices. The aim of this project is to apply nanotechnology in the prevention of corrosion 

in oil pipelines. The mild steel coupon specimen was collected from the PDO (Petroleum 

Development of Oman) to study the corrosion inhibition in oil pipe lines. The methodology 

employed for the development Nano coating was dip coating method in which the mild steel 

specimen was immersed in Poly Vinyl Butyrate – Poly Aniline – TiO2 (PVB - PANI-TiO2) 

solution. The polymerization process was used to synthesize PANI-TiO2 powder. PVB-

PANI-TiO2 composite was characterized by using Fourier Transform Infra-Red Spectroscopy 

(FTIR) and X-Ray Detraction (XRD). Scanning Electron Microscopy (SEM) was used to 

study the surface morphology and the layer formation on the surface of mild steel coupon. 

Atmosphere test and Wet/Dry test were carried out to investigate the corrosion behaviour of 

coated mild steel. The study reveals that the Nano coating could increase the lifespan of the 

specimen and enhanced corrosion resistance of metal coated by PVB-PANI solution with 

0.5g of TiO2. 

 

Keyword. Coating; Corrosion; Nanoparticles; Polyaniline; Titanium dioxide. 

 

INTRODUCTION  

 

Oil and gas industries are the driving force of the Oman’s economy and the sultanate has a relatively 

diversified economy among Gulf Cooperation Council Countries (GCC). The oil sector contributes 

about 44% of Oman's Gross Domestic Product (GDP) and based on the statistics, the production of oil 

exceeds one million barrels per day in 2017. The annual revenue from oil and gas industries is 

estimated to be 8.7 billion Omani Rial. Extraction of oil and gas can be divided into four different 

processes including: exploration, well development, production, and site abandonment [1]. The Oil 

and gas transmission pipelines experiences chemical attacks due to the dissolution of CO2 into the 

brine that flows through the pipelines along with the hydrocarbons [2, 3]. Corrosion also occurs due to 

the contact of pipe material in presence of strong acid, base or some gases. The rate of corrosion 

depends on the exposure time between the metal surface and chemical substance. As the maintenance 

cost of corroded equipment is extremely high, it is required to take at most care to protect the 

equipment from corrosion [4].  Majority of the internal corrosion in crude oil transmission pipelines 

are due to settling of solid particles that carry water to the pipe surface. In recent times, 

nanotechnology advancements offers novel routes to protect metal at the nano scale during the early 

stages [5]. The performance of polyaniline/TiO2 nano composites in epoxy for corrosion resistant 

coatings was studied and the coating process was performed by use nanopolyaniline (PANI) and 

polyaniline/TiO2 nano composites (PTC) for carbon steel [6-10]. The application of nanotechnology in 

the corrosion protection of steel pipes to enhance the lifespan of pipe materials has been investigated 

[11-14]. In this research, protection of oil pipelines from corrosion using novel method by applying 

nanotechnology in controlling corrosion problems, which will contribute to the society and the country 

to a greater extend. Hence this research work focused on the development of polymer based 

nanostructured coating with minimum film thickness for corrosion prevention in oil pipelines with 

good film stability, high durability, ecofriendly and cost-effective approach. 
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Abstract.   The wastewater from the petroleum industry consists of a variety of pollutants 

like petroleum hydrocarbons, mercaptans, oil, and other organic compounds. Marine algae 

are one of the most common adsorbents and biofilters used for treating industrial effluent. 

This research investigates the ability of Ulva Lactuca for removing organic pollutants by a 

double-packed bed column. The analyzes of the green algae Ulva Lactuca and its properties 

were performed using Fourier transform infrared (FTIR) spectroscopy. It was found that % 

removal of COD at optimum parameters was 92 %. The main obtained results showed that 

both Ulva Lactuca dosage and column height are directly related to % removal of COD but 

the flow rate of untreated industrial wastewater is inversely related to % removal of COD. 

For each parameter, the optimum % removal of COD was found at column height of 48 cm, 

flow rate of 5 ml/min, and Ulva Lactuca dosages of 3 g. 

 

Keyword. Double Packed bed column, Ulva Lactuca, Adsorption, Industrial wastewater, 

FTIR. 

 

INTRODUCTION 

 
Wastewater, in general, is the used water that quality has become very dangerous due to human 

influence. There are three main types of wastewater which are storm sewage, domestic sewage, and 

industrial sewage [1]. The wastewater composition from 0.1% is the residual that must be removed 

and the remaining is 99.9% water. The residual which is 0.1% consist of microorganisms, inorganic 

substance, and organic substance. The effluents of Wastewater can be released to different 

environments like rivers, lakes, and ponds also in the oceans [2]. Petroleum industries produce huge 

quantities of wastewater and it is thrown into the environment without treatment, causing losses to the 

environment, humans, and animals, especially aquatic life as the wastewater works on reduce 

dissolved oxygen due to bacterial decomposition and oxidation of chemical materials, sometimes there 

will be leakage of heavy or toxic metals that are present in the wastewater from the soil into the 

groundwater [1], and if a person comes into direct contact with wastewater, will suffer from some 

diseases like gastroenteritis [3]. To eliminate or reduce these effects by treating the petroleum 

industrial wastewater inexpensively and simply that is not like other methods of treatment, as it 

requires expensive equipment, it requires large energy, and is ineffective. The best method is 

biosorption, which is the concentration and binding of heavy metal from the aquatic solution through 

definite kinds of dead, inactive, and microbial adsorbent [4], the studied adsorbent is Ulva Lactuca and 

the operation is performed in a double packed- bed adsorption column. 

The double-packed bed columns are one kind that is applied for performing the process of separation 

for example to separate the organic or heavy particles from the wastewater. The double-packed 

column is economical, easy to deal with, and its design is flexible [5]. The need of this research is to 

reduce the heavy metals as much as possible from Petroleum Industrial Wastewater so that nature can 

handle them and to reuse the petroleum industrial wastewater safely for agricultural and irrigation also 

for landfilling and fertilizer. 
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Abstract.  In oil and gas industry, gas sweetening is essential process to remove the 

acidic gases such as H2S and CO2.The presence of these gases causes severe corrosion 

problems to the downstream process lines and equipment’s. Primary, secondary, and 
tertiary amines are commonly utilized as sweetening solvents. This collection intends to 

provide a general overview of the sweetening process, as well as operating issues and 

troubleshooting techniques. The process achieves a higher loading capacity compared to 

single amine solvents, which leads to the design of smaller absorber columns with 

reduced number of trays. The gas sweetening plant designed to have the feed knock out 

drum (KOD), where the primary separation of gas, liquids and heavy particles take 

place.  Washed gases passes through the mist mat provided in the upper section of the 

feed KOD and enters into the Absorber column. The lean Sulfinol-X absorbs the acid 

gas components; H2S, CO2 and other impurities from the feed gas ascending in the 

column and becomes a rich Sulfinol-X. Foaming is one of the most common and 

troubling operational issues encountered in gas sweetening unit. It causes direct impact 

on the capacity due to loss of optimum vapour-liquid contact inside the absorber 

column. Chemical anti-foam injections have been a typical way to eliminate foaming, 

frequent dosing of anti-foam can aggravate the condition. This study focuses 

troubleshooting of the GSU and to propose alternating techniques based on the 

operational parameters plus mechanism to control foaming. The simulation is performed 

using Aspen HYSYS V.9 Software to measure the H2S and CO2 removal 

concentrations. The findings and results are discussed for the absorber operating 

conditions after performing the experiment.    

 

Keyword. Foaming; Gas sweetening Unit; Knock out drum; Sulfinol-X. 

 

 

INTRODUCTION  
 

The natural gas usage in the industries and at domestic level has become an important energy 

generation source. A number of processes are utilized between the wellhead and the consumer to make 

the natural gas safe for its consumption. These processes are very important and useful to remove the 

contaminants that are present in the gas. These contaminants if left in the gas untreated these cause 

problems in the gases like corrosion, erosion, plugging, freezing and safety hazards. These 

contaminants are described as H2S, CO2 and NOx etc. As the natural gas consumption is inevitable in 

worldwide and its consumption is increasing day by day. So, the gas treatment is getting more and 

more complex to fulfil the requirements imposed by the safe environment regularity authority [1,2]. 

Upstream preconditioning of the gas or the downstream gas conditioning are emerging as the best 

options to comply with the most stringent regulations in the industry. The gas conditioning involves 

the removal of different elements like the solids, sulphur, heavy hydrocarbons and mercaptans by 

different processes. Generally, gas treatment involves the removal of impurities from gas stream that 

are present in the vapour-phase. The method that has been used in the purification of gas vary from 

simple once through wash operation and multi-step complex recycle systems [3,4]. The gas 

purification process complexities actually arise from the need for the recovery of the impurity to reuse 
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Abstract.  With the frequent use of plastic, and environmental concerns, the solution 

has become is to find an alternative to this plastic, by using a natural material in the 

production of bioplastic film, where the banana peel will be used. The responsible 

material for this process is treated, the laboratory production of the biodegradable film 

by hydrolysis and chemical addition. The viability of the produced materials to 

decompose was discussed, and discuss the results obtained. Finally, the idea of research 

is developed based on the results that appeared for the first sample, which is the best of 

all, whose criteria can be optimized according to the results of design expert software. 

 

Keyword. Bioplastic; Film; Hydrolysis; Plastic; Chemical. 

 

 

INTRODUCTION  

 

1.1 Overall view of the topic 

 

Organic and natural materials such as natural gas, cellulose, and course crude oil are used to make 

plastics. [1] Plastics are polymers and these polymers are long-chain molecules with repeating links, 

known as monomers and it is a part of the naphtha compound. These chains are very useful because it 

light, durable, and strong, but it so problematic when they are thrown off carelessly, like polyester 

called PET polymer, which is the raw material for clothes and bottles. Single-use plastics now account 

for 40% of all plastic produced each year. moreover, a lot of these items, such as food wrappers and 

plastic bags, have a short shelf life but can persist for hundreds of years in the environment [2].  

 

About 8 million tons of plastic waste escapes into the sea each year from the coast. [4]. About 8 

million tons of plastic waste escapes into the sea each year from the coast.  [4]. Its overuse use has 

resulted in environmental issues for our world, including land pollution, pollution of marine life, 

depletion, and groundwater pollution. Plastic depletes soil fertility by forming a portion of manure that 

remains in the soil for years.  The animals eat bags and cans of plastic, then die [3]. When this plastic 

is heated, it emission gas carcinogenic, and caused fearful diseases like cancer, because this gas can 

fastly be absorbed by food substances [3]. 

 

Per day, 400,000 barrels of oil are estimated to be used in the production of plastic packaging around 

the world. Petroleum-based plastics are difficult to dispose of, resulting in landfills. Plastics produced 

from biodegradable materials (biomass), such as potato peels, fruit waste, and banana peels, are known 

as bioplastics. They are absolutely clean, contain no toxins or harmful chemicals, and can replace 

petroleum-based plastics [5]. 

 

1.2  Identification of the need & problem description:  

 

The solutions that have been developed to reduce the problems of this plastic are not sufficient to 

completely solve the problem, because the demand for the plastic increases day after day, so we must 

search for an alternative to this plastic that is suitable for use without harm to the environment, 
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Abstract.  In this study, a novel nano composite material, was synthesized from 

Modified Musa Sapientum Biomass and reduced Graphene Oxide using technique. The 

application of the synthesized nano composite for the treatment of Oil produced water 

was investigated. Under batch conditions, the effect of process parameters namely 

initial pH, composite dosage, and initial oil produced water COD, agitation speed and 

temperature on the percentage COD removal efficiency was studied. 

Keywords: Nano composite, wastewater, efficiency   

 

INTRODUCTION  

 

Water is reported to be a valuable commodity due to the depletion of natural reserves and degradation 

of water quality due to urbanization and industrialization. Oil and gas industries represent the major 

contributors to many developed nations and all countries in GCC region. Oil exploration activity, 

carried out on-shore and off-shore, usually leads to the production of many by- products, which are 

huge in volumes and low in commercial vale. Oil produced water is one such waste product released 

from the wells during oil exploration and drilling. Oil produced water generated is a complex mixture 

of various organic and inorganic compounds with the salt concentration in the range of 0.001- 300 g/L 

[1&2] and the total organic carbon can reach an average value of 1500 ppm. There are various 

methods available to treat the oil produced water which includes physical techniques employing 

activated carbon. zeolite, organo clay as adsorbents. Flotation, evaporation, and precipitation. several 

chemical methods like chemical precipitation, oxidation, coagulation, ozone treatment and 

electrochemical process are attempted for the treatment of oil produced water. Biological methods 

including aerobic and anaerobic techniques failed to treat the oil produced water convincingly due to 

the recalcitrant nature of the pollutants present in the wastewater. Graphene and its derivatives are 

proposed as an effective alternative to treat the oil produced water due to their superior selectivity and 

favorable surface characteristics. Graphene oxide (GO) is produced by controlled oxidation of 

graphene and is enriched with hydrophilic polar groups. the reduction of this compound to produce 

reduced graphene oxide (rGO) will convert the hydrophilic nature to hydrophobic nature. the low cost, 

chemically stable and eco-friendly properties favor the application of this compound as an adsorbent 

for oil produced water contaminants [3]. Even though, many chemicals based, or synthetic adsorbents 

are available, natural biomass-based adsorbents are proved to be superior in terms of cost, easy 

availability, and eco-friendliness [4]. In Oman’s perspective, banana is a significant agricultural 

commodity which is cultivated in large areas. the worldwide harvest is reported to be approximately 

10 million hectares in over 130 countries. the arid climate and diversifies topographical plain in Oman 

has contributed to the successful plantation of bananas. The most common cultivar of Oman is 

“Cavenish” identified as Musa sapientum [5]. Al Batinah region is one of the main agricultural belts of 

Oman where banana plantation is a significant activity. With the annual production of banana 

exceeding 34000 metric tons, huge quantities of waste biomass is produced. Banana pseudo stem is a 
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Abstract. Biogas is one of the most sources of renewable and sustainable energy in the world. This study show 

the wastewater treatment and producing biogas by using sewage sludge and activated Carbone to provide biogas 

as an effective solutions to minimize the negative effects on the environment. A container filled with wastewater 

and activated carbon made from coconut shell to treat wastewater and other container was filled with wastewater 

and sewage sludge to study the possibility of sludge for water treatment and biogas production through anaerobic 

digestion. As a results, treated water with sewage sludge gave better values than only treated with activated 

carbon. 

 

Keyword. Biogas, activated carbon, wastewater, sewage sludge, clean water. 

 
 

INTRODUCTION 

 

Environmental pollution is the most serious problems faced on the planet by humans. Environmental pollution 

is contamination of the earth or atmosphere system's physical and biological components in such a way that 

environmental processes are negative affected. Domestic and industrial wastewater causes many environmental 

problems that directly effect on the environment. Some of these impacts can be described as very dangerous, 

which necessitates study, research and then quick action and solutions to avoid this environmental impact and 

reduce its expanding reflections. Wastewater is water that causes great danger to humans and can cause a lot 

of serious diseases because it contains a lot of bacteria, parasites and viruses, along with a lot of toxic substances 

and heavy metals. Wastewater threatens on the environment on the natural with a disaster because it may lead 

to killing of living organisms. 

The other environmental impact is environmental pollution due to burning fuels. The process of generating 

power is one of the biggest causes of pollution, either directly or indirectly on the environment. Perhaps the 

most prominent forms are gases and harmful particles emitted from the burning of fossil fuels and the leakage 

of crude oil to the seas and oceans and the phenomenon of global warming. Combustion of fossil fuels is one of 

the biggest damage on the living organisms, resulting in air pollution, acid rain, acid hail, and acid fog, which 

in turn leak into soil, and effect on the life in the biosphere, which includes humans, animals and plants. The aim 

of this project is to treat wastewater by using activated carbon to get clean water with low cost where it reduces 

the consumption of energy in WWTP and to reduce environmental pollution of wastewater. The second aim is 

to produce an eco-friendly and sustainable energy by exploitation of sewage sludge. The advantages of using 

biogas are reducing pollution, reduces global warming and getting energy with low cost. This project is about 

wastewater treatment by biological method with sewage sludge also production of biogas. The usage of sewage 

sludge for producing biogas is an effective way to reduce the amount of sewage sludge that caused 

environmental pollution in addition, using activated carbon that made from coconut shell to treat wastewater. 

 
 

Activated carbon 

 
Activated carbon is used in a wide range of applications to purify liquids and gasses, such as municipal drinking 

water, food and drink production, removal of odour and controlling of industrial pollution. Activated carbon is 

created from materials of carbonaceous sources such as coconuts, coal, wood, nutshells and wood. Any organic 

material with high carbon content is the main raw material used for activated carbon. Activated carbon is used 

as a filter for wastewater treatment. The activated carbon is made up of small pieces of carbon that may be in 

granular or mass form, which have been treated to be very porous. Activated carbon is used as a 
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Abstract. In this work, the fibers of date palm (DPFs) were used as a raw material to isolate CNFs 

with the intention of assessing its potential as reinforcements of composite materials in producing 

bioplastic. High-purity cellulose nanofibers were isolated from DPFs through an environmentally 

friendly, treatment process that combined chemical (alkali& bleaching) and mechanical (ball milling). 

High yield of CNFs were successfully extracted, with 50% CNFs from overall DPFs. SEM results 

revealed the effects of isolation treatments on fiber morphology and showed long, loose nanofiber 

bundles with 8–100 nm in diameter. FTIR results showed that noncellulosic components were 

effectively removed. X-ray diffraction analysis revealed the improved crystallinity of the processed 

fibers with high crystalline index of 69.78%. TGA results showed an enhanced in thermal properties 

of the nanofibers. The removal of hemicellulose and lignin increased the crystallinity of the fibers and 

the extracted CNFs was used in synthesis of bioplastic by using glycerol as plasticizer and corn starch 

as matrix using casting method. The feasibility study proved that NC production is feasible in Oman 

and was successfully yielding cellulose nanofibers with potential in advanced applications. 

 

Keyword. Municipal Solid Waste, Agricultural waste, fiber, biomass, cellulose, date palm,  

nanocellulose, bioplastic. 

 

INTRODUCTION  

 

Waste is a global challenge. If not properly dealt with, waste carries serious health, fiscal and 

environmental consequences. It is a problem that is linked to the way societies produce and consume. 

It is an issue that concerns everyone. Many types of waste hold an economical value if they correctly 

recovered and recycled. Increasing in the global population caused rising in the food demand and other 

basics, resulted in rising in the amount of waste generated daily by each individual. Wastes can be 

generated after extraction of raw materials, the processing to produce final products, final product 

consumption, and other activities produced by human (1). 

 

Due to the increase in global awareness about environmental issues, the utilization of agricultural 

waste and convert it into value-add products is grabbing more attention from many researchers. 

Furthermore, the utilization of such resources will at the same time provide less expensive and 

sustainable material, it will play a major role in overcoming the environmental problems as well 

generating good Agricultural waste management. Agricultural waste consists a biomass that is mainly 

made from cellulose, lignin, and hemicellulose. The exploiting of these biomass as raw material for 

many products will generate many techno economic advantages over synthetic fibers. It has potential 

to be used in many sectors because it is abundantly available, has low weight, renewable, degradable, 

cheaper property. Nevertheless, fiber mechanical and physical properties depend on the extraction 

methods, growing condition, chemical composition, and its ratio (2). However, the best agricultural 

waste that can be utilized is date palm waste. Because it’s the most abundant plant in Oman and its 
waste evaluated approximately to thousands per year (2). Where The date palm tree is one of the most 

cultivated palm tree varieties across the globe. According to the Food and Agriculture Organization of 

the United Nations (FAO), the total harvested area of date palm trees around the world was 1.1 million 

ton in 2014 (FAO, 2014). 
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Abstract.  This study was conducted to investigate, characterize, and provide an optimal isolation 

procedure to obtain high purity and yield of hemicellulose from DPEFB. The DPEFB was grinded, 

sieved to a size of 200 - 710 µm and dried for 44 hr at 105°C. The extractives in DPEFB were removed 

in three extraction stages using ethanol-toluene, ethanol-only and water. The average extractive removal 

values were 8.17 ± 0.10 %, 1.61 ± 0.11% and 5.4 ± 1.1% for respective stages resulting in an overall 

extractive content of 15.2 ± 1.1 wt.%. The hemicellulose was extracted at 40°C for 4 hr using 3M KOH. 

The total hemicellulose yield was 36.9 ± 0.4 wt.%, while hemicellulose A (HA) and B (HB) yields were 

29.0 ± 0.5% and 7.94 ± 0.08%, respectively. The corresponding empirical formula for HA and HB was 

C5H9.4O4.1 and C5H9.8O2.9, respectively. The obtained hemicellulose is closest to the empirical 

formula of xylose and arabinose, which further supports the findings by FTIR. 

Keyword.  OPEFB. Hemicellulose A (HA) and B (HB), ethanol-toluene, FTIR. 

 

INTRODUCTION  

 

Main agricultural commodities produced in Oman include dates (P. dactylifera L.) (372,572 t/yr), 

tomatoes (201,293 t/yr), vegetables (189,343 t/yr), 456 million chicken eggs per year, 112,691 tonnes 

of goat milk and 99,960 tonnes of cow milk (FAO, 2021). Biomass residues of dates cultivation alone 

amount to 2.16 million tonnes per year , which can be used for biochar production (1). In addition, 1.7 

million tonnes of municipal solid waste (MSW) were produced in 2016 in Oman containing 27 % food 

waste, 5 % park and biowaste, 5 % paper and 2 % wood. A recent study has shown AD to be the most 

suitable waste-to-energy technology for Oman, which is able to reduce waste, greenhouse gas emissions 

and maintain landfill cost . 

Malaysia is the second largest palm oil producer and exporter accounting for 36 % of the world’s palm 
oil supply in 2018 (FAO, 2020). For every tonne of fresh fruit bunch (FFB) processed, 20 - 22 wt.% of 

crude palm oil (CPO) is produced, with other oil palm biomass residues including 23 - 25 wt.% empty 

fruit bunch (EFB), 13 - 15 wt.% mesocarp fiber and 5 - 6 wt.% palm kernel shell.  In 2017, 421 palm 

oil mills with an FFB processing capacity of 97 million tonnes per year (Kushairi et al., 2018) 

occasionally burnt EFB in incinerators to produce fertilizers or used as a solid fuel in boilers to generate 

steam and electricity. However, the majority remains underutilized which poses several issues such as 

insufficient dumping space, bad odour and hazardous methane gas emitted from biomass decomposition 

(Novianti et al., 2014). At the same time, these issues can be turned into an opportunity (5) by utilizing 

EFB as a reliable renewable source to either generate energy, cellulose for paper manufacturing, or for 

soil application as an essential element (biochar) to increase soil fertility. Like in Oman, MSW in 

Malaysia poses an environmental problems, and AD is the most suitable commercially available 

technology to convert the organic fraction into renewable energy (6).  

CHEM22227



11th National Symposium on Engineering Final Year Projects                                                                              10 May 2022 

 

STUDY EFFICIENCY OF USING GGBS MATERIALS AS 

REPLACEMENT OF CEMENT IN THE CONCRETE 

 

Adbulaziz Fahad Bari Alnaimi and Hussin A.M Yahia 

 
 Department of Civil Engineering, Middle East College, Knowledge Oasis Muscat, Sultanate of Oman 

 hyahia@mec.edu.omand  @mec.edu.om19F19621 :mailE*                             
 
Abstract. One of the most used materials in building construction is bricks and cement, but the 
increasing demand for construction, materials used in construction, and waste in construction and their 
increase led to thinking about developing new building materials. The traditional brick and its 
production cause several effects on the human being, his health, and the environment, as well as 
Cement production, is one of the biggest polluters, which in turn account for about half of all 
industrial carbon dioxide emissions worldwide. Therefore, the tendency was to search for ways to 
possibly reduce industrial waste harmful to the environment as GGBS and reused as construction 
material and represent the greatest opportunities for sustainability and greater assurance in the 
construction and sector for the use of blast furnace slag and fly ash. This study will focus on possibly 
reducing industrial waste harmful to the environment as GGBS and reused as construction material, to 
analyze the physical properties of normal concrete mixed with GGBS and to compare the workability 
& compressive strength of normal concrete and mixed with GGBS, where this study will give an 
evaluation and clear results of the feasibility of using GGBS in marine facilities in particular. 
 
Keyword: Cement, block, waste and GGBS   

 

 INTRODUCTION 

 
The concrete is the most used material by society as concrete is traditionally produced using Ordinary 
Portland Cement (OPC) as it is one of the foundations of concrete. In the production of OPC, there are 
many issues related to the environment and these issues are known, the most prominent of which is the 
issue of carbon dioxide and its quantity emitted during the manufacture of OPC, due to limestone, 
calcification, fossil fuels and combustion. Availability of fly ash on the flip side creates an opportunity 
for this product and creates an opportunity to use it as an OPC performance enhancer or as a partial 
substitute. As it is known, fly ash does not have binding properties but has ASTM class c and a high 
percentage of calcium. However, in the presence of temperature and presence of water, calcium reacts 
with fly ash during the hydration process of OPC to form silicate hydrates Calcium (C-S-H). This 
pozzolanic action occurs when OPC is added to fly ash as an additive or as partial substitution. 
Pozzolanic can be activated as fly ash and blast furnace slag by alkaline liquids and used to form 
binding properties and thus attempt a complete replacement of OPC. The activator can be of low, high 
or moderate alkalinity. In the first case, with low to medium alkaline substances for the activator, 
calcium and silicon are activated in secondary materials such as blast furnace slag, where in this case 
the resulting adhesive will be the main adhesive (C-S-H) gel as a result of wetting and its process. In 
the second case, which will be activated by high and strong solutions, mostly aluminum and silicon 
present in the secondary material of the product such as low calcium (ASTM class F) fly ash, and in 
this case, geopolymer will be produced Alkaline activators can be used with substances such as rice 
husk ash or fly ash (Goran, 2010). 
 
Geopolymer Concrete Based on Fly-Ash 

 

The coarse aggregate with putty, fine aggregate and other types of aggregates are joined together in 
order to form geopolymer concrete without any additives. Geopolymer concrete is manufactured using 
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Abstract. Hempcrete is a construction material that is made using a combination of hemp 
hurds (fibers), lime and water. Hemp is an agricultural crop that is known as one of the 
world's first crops that has been used in different applications regarding construction. Hemp, 
when mixed a lime binder, is known to have many better properties compared to the 
traditional concrete. These properties include: High durability, lightweight, energy efficiency, 
good thermal insulation and acoustic insulation, resistance to fire and water as well as pests. 
However, the most notable property is that it is carbon negative and it last's hundreds of years 
in which the traditional concrete is the opposite of that and has a huge impact on the 
environment. With the dangerous increase in the emissions of carbon and other harmful 
gasses, it is very important and serious that the world needs to consider building technologies 
that are carbon negative and only in the last decade that people started to look into sustainable 
building construction which is putting pressure on improving the construction methods which 
eventually leads to the pursuit of new building materials and hempcrete is the solution to that 
because it is considered as a renewable resource. The aim of this study is to figure out the 
potential of using sustainable alternatives to traditional concrete and how it can affect the 
world positively and to introduce and recommend hempcrete as a sustainable building 
material in the construction market of Oman and introduce hemp as a renewable energy 
resource. 
 
Keyword:  Hemp; Concrete; Carbon Negative; Sustainability and Hempcrete 
 

INTRODUCTION 

The idea of modern hemp-based concrete was first born in the mid-1980 in France. The 

material was originally designed to be a repair material for old straw composite buildings 

which needed a breathable render material. The idea evolved into a hemp-lime insulation 

material, hempcrete. Unlike concrete, hempcrete is not a load bearing material. It needs an 

additional framework to withstand strain. Hempcrete has three main ingredients: hemp hurds, 

a binder and water as shown in Figure 1. The aggregate of hempcrete is hemp hard which is 

woodchip from the stem of a hemp plant (cannabis sativa). Typically, hemp composites use a 

mineral based binder substance as a binder. The water mixed with the binder creates an 

adhesion between the hemp hurds. 
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Abstract. Soil reinforcement is a technique used to improve the physical and mechanical properties of soil. 
The result of the cohesive and cohesionless soil using different type of reinforcement such as jute, coconut,  
leaf, bamboo fiber are taken from different studies. The effects of reinforcing different soils with different 
material on the strength and compaction characteristics of soil are considered. These effects are analyzed 
using statistical methods to determine some relationships reflecting the effects of the reinforcement content 
on the strength and compaction characteristics of the specified soils. Proper relationships are obtained for 
the geotechnical engineering uses. 

 
KEY WORDS: Reinforcement, Compaction, , Moisture content, Dry unit weight.  

 

INTRODUCTION 

 

One of the recent developed approaches to oil the soil mechanical properties is the soil 
reinforcement which is first recommended in 1963 by French investigator Vidal [1].The 
principles of the improvement based on providing additional tensile strength for the soil by 
means of creating what is collected frictional cohesion between the reinforcement and the soil 
particles. Since the soil has no tensile Strength, therefore an appreciable improvement taken 
place by reinforcing with a certain type of reinforcement. Different reinforcement have been 
used since time of developing this technique[2- 6]. All these type are based on studies and 
research which have been conducted over all these years. Metals and Geosynthetics of strips, 
meshes, Grids and fibers were used. Natural material like plant fiber, leafs and mats were used 
as well. The strength, compaction characteristics, consolidation behaviors and shear strength of 
the soils have been found to be improved with reinforcing the soil. Many studies for different 
soil using various types of reinforcement have been published each for a particular case, aim 
and objectives [7 -27].   
In this study, a combination of some of these objectives are created by determination a 
correlations between reinforcement  and the produced improved soil properties as strength and 
compaction characteristics. This is considered to be a step towards helping in shortening time of 
search and in using different reinforcement for various soil in project design.  
  

METHODOLGY 

 

The following steps are followed to conduct the method of this study:  
1) Collection and reviewing of some published studies regarding the effects of reinforcing different soils with 
various  material on the strength and compaction characteristics of soil including the maximum unit weight 
and optimum moisture content. 
 2) Classifying the effects of reinforcement or stabilizer content on individual soil properties for different 
reinforcements. 
 3) Combine the studies variables and develop expressions and relations describing the effects of 
reinforcements on soil strength, maximum dry unit weight and optimum moisture content. 
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Abstract.  This project studied the partial replacement of cement content in the concrete by 
the palm ash in the presence of seawater as a full replacement of pure water in mixing of the 
concrete. The slump test was carried out for the fresh concrete and the concrete strength was 
tested after 7 and 28 days. 5% of the cement replacement with palm leaves ash in conjunction 
with full replacement of pure water with sea water achieved an 84.188% increase in the 
ultimate compressive strength after 28 days more than that gained by the normal concrete with 
the mixing sea water. 
 
Keyword. Sea water; Palm ash; compressive strength; Workability; Partial replacement. 

 
 

INTRODUCTION  

 
S. K. Kaushik and S. Islam [1] concluded that seawater was not convenient to be used in mixing and 
curing of plain concrete, reinforced concrete and pre-stressed concrete. They recommended of using 
retarding admixtures during mixing concrete with seawater, where sea water reduces the setting time of 
cement by 30-75% as the salt concentration of the mixing water increases. Sunil Kumar [2] investigated 
the compressive strength of the concrete, which is exposed to seawater attack, considering the quality 
of mixing water. The reduction in compressive strength was obtained in simulated precast and cast-in-
situ conditions. Tanaz Dhondy et al. [3] comprehensively reviewed the benefits of using sea-sand and 
seawater in the mixing of concrete, they ensured that main benefits are to save natural resources, 
permitting sustainable and efficient construction way and controlling the additional costs of the repairs 
of concrete spalling. 
 

Also, many researchers in order to make green concrete used the treated and untreated palm tree 
wastes. Walid Al-Kutti et al. [4] investigated the mechanical, durability and the micro-structural 
performance of concrete with varying dosage of date palm ash (PA). It was indicated that the using of 
10% dosage of PA in mortar and concrete was effective in improving the overall concrete quality. A. S. 
E. Nassef et al. [5] studied the effects of using palm tree wastes as a partial replacement of the cement 
content in the concrete on the structural behaviour of the concrete. They found that using 5% of palm 
leaves ash instead of the cement increased the concrete compressive strength by 25% after 28 days of 
curing. 

 

As per the previous literature, this project seeks to treat the weakness of the concrete compressive 
strength due using seawater in the mixing by adding the ash of the palm trees leaves to enhance concrete 
compressive strength.  
 
METHODOLOGY 

 
The effects of using both treated palm tree wastes and sea water were studied to improve concrete 
workability and strength. Cement will be partially replaced by certain percentages of treated palm tree 
wastes, also sea water will be used in mixing of concrete. Compression test and slump test were carried 
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ABSTRACT 

Portland cement, which is capable of binding all of these together in water, played a 
crucial role in the development of modern concrete during the 19th century.A new 
element was added recently to the developed concrete in order to create a concrete that 
meets endurance requirements, the maximum load to work on projects and large 
buildings and to keep pace with developments in this modern era. A study of the validity 
of the model (datum/reference study) was presented in this work, looks excellent 
agreement with the validation paper. Furthermore, the study discussed the distribution of 
cracks under tension and compression for NC. Additionally, NC models were compared 
with the experimental reference and their similarities were explained in detail. This 
comparison was further tested against similar the two materials in the literature. This 
study concluded that models can reliably predict concrete beam behavior since local 
responses were captured by reinforcement bars and the obtained response corresponded 
to what was observed experimentally. In conclusion, comparison of crack patterns in NC 
beams is presented and discussed. 

Keywords: Normal Concrete(NC) , Flexural, Load-Deflection, and Moment-curvature.  

INTRODUCTION 

Construction workers and engineers use concrete for all types of civil engineering applications, 
such as substructures, short and tall buildings, installation of defense works, and local and 
domestic improvements. A worldwide debate has recently emerged about the need to continue to 
extract and use natural aggregates freely (Lawson et al, 2001).This is largely due to the 
degradation of natural aggregate quality and the growing awareness about environmental 
protection. Natural resources have also been recognized as being reachable into the future (CSIR, 
2000). Natural aggregate consumption has increased in contrast to the lack of natural resources in 
current times (Wai et al, 2012). As it is the largest component of concrete, there is a severe lack 
of natural resources in this situation. The design of buildings is slowly becoming more 
sustainable. A solution to these problems is the reuse of damaged concrete and production of 
alternatives for aggregates in concrete structures (Valeria et al., 2009).[1] [4].  
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Abstract.  Both of Bottom Ash (BA) and Fly Ash (FA) are the main outputs of the treatment 
of the medical wastes by incineration process.  This project studies the effects of the partial 
replacement of the Ordinary Portland Cement (OPC) content in the concrete with the bottom 
and fly ash of the medical wastes. Either Fly Ash or Bottom Ash is used to replace the cement 
content at certain percentages. Both of the compressive strength and the workability are tested 
at 2.5%, 5% and 7.5% of the replacement. The 7.5% replacement of the cement with fly ash 
gives best compression strength. 
 
Keyword. Treated Medical Waste; Fly Ash; Bottom Ash; Compressive strength; Workability. 

 
 

INTRODUCTION  

 
S. Papamarkou et al. [1] used vitrified medical waste bottom ash with lime recycled glass as a raw 
material in the cement manufacturing process. It was stated there was no changes in the quality of the 
cement clinker. Antonio Telesca et al. [2] studied both of the mechanical properties and the hydration 
of mortars with calcium sulfoalminate (CSA) cement and geopolymers with fly ash replacement of 
cement. It was found that geopolymer with fly ash replacement gained their strength faster than 
corresponding normal geopolymer. Harsimranpreet Kaur et al. [3] replaced the fine aggregates in the 
concrete with incinerated biomedical wastes at certain percentages to present an economical and 
environmental concrete. It was found that 5% of the incinerated biomedical wastes improved both of 
the strength and permeability.  
 
Suresh Kumar et al. [4] replaced Ground Granulated Blast Slag with biomedical waste ash in 
geopolymer concrete, the results showed that up to 10% replacement gave higher compressive strength 
than the normal concrete mix (without replacement). Zhuguo Li et al. [5] recycled the bottom ash of the 
incinerated medical waste as a fine aggregate in the geopolymer (GP) concrete mix using bottom ash of 
the medical wastes. They widely investigated the effects of mixture, curing method, and the discharge 
time of the medical waste bottom ash. They found that the using the medical waste bottom ash as a fine 
aggregate of GP lowered the strength due to increase in porosity of the entire structure. Jiaqi Li [6] 
reviewed the different used treatments for the municipal solid waste incineration ash, he stated that using 
the treated ash with the concrete met most limits for the construction material. He concluded that when 
using ash as a substitute to the aggregate the mechanical properties of the obtained mix became less than 
that without replacement.  
 
FLY ASH 
 
Medical waste incinerator fly ash refers to a kind of incineration residue accounting for 
approximately 3–5 wt.% total mass of the original waste. Medical waste incinerator fly ash contains 
high levels of dioxins, leachable alkali chlorides, carbon constituents, and heavy metals. The 
dioxins in fly ash typically account for more than 80% of that in the incinerator. Consequently, it 
has been designated as hazardous waste by many countries. MWIFA contains quite large amounts 
of chlorines and carbons, which makes the 
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Abstract. Expansive soil causes damage to the structures built on it. This is because of 
its volumetric changes where its volume increases when its water content increases and 
the volume decreases when its water content decreases. This research identifies the 
engineering properties of expansive soil brought from Al-Khod and investigates the use 
of cement and marble powder to stabilize the expansive soil. A number of tests were 
conducted to study the behavior of Al-Khod expansive soil, such as wet sieve analysis, 
Atterberg's Limits, compaction, free swell, swelling, consolidation and suction test. 

 
Keyword. Expansive soil; Cement; Marble Powder. 

 
INTRODUCTION 
Expansive soils are found throughout many regions of the world. Expansive soils are clayey soils 
that undergo volumetric changes in response to the changes in their moisture content. They swell 
when given access to water and shrink when they dry.  
 
In Oman, expansive soils variable with changes in structure, color, and lithology. Al-Rawas et al. 
(1998) [1] presented a map showing the distribution of expansive soil in Oman as shown in  
Figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Distribution of expansive soil in Northern Oman (Al- Rawas et al., 1998). [1] 

METHODOLOGY 

Soil Preparation 

The whole amount of the soil brought from Al-Khod was gently crushed to prevent sand particles 
from grinding, then sieved through sieve #4 (i.e. Size 4.750 mm). The soil was then prepared for 
usage by being stored in plastic buckets in the laboratory. 

 
Laboratory Tests 
• Wet Sieve Analysis 
Sieve analysis indicates the partial size distribution of soil using the Unified Soil Classification 
System (USCS). It says that the soil less than 0.002 mm size is clay. The test was carried out in 
accordance with ASTM, D1140-17 (2017) [2] using different sieve sizes. CIVIL29434
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Abstract. The main focus of this study is to highlight the effort that is being made towards 
the developing of public transportation system in Oman especially at Muscat International 
Airport, since Oman is moving towards the developing of a proper integrated public 
transportation system which is going to contribute in making Muscat as a modern city where 
its residents can count on a proper transportation system for their travel and to decrease the 
dependency on using private vehicles. This study aim is to research about the public 
transportation services provided at Muscat International Airport, examine and analyze the 
service quality and passengers experience of the services currently provided, and that is going 
to be fulfilled by gathering user’s level of satisfaction through a survey which contains set of 
questions that is related to the services provided at the airport and what is their overall opinion 
on the public transportation service and SPSS-V 22 was used to analyze the questionnaire 
data. As expected the results of the survey has reflected the opinion of the participants and 
their attitude towards the services where they think that the level of service provided is good 
and only few improvements that are required in order to attract people to use the services also 
participants acknowledge the efforts that has been made in this regard by the responsible 
authority but a change in the dependency from using private vehicles to public transportation 
can take a long time since the service provided has only been developed recently. 
 
Keyword: Public Transportation, attitude, quality and passengers 
  
 

1.1 INTRODUCTION 
 
These days it is very difficult for people to imagine living without different means of 
transportation, weather it is locally inside the country or even across borders. Having a proper 
transportation system set in place is very crucial and contributes widely in the development of 
the countries. Oman like any other country is in the process of developing its public 
transportation system lining it with its vision of development Oman 2020 and the future 
vision of Oman 2040.   
 
The public transportation services improve the quality of the urban life, that is done by 
providing safe and efficient mobility through making available cost effective modes; easing 
traffic congestion, saving money, and creating and sustaining jobs (Tran and Kleiner 2005). 
From there, Oman is investing so much into this sector of service that will insure a secure 
public transportation network that will be affective not just at this time but for future 
generations.  
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Abstract.  This project aims to find the eco-friendly phytoremediation of wastewater using the Azolla 
plant. The Azolla Floating Plant is submerged in a basin containing domestic wastewater. A 
preliminary analysis before being treated with Azolla with the following parameters (COD), PH, 
(TSS),  (TDS), and conductivity). Three cases have been studied, the sample under sunlight, shade, 
and the laboratory light). Every four days samples were analyzed. The results obtained from the 
sample under direct sunlight were effective and close to the ideal values that are in pure water with 
37% removal in TSS, 99.6% TDS and 99.7% removal on COD .The results indicated that the Azolla 
plant is capable of treating domestic wastewater. 

 
 
Keyword. Azolla, Treatment Wastewater, sunlight, shade, laboratory light 

 
 

INTRODUCTION  
 
Due to the massive population growth, environmental problems that threaten the health and the 
environment are increasing. Among the most prominent of these problems is the problem of water 
pollution. Where there are many pollutants that threaten the purity of water, for example (organic 
chemicals, inorganic chemicals, sediments, radioactive materials, etc.). There are three main types of 
sewage, which are, Industrial sewage, which is produced from various industries of the chemical and 
oil industries (for example, the water coming out of oil refining plants). Domestic wastewater is that 
produced from homes, hotels, and residential neighbourhoods. Storm sewage is that produced from 
rainwater that is collected in pipes and open channels from valley streams. In this project, domestic 
wastewater obtained by Haya Water Company was used. Household wastewater often contains (70%) 
organic compounds, such as (carbohydrates (25%), proteins (65%), and fats (10%)). It also contains 
inorganic compounds by 30% (for example, heavy metals, nitrogen, phosphorous, sulphur, chlorides). 
Domestic sewage also contains bacteria and other toxic substances. Domestic sewage is characterized 
by its gray color and foul odor [15].  Water treatment is a procedure that improves the quality of dirty 
water so that it can be used indefinitely. This procedure seeks to restore the balance of pure water on 
the Earth's surface and reduce the waste of groundwater. Many contaminants, such as suspended 
particles, bacteria, viruses and fungi, must be eliminated throughout the water treatment process. 
Physical techniques such as sedimentation, filtration, and chemical processes are used to remove 
impurities during the process. Disinfection or coagulation are examples of chemical processes, as well 
as biological processes such as the gradual filtration of sand. To remove pollutants and generate 
environmentally safe treated wastewater, physical, chemical and even biological techniques are used. 
Preserving the environment must also be taken into consideration to lead a healthy life free from 
diseases and pollution disasters[17].  Usually, the wastewater treatment process goes through three 
main stages: The initial stage of treatment: is the stage in which the heavy solids are deposited to the 
bottom while the oil (grease) and the lighter solids are floated to the surface. Then the settled, floating, 
and surface materials (visible plankton) are filtered and then the remaining liquid is transferred to the 
second stage of treatment [17]. The secondary stage of treatment: It is the process of removing 
biological elements dissolved in wastewater from their original [17]. The third stage of treatment: In 
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Abstract.  In this research efficiency of Soar water disinfection (SODIS) and 

SODIS+TiO2+H2O2 for the inactivation of total coliform present in falaj water was 

determined by placing PET bottles filled with falaj water sample in the open air and in  a 

solar reactor. The results show that SODIS+TiO2+H2O2 outperforms SODIS. Using 

SODIS+TiO2+H2O2, total coliform inactivation was achieved in 3 hours for open air 

reactors and 1 hour for solar reactors. Bacterial inactivation in SODIS is primarily 

caused by reactive oxygen species, whereas SODIS+TiO2+H2O2 it is caused by reactive 

oxygen species and hydroxyl radicals.  

 

Keyword. SODIS; Total Coliform; Falaj Water; Hydroxyl radicals 

 

INTRODUCTION  

 

Every year about 1.6 million people die from diarrheal diseases related to lack of access to safe 

drinking water. Children under five comprise 90% of all mortalities associated with waterborne 

diseases. All these deaths are due to presence of pathogenic bacteria in drinking water. A safe and 

reliable year-round supply of drinking water remains a problem for at least one third of the 

population of developing countries, as effective filtration or chlorination are often beyond the 

financial means of the community [1] Boiling water before drinking is not always feasible, 

especially if fuel is expensive (financially or environmentally) or labor intensive to collect. 

Burning carbon-based fuels indoors in poorly ventilated dwellings can also have a significant 

impact on lung disease.  

 

Chlorination continues to be the dominant method of disinfection . Use of Chlorine dioxide or 

bromine-based disinfection rely upon hazardous chemicals and may also introduce toxic residuals 

to the aquatic environment. Dechlorination practices may effectively reduce toxic chlorine 

residuals, but increase operator costs and often substitute other hazardous chemicals . Ozone and 

UV radiation are the cleanest of the disinfectant methods compared with other method. However, 

use of ozone has increased costs associated with safe protecting against potential human health 

risks .  UV systems seem to be a leading alternative to chlorination for treated wastewater 

applications. A critical limitation to employment of UV is that high turbidity waters require h igh  

treatment dosages to ensure sufficient disinfection. This technology cased increased in  costs and 

it need maintenance[2-4]. 

 

Advanced Oxidation Processes (AOPs) have been widely demonstrated to be reliable for 

wastewater treatment since they have a high capacity to oxidize nearly all organic pollutants. This 

capacity derives from the generation of hydroxyl radicals (OH•), the second most oxidant species  

after fluorine which acts unselectively[5]. Moreover, the use of solar light means that these 

treatments are environmentally friendly. Among solar AOPs, heterogeneous and homogeneous 

photocatalysis (i.e., TiO2 and photo-Fenton) are the processes which have received most research  

attention in recent decades for wastewater treatment purposes. Recently, these AOPs have also 

begun to be studied for water disinfection purposes[6-7]. 

Over the last decade research activities which aimed at  the development of photocatalysts for 

water purification by photosensitive oxide materials, such as TiO2 , have intensified. The 

underlying concept of water purification involves the utilisation of solar energy to oxidise water 
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Abstract.  In Oman, palm wastes are estimated at thousands of tons per year. Imagine that this 

huge amount of waste can be used as an alternative of energy or as a fuel. This project shows the 

possibility of obtaining cellulose from waste palm trees to protect Oman from the environmental 

damage caused by the burning of these wastes. The result that obtained from the first experiment 

that 80g of raw material gave about 2.5 – 3g of cellulose. In the second experiment, 3.3g of raw 

material gave about 1.8 – 1.9g of cellulose while in the third experiment 4g of same raw material 

of the second experiment gave about 1.5 - 1.6g of cellulose. The FTIR of the final products were 

shows the functional groups and compared with pure cellulose graph. The biogas produced at the 

end of this project by using anaerobic digester. The total volume of the anaerobic digester has 

been calculated as 7.2 m3 to do the digestion process. 

 

Keyword. Cellulose, Biogas, Autoclave machine, Alkaline treatment, Bleaching treatment, 

Anaerobic digester. 

 

 

INTRODUCTION  

 

Waste is directly linked to human development, both technological and social. The compositions 

of different wastes have varied over time and location, with industrial development and 

innovation being directly linked to waste materials. Examples of this include plants, plastics and 

nuclear technology. Some waste components have economic value and can be recycled once 

correctly recovered. (1) 

 

Palm trees are the most famous and widespread trees in Oman. Today no one can imagine any 

region in Oman without palm tree. Oman has about 8 million palm trees where the Government, 

represented by the Ministry of Agriculture and Fisheries, gives special priority to the palm sector 

as it constitutes the first and largest agricultural activity and an important pillar of the economy in 

the Sultanate of Oman. (3) Despite the great importance of palm trees to the country, it produces 

huge quantities of waste estimated at thousands of tons per year. These wastes are burned 

annually for disposal, resulting in the loss of precious resources and producing a lot of 

environmental damages. To solve this problem, can extract an insoluble substance from the waste 

of palm called cellulose and then can be used in several applications.(2&6) 

 

To protect the Sultanate of Oman from the dangers of wastes left by palm trees, the purpose of the 

project is to conduct a successful experiment to exploit palm waste in the extraction of cellulose 

and then convert it into a methane-rich biogas. The distinctive features of this project are that it is 

based on simple processing steps and is not materially expensive. This biogas can be used as an 

alternative to fuel as well as for other purposes such as cooking.(3,4&8) 
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Abstract. According to the current situation, the Covid-19 pandemic has affected the whole world. 
Most sectors have been affected by it and all the companies and businesses have faced revenue losses 
and many other adverse effects. But the most affected companies are SMEs. This study is aimed to 
evaluate the COVID-19's impact on construction SMEs' growth in Oman. The objectives of this 
research are to find out the factors that influence the performance of the construction sector and SMEs, 
to explore the consequences of Covid-19 and lockdown on construction SMEs' growth in Oman and to 
assess the short-term and long-term impacts of COVID-19 and provide recommendations to help 
SMEs in reducing business losses and survive through and after the crisis. In this research, qualitative 
and quantitative methods have been used via distributing 143 questionnaires and implementing three 
interviews with experts in the construction field. In the research, the top ten factors that influence the 
performance of the construction sector and SMEs, the top ten effects of Covid-19 on construction 
sectors and its SMEs, short-term and long-term impacts of COVID-19 and recommendations to help 
SMEs in reducing business losses and survive through and after the crisis have been found. 
 
Keyword: Construction, SMEs, Covid-19, factors and effects 
 
 

1.1     INTRODUCTION  

 
The construction sector is one of the most critical sectors. It has an enormous impact on the activities, 
growth and development of the global economy. In addition, the construction industry plays a 
significant role in uplifting countries' economy and developments (Olanipekun 2020). This sector 
offers a considerable number of jobs opportunities for skilled, semiskilled and unskilled workforces. 
Furthermore, it has a significant role in creating income in informal and formal sectors (Ali, R. et al. 
2020). Moreover, this sector supplements foreign exchange earnings by trade in engineering services 
and construction materials (Khan 2015). 
 
Covid-19 has spread all over the world swiftly. It caused a massive number of morbidity and 
mortality. Additionally, it caused social and financial problems for the global population (Rodriguez-
leyva and Pierce 2021). The covid-19 pandemic has significantly affected the construction sector. 
Where it caused an incensement in the costs of construction materials and projects. In addition, the 
demand for construction projects decreased and the unemployed increased (Sonak 2021).  
 

This research aims to evaluate the COVID-19's impact on construction SMEs’ growth in Oman. To do 
so, the below objectives have been set: 

 To find out the factors that influence the performance of the construction sector and 
SMEs. 

 To explore the consequences of Covid-19 and lockdown on construction SMEs’ growth in 
Oman. 
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Abstract.  An analysis for a conceptual design of a thermal power plant (with a power 
capacity of 1 GW) is provided. This power plant can help in meeting the expected 
increase in the electric demand for the Oman’s dominant power system (2.4 GW 
between 2018 and 2025). A necessary fluid mass flow rate of 834.1 kg/s was predicted. 
The overall energy conversion efficiency (output useful electricity divided by input 
heat) was estimated to be 34.7%. The needed thermal energy is not restricted to a 
specific source, and solar heating is an option for supplying the needed heat. 
 
Keyword. Power Plant; Power Station; Electricity; Energy; Thermal 

 
 
INTRODUCTION  
 
There has been an observed increase in electricity generation or consumption in the Sultanate of Oman 
particularly and in the world generally [1,2], as shown in Figures 1–3. Such growth in the electricity 
demand is strongly connected with this work. 
 

 
 

Figure 1.  Historical data of electricity consumption compared with the population.  
OECD stands for: Organisation for Economic Cooperation and Development [3]. 

 
The figure is available publicly by the owner (U.S. EIA, United States Energy Information 
Administration) in the public domain at: https://www.eia.gov/todayinenergy/images/2020.06.15/chart2.svg 
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Abstract.  Renewable or non-renewable energy sources exist in the electricity market, but some 
countries have failed to meet their electricity demand due to population growth. To avoid such 
problems, alternating techniques can be used to generate electricity. At the same time, human 
sidewalks (stairs) waste a certain amount of energy. In this way, this wasted energy can be converted 
into useful electrical energy. This project focuses on energy harvesting technology with human 
footprints using piezoelectric sensors. The generated voltage status is displayed using the 
microcontroller (ATMega328P). 

 
 
Keyword. Voltage Generation; Piezo Crystal; Interfacing Unit; DC and AC Load set up 

 
 

INTRODUCTION  

 
 Energy harvesting has been the subject of controversy and research since the 1970s. The discovery and 
development of new energy sources is becoming more and more necessary due to the demanding 
energy demands. This is the process of extracting electrical energy from external resources and 
powering the device directly or capturing and storing the device for later use. Since the invention of 
technology, the use of energy sources has increased exponentially. Figure 1 shows the energy 
acquisition scheme. Piezoelectric energy harvesting is a new pioneering approach to energy harvesting. 
So far, there is little research on this topic, so extracting energy from piezoelectric crystals is a difficult 
task.  
 

 
 
 

Figure 1.  Energy Harvesting Scheme 
 
The direct piezo effect contributes to the ability of the material to act as a sensor, and the inverse piezo 

effect contributes to its ability as an actuator [1, 7]. A drum model Piezo sensor used in this project 

and can generate the voltage as shown in figure 2. 
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Abstract.  Potable water production is a major challenge in Middle Eastern countries due to a 
shortage of freshwater resources such as lakes and rivers. Several countries rely on 
desalination to fulfill their freshwater requirements. Current desalination techniques in Gulf 
countries, including reverse osmosis and multi-stage flash distillation, are energy-intensive 
and expensive, consuming a considerable percentage of their revenues. The current study 
investigates a revolutionary new method of getting freshwater by increasing water evaporation 
via a rotating cylinder in a solar still. This innovative technology has the potential to boost the 
potable water supply by more than 300 percent when compared to a conventional solar still. 
 
Keyword. Desalination, Evaporation, Solar energy, Rotating cylinder 

 
 

INTRODUCTION  

 
A significant scarcity of drinking water is one of the world's most serious problems. Almost 60% of the 
world's population lacks access to safe drinking water.  The great majority of these people are from 
impoverished African and Asian countries. Conventional desalination technologies, such as reverse 
osmosis and multi-stage flash distillation, are energy-intensive and expensive. Another issue with 
modern desalination systems is that they require fossil fuels like liquefied natural gas, diesel, coal, and 
others, which release enormous volumes of carbon dioxide and other greenhouse gases into the 
environment, leading to global warming and climate change [1]. The increased awareness among world 
leaders and scientists about the harmful consequences of excessive usage of fossil fuels has led to a shift 
away from fossil fuels and toward renewable energy sources such as solar and wind energy for the 
generation of drinking water. Solar energy has been identified as a very promising renewable energy 
source for desalination and freshwater production [2]. As a result, several unique solar energy-based 
desalination methods, like humidification dehumidification desalination (HDH), solar stills, and others, 
have been proposed and investigated. 
 
There have been notable improvements in solar desalination in recent years. A unique and ingenious 
improvement to the basic solar still resulted in over 300 percent increase in freshwater production over 
the normal solar still. This unique design consists of a gently rotating hollow cylinder partially immersed 
in a saline water solar still basin. This rotating cylinder generates a small layer of water around it, which 
eventually evaporates owing to solar energy absorption, and this vapor is condensed back into liquid, 
yielding pure water [3]. The rate of evaporation is many times quicker than in normal solar stills because 
the spinning cylinder provides a large surface area for water to evaporate. Alwan et al. studied an 
improved solar still attached to a solar water heater. His research had two sections. In the first step, a 
single-slop solar still was attached with a hollow cylinder, and in the second stage, a solar still with 
rotating cylinder was connected to a solar water heater. The cylinder of the solar still was rotated at 0.5 
rpm, 1 rpm, and 3 rpm. The results revealed that the optimal rotating speed was 0.5 rpm. When paired 
with a solar water heater, the upgraded solar distiller increased distillation water output by 292 percent 
[4]. Another research used Turkish climate circumstances to evaluate the incorporation of a vacuum tube 
type solar water heater with a solar still, both practically and conceptually. The study results 
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Abstract.  In the modern word, there is an increasing demand for electrical energy. Because 

of this, the non- renewable energy resources such as fossil fuels will be exhaust in short time. 

The proposed project will be beneficial to the people of Oman. In our project we are using 

the solar energy to produce electricity to meet the energy requirements of the remote houses 

in the rural area of Oman. The cost involved in laying the electrical network for those lesser 

number of consumers in the rural area as well as the maintenance cost involved for 

maintaining the network is very high. The proposed system can be used to produce electrical 

energy near to the isolated houses and it will be easy to deliver the power to the houses. In 

addition, energy demand and energy produced can be monitored to optimize the use of 

generated electricity. In our system, the light energy is harvested using solar module using 

MPPT (Maximum Power Point Tracking) technology and stored in the battery. The stored dc 

power is converted into ac power using pure sine wave inverter and supplied to the load 

optimally. In case of less energy production due to weather conditions or any other reasons, 

load optimization will be done and system serves the primary needs. On the other hand, if 

the energy is surplus, system stores the surplus energy in the battery and uses the stored 

energy when required. 

 
Keyword. Solar Energy; PV (photovoltaic) Panels; Internet of Things (IoT); Cloud Server; 
Monitoring and Control etc. 

 
 

INTRODUCTION  

 
Electricity is having utmost importance for human beings; without electricity we cannot do anything. 

Conventionally the electricity is generated, transmitted and distributed to the consumers. The rural and 

remote areas are having very few houses. So, to transmit the generated electrical energy to them and to 

provide regular maintenance to the transmission system are expensive [1]. There comes the solar 

energy as a good alternative to generate electrical energy for these consumers. Solar system convert 

sunlight directly into electricity with no moving parts and having less maintenance. This clean energy 

form is free and safe. Most of the rural and remote places, are not connected to the national grid. 

Moreover, vast open area is available in the remote places and hill stations with abundant sunlight [2]. 

So, we can accomplish the electricity needs to the houses in the remote villages in Oman by solar 

energy systems. In the research study conducted in an Omani desert village, Yankul [1] concluded that 

ELEC37543

mailto:vineeth@ict.edu.om


   

TECHNO ECONOMIC FEASIBILITY ANALYSIS OF A SOLAR  

PHOTOVOLTAIC POWERED AIR CONDITIONING SYSTEM   

 
Manal Khamis Al Shibli 
Engineering Department  

University of Technology and Applied Sciences - Shinas 

Shinas, Sultanate of Oman 
62J172107@shct.edu.om 

Al Aqr, Shinas, Sultanate of Oman, PO Box 77 , PC 324 

Afrah Khamis Al Aisaee 
Engineering Department  

University of Technology and Applied Sciences - Shinas 

Shinas, Sultanate of Oman 
62J171357@shct.edu.om 

Al Aqr, Shinas, Sultanate of Oman, PO Box 77 , PC 324 

Asila Nasser Al Shibli 
Engineering Department  

University of Technology and Applied Sciences - 
Shinas 

Shinas, Sultanate of Oman 
64J17170@shct.edu.om 

Al Aqr, Shinas, Sultanate of Oman, PO Box 77 , PC 
324 

Arun S Gopinath 
Engineering Department  

University of Technology and Applied Sciences - 
Shinas 

Shinas, Sultanate of Oman 
Arun.Gopinath@shct.edu.om 

Al Aqr, Shinas, Sultanate of Oman, PO Box 77 , PC 
324 

 

Fay Mohammed Al Essai 
Engineering Department  

University of Technology and Applied Sciences - 
Shinas 

Shinas, Sultanate of Oman 
62J17189@shct.edu.om 

Al Aqr, Shinas, Sultanate of Oman, PO Box 77 , 
PC 324 

 

   

ABSTRACT  

 
Nowadays the increased operation of air conditioners causes atmospheric emissions and higher electricity 

bills to reduce this two, we conducted a detailed feasibility analysis in replacing the grid electricity with 

the Solar PV was done using RETsecreen software. Sizing calculation was done for an air conditioning 

load of 3 kW and panels are sized accordingly with modules of 300 W. When the Natural gas based 

combined cycle power plant is replaced with PV, the emission will account to 3 tons of CO2. Project will 

be feasible if the authorities can give a subsidy for the investors of at least 20 % in the initial investment 

and can adopt GHG reduction rate of 20 $/tCO2. Simple payback period become 8 years with a positive 

NPV of 1615$. The analysis revealed that project will become attractive and feasible with the subsidies 

and policy making for the GHG credit rates and if the Project life expected is about 25 years.  

  
   

Keywords. RETsecreen, Green House Gas Emission, Net Present Value, tones of CO2   

I.  INTRODUCTION    

   
Global power scenario is undergoing a vast restructuring to accommodate high penetration rate of renewable energy 
components into the grid system to achieve the objective of reduction of carbon emission. As per International 
Energy Agency projection, energy consumption by the air conditioning loads will be 4.5 times in the year 2050 from 
the level of year 2010 in countries like Sultanate of Oman which belongs to Organization of Economic cooperation 
and Development (OECD) [1]. As the global temperature is raising the cooling loads required for the human 
settlements is also increasing and energy consumption percentage of air conditioning system is reaching 30 to 50% 
of total energy consumption of the buildings in a moderate temperature country [2]. Authority of Electricity 
Regulation (AER) Oman conducted a study for feasibility of renewable sources of energy in selected 25 locations 
and found that an average global solar radiation of 5kWh/m2/day is received in most of the locations in Sultanate 
[3]. RETsecreen is identified as a tool for analyzing the technical, economic and emission impact of various 
Renewable energy technologies including Solar PV in various applications [4]. The availability of free space in the 
roof top of most of the residential dwellings, high solar radiation density of the region, increase of growth of 
Photovoltaic Technology among the renewables, increase of air conditioning loads during the year except the winter 
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Abstract.  Today, one of humanity's greatest needs is to provide reliable and sustainable 
electricity. As electric energy is obtained from traditional and non-renewable sources 
such as (coal, gas, nuclear), and because these resources are polluting to the environment 
and also being relatively few, they will be exhausted with continuous use in the future. 
This led to drawing attention to renewable energy sources such as wind and solar energy. 
However, these sources alone do not meet the needs of consumers because of the variation 
in the intensity of solar radiation as well as the difference in wind strength, from one place 
to another and from time to time. Therefore, we designed and implemented a hybrid 
energy system device that combines two or more renewable energy sources such as wind 
and solar energy, to generate reliable and sustainable electricity 
 
Keyword. hybrid system; solar energy; wind energy; renewable energy 

 
 
 

INTRODUCTION  
         
The main resources of energy usage in Libya are oil and gas which results in high emissions of carbon 
dioxides and other gases. The modern world emphasizes using renewable energy to generate electricity 
because of its low damage to the environment. The hybrid power plant is a newly developed technology 
that is used to convert solar energy combined with any system that generates energy [1] [2]. 
Since the oil crisis in the early 1970s, the utilization of the solar and wind power has increased 
significantly. In recent years, hybrid PV/wind systems have become viable alternatives to meet 
environmental protection requirements and electricity demands. A hybrid solar-wind energy system uses 
two renewable energy sources. Hence, efficiency and power reliability of the system increase. 
 However, aggregating inherently stochastic power sources such as wind and solar to achieve reliable 
electricity supply is a non-trivial problem. To use solar and wind energy resources more efficiently and 
economically, the optimal sizing of hybrid PV/wind systems is important [3]. One of the applications of 
a PV array and wind turbine is constructing a hybrid energy system PV/wind for use in commercial 
buildings. The feasibility study of using hybrid energy systems has been an important subject of research 
around the world in recent years. For instance, Amutha and Rajini (2015) investigated the economic, 
technical and environmental performance of various hybrid power systems for powering a remote 
telecom [4]. 
They concluded that replacing the present arrangement of the diesel power telecom system with their 
proposed SPV/Wind or SPV/Wind/FC was not just economically justifiable, but also its environment-
friendly nature makes it an attractive option to supplement the energy supply from other sources. Nafeh 
(2011) attempted to size an optimal PV-wind hybrid system by minimizing the total cost of the proposed 
hybrid energy system and maintaining the loss of power supply probability (LPSP) of the system less 
than a certain fixed value [5] . Dursun et al. (2013) investigated the possibility of obtaining electricity 
from solar/wind hybrid systems in the remote Turkish city of Edirne. He attempted to decrease the high 
cost of operating a standalone diesel system and achieve a substantial amount of fuel saving [6]. 
Ensuring energy security and energy resources used in this country in the future need to be diversified. 
Also, to ensure the continuity of supply, an energy mix needs to be rationalized by considering important 
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Abstract.  Most common motors used in industry, commercial and residential sectors are 
induction motors with different types. Since industrial motors are large and expensive, it 
is necessary to protect those motors against various faults.  To keep the loads at the rated 
torque, motors need a three-phase supply at almost constant temperature. However, if any 
phase is missed or the temperature of the windings rises, the motor may be damaged. 
However, it is necessary to design a protection system to trip the motor’s circuit breaker 
in case of a one phase open circuit, unbalanced loading or if the motors temperature rises 
more than a pre-specified temperature. In general, the quality of the motor is based on the 
allowed limits of the supply voltage and its load. This paper presents the simulation of 
various protection functions of AC induction motors. 
 
Keyword. induction motor; protection; thermal model; numerical relay. 

 
INTRODUCTION  

All electrical equipment and systems need protective relays to monitor and initiate tripping in the case 
of short circuit current caused by faults and insulation failure. The steps of designing thermal, electrical 
and mechanical models of an ac motor have been presented in [1].Starting with the characteristics of the 
motor and how to define its different models with the analysis then the requirements for the protection 
of the motor and the setting needed for the protection relays have been addressed [1]. 

 METHODOLOGY 

An experimental 3-Phase Squirrel Cage Induction Motor with Fault Simulator is available at the 
microgrid laboratory of SQU [2]. Some data needed for the design was not available as the motor is of 
a few years of age and the manufacturer has replaced it by a new design. The motor data are obtained 
from the manufacturer company of the motor (TERCO) [2]. The setup consists of a three-phase squirrel 
cage motor with one fault simulator. The winding outputs are routed to an external connection box for 
delta or star connection. The fault simulator includes switches so that the faults can be inserted to the 
motor by using these switches on the panel. The faults are generated during operation. The changes in 
currents, starting conditions, abnormal voices, and voltages can then be noticed. There are several types 
of faults that could be simulated such as Earth faults, Phase Interruption, Short & Open circuited 
windings. When these faults are simulated while the motor is running, three 1:1 current transformer 
(CTs), a multi-function numerical relay (P225), two 10:1 voltage transformers (VTs) are used. A circuit 
breaker (CB) emulator is always wired to a controlled three-phase power supply unit before the motor. 
There are 11 switches whose positions have a function to simulate a specific fault as summarized in 
table 1: 

Table 1: Summary of Switch Functions 

The Number of the Switch Type of the fault 

 1 & 5  Earth Fault  
 7, 10 & 6 Short circuit in part of windings. 

 4, 9 & 11 Power failure. 

 2, 3 & 8 Break in the windings. 
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Abstract.  The health care sector of the Sultanate of Oman has witnessed admirable 

development over the last few decades. One of the relatively challenging parts is to 

provide healthcare in remote hamlets. The main objective of the project, titled “IoT 

Based Multipurpose Remote Health Surveillance System”, is to develop medical 

briefcase that will help medical teams to work smartly, even in life-threatening 

situations. Another important problem is career-related diseases, which cause health 

issues. The designed project aims at health surveillance and ensures occupational risk 

prevention, which consists of a microcontroller-based data acquisition system with a 

sensor network. An intelligent IoT based remote monitoring is also incorporated to 

provide distant data supervising with the help of a dedicated server. The device helps to 

monitor various body parameters of a patient and update the same in the server. 

Specialists or medical assistant can view this data remotely and can decide on treatment 

remotely. In the current pandemic situation, this device can play a vital role in assisting 

the medical team to monitor the condition of patients remotely. The entire device with 

its accessories can be kept in a suitable case and that will help the medical team while 

traveling to remote areas for medical emergencies. In certain situations, it may be 

necessary to set up a temporary OP clinic to check the health status of inhabitants and in 

such situations, this device can act as a mobile unit for setting the camp. 

 

Keyword. Internet of things, Health Surveillance, Medical Assistance, Remote Data 

Monitoring, Cloud computing, Data Acquisition System.  

 

 

INTRODUCTION  

 

National Health Care Segment of the Sultanate of Oman is one of the booming sectors and it is noted 

for its robust fundamentals. This sector always welcomed and encouraged various public and private 

health care providers to transform Oman into a regional healthcare hub [1]. The Director-General of 

Information Technology promotes the development of health care systems by providing support for 

the creation and maintenance of computer-aided management systems [2]. One of the relatively 

challenging parts is to provide healthcare in remote hamlets, where only a few have access to 

healthcare. The estimated population of Sultanate of Oman in 2022 is 4.65 million, according to world 

population review reported in ref [3]. “Nearly 50% of the population lives in Muscat and the Batinah 

coastal plain northwest of Muscat, while 200,000 live in the southern region.  
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Abstract—Agricultural farm is threatened by many problems, such as lack of modern agriculture 

technologies, water scarcity, and also rich content of salinity in water in Oman. Development of agriculture 

methods in Oman is must require and this intern depends on a modern irrigation system with minimal wastage of 

water. In this paper development of a smart irrigation system to minimize, the wastage of water by designing a 

novel nozzle using inventor software and a 3D printer is studied. A smart irrigation system circuit is designed with 

consideration of temperature, daylight sensor, day/day-night switch controller, soil moisture sensor, and solenoid 

valve or pump. This smart irrigation system is able to automatically start and stop the pump or solenoid valve 

based on the moisture content acquired from the soil moisture sensor. The measured sensor values are sent to the 

Arduino microcontroller for configuring the control algorithm. The system prioritizes irrigation operation by 

checking whether the farmer requires the irrigation during day time or both day and night time with help of light 

sensor and switch position and also checks for the temperature cut of limit as per the type of crops being irrigated. 

In this way, different types of crops can be watered depending on their varying water requirements.  

Keywords: Agriculture; Smart-Irrigation; Sensors; Arduino; Water-management. 

I. INTRODUCTION  

 

In the late decades, there is a quick advancement in Smart Agricultural Systems. In the past, irrigation systems 
used to be dependent on the mills to irrigate the farm by conventional methods. These old systems are a major 
cause of the waste of large quantities of water and thus destroy some crops because of the lack of adequate 
quantities of water. However, with the recent technological developments, there have been innovative systems for 
irrigation like automatic controlling of the pump, monitoring the water requirement for crops based on moisture 
content in soil. The Sultanate of Oman is in a region suffering from lack of rain throughout the year and lack of 
groundwater. Implementing modern irrigation systems will reduce this issue of lack of water. Indeed, smart 
systems have proven their capability to regulate the irrigation of crops. It also works to stop the waste of water in 
irrigation. Furthermore, it will work to minimize the number of employees which lead to saving money. 

II. LITERATURE REVIEW 

 

Groundwater in Oman is over-exploited, with continuous water consumption lowering the water level and, in 
some cases, deteriorating water quality due to seawater intrusion [1]. For example, the agricultural sector’s 
demand for water increased from 1,152 million cubic meters in 1990 to 1,546 million cubic meters in 2011. 
Consequently, the recharge from groundwater aquifers increased from 899 million cubic meters in 1990 to 1,269 
million cubic meters in 2011. Studies indicate that using modern irrigation systems lowers the amount of water 
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Abstract. With the rising life standards and attention to human lifestyle and with the 
development in architectural engineering for multi floor building, the installation of elevators 
becomes an integral part of the infrastructure for the high buildings. The control system is 
essential for smooth and safe operation of the elevator. Hence for more efficient performance 
and maintenance, more importance is given to the design of an elevator control system. This 
project designs and implements a prototype of three levels elevator model with a flexible 
control system.  The designed system is an example of a real time system with some sort of 
simple smartness. Two types of sensors are used in the elevator, these are infrared sensor to 
monitor the reach to the required floor and force sensor to warn if the weight of the passengers 
in the cabin is greater than the limit value. A stepper and servo motors are used as movement 
actuators to achieve the up/down movement of the cabin and the open/close of the cabin’s 
door. Also the system offers an emergency pushbutton in case a critical circumstance occurs. 
Arduino platform is used to control the elevator operations. The final prototype has been 
tested with respect to the planed targets and showed very good level of efficiency, reliability, 
and safety. 

            Keyword. Elevator Control; Arduino Platform; Sensors; Smart System; Alarm System.  

INTRODUCTION  

An elevator is a platform, either open or enclosed, used for lifting people or freight to upper or 
down floors within a building. Elevators are a stander part of any tall commercial or residential 
building [1]. And the main components of an electric elevator are the Control unit, The elevator 
cabin, External door, Speed regulator device, and Ropes. 

There are two types for elevators: 

1) Traction Elevators 

These are the most common type of elevators. Elevator cars are pulled up by means of rolling 
steel ropes over a deeply grooved pulley. The weight of the cabin is balanced by a counterweight. 
Sometimes two elevators are built so that their cabins always move synchronously in opposite 
directions, and are each other's counterweight [2]. 

2) Hydraulic Elevators 

These elevators are powered by a piston that travels inside a cylinder. An electric motor pumps   
hydraulic oil into the cylinder to move the piston. The piston smoothly lifts the elevator cab. 
Electrical valves control the release of the oil for a gentle descent [2].  

Control systems on early elevators required human operators to regulate the speed of the lift and 
descent, to stop the elevator at each floor, and to open and close the doors. In the 1950s automatic 
pushbutton control systems replaced manual controls. In the 1970s electromechanical controls 
were gradually replaced with solid state electronic controls. Elevators went through many stages 
until they reached the development that we are witnessing today in terms of ease and comfort in 
use as shown in figure 1.  
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Abstract.  In this paper a comparison of different algorithms for filtering a noise 
affected gray or color image is carried out taking Salt & Pepper noise in general. The 
algorithms under consideration for comparison work on the concept of median where 
the noisy pixel is replaced with the median value and further how the selected filtering 
process are carried out without disturbing uncorrupted pixels present in the selected 
window. The algorithms under comparison are Mean Filter, Median Filter, Component 
Median Filter (CMF), Spatial Median Filter (SMF) and Adaptive Median Filter (AMF). 
The algorithms are tested against different grayscale and color images and compared 
with their Mean Square Error (MSE) and which method gives better Peak Signal-to-
Noise Ratio (PSNR). 
 
Keyword. Mean Filter, Median filter, salt and pepper noise, CMF, SMF, AMF. 

 
 
INTRODUCTION  
 
In the Transmission of images over channels, Images are corrupted by salt and pepper noise, due to 
faulty communications. Salt and Pepper noise is also referred to as impulse noise. Filters are used to 
remove impulse noise from the images. Non-linear digital filters are the best and most widely used, the 
best one is median filter. Median filters are used to remove impulse noise without damaging the edges 
of the image.  Filtering should be applied only to invalid pixels and leaving valid pixels unchanged. 
Non-linear filters like Adaptive Median filter perform better only at low and medium noise densities. 
However, at high noise densities it shows poor result. So in this work, few popular algorithms based 
on Median Filtering technique are compared to remove the high density salt and pepper noise from 
images and try to check the best one. 
 
DIFFERENT TYPES OF NOISE IN IMAGES 
 

A. Gaussian Noise 
 

This type will add white noise with constant mean and variance. In digital images Gaussian 
noise happens during acquisition, for example, sensor noise caused by poor illumination or 
high temperature. Gaussian noise can be reduced using a spatial filter. White noise is random 
signal having equal intensity at different frequencies, giving it a constant power spectral 
density. White noise draws its name from white light. An image which is typically affected 
by Gaussian noise is shown below in Figure 1. 
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Abstract.  Life has become sophisticated and oriented towards advanced technology in 
all directions One example of this progress in the medical field. Disease detection 
device through the iris of the eye is one of the devices that contribute to the ease of 
examinations and speed of results. Where a person's condition can be diagnosed if the 
result is normal or abnormal, and then diagnose the type of disease or injury that he has.  
present a system which use correlation between medical pathology and different sectors 
from the surface of the iris. A computerized iris texture and color analysis reveals 
texture regions which offer useful information. Locations of those regions upon a 
segmented iridology charts point out an interrelation between map sectors and the 
projection of the internal body system. The final automatically generated diagnosis 
needs user approval, thus making the system semi-automatic. 
 
Keyword. Eye Images; Iris; Data Analysis; Iridology., 

 
 

INTRODUCTION  

 
 Iridology is a method based on the hypothesis that the condition of the tissues, organs and systems of 
the human body is reflected in the iris, that is, the colored part of the eye that surrounds the black 
pupil, also known as the iris (Iris). In addition, iridology believes that there is a direct relationship 
between the sensory state of a person and the physical state, iridology is used as a method of 
diagnosis. 
  
The iris of the eye impresses with its unique colors and texture. The iris can reveal information about 
the health of the internal organs of the human body. The iris analysis of one eye can give information 
about some of the internal organs of the body that can be difficult and complex. An alternative 
medicine technique that deals with diagnosis on the basis of iris analysis is called iridology. 
 
Iridologists consider the eye to be the center of health in the body and a window to the body's organs. 
Eye patterns and colors and the rest of the parts are considered to be identical to the iris diagrams. The 
surface of the iris can be divided into a number of determinants, and each part is associated with an 
organ or internal system. The latest and most recent discoveries in the biometric field and the latest 
image processing techniques can provide useful solutions for iridologists. An automatic or semi-
automatic biometric system for processing eye images can be performed in comparison with the iris 
examination method. 
 
The analysis depends on the computer and gives some advantages, the accuracy in determining the 
borders of the iris and the correct color of the iris and the accurate histogram, all these advantages 
increase the accuracy of the final diagnosis. 
The user has an important role in this system based on the diagnosis being semi-automatic, and in the 
final decision the diagnosis must be approved by the user  
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ABSTRACT 

 The recent outbreak of COVID-19 has taken the world by surprise, forcing lockdowns and straining 
public health care systems. COVID-19 is known to be a highly infectious virus, and infected individuals do 
not initially exhibit symptoms, while some remain asymptomatic. Thus, a non-negligible fraction of the 
population can, at any given time, be a hidden source of transmissions. In response, many governments have 
shown great interest in smartphone contact tracing apps that help automate the difficult task of tracing all 
recent contacts of newly identified infected individuals. However, tracing apps have generated much 
discussion around their key attributes, including system architecture, data management, privacy, security, 
proximity estimation, and attack vulnerability. Therefore, our proposed system web and Arduino based 
exclusive COVID-19 patient monitoring and tracking system help us in tracking and monitoring a COVID 
patient.  

For this purpose, the COVID-19 patient information is recorded inside webappication. This 
application allows to know the location of the COVID-19 patient and helps to track them using Arduino. So 
that patient will be regularly monitored and the spread can be avoided. A website is designed for the project 
so that the necessary information of the patient can be stored. 

Keywords: Covid-19,Transmitter, Receiver , Arduino Uno 
 

LITERATURE SURVEY 

 

TRACE TOGETHER SMARTPHONE APP FOR  COVID-19 MONITORING  

The TraceTogether Programme is a programme to enhance Singapore’s contact tracing efforts, in the 
fight against COVID-19. It comprises the TraceTogether App and TraceTogether Token. The App was 
released on 20 March, while the Token was rolled out on 28 June. Both the App and Token work by using 
Bluetooth signals to record other nearby TraceTogether devices. TraceTogether uses received signal strength 
indicator (RSSI) values to measure the signal strength between TraceTogether devices. Calibrated RSSI 
values are used to estimate the approximate distance between users during an encounter.TraceTogether 
interpolates between successive communications in order to estimate the approximate duration of an 
encounter[2]. TrackTogether may be a well know smartphone app that can be downloaded by anybody with 
a Singapore mobile number and a Bluetooth enable smartphone. It may be a contact following app that 
employs Bluetooth to track contaminated individuals and inform those who were in near  vicinity to them 
amid the past 15 days. [1]. 

 
COVID WATCH TO TRACK COVID-19 

         It employs Bluetooth signals to distinguish clients when they are in vicinity to each other and cautions 
them namelessly in case they were in contact with somebody who has tried positive. A recognizing include 
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Abstract.  This paper presents the numerical and experimental evaluation of antenna 

performance on top of photovoltaic (PV) solar cells for potential use in smart grid and power 

green networks. For convenience, a microstrip patch antenna was used in this assessment 

study, where the antenna has been designed, numerically simulated and experimentally 
tested, and after which, it was installed on top of PV solar cell at different orientations. 

Based on the results, the antenna has satisfactory performance when integrated with PV 

cells, which is promising to deploy in many applications, including smart grid networks. 
 

Keyword. Antenna; patch antenna; photovoltaic; solar cells. 

 

 

INTRODUCTION  

Fossil fuels, such as oil and natural gases, are now widely regarded as one of the major issues having 

negative effects on the environment worldwide. Significant amounts of CO2, a greenhouse gas, are 

released into the atmosphere because of burning the fossil fuel as source of energy. The dramatic rise 

of using greenhouse gases will lead to increase the global warming which result in the increase of 
temperature and sea level on the planet [1]. Renewable energy sources such as solar systems are 

becoming attractive sources that can be used in power production. In order to enhance the wireless 

connectivity of smart grid networks, antennas are widely used for wireless communication 

applications, for instance sending real-time data from remote areas to dispatch centers.  

There has been a renewed interest in the design and integration of antennas with PV solar cells for 

many engineering applications, including real-time monitoring of PV cells, data 

transmission/reception from renewable power plans to dispatch centers and vice versa. The integration 

seems attractive in terms of cost and design complexity. Ahmed et al. developed a copper indium 
gallium selenide (CIGS) based solar cell integrated antenna [2]. When the solar cell was cut through, a 

highly low-profile integrated antenna was created. When the solar cell meets this small hole, the 

clearance area is so tight that the total device size must be raised to compensate. A tiny slot antenna 
was built utilizing lumped components following a ground-radiation antenna design technique. Figure 

1 depicts the adopted design. 

 
Figure 1. Three-dimensional view of the adopted solar antenna in [2]. 
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Abstract.  The design and development of a smart station for public bus transportation system are 
presented in this paper. The main objective is to add smartness to the public transportation network, 
via IoT technologies, to facilitate the use of the public buses by providing the people waiting in the 
bus station by an approximated time of the bus arrival. The developed system is affordable as it needs 
cheap units/modules: IR sensor, NodMcu module, and LCD display unit. The system is constantly 
updating the displayed information in every bus station about the approximated time of the bus arrival. 
This achieved through the IR sensors and the communications between the successive bus stations via 
IoT technologies. Accordingly, the buses’ users waiting in the bus station may fill their waiting time 
by useful works like; reading, eating, working with laptop, ….etc. Also, it may attract the private car 
users to use instead the public transportation system with benefit of decreasing both the traffic jam, 
and the air pollution especially in a big cities.    

 
Keywords: NodeMcu, smart bus station, LCD, IR sensor, IoT technology.  

 
 

INTRODUCTION  
 
The objective of this project is to design and develop a prototype of a smart bus station over IoT 
technology to improve the public bus transportation network in some big cities in Oman, like Muscat. 
The proposed smart system is a step in migration toward the smart cities. The addition of the IoT 
technology with dissemination of IR sensors along the buses routes will convert the conventional bus 
stations to a smart ones providing the people, constantly, by an updated information about the bus 
arrival time. So that, the waiting time of the buses’ users will be managed, and accordingly it will 
attract more residents to use the public buses instead of using their own vehicles. As a consequence, 
less pollution and less traffic jam in the city.  
 
METHODOLOGY 

 
The prototype, as shown in figure 1, of the smart bus station project contains two successive bus 
stations. Each station will be furnished by the following units/devices: IR sensor, NodeMcu board, 
LCD display unit, and three colors LEDs (Green, Yellow, and Red). Also, another IR sensor is 
installed in the midway between the two bus stations to enhance the accuracy of the approximated 
arrival time of the bus. The midway IR sensor updates the second bus station, via its NodeMcu unit 
and IoT facility, by the data when the bus is passing through it. 

 
 

Figure 1.  Project image. 
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Abstract.  Car accidents are a very serious problem in our world. Every year a lot of people 
lose their lives due to fatal car accidents. There are many reasons that cause car accidents. 
One of these reasons is drowsiness during driving. New technology can be used to avoid or 
reduce the number of car accidents. Here, we propose using smart glasses by drivers to 
provide alarm during driving if they feel drowsy. In addition, an alarm signal can be sent to 
near cars. Moreover, a message can be sent to the road office manager to avoid or reduce the 
case of the drowsy drivers. The proposed alerting system was fully implemented and tested. 
The implemented smart glasses system could be a good solution to decrease car accidents 
and save lives. 
 
Keyword. Smart Glasses; Drowsiness Detection; Drivers Safety;  

 
 

INTRODUCTION  

 

Drowsiness during driving is a common problem with serious and potentially risky consequences. A 
survey conducted in 2006 showed that 51% of drivers drive their cars even when they feel very 
drowsy and two million drivers admitted falling asleep while driving, which resulted in serious 
accidents [1]. Another survey conducted in 2010 showed that 15% of the reported car accidents due to 
falling asleep at least once while driving last 30 years [2]. Therefore, the risky car accidents due to the 
sleepy car drivers are considered one of the important issues for people safety [3]. In addition to, the 
lack of systems that warns drivers of feeling drowsiness during driving could increase the percentage 
of the car accidents. Moreover, the lack of any alarm to warn near car drivers that the driver is 
unconscious [4]. Also, the lack of the detection and monitoring system that is able to recognize this 
case and forcing the drivers to stop and take rest. Based on the mentioned reasons, it is necessary to 
provide a system that can alarm the drowsy drivers and warn the near cars and the road management 
officials to reduce the number of accidents due to drowsiness and save lives [5].  
In this project, smart glasses, as shown in figure 1, were designed to produce alarm for drowsy driver 
during driving a car. The project consists of three steps. The first step is to alarm the driver. The 
second step is alerting near drivers on the same road. The last step is to alert the road management 
official to confront the situation and reduce the risky accidents. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  The Proposed Smart Glasses System. 
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Abstract.  Healthcare is given extreme importance and the highest priority nowadays. Due to the 
recent covid19 pandemic, it has become clear that nothing can be taken for granted and many 
hidden diseases and viruses are unknown to mankind. It is essential to be aware of one’s health. 
 
In this project, a health monitoring system was designed and built that includes multiple sensors 
and devices such as a pulse oximeter, a temperature sensor that is used to monitor and detect 
changes that occur and store the information in the IoT cloud and alarm the staff if necessary. 

 

 Key Words: Health, IoT, SpO2 Raspberry Pi 
 

INTRODUCTION  
 
Health is always a major concern in every growth the human race is advancing in terms of technology. 
One of the most important, and highly debated, elements of the modern society is the quality of healthcare 
available to patients. The technological advent in smart sensing devices and the internet has provided 
practical solutions in various sectors of networking, public, private sector industries, and government 
organizations worldwide. During the recent decade, rapid advancements in healthcare services, and 
technology has greatly assisted in coping with the problem of fewer medical facilities and can greatly 
facilitate patients’ health care and the work of doctors.1 
 
Humans are facing a problem of unexpected death due to a lack of medical care at the right time.  Like the 
recent coronavirus attack that has ruined the economy of the World to an extent is an example of how 
health care has become of major priority.  Therefore, there is a need to develop a patient health 
monitoring system.2 
 
The word “Health” comes from the field of health care at first and it is used mainly for describing the 
state of the biological organism. The word “monitor” means to utilize a series of means to check and 
record the reason for the failure to take place, evolution, and elimination by the way on qualitative and 
quantitative.3 
 
Introducing the “Health Monitoring” into the military equipment project field, its meaning is similar to 
the meaning which it represents and health care field exists, refer to finding and predicting the early 
failure sign before the weaponry failures the invalid incident to happen, prevent the calamitous accident 
from happening. 
 
 The Internet of Things (IoT) is the new revolution of the internet which is a growing research area, 
especially in health care. With the increase in the use of wearable sensors and smartphones, these remote 
healthcare monitoring has evolved at such a pace. Remote patient monitoring empowers observation of 
patients outside of customary clinical settings.  
 In such areas where the epidemic is spread, it is always a better idea to monitor these patients using 
remote health monitoring technology. 
 

A Health monitoring system (HMS) is primarily implemented to have a quantitative evaluation of the 
crucial physiological parameters of patients during critical periods of biological functions. This system is 
used for measuring continuously automatically the values of the patients’ important physiological 
parameters such as blood oxygen level, body temperature, heart rate, etc. Through determining the pattern 
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ABSTRACT 

Color is frequently related with the quality of agricultural products. Checking for 

ripeness and grading fruits and vegetables is a well-known technique. Because of the high 

cost of fruit sorting and grading, most fruit processing firms rely on human to grade 

agricultural goods using their vision. This research provides a novel approach for 

determining tomato ripeness and grading based on color. Raspberry Pi development 

board, conveyor belt, servomotors, and USB camera are all included in this system. To 

process the image captured by the USB camera, the Raspberry Pi is coded in openCV-

python. The frames were initially collected from the camera and transformed from RGB 

to HSV. The red and green masks were created using HSV values. If the number of 

colored pixels reaches the maximum, the raspberry pi sends a command, and the servo 

motor pushes the tomato into the designated collection container. The suggested system 

uses an image analysis technique to classify tomatoes and this technique significantly 

minimizes human labor and error, and it can also be used to determine ripeness and 

grading of other fruits and vegetables 

 

Keywords: Image analysis technique, raspberry pi, ripeness and grading, color detection, 

tomato 
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ABSTRACT 

 

Deep drawing is a process of metal forming in which sheet metal is stretched according to the desired 

shape of the die. In this paper, Experimentation and Numerical study of formability of AA1100 

in deep drawing process is carried out using ANSYS Workbench. Experimentation is done using 

Universal Testing Machine (UTM). Output responses such as thickness distribution and deformation 

are calculated from experiment. Major strain and Minor strain are calculated and Forming limit 

diagram is drawn to check the formability of AA1100. The thinning percentage is between 7 to 13% 

which indicates good formability The results from experimentation is compared with the analysis 

results using Ansys Workbench and error percentage between experimentation and numerical study is 

less than 2%. 

Keywords: Deep Drawing, Thinning percentage, Deformation, Forming Limit Diagram 

 

1.INTRODUCTION  

 

Sheet metal forming includes various methods including Bending, Roll forming, Spinning, Deep 

Drawing and Stretch forming. Bending and drawing are used for forming sheet metal parts into their 

required or desired shapes without removing any materials from the original work piece. Our project 

focuses on one of the most popular metal forming methods, which is deep drawing. By using deep 

drawing process, the mechanical properties of materials can be utilized to produces precise products 

for different applications such as automotive vehicles body parts which require specific dimensions. 

  

 
 

Figure 1.  (Different types of sheet metal forming) [1]. 

In deep drawing, tools such as die, punch, blank holder are used to deform a sheet of the selected 

material plastically to take the shape of the die geometry. Plastic deformation is present which means 

stress of the workpiece material beyond yield strength is required to obtain the final shape of the work 

piece for the desired application. 

 The forming limit diagram (FLD) is the most helpful way of assessing the formability of a material. 

FLD provides a graphical analysis of the critical zone and the safe zone of the specified material by 

utilizing the forming limit curve. In order to form the forming limit curve a number of points needs to 

be taken from the material work piece and apply tensile forces so that major and minor strains are 

obtained, then a graph can be plotted with a curve defining the critical zones and safe zones which 

needs to be considered while forming the desired material. 

MECH47958

mailto:fakrudeen.ahamed@nct.edu.om


11th National Symposium on Engineering Final Year Projects                                                                 10th May 2022 

CFD analysis on centrifugal pump for the investigation of variations in 

discharge and efficiency with respect to the inlet and outlet pressures using 

two fluids 

Nasser Said Nasser Albakri*, Hussain Ahmed Abdullah Albalushi, Hamed Salim Hamed 

Almaawali, Anand Narayanan Nair 

 

Department of Engineering (Mechanical & Industrial Section), 

University of Technology and Applied Sciences – Al Mussanah 

Al Muladdah, Al Mussanah, Oman 

P.O. Box:191, Postal Code:314 

*email: 56J1813812@act.edu.om 

 

Abstract.  The aim of this study is to investigate the variations in head and efficiency of 

the centrifugal pump with respect to the inlet and outlet pressures using two fluids 

(water/ethanol), which is widely used in the oil and gas industry, and to propose the best 

design which will give us the most suitable outputs. This will be achieved by validating 

the results theoretically as well as using a CFD analysis. Both SOLIDWORKS and 

ANSYS fluent software are used for modeling analysis of the part respectively. The 

results had shown that ethanol provides maximum head when compared to water and 

also the efficiency increases with increase in RPM 

 

Keyword. Fluent, CFD, Centrifugal Pump, Analysis 

 

 

INTRODUCTION  
 

A centrifugal pump is a mechanical device that transfers rotational energy from one or more 

impellers to move a fluid. Fluid enters the impeller along its axis and is ejected out by centrifugal 

force through the impeller's vane tips all around its circumference. The impeller boosts the fluid's 

velocity and pressure while also guiding it to the pump's output. The pump casing compresses fluid as 

it enters the pump, guides it into the impeller, and then slows and regulates it before discharge. The 

impeller is the most critical part of a centrifugal pump. It consists of a series of curved vanes. They're 

usually placed between two discs (an enclosed impeller). For fluids with entrained particulates, an 

open or semi-open impeller (supported by a single disc) is optimal. Fluid enters the impeller at its axis 

(the 'eye') and departs between the vanes around the circle, as illustrated in Fig.1. The impeller is 

connected to a motor through a drive shaft and rotates quickly on the opposite side of the eye 

(typically 500-5000rpm). The impeller's rotational motion accelerates the fluid out of the impeller 

vanes and into the pump casing. The two forms of pump casing are volute and diffuser. Both systems 

have the same purpose of converting fluid flow into a pressure-controlled discharge. In a volute 

casing, the impeller is offset, resulting in a curved funnel with increasing cross-sectional area 

approaching the pump outlet. As a result of this design, the fluid pressure increases towards the output. 

 

 

WORKING OF CENTRIFUGAL PUMP 

 

The impeller is the most critical part of a centrifugal pump. It consists of a series of curved vanes. 

They're usually placed between two discs (an enclosed impeller). For fluids with entrained 

particulates, an open or semi-open impeller (supported by a single disc) is optimal. Fluid enters the 

impeller at its axis (the 'eye') and departs between the vanes around the circle, as illustrated in Fig.1. 

The impeller is connected to a motor through a drive shaft and rotates quickly on the opposite side of 

the eye (typically 500-5000rpm). The impeller's rotational motion accelerates the fluid out of the 

impeller vanes and into the pump casing The two forms of pump casing are volute and diffuser. Both 
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Abstract  

Waste heat from car exhaust is 20%-40% of the total heat lost from the engine. The aim of this 

study is to develop a new heat recovery technique that could be used to convert the lost heat from 

exhaust to a useful source of energy which can be either heat or power. For just 6 thermoelectric 

generators, 50.2 W of power production was achieved, where system efficiency was found to vary 

between 18.5%-23.5%, depending on the surface temperature of the exhaust pipe. s on the surface 

temperature that is in contact with the hot side of the thermoelectric generators. Furthermore, the 

minimum power generated by the thermoelectric generators is equal to 4.5 Watt.  

 

Keywords: Heat Recovery, Exhaust Gases; Thermoelectric; Heat -to-Power; Internal Combustion Engines  

 

1. INTRODUCTION 

Due to the increase in energy prices, it becomes more economically profitable to recover and reuse the 

waste heat that exists in many industrial applications. In the automobile sector, only 30 to 40% of the total 

energy produced in the vehicle’s engine is converted to useful energy, and the rest is lost to the environment 

in the form of exhaust heat (20% - 40%), coolant and lubrication (10%-35%), friction and pumping (2%-

10%) and brake power (20% - 40%) (Rajoo et al., 2014; Gao et al., 2019). Waste heat recovery (WHR) is 

the use of thermal energy that would be wasted to perform a useful function. In many situations, WHR 

eliminates or decreases the requirement for extra fuel energy input that would be needed to achieve the 

system functionality. There are two concepts where the heat can be recovered, by either absorbing the heat 

and converting it to a source of heat or by directly converting it into power. These techniques can increase 

the efficiency of the engine and reduce the consumption of fuel (Chatzopoulou and Markides, 2018). 

Generally speaking, WHR will help in increasing the efficiency of the engine, reducing fuel consumption, 

and decreasing global warming. In many situations, the purpose of WHR is to produce more work. Higher-

quality heat sources enable more waste heat to be turned to work. The "quality" of a specific heat source 

for the purpose of WHR is strongly affected by its temperature. The higher the temperature of the medium, 

the greater its entropy, allowing a greater proportion of the heat to be transferred to productive work 

(Pradhan et al., 2015). In this study, the focus was on what has been achieved during the period (2009-

2021). Looking at studies on the period mentioned will help to develop new ways to recover the wasted 

heat. Weng et al. (2009) used R600a as a working fluid and hot water as a source of heat for an Organic 

Rankine Cycle. They found that the maximum efficiency of the tested system is 5.2% and the efficiency is 

insensitive to the temperature of the heat source but sensitive to evaporating pressure. Bundela,  and  

Chawla (2010) did research on how to use heat exchangers with thermos-oil as working fluid. The heat 

exchanger uses the thermal oil to evaporate the organic fluid which will, in turn, drive a turbine. They found 

the system will yield a high amount of power. After that, Seher et al. (2012) studied the expansion process 

in turbine and piston machines using different working fluids such as water and ethanol. They found that 

using a piston machine with ethanol or water as working fluid and a turbine with ethanol as working fluid 

is the most favorable solution. Dominguez et al. (2013) conducted an analysis using Rankine cycle for 

recovering the vehicle exhaust waste heat. They used water, R123, and R245f as working fluids. They found 

the effectiveness of the organic fluids (R123 & R245f) was more than water. Later on, Mager and Bhosal 

(2015) used different nanofluids like BN/H20 with two streams of air hot and cold streams. They concluded 

that the maximum effectiveness was 0.28 by using BH/H20, where the effectiveness of normal working 

fluids was 0.16. Akbarzadeh et al. (2017) found that the efficiency of the engine increased by using the 

combination of the thermoelectric generator (TEG) and heat pipes as a new heat recovery technique. Karana 
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Abstract.  Sandwich composites are one such kind of light-weight composites developed for 

structural and vehicle body buildings etc. due to their remarkable features such as high 

specific strength, high toughness and resistance to inter laminar shear strength. In this study, 

commercially available Aluminium sandwich composite (ASC) laminate was considered for 

investigating its flexural behavior and buckling behavior as it was mostly used for various 

structural applications. Flexural analysis was done for different aspect ratios in order to 

analyze the influence of cross section of the specimen and support span on the flexural 

capability of the sandwich beam. The composite specimens prepared for flexural test consist 

of length 150 mm and widths 15, 12 and 10 mm. The flexural test was done for support span 

of 90, 110 and 130 mm respectively. The performance measures of flexural test are 

maximum bending load, deflection, flexural stiffness and inter-laminar shear stress. The 

flexural analysis revealed the fact that the aspect ratio appreciably affected the flexural 

capacity of the sandwich composite laminates. 

 

Keyword. Sandwich composite, Flexural strength, Aspect ratio, Inter-laminar shear.  

 

 

INTRODUCTION  

 

In the recent times, particularly in the materials engineering, everyday a new material emerges 

targeting for a tailor-made application. Composite materials have a vital role in materials engineering 

in replacing the conventional materials targeting for various application in automotive, aerospace, bio 

medical and structural applications. [1] High performance light-weight composites are being 

developed in order to suit for very critical applications due to their remarkable properties such as very 

high specific strength, high corrosion and wear resistance. Sandwich composite laminates are 

materials where metal–polymer–metal sandwich sheets bonded together with adhesive layers. 

Sandwich panels are composite materials consisting of two thinner, lightweight outer face sheets. 

These type of materials are mainly characterized by their stiffness. [2-4]Though the thickness of the 

core in the composite is high, sandwich composites are light and have relatively high flexural strength. 

Aluminium sandwich composite is a sandwich panel often three layers consisting of two sheets of 

aluminium pre-coated on the faces bonded with a core of different material for properties required by 

the application. These sandwich composite panels are considered as excellent materials for indoor as 

well as outdoor applications, which require light-weight, good dimensional stability, and elegant 

appearance. [5]  

Though many researchers and academicians contributed appreciably in the area of composite 

materials and particularly with polymer matrix composites, there exist still a scope for characterizing 

the special type of polymer metal sandwich laminates against flexural behaviour so that it can be 

recommended in future for wide range of structural applications. [6-8] In this study, a special category 

of polymer based composite called sandwich composite laminate was taken for investigating its 

flexural behaviour against various aspect ratios so that making it suitable for many structural 

applications in real time. Aspect ratio is the key factor considered in the study in order to study in 

detail about its influence on flexural behaviour of the composite laminate. A detailed literature review 
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Abstract— Corrosion is one of the most common problems faced by metals. 

This study aims at comparative studies on corrosion behavior of low carbon 

steel and galvanized steel under various environmental conditions. Weight 

loss method will propose to determine corrosion rate of selected metals after 

immersion in Sodium Chloride (NaCl) solutions under various conditions of 

salinity, pH, time and temperature. It was concluded that corrosion rate 

increase with increase of salinity, decrease with increase of pH value, 

decrease with increase of time exposure, and increase with increase of 

temperature. Galvanized steel is stronger than low carbon steel in resistance to 

corrosion. 

 

Keyword— corrosion rate, low carbon steel, galvanized steel, weight loss.  
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Abstract.  Solid sections are gradually replaced by the hollow sections in most of the 

structural applications in various engineering fields due to their attracting features such as 

light-weight and high specific strength. In the present investigation, one such attempt was 

made to investigate in detail about the flexural capability of an aluminum hollow tube with 

square cross section. The objective of the investigation is to study about the influence of 

stress concentration on the flexural behavior of the hollow tube. The type of stress 

concentration considered in the investigation was through hole of different cross section and 

quantity. Three- point bending test with concentrated load is conducted on the specimens of 

hollow tube with different types of stress concentration such as circular hole, square hole and 

perforations. The load was applied manually during the bending test. The bending test was 

carried out on all specimens for various support span of 110, 130, 170 and 200 mm 

respectively. The output measures of the study are maximum bending load, deflection and 

flexural stiffness. 

 

Keyword. Hollow tube, Flexural strength, Stress concentration, Aspect ratio, Support span.  

 

 

INTRODUCTION  

 

A hollow section used for a structure is a type of construction used in many structural applications. 

It can be circular, square, and rectangular or any other section based on the need. Square and circular 

hollow tube have many applications in the area of multidirectional loading due to the uniform 

geometry along two or more cross sectional axes. This in turn have uniform strength across the 

complete structure, which makes them good choice for many structures. [1] They also have high 

resistance to torsion. The stress concentration plays a vital role in affecting the performance of the 

structure. It is unavoidable because of varying cross sections, making holes for connecting to the other 

members etc. The influence of stress concentration need not be the same for solid as well as hollow 

sections. [2-4] The type of stress concentration in the structural member subjected to various loads 

such as axial, bending and shear greatly influence the performance. Flexural strength, in other words 

such as bending strength, is one of the important structural properties, defined as the maximum stress 

in a structure just before it yields in a bending test. When a specimen, usually a beam is bent, it 

experiences a combined stress across its depth. At the inner surface, the stress will be at its maximum 

compressive, while at the opposite side, the stress will be at its maximum tensile. [5] It was found 

from the literature review that the flexural behavior of a hollow tube was greatly influenced by the 

cross section of the tube, the flexural strength of hollow tube was improved by replacing conventional 

materials by composite tube, and The numerical analysis using ANSYS for flexural testing helps to 

predict the performance accurately. Inspite of enough research had been done in the past times in the 

area of structural analysis for various sections against various loads, [6-8] there exist a void to do the 

in depth investigation regarding the flexural stability analysis of the hollow section in order to 

ascertain the results with minimum error.   
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