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EXCUTIVE SUMMARY 

Scientists and engineers always strive to find better alternatives to what is currently 

used. However, new discoveries always have a lack of database and the change may be 

for the better or cause disastrous consequences. Among these recent discoveries is 

AZ31 Magnesium Alloy. This material contains properties that support it to replace 

some of the previous material. AZ31 Alloy can replace Iron, steel, and Aluminum in 

some of applications, where strength and lightweight is required. The main purpose of 

this report is to numerically investigation of AZ31 and find out the mechanical behavior 

of it. The specimen subjected to fully reverse load. Where the material in each cycle 

will face tensile load then compression load. Then the real life age of the material 

calculated by S-N curve. The specimen dimensions and design based on the same 

specimen used in Fatigue testing machine at MEC-MECH-lab, FTM-200 model. 

Therefore, the specimen subjected to load between 2.5 × 103 𝑎𝑛𝑑 200 ×

103 𝑖𝑛 𝑛𝑒𝑤𝑡𝑜𝑛. It is clear from the behavior of AZ31 that, when AZ31 specimen 

subjected to load more than 200 × 103 newton, the specimen fail direct. As result of 

that the load, which subjected to specimen is more than the allowable yield stress. On 

the other hand, the fatigue endurance limit is when the load less than 4.5 ×

103 𝑛𝑒𝑤𝑡𝑜𝑛, the AZ31will take infinite number of cycles. The life of the specimen run 

between 11 𝑐𝑦𝑐𝑙𝑒𝑐 𝑎𝑛𝑑 9.18 × 105 . Where less than that mean, it is more than 

allowable stress and more than that mean, fatigue Endurance Limitation. In addition, 

regarding to numerical stress and Damage result, it show that the damage will take as 

vertical direction. Which will happen in the smaller diameter as AZ31 specimen 

designed. In additional, the report present the graph of fatigue sensitivity of both 

maximum and minimum force applied. It shows the results in case of increased or 

decreased force for these two forces. In addition, how is AZ31 Magnesium Alloy 

specimen behaves with these changes?   
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The earth contains precious metals. Which range from large, small and rare quantities. 

Magnesium is one of the most common material on the planet. It is the sixth most 

commonly found in the earth, but its use is rare. Magnesium is a light material compared 

to aluminum and steel. This makes it used in space, aircraft, stereoscopic aircraft and 

cars, which contributes to lightweight in facilitating the flight without the need for high 

strength to lift the overload (Akhtar, Saeed and Mehdi 2019). 

 

Figure 1.1 magnesium alloy in car parts-(Akhtar, Saeed and Mehdi, 2019) 

 

 Recently, scientists discovered a mixture called AZ31. This material contains various 

compounds, which raise the strength and hardness. However, because the material is 

new, it requires studies to obtain its necessary properties, which qualify it to compete 

with other materials. (Kumar et al., 2019) 

The development of modern science in material selection and the choice of changing 

materials already manufactured with a new material corresponds to certain standards 

and studies. The material is subject to several experiments, to obtain the required 
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specifications. For example, Hardness, elastic (Young’s, Tensile), Elongation at break, 

Fatigue Strength, Shear strength, Tensile strength (Yield) and crack behavior are types 

of test done according to studies and experiments to obtain the correct numbers of 

material specification . After obtaining the properties through which the material is 

compare with other materials, which allows getting the results and the difference by 

involving them in the equations (Material selection). These steps allow manufacturing 

engineers to find out suitable material before applying the new material. This is why 

obtaining the specifications of the material is important things that belong to 

manufacturers and developers in large companies. 

Characterizes magnesium as high resistance to corrosion and lightweight. Therefore, 

AZ31 contains 96-97 % of magnesium and other components. This mixture of 

compounds increases the efficiency of the magnesium alloy. The following table shows 

the distribution of chemical components of AZ31, which differ from conventional 

magnesium. 

Table 1.1: The chemical composition of AZ31 (Tanaka K et al. 2017) 

 

 

Figure 1.2 comparison strength & density of the elements and their compounds (Ashby 2017) 
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1.2 Problem statements  

The modern industries in machinery manufacturing, transportation, aviation and 

aerospace have been associated with weight reduction. This increases the efficiency of 

engines, systems and of course reduces fuel consumption. Magnesium, which 

characterized by lightweight and durability as well as aluminum and steel. However, 

AZ31 is a modern alloy, which been new discovered. From this point, the main problem 

is no clear database showing the mechanical performance of the AZ31 (Sun and Tang, 

2013).Scarcity of information related to specifications AZ31 alloy, lies the danger of 

using the material without understanding its actual performance. Specially, magnesium 

been used widely in space and aviation industry, it is a risk to use it without a clear 

database. Extruded AZ31 has luck of the database than others such as (forging, casted, 

rolling and so on). 

 

1.3 Objectives 

The study aims to conducts numerical investigation on mechanical behavior of AZ31 

using ANSYS workbench software. In addition, this aim will achieved through 

subsequent sub-objectives  

 To investigate the specimen under tensile test load, then under to 

compression test load. 

 To compute fatigue life of AZ31Magnesuim Alloy. 

 

1.4 Significance of AZ31 Alloy research 

The progress of developing countries usually linked to the strength of their 

manufacturers such as Japan, China, Germany and America. The development of 

industries is carried out through analyzes and studies, through which the constants and 

numbers are certified. The use of AZ31 has been associated to promise parts of 

transportation such as aircraft and cars. This research highlights the increased 

awareness of the mechanical behavior of the alloy. When there is a lot of information 

about this type of alloy, it is easier for industrialists to compare the material AZ31 with 

other materials, which can show better quality than the materials used in the previous. 
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Usually, studies and analyzes prevent from common mistakes in selecting of materials 

if the choice of materials based on clear studies (Dziubińska et al., 2016). 

 

1.5 Thesis layout 

Chapter 1 Introduction to AZ31 Magnesium Alloy with chemical composition. 

Highlight Problem statement and objectives. In additional, the 

significance of AZ31 magnesium alloy. 

Chapter 2 Review journals and research focus on topics related to AZ31 

Magnesium alloy. Starting from the applications of the AZ31 magnesium 

alloy in both sectors aircraft and automotive. Then Manufacturing 

process, which affect material structure. After that, review literatures in 

mechanical behavior Fatigue, Cracks and S-N Curve. The end of this 

chapter is about experimental test studies. 

Chapter 3 This chapter explains the steps involved in the project. In addition, a 

simplified explanation with flowchart explains the mechanism of work. 

Also includes sample data with measurements. Then, the device used 

with the way to deal with it. In addition, the methods for reading the 

cracks in the samples. 

Chapter 4 This chapter focuses on the results of the research through numerical 

workbench test regarding to the AZ31. It include tensile test and 

compression test using simulation in the software 

Chapter 5 Results summarized and finalized in this chapter. In addition, it includes 

recommendations because of the simulation of the project. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Applications of Magnesium alloy 

The appearance of magnesium alloy helps in expansion its applications. The 

development of research to choose and compare materials with similar characteristics 

and different composition. This made manufacturers, engineers, researchers and those 

interested in material to open new horizons in search for materials that could replaced 

by new materials such as magnesium alloy. Magnesium alloy is a strong competitor to 

steel and aluminum alloys, because it has a similar tensile and stress strength with the 

superiority of magnesium of low weight. 

2.1.1Aircraft application of magnesium alloyAZ31 

The industrial revolution is always looking for materials with low cost and high 

characteristics. The magnesium alloy AZ31 is one of the compound materials that 

contain properties that manufacturers are looking for. Lightweight and high level of 

strength comparable to aluminum and steel compounds, features that make interested 

engineers in reviewing previously used materials. Therefore, the application range of 

AZ31 magnesium alloy increase day by day. One of the most important of these 

applications is the aircraft industry. Use is limited to connections between bridges and 

columns as shown in Figure 2.1. 

 

Figure 2.1 AZ31 in Aircraft application (Dziubińska et al., 2015) 

 

The experimental research (Dziubińska et al 2015) in this type of joints used in 

manufacture aircraft. The study focused on subjecting the experiment pieces to a high 

temperature at a time of fatigue test. The temperature of the experiment was 410 Co. 

The study concluded that the manufactured structure of these pieces had a direct income 
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during the experiment. In addition, research recommends conducting different 

experiments by adding higher temperatures than used in the experiment due to their 

direct impact on the AZ31 magnesium alloy structure. 

The use of magnesium alloy in the aviation sector contributes to reducing the weight of 

aircraft and raises the level of engine performance, which directly related to carbon 

dioxide emissions. However, still Reservation of using magnesium alloy because of 

luck experiments on it 

2.1.2 Magnesium alloy in automotive application  

AZ31 magnesium alloy not only used in the aviation sector, but also used in cars parts 

and other transportation such as trains.  (Alan A. Luo, 2005) experimental study the 

effect of cars performance by changing some parts manufactured with different 

materials and replaced with Magnesium alloy. The study focus on the mechanical value, 

engine performance and the chance to save the power. Many application of magnesium 

on cars engine and body. Figure 2.2 the tubes made of magnesium and figure 2.3 shows 

the magnesium sheet at 350 Co. 

 

Figure 2.2 Magnesium Tube-car application (Luo 2005) 

Figure 1.3 Magnesium Sheet-Car application (Luo 2005) 
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The study includes not only simple parts in the car, but also the down cover of the 

engine been changed, which is considered an important part in the engine parts. This 

part always subjected to a very high temperature and figure 2.4. the Mg alloy at 475Co.  

 

Figure 2.4. Magnesium alloy at 475Co 

The study concluded that magnesium alloys have an advantage in weight and 

performance compared to other materials with similar strength and tensile properties. 

On the other hand, the cost of the magnesium alloy will increase regarding to high 

volume of car production.  

2.2 Manufacturing Process 

Mechanical properties always show material attitude by applying a load or force in a 

different situations with help of different lab machines. Those behaviors can be change 

regarding to manufacturing process. There are many material manufacturing processes 

such as Casted, Rolling, Forging and Extrusion etc.  

 

2.2.1 Casted Material 

The most common material processing is castied. The temperature of the material will 

increase until it reaches the liquid state at this point. After that, the magma was put into 

special molds as requested by the designer. Then the substance is given a period until 
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it cools and forms. In addition, from it the excess impurities removed from the 

suspended matter. This type of manufacturing used to have a very complicated design, 

which need more copies of it. Therefore, the manufacturers have only to design one. 

This type of operation is not complicated. Casting material will have a very small 

internal stress in the elements. 

 

Figure 2.5. Casting (Quora 2019) 

 

2.2.2. Forging Process Material  

It is a process used to make shapes and objects using compression force. As a hammer 

or strong force affects the material, which shaped based on that force. Forging process 

divided into two main sections; the first section is hot Forging, in which the temperature 

is higher than the degree of recrystallization. The second section, which enter the 

process with temperature less than recrystallization degree called by cold forging. 

 

Figure 2.6. Drop Forging Machine with Parts (Basic Engineering 2015) 

It always depends on this type of manufacturing processing for heavyweight parts. In 

the figure, it shows one of the large pieces made by forging process. 
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Figure 2.7. Forging steel ring (Miroslav et al., 2015) 

 

There are many different forging machine. The differences based on the force used in 

the process. For example, drop machine, hydraulic machine, manual hammering, and 

spring force and so on (Miroslav et al., 2015).  

2.2.3 Rolling Processing in Manufacture 

The material passed through cylinders to reduce volume or to obtain the desired shape. 

Often used in the manufacture of sheets. There are a different type of rolling process 

(Chansauria, 2016). For example, Ring rolling process. In figure 2.8, shows one of the 

complicated processing in rolling. There are two-rolling process at the same time.  

 

Figure 2.8 Ring Rolling Process (Chansauria, 2016) 
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Therefore, this process used in the manufacture of different types of tubes and plates, 

which affect the structure of the material. 

2.2.4 Manufacture Extrusion Process 

This research relies heavily on this type of manufacturing material. Which AZ31 made 

by this type of manufacture. What is Extrusion Manufacturing Process? It is one of 

common process used to create solid cylindrical shape. 

Therefore, this process need to have a very high pressing force-to-force material coming 

out from end. In figure, shows the common component of extrusion process machine. 

 

Figure 2.9 Extrusion work process (Koçak 2018)   

Where the picture shows that the process requires a high strength to produce it as 

required. There are basic factors that influence the Extrusion manufacturing process. 

First, material temperature can affect the flow and force. Second, Hardness of the 

material. In addition, other factors that affect the progress of the manufacturing process 

is the hole design shape (Koçak 2018).   

Therefore, consideration given to manufacturing methods, as direct influence on the 

basic structure of materials. This effect also affects the behavior of mechanical 

materials. Experiments come with different facts about the same substance with 

different manufacturing. 
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2.3 Mechanical behavior. 

There are many different types of tests to fine the mechanical behavior of material. For 

example, Stress, strain, tensile compression, shear, toughness, fatigue test etc. Fatigue 

itself divided into several different types. Among them, a different compression force 

applied than the tensile strength. Others have a different compressive strength without 

the need for tensile strength, as well as the opposite (Nde-ed.org, 2019). This research 

focus on studding fatigue behavior of component with equal load in both direction. 

2.3.1 Fatigue Test 

What is fatigue test /fatigue life? It is the number of cycle load applied in material to 

create a crack then increase (Propagation) to have a failure. Fatigue occurs after the 

material affected by the force several times, and deformation begins to occur. 

Thousands of people may arrive, and distortion may not occur in some cases. Fatigue 

occurs after the material affected by the force several times, and deformation begins to 

occur. The number of times may reach large numbers and distortion may not occur in 

some cases. 

 

Figure 2.10. a Fatigue failure in the normal life after applying force in different 

images (Tri 2017) 

 

In figure 2.10 a large number of examples that exist in our daily life, in which fatigue 

occurred and cause the breakage to occur. This fatigue is associated with the number of 
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cycles with the forces. Therefore, a scheme called (S-N curve) was founded, which be 

covered in a later period in this report. 

 

 

 

At figure, 2.11. Shows that material subjected to tension load in the first half. After that 

to compression to complete a full circle. However in each cycle, material affected by 

maximum stress positive as Tension and compression as minimum negative stress 

value. In this type of fatigue test, tension load and compression load are equal. 

  

 

2.3.2 Cracks at Fatigue test 

Cracks occur in most mechanical experiments. Because most of the mechanical parts 

are related to work of a difficult nature. This is why cracks occur in most cases. Studies 

focus that the importance of knowing the nature of cracks contributes to the role of 

future industrialization. In this section, the research will focus on material cracks in 

fatigue experiments. 

2.3.2.1 Cracks Behavior in fatigue test. 

(Abass, 2013) indicates in his research on fatigue and methods of experiment at HAMK 

University, to the crack and the type of crack. Modern science began using modern 

techniques to reach a clear image that illustrates the crack movements that can appear 

Figure 2.11 Tension and Compression fatigue test (Nde-ed.org 2019) 
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in advanced stages of fatigue tests. So regarding to research, the cracks divided in to 

three categories.  

 

Figure 2.12. Crack movement material (Abass 2013) 

 

The picture 2.13. Shows the stages the cracks go through until they get a cut in the 

sample. 

(a) First stage: In this stage, the true appearance of crack. This stage occurs based on 

various factors such as roughness of the material surface, scratches, etc. this stage 

calculated as the number of cycles to get the initial break. 

(b) Second stage: At this point, it is the number of cycles that the substance obtained, 

and the fracture continued to grow regularly. 

(c) The final stage in which the material separated into two pieces. This stage occurs 

very quickly due to its critical situation. 

 

2.4 S – N Curve. 

Failure of fatigue occurs through repeated exposure of the material to an external force 

that affected its internal components and the occurrence of failure at the end. Through 

Figure 2.13 cracks stages of fatigue test (Abass 2013) 
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the above factors, researchers come up with a curve that represents the strength to which 

the material exposed and denoted by (S), and the number of times the force or pressure 

repeated for the material, which reaches to a very large numbers named by (N).  

2.4.1 Drawing S-N curve. 

In S-N curve the X-axis is often represents the number of cycles for which the sample 

subjected to testing. In addition, the vertical axis represents the forces affected into the 

material. The horizontal axis of the curve written in large numbers indicating the large 

number of cycles until failure reached (104-108).  

 

The S-N curve draw either curved or straight line, as shown in Figure 2.14. The curve 

with the straight line drawing called by (Log-Log Plot), and on the opposite side the 

drawing with the curve called by (semi-log plot).  

It depends on various factors to obtain a curve with a correct value for the material. 

First, choose a suitable load for the experiment. Second, repeat the same load in 

different specimens. Third point, repeat previous but with different load. 

Figure 2.14 S-N Curve (Zuberova et al 2007) 
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Figure 2.15 Ex. S-N Curve for two different material 

 

At Figure, 2.15 shows the curve for two materials. At (A) the experiment repeated with 

same load (stress) and same specimens. At (B) is repeating what was done at A but with 

different load. 

2.4.2 S-N curve Theories. 

2.4.2.1 Strait line S-N curve 

The formula used in the example shown in the figure 2.16 is to compare the critical 

region. The formula focus on the high cycle area of the material in this example.  

To obtain the values of (S) or (N) in terms of one of them, the formula shown at figure 

2.17 

Figure 2.16 striate line curve (Siemens 2019) 
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Figure 2.17 Strait line S-N curve formula (Mat 2018) 

Where (Sut) = the stress at the of high cycle area slop. (Se) present the stress at the high 

cycle area to the infinite at number of cycle at 10e6. 

2.4.2.2 Curved graph of S-N Curve. 

This type treated with the same formula as above in the example of a straight-line curve. 

2.4.2.3 Material Fatigue strength. 

To compare between the experiment test and theories need to use the formula at figure 

2.18. 

 

Figure 2.18 Fatigue–strength Formula (Mat 2018) 

2.5. Experimental test. 

(M. Matsuzuki et al, 2009) paper study AZ31 magnesium alloy, extruded with 359 – 

370 Co. The report highlight the specimen dimension. Machined from 16mm until 13 

mm/ 6 mm as dogbane shape. The experiment divided in two categories, one test fatigue 

with as received AZ31. Second, test annealed AZ31 material figure 2.19. 
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Figure2.19.Two AZ31 Material used in Experiment (M. Matsuzuki et al, 2009) 

The study focused on recording the readings resulting from the experiment and coming 

up with a sufficient number of schemes. For example, S-N Curve, hysteresis loop and 

Manson-coffin Curve. The report was comparing between both Material of AZ31. 

The researcher conclude his research by several observation.  First, AZ31 

manufacturing condition has strength more than annealed material. Manson curve show 

that, both play same result in high plastic but there is small deflection in low plastic 

deforming. 

 

(Hasegawa et al 2007) research focuses on low cycle of fatigue test for AZ31 

Magnesium Alloy. Testing Machine used in the research called Servo-hydraulic. This 

experiment highlight several topics. Stress used in the (fatigue test machine) where R 

equal to a value (-1). With strain has been controlled and data founded. In addition, the 

research touched on several formulas used to come out with result. 

 

 

Figure 2.20 Equation for Manson-coffin (Hasegawa et al 2007) 

 

Papers interested in AZ31 magnesium alloy, a comparison between the same materials 

with different methods of industrialization. The first type was AZ31 extruded, and it 

divided into two types: vertical and horizontal. The second type rolled, also divided into 

type as vertical and horizontal. This paper the researcher focused on the effects of 

(cracks initial and propagation) on the fatigue life of AZ31 magnesium Alloy.  In 
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addition, the author explained on the article, the chemical components of (extruded and 

rolled specimens) as shown in the figure 2.21. 

 

Figure 2.21 chemical composite for both specimens (Ishihara et al 2006) 

The fatigue test was at room temperature, with vibration speed (10Hz). To monitor 

cracks and their growth, all specimens subjected to a 400x optical microscope. This 

stage came after fatigue failure happen. The researcher draws the results on that, 

manufacturing process can directly affect the results of fatigue experiments in both 

extrusion and rolling process (Ishihara et al 2006). 

This research relied on two types of devices: the first is the fatigue-life testing device, 

and the second jazz is the electronic close-up device. In the experiment, three AZ31 

magnesium alloy samples has been tested cast squeezed, rolling the hot one and ECAP-

equal channel angular pressing (BEROVA 2007) 

The researchers concluded that there is no failure in all specimens up to more than 10e7 

cycle with 40 MPa. In addition, there is a sharp movement in the S-N curve to all of 

material at 10e5 with different MPa load. 

The study focused on several points of the study AZ31 magnesium alloy. For example, 

Lowlife of fatigue test behavior, with flexibility and Stress strain curves. The specimen 

was extruded AZ31 magnesium alloy at temperature at (360-380). The Specimen in the 

research is beam type, which F shape. The test carried by push-pull system auto type 

by (INSTRON). SEM/EDS used to scan specimens after fatigue test to fine out the 

cracks growth details (Begum et al 2009). 
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Figure 2.22 fatigue specimen (Begum et al 2009) 

 

2.6. Mathematical fatigue equations used in the ANSYS Workbench program. 

There are many different equations used in analyzing the result of fatigue. Therefore, 

the ANSYS workbench give a chance to choice which equation need. This topic cover 

the main three equation used in it. Goodman, Soderberg and Gerber equations. Figure 

2.23 show the graph line of the different equation.  

 

Figure 2.23 ANSYS workbench Fatigue equations. (Raymond 2006) 
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CHAPTER 3 

METHODOLOGY 

3.1 Brief methodology 

The project focus on the numerical analysis of material Az31 magnesium Alloy using 

workbench software. The first step of the project begins with collecting AZ31 

properties, which required in the software. Then start drawing on the workbench 

software. The dimensions used for the specimen are the same as the specimen 

dimensions for the fatigue device available in the Middle East College laboratory, 

which follow international stander. After drawing the specimen in the program, the 

specimen will be exposed to two types of load. First, exposing the specimen to tensile 

load with the registration of variables. The second load is a compression load and 

recording the result. The software test repeated with keeping change in load. Then the 

data analysis, produced with results, then recommendations and conclusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3.1-methodology flow chart 

Data Analysis 

Result 

Conclusion 

Tensile test  

Drawing specimens  

Using workbench software 

Workbench Software 

Literature review  

 AZ31 properties data  Specimen Dimension data 

Entering data to software 

Compression Test 

Change Load 
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3.2 Software ANSYS 

In this project, the software used in simulation is ANSYS 

1. Drawing software details used: 

 Name Details 

 Software Name : ANSYS, Workbench 

 Model number  : ANSYS R19.2 

 Year : 2019 

 Version : Student Version 

 Software Icon 

 

 

2. Test Software details used 

 Name Details  

 Software : ANSYS, Workbench  

 Model Number : ANSYS 2020 R1 

 Year : 2020 

 Version : Student Version 

 Icon 
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3.3 Material Properties 

ANSYS Program that contains many properties, the user must define the material in the 

program. In additional, most of the material has been added to the program memory. 

Because of AZ31 Magnesium alloy is new material, Must Adding material properties 

in the Software. Table 3.1 show the properties of the material (Mg AZ31 2020). 

 

Table 3.1 ANSYS Workbench Specimen AZ31 Properties 

Properties Matric Value  

Density  1.77 𝑔 𝑐𝑚3⁄  

Tensile Strength 260 𝑀𝑃𝑎 

Yield Strength 200 𝑀𝑃𝑎 

Compressive Yield strength 97 𝑀𝑃𝑎 

Elastic Modulus  44.8 𝐺𝑃𝑎 

Co. efficient thermal EXPA  26 𝜇𝑚 𝑚°𝐶⁄  

Poisson ratio  0.35 

  

 

3.4 Sample preparation  

The specimen, which used in the test, is an international stander specimen. It is the 

same specimen dimension and specification of fatigue test machine available in the 

lab of mechanical in Middle East College. The dimensions are shown in the figure 

3.2. 

 

Figure 3.2 Sample Dimensions  
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The following steps is in how to draw the specimen in the workbench ANSYS . 

1. Drawing lines, which present outside diameter. Figure 3.3  

 

 

Figure 3.3: draw outside and arc using line 

 

2. The second step, make revolve to the half shape of the drawing as mention in figure 

3.4. 
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Figure 3.4 revolve the half of the specimen 

3. Then, for an integrated look of the specimen. The mirror feature used to obtain the 

integrated shape figure 3.5. 

 

Figure 3.5 full view of the specimen 

Finally, the sketch in workbench completed.   
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3.5 Load conditions 

To come out with S-N curve, ANSYS ask of the range of the load need to subject the 

material on it. Table 3.2 show stress entered to the workbench. 

Table 3.2 Entered Stress Load Data 

 Converting 

 
1 𝑁𝑒𝑤𝑡𝑜𝑛/𝑚𝑚2 = 1 𝑀𝑃𝑎 = 10.1972 𝑘𝑔 𝑐𝑚2⁄  

 𝑀𝑃𝑎  𝐾𝑔 𝑐𝑚2⁄  

1 90 10.1972 

2 100 917.748 

3 110 1019.72 

4 120 1121.692 

5 130 1223.664 

6 140 1325.636 

 

3.6 Boundary condition 

Regarding to MEC fatigue Testing Machine (Model: FTM-200), the boundary is fixed 

from the left end of the specimen. That mean the specimen at that face is support with 

all degree of freedom equal to zero. The figure 3.6 show the fixed point. 

 

Figure 3.6 fixed support in Workbench ANSYS software 

Figure 3.6. Shows the tensile test load in the specimen, which is on the opposite side of 

the fixed end. 
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Figure 3.7 Fixed support and force direction on the tensile test 

 

Figure 3.8 Fixed support and force direction on the compression test 

3.6 Solution procedure  

There are many different methods in finding stress using mathematics equations. For example, 

Soderberg Equation, Goodman Equation, Gerber equation and many others. This report focus 

on Goodman Equation. Figure 3.9 show the Goodman graph compeer with other equations. 

 

Figure 3.9 Goodman equation with other equations 

𝝈𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑛𝑔

𝑺𝐸𝑛𝑑𝑢𝑟𝑎𝑛𝑐𝑒_𝑙𝑖𝑚𝑖𝑡
+

𝝈𝑀𝑒𝑎𝑛

𝑺𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒_𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ
= 1  𝐺𝑜𝑜𝑑𝑚𝑎𝑛 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

 

Fully revers has been used to both test. Figure 3.9 show the graph of the fully revers load has 

been take. For example, if the load is 90 newton and the test will start at 90 newton to zero then 

to -90 newton, going back to 0, 90 positive and so on.  
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Figure 3.10 fully revers loading test 

As shown in the figure 3.10, it is clear that maximum load equal to one, where negative 

one present the same value of the maximum but on the opposite direction called (+1 to 

-1 loading). In additional, figure 3.11 show the one cycle of the test.  

 

Figure 3.11 the value in the chart of one cycle 

For more details, see (Appendix I and Appendix III) 
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CHAPTER 4 

RESULT ANALYSIS AND DISCUSSION  

This unit includes the stages and steps of the analysis used in the Workbench ANSYS 

2020 R1 Software. Mesh sensitivity and the selection the suitable mesh has been 

mention on this chapter, which create the relation between maximum deformation and 

Mesh sizing. In additional, it cover the results that occurred for the specimen after 

exposure to the various forces from tensile and compression test. 

4.1 Mesh Sensitivity Analysis  

Choose the appropriate Mesh for the specimen that needs to follow several steps. Which 

keep changing Mesh sizing with observation of the results obtained from the specimen. 

Usually, when the number of the result stop changing as the mesh size changes, 

indicating the quality of using the Mesh sensitivity required for the experiment. 

This stage focus on determining on which mesh is suitable for specimen. The table 4.1 

show that four different size of mesh are used. Maximum deformation value used to 

monitoring the change. In additional, the table include the number of elements and 

nodes in each test. In additional, the value of the force fixed at 1.1 × 105 𝑛𝑒𝑤𝑡𝑜𝑛 

 

Table 4.1 Mesh sensitivity details. 

step 
size commend 

resolution 

Number 

 
Max. Deformation change 

(10^-3) 
Nodes elements 

1 0 891 122 5.66 

2 0.1 1975 315 6.4 

3 0.2 7787 1577 6.37 

4 0.3 8345 1691 6.37 
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Figure 4.1 The Different mesh in a part of the specimen 

 

The figure 4.2 show the chart of the mesh sensitivity test. Chart show the result of the 

test, where the step three with value of 0.2 sizing is the best selection to the project 

specimen. Because, change in size of mesh not affecting the result value of maximum 

deformation. As a result, from chart that maximum deformation value for step 3 and 4 

are equal to 6.37 ×  10−3. 

 

Figure 4.2 Mesh sensitivity DATA 
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Where X-axis present the mesh test values. The lift Y-axis show the value of elements 

and nodes numbers. The Right Y-axis present the deformations values. The figure 4.3 

show the full view of specimen with final mesh result. 

 

Figure 4.3 the final shape of the mesh 

 

This size of mesh has been used for both tensile test and compression test. After all that, 

the specimen investigated based on the all previous specification and details as 

following. For farther details regarding Mesh, see (Appendix II). 

4.2 Mechanical behavior of AZ31 specimen.  

This topic cover Deformation behavior and Equivalent stress of AZ31 Magnesium alloy 

in ANSYS Workbench. For more details regarding Fatigue entered data see (Appendix 

IV). 

4.2.1 Deformation test at a variable loads. 

First, the tensile test has been carry deformation maximum was on the right as shown 

in the figure 4.4. 

 

Figure 4.4Max. Deformation test 
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The figure 4.5 show the difference between before loading and maximum load. 

 

Figure 4.5Max deformation and normal condition  

In figure 4.6, show the maximum deformation result from each value of force. It clear 

that, the relation between deformation and force is Positive relationship. 

 

Figure 4.6 Deformation and Force 

For simulation video, see (Appendix V)  

4.2.2 Equivalent stress 

After applying fatigue tensile test at AZ31 magnesium alloy, the figure 4.7 show the 

maximum load at the point shown. Maximum stress shown where the small diameter 

is. Where the value of the maximum stress is 1912.1 MPa 
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Figure 4.7. Equivalent stress Max 

Farther, the max signal in the figure 4.8 present a load of 1.9 × 109 𝑃𝑎 affecting that 

specific point of the specimen. 

 

Figure 4.8. Max stress 

For Equivalent Elastic strain (Appendix VI) 

4.2.3. Fatigue Behavior result of AZ31 Magnesium alloy in ANSYS 

The following result is about the tensile fatigue test for the specimen. There are three 

result are covered. Fatigue life, Equivalent Alternating stress and Damage point at the 

specimen. 

4.2.3.1 Fatigue Life result 

Fatigue life show the number of cycle can the specimen survive before failure happen. 

In additional, the figure 4.9 show the life of the   
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Figure 4.9 specimen life 

Regarding to the ANSYS workbench software, the specimen that take more than 1.0 ×

106 𝑐𝑦𝑐𝑙𝑒 goes to an infinity number of cycles. Which mean that load not suffusion to 

make the specimen faille and it call fatigue limitation regain. It is clear in the Figure 

4.10, the red area present the location of minimum number of cycles to fatigue happen. 

 

Figure 4.10. Location of minimum number of cycles. 

4.2.3.2 Equivalent alternating stress 

This stage present Equivalent alternating stress to AZ31 specimen. The point, which 

has been highlighted in fatigue life, again the same point, has the maximum stress with 

8.6 × 107𝑃𝑎 see figure 4.11 
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Figure 4.11 equivalent alternating stress of specimen AZ31 

 

Figure 4.12 Equivalent alternating stress at node 

4.2.3.3 Damage analysis caused by experiments 

One of the main features of ANSYS Workbench is to determine the possibility of 

locating where failure can occur. In addition, estimating the situation of all parts of the 

sample after subjected to experiment. The figure 4.13 show the maximum chance of 

failure happen to specimen AZ31. 

 

Figure 4.13. Damage value and location 

The specimen designed to be more accurate in determining the location of the damage 

that might happen to the sample. Because of that, the failure occurred in the part that 
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has the lowest diameter. In additional, the crack will happen in a vertical direction. For 

more clear the figure 4.14 show the different color change in Z-axis direction. 

 

Figure 4.14 Vertical Damage direction 

For more details (Appendix VII) 

4.3 Fatigue Sensitivity  

Fatigue sensitivity show the graph where relation between the load and number of cycle 

with chance if the load increase or decrease. The figure 4.15show the fatigue sensitivity 

graph with minimum load used in the test 4550 newton.  

 

Figure 4.15. Fatigue sensitivity graph 
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Where one present the normal value of the force, which is 4550 N and the number of 

cycle is 9.731 × 105. If the load decrees to the 0.75, the value will be4550 × 0.75 =

3412.5 𝑁. This value will present the force at the point 0.75 but the number of cycle 

will be more than one million cycle, which mean with in fatigue Endurance area. On 

the other hand, if the value increase by 1.25 more, the number of cycle will decrease to 

around 2.6 × 105 𝑐𝑦𝑐𝑙𝑒𝑠. 

The second example of the fatigue sensitivity is the maximum load has been applied to 

the AZ31 specimen. In the figure 4.16. Show the fatigue sensitivity graph of 2 ×

105 𝑁𝑒𝑤𝑡𝑜𝑛. 

 

Figure 4.16. Max. Load and fatigue sensitivity  

It is clear from the figure 4.16 that if the load increase up to 1.25 the damage or failure 

will happen direct. This is because of the load more than the allowable yield stress 

value. Usually, mechanical designer try to avoid this point with large number and stay 

away from risk. On the other hand, if the value reduced to point 0.75, where the value 

is 1.5 × 105. then the number of the cycles will increase to 20 cycles. 

4.4 S-n Curve of AZ31 magnesium alloy 

The most important result the mechanical engineers looking for in fatigue test is the S-

N curve. Therefore, this topic will cover all data obtained to draw S-N curve of AZ31 

Specimen. Table 4.2, show the number of cycles and the stress values.  
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Table 4.2 Life of the specimen in cycles in each load 

Step Number of cycles Alternating stress in newton 

1 11 2.00E+05 

2 14 1.80E+05 

3 20 1.50E+05 

4 33 1.20E+05 

5 50 1.00E+05 

6 64 9.00E+04 

7 271 5.00E+04 

8 3158 2.00E+04 

9 30818 1.00E+04 

10 45359 9.00E+03 

11 1.14E+05 7.00E+03 

12 5.68E+05 5.00E+03 

13 6.38E+05 4.90E+03 

14 9.18E+05 4.60E+03 

15 1.00E+06 4.52E+03 

16 1.00E+06 3.00E+03 

17 1.00E+06 2.50E+03 

18 1.00E+06 2.00E+03 

19 1.00E+06 1.50E+03 

 

Figure 4.17 shows S-N curve of the AZ31. It is clear that the force value more than 

2.0 × 105 𝑛𝑒𝑤𝑡𝑜𝑛 will damage the specimen immediately within zero cycle. On the 

other hand, the values less than 4.6 × 103 𝑛𝑒𝑤𝑡𝑜𝑛 will have an infinite number of 

cycles. This call as fatigue endurance limit. For more clear, figure 4.17 is a zoom in 

more to the fatigue endurance area. 
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Figure 4.17 S-N Curve for AZ31 

 

 

Figure 4.18. AZ31 Fatigue endurance limit 

Where the black points in the Figure 4.18. Present values of stress will not affect the 

structure of the AZ31 to failure. In additional, those values will keep run the test to 

unlimited number of cycles. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION  

This chapter cover the conclusion of the numerical test to AZ31 magnesium Alloy 

specimen using the ANSYS Workbench 2020R1 software. In additional, it cover the 

recommendations from the point of view of the author. 

5.1 Conclusion 

AZ31 magnesium Alloy specimen were numerically tested using ANSYS Workbench 

2020R1 software. The equation used in analyzing the results is Goodman equation. 

Fully revers load used in the test, which mean in each cycle there is tensile and 

compression load. The results showed that mesh sensitivity play main roll effecting the 

result. The Design of the Specimen with an international stander was successfully, 

which show the result of failure / damage in its proper location. In addition, the 

numerical images indicated that the failure is in vertical direction. At the same location 

of damage, the max equivalent stress is around 1.9 × 109 𝑃𝑎.  As explained earlier in 

topic 4.3, the mesh sensitivity graph support to recognize the AZ31 behavior if the load 

increase or decrease by 50%. Were if the maximum load increases by 50%, it will 

exceed the allowable yield stress value and failure. On the other hand, if the minimum 

load 4550 N decreased by 50%, it will be in Fatigue Endurance Limit. Were S-N curve 

present  9.731 × 105 𝑐𝑦𝑐𝑙𝑒𝑠  if the load is 4550 cycles can the specimen. The research 

summarized the life of AZ31 magnesium alloy in the S-N curve of all the forces it 

exposed to it, which is available in chapter 4. 

5.2 Recommendation 

The researcher summarizes in a research on a number of recommendations that can 

contribute to those interested in this type of experiment and research, which pertain to 

numerical test of AZ31 magnesium Alloy. 

 To do experimentally realistic practical study, for confirming the validity of the 

results of the current numerical experiment. Taking in account the dimension, load 

values and Goodman Equation. 

 As per the above study, using the same specimen in experimentally fatigue test will 

reduce the error.  
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Appendix I 

Table of Geometric Workbench selected details 
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Object Name Geometry 

State Fully Defined 

Definition 

Source 

C:\Users\Fujitsu\Desktop\mec\Project 2 (Part 

B)(Spring 2020 - S20 ENGGM 0006)\New 

folder\New 

folder\abed\Abed_2_files\dp0\SYS\DM\SYS.agdb 

Type Design Modeler 

Length Unit Meters 

Element Control Program Controlled 

Display Style Body Color 

Bounding Box 

Length X 0.2252 m 

Length Y 1.2e-002 m 

Length Z 1.2e-002 m 

Properties 

Volume 2.0185e-005 m³ 

Mass 3.5727e-002 kg 

Scale Factor Value 1. 

Statistics 

Bodies 1 

Active Bodies 1 

Nodes 6295 

Elements 1260 

Mesh Metric None 

Update Options 

Assign Default Material No 

Basic Geometry Options 

Parameters Independent 
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Parameter Key  

Attributes Yes 

Attribute Key  

Named Selections Yes 

Named Selection Key  

Material Properties Yes 

Advanced Geometry Options 

Use Associativity Yes 

Coordinate Systems Yes 

Coordinate System Key  

Reader Mode Saves Updated 

File 
No 

Use Instances Yes 

Smart CAD Update Yes 

Compare Parts On Update No 

Analysis Type 3-D 

Clean Bodies On Import No 

Stitch Surfaces On Import None 

Decompose Disjoint 

Geometry 
Yes 

Enclosure and Symmetry 

Processing 
Yes 

 

 

 

 

 

 

Appendix II 

Mesh selecting details 
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Object Name Mesh 

State Solved 

Display 

Display Style Use Geometry Setting 

Defaults 

Physics Preference Mechanical 

Element Order Program Controlled 

Element Size Default 

Sizing 

Use Adaptive Sizing Yes 

Resolution Default (2) 

Mesh Defeaturing Yes 

Defeature Size Default 

Transition Fast 

Span Angle Center Medium 

Initial Size Seed Assembly 

Bounding Box Diagonal 0.22584 m 

Average Surface Area 8.4963e-004 m² 

Minimum Edge Length 2.6057e-002 m 

Quality 

Check Mesh Quality Yes, Errors 

Error Limits Standard Mechanical 

Target Quality Default (0.050000) 

Smoothing Medium 

Mesh Metric None 

Inflation 

Use Automatic Inflation None 

Inflation Option Smooth Transition 
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Transition Ratio 0.272 

Maximum Layers 5 

Growth Rate 1.2 

Inflation Algorithm Pre 

View Advanced Options No 

Statistics 

Nodes 6295 

Elements 1260 

 

Appendix III  

Analysis details  

Object Name Static Structural (A5) 

State Solved 

Definition 

Physics Type Structural 

Analysis Type Static Structural 

Solver Target Mechanical APDL 

Options 

Environment Temperature 22. °C 

Generate Input Only No 

 

 

 

 

 

 

 

Appendix IV 

Fatigue tool details intend to the software ANSYS Workbench  
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Object Name Fatigue Tool 

State Solved 

Domain 

Domain Type Time 

Materials 

Fatigue Strength Factor (Kf) 1. 

Loading 

Type Fully Reversed 

Scale Factor 1. 

Definition 

Display Time End Time 

Options 

Analysis Type Stress Life 

Mean Stress Theory Goodman 

Stress Component Equivalent (von-Mises) 

Life Units 

Units Name cycles 

1 cycle is equal to 1. cycles 

 

 

 

 

 

 

 

 

 

Appendix V 

To download video show the total deformation Pleas press below link 
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 https://k.top4top.io/m_1643glcse1.mp4 

 

Appendix VI 

To download video for Equivalent Elastic Strain pleas press the next link 

 https://h.top4top.io/m_1643qdo371.mp4 

 

Appendix VII 

To download video regarding the fracture location (Damage). Pleas press the next link 

 https://d.top4top.io/m_164345no91.mp4 

 

 

https://k.top4top.io/m_1643glcse1.mp4
https://h.top4top.io/m_1643qdo371.mp4
https://d.top4top.io/m_164345no91.mp4
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EXECUTIVE SUMMARY 

By the year 2040, Oman will be on the verge of becoming the top 10 logistics hub in 

the world and achieve its logistics vision. The blueprint of the logistics strategy is 

designed to transform Oman into a top 10 logistics hub by the year 2040. Over the 

years, Oman’s transport and logistics sector has continued to expand despite the 

impact of the lower Oil prices. It includes investments in infrastructure and new 

technology to upgrade ports, airport facilities and new road links. The Sultanate of 

Oman has a unique opportunity of becoming the logistics gateway to the GCC’s 50 

million plus consumers and a key transshipment center between Europe and Asia.  

By making investments in transport infrastructure in recent years, the government has 

facilitated in the expansion of the country’s ports, not just at established centers like 

Sohar and Salalah but also at the green field free zone site at Duqm, which aspires to 

become the top industrial and transshipment hub on the Indian Ocean rim. A new 

airport terminal which got opened in 2018 in Muscat is driving the fresh growth in the 

airline industry. On land, the investments in the construction of the road network 

continue a pace. The $14 bn national rail project, though postponed in 2017 holds 

significant potential for gaining efficiency in overland transportation particularly 

supporting the country’s mining sector. All these investments , brings important 

opportunities for foreign investors, as the countries 9th five year plan 2016 -20 foresees 

investments of OMR 6.1 bn ($ 15.8 bn) and an annual growth rate of 5.4% over that 

period raising the sectors contribution to GDP from 6.2% to 7%. 

Thus keeping in mind the above mentioned facts and figures this study aims at 

analyzing the current status of infrastructural development for developing logistics 

clusters in Oman. 
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1 INTRODUCTION 

With the coast line of 2100 Km and a history of friendly relationships with the neighbors, the 

Sultanate of Oman has a great opportunity to become the logistics gateway to the GCC and 

a key transshipment center between Europe and Asia. With over a large contribution of oil and 

gas sector in the GDP of the country, Oman is very much aware of the importance of economic 

diversification through the development of the non- oil sectors such as agriculture, 

manufacturing, tourism and transport for the long term sustainable growth. As such, the blue 

print has been designed in the form of logistics strategy to transform Oman into a top 10 

logistics hub by the year 2040. It includes the investments in infrastructure projects and new 

technologies for the upgradation of ports, airport facilities and new road links. By making 

investment in transport infrastructure, in recent years, that has been identified as the key pillar 

of the countries diversification plans, the government has facilitated investments in billions of 

dollars for the expansion of country’s ports. The country’s 9th five year plan foe 2016 – 20 

foresees investment of OR 6.1 bn ($ 15.8 bn) and an annual growth rate of 5.4% over that 

period, raising the contribution of the sectors GDP from 6.2% to 7%.   

Thus keeping in mind the above mentioned facts and figures this study aims at analyzing the 

current status of infrastructural development for developing logistics clusters in Oman. 

1.2.  Problem statement 

Oman is working to establish logistics clusters throughout the country as part of Oman Vision 

2040 to diversify Oman economy and industry beyond the oil driven model. The major 

industrial clusters are in Muscat, Salalah, Sohar, Duqm, Ibri, Nizwa and these face many 

teething problems which have to be solved as the exercise progresses. Moreover Oman will 

be competing for investment and talent with regional powerhouses United Arab Emirates and 

Saudi Arabia in the GCC as well as facing global competition. Logistics clusters depend on 

supportive government in terms of public infrastructure, paying for and maintaining and 

regulating the use of key infrastructure assets such as roads, railways, canals, ports and 

airports and user friendly regulations on land use, infrastructure use, conveyance operations 

and trade to promote logistics clusters. 

1.3.  Research question 

In this research the following research questions will be dealt with 

1. What is the role of infrastructure in logistics clusters developments in Oman? 
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2. What is the current status of infrastructural developments for developing logistics clusters 

in Oman? 

3. What are the bottleneck or challenges in the infrastructural developments for developing logistics 

clusters? 

1.4.  Significance of Research 

The impact of the study, reflects on what constructive and applied contribution the study will 

make to the field of research, while the significance of the study reflects on the extent of the 

contribution made by the study to improve our understanding, to change a concept or to 

promote a new hypothesis in a particular field of research. This study is found to be significant 

in the sense that at present the Government of Oman is giving lot of impetus to the logistic 

sector. This is not only because of its importance in the promotion of national economy but it 

also has significant role to play in supporting other sectors. It is opined that the development 

of the logistic clusters will help in connecting and supporting shipping, storage and cargo 

handling operations at the local and international level, which will result in the creation of new 

markets for local products and supports the promotion of the Sultanate as a promising 

investment destination in different sectors. 

However, in particular, in this study, the researches aims to highlight the importance of 

infrastructural developments in the country’s economic growth as well as what major 

contributions it can make in developing the logistics clusters in Oman. In other works this study 

seeks to highlight how infrastructural developments can act as an enabler in achieving the 

diversification plans under 2040 in Oman.  

This study can also be found significant in the sense that after having extensive literature 

survey this type of study has not been conducted yet, therefore it will significantly add to the 

existing literature and bridge the gap between theory and practice. The results and findings of 

this study will also be helpful to the academic experts as well as industry experts in 

understanding the crucial role infrastructural development has in overall countries economic 

growth and developments and also to a particular sector which in this study is the logistic 

sector. 

2 OBJECTIVES 

The specific objectives of this research are 

1. To understand the role of infrastructure in logistics clusters developments in Oman 
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2. To evaluate the current status of infrastructural developments for developing logistics 

clusters in Oman.  

3. To identify the bottleneck or challenges in the infrastructural developments for developing 

logistics cluste 

3 MATERIALS AND METHODS 

3.1 RESEARCH METHODOLOGY 

Research methodology is the research process or the procedural framework within which the 

research is conducted. According to Leedey and cited by Remenyi et al, (1998), it is “an 

operational framework within which the facts are placed so that their meaning may be seen 

more clearly”. This study is mainly based on quantitative research methods, which focuses on 

numbers and frequencies rather than on meaning and experience. It provides information, 

which is easier to analyze statistically. However, this method is criticized for not providing an 

in-depth description. 

3.2 Research Design 

A research design precisely specifies particular means and methods through which required 

information can be collected for structuring the research as well as seeking specific practical 

solutions to the problem (Kapoor and Kulsherstha, 2010). It is the step aimed at designing the 

research study in such a way that the essential data can be gathered and analyzed to arrive 

at a solution. The following are the design considerations for this research in accordance with 

the guidelines suggested by (Sekaran, 2003). 

3.2.1 The type of Study: 

This study is both exploratory and descriptive in nature. Initially, in this study the researcher 

has followed an exploratory research design, where it was used for discovering the general 

nature of the problem and variables related to it. The secondary data was also analyzed and 

expert opinion was also sought which are common methods of conducting exploratory study. 

After that descriptive research design was used, that is typically concerned with determining 

the frequency with which something occurs or the relationship between two variables. 

3.2.2 Time Horizon of the study: 

This research study is a cross-sectional study because it aimed to collect data just once, over 

a period of months from October 2019 to August 2020 in order to address the research 

objectives. 
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3.2.3 Data Collection: 

It refers to the process of collecting data associated with variables being considered for the 

study. In the present study, a structured closed-ended questionnaire developed specifically 

for the study was sent through e-mail to the logistics managers working in Logistics sector in 

Oman. This study considers logistics managers as those who deal with inbound and outbound 

transportation management, warehousing and materials management, order fulfilment, 

logistics network design, inventory management, supply/demand planning and management 

of 3PL logistics services providers. 

3. 3 Methodology adopted  

Methodology is the strategy, plan of action, process or design lying behind the choice and use 

of particular methods and linking the choice and use of methods to the desired outcomes 

(Crotty, 1998). 

3.3.1 Methodology Strategy: 

Among the several methodologies viz experimental research, survey research, ethnography 

etc, the survey research methodology is considered to be the most appropriate for this 

research. It is concerned with drawing a sample of subjects from a population and studying 

this in order to make inferences about the population. In the case of a large population, only a 

sample of the whole population is used (Hussey, 1997). As methodology is the process of 

making the choice and use of particular methods and linking to the desired outcomes (Crotty, 

1998), it was therefore necessary to identify the methods that should be used in this research. 

The methods used in this research were categorized into two groups. 

1. Questionnaire method to collect the primary data in the survey, as it is the most 

important method for collecting primary data. 

2. During initial stage of the analysis, descriptive statistics such as frequency, percent, 

mean standard deviation etc have been used.  

3.4 Instrument Development: 

Development of the research instrument involves identification of constructs, creating a 

database of items, method of survey to be employed, questionnaire design, pretesting and 

pilot testing of the questionnaire and administration of the final questionnaire. 
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A questionnaire is a pre-formulated written set of questions to which the respondents record 

their answers, usually within rather closely defined alternatives (Sethuraman, 2003). The main 

benefits behind adopting this method are listed as under:- 

1. The main advantage of the questionnaire method is that administering questionnaires 

to the large number of individuals simultaneously is less expensive and less time 

consuming than the other methods (Sethuraman, 2003). Also, as per the nature of the 

present study, it was found to be one of the most suitable method because the 

researcher was not able to access the respondents directly. Therefore, personal 

interviews and other methods of data collection were ignored in this research. 

2. It was used because it is an efficient data collection mechanism where the researcher 

knows exactly what is required and how to measure the variables of interest 

(Sethuraman, 2003). 

3. It was used because quantified information was required concerning a specific 

population (Ticehurst and Veal, 2000). 

The research instrument (appendix A) consisted of structured questionnaire and the 

respondents were required to indicate their suitable responses on some multiple choice 

questions. The survey instrument questionnaire contained items in two parts, the first part 

consisted of the questions related with the general profile of the respondents and the second 

part consisted of the questions related to the importance of infrastructural development for 

Logistics clusters development in Oman. The research instrument was developed in four 

different stages, namely: 

Stage 1: Identification of measures/constructs and development of draft questionnaire, 

Stage2:Pre-testing, 

Stage3: Pilot testing, 

Stage4: Modification of the questionnaire 

3.4.1 Questionnaire Designing: 

Questionnaire survey has been widely acknowledged as an efficient tool for assessing the 

perceptions of organizations on a particular subject. A questionnaire is essentially a data 

capture instrument and lists all the questions to which the researcher wants the respondents 

to answer. In this study, survey questionnaire (online version) which is an internet based 
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questionnaire survey method was used to investigate the importance of infrastructure 

development for logistics clusters development in Oman. 

This study employed a structured closed ended questionnaire designed to collect primary 

data. Some of the advantages of using close-ended questionnaire are that such types of 

questions force the respondents to choose one or more responses from a number of possible 

replies provided in the questionnaire and by restricting the answer set, it is easy to calculate 

percentages and other statistical data collectively on the entire group.  

Generally, there are two broad groups of closed ended questions, namely dichotomous and 

multiple choices. The dichotomous question allows only two possible answers, for example 

yes/no and is the simplest of all closed questions whereas multiple choice questions present 

a list of possible responses from which the respondents may choose one or more responses, 

as the case may be. In this study, both types of questions have been used.  

Furthermore, based upon the feedback during pre-testing and discussion with the subject 

experts, some of the items were reworded and refined. Items that were less comprehendible 

by the respondents during subsequent waves of pre-testing were dropped. Initially the 

questionnaire comprised of a total of 25 questions relating to the various aspects of importance 

of infrastructural developments for logistics clusters development in Oman. But, during the 

pilot testing of the questionnaire, which was conducted to receive the feedback regarding the 

proposed scale and to get some suggestions regarding the items in the questionnaire to 

enhance its clarity, readability and content adequacy, most of the dichotomous questions of 

the nature of yes/no type and items having less significance were dropped and the total 

number of questions were reduced to 15. 

Finally keeping in mind the profile of the respondents, an English version of the questionnaire 

was designed and administered by the researchers to collect the primary data for the study. 

3.4.2 Pre- testing of the Questionnaire: 

Pre- testing is a trial run with a group of respondents for the purpose of detecting problems in 

the questionnaire statements or design, whether the respondents have any difficulty in 

understanding the questionnaire or whether there are any ambiguous or biased questions 

(Sekaran, 2003). The aim of pre-testing the questionnaire was to ensure that the content as 

well as mechanics of compiling the questionnaire had been satisfactory. This was fulfilled by 

asking respondents to first complete the questionnaire and then to comment on its length, 

scale, formats, wording and statements. Based on respondent’s feedback, slight modifications 
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were made in the items to correct ambiguity and in certain cases some of the items were also 

dropped. 

In this study, pre-testing was conducted on five logistics managers and the same number of 

academic experts related to the field from different countries. Based on their valuable 

suggestions some of the items were refined, re-worded, dropped or changed to be more 

representative of the intended constructs, thus enhancing the scale’s content validity. 

3.4.3 Pilot Testing: 

A pilot survey is a small- scale version of the larger survey and relates particularly to the 

questionnaire survey. It is always advisable to conduct one or more pilot surveys before 

starting the main data collection exercise (Malhotra, 2005; Sethuraman, 2003) as it helps in 

detecting weaknesses in design and instrumentation. The size of the pilot group may range 

from 25 to 100 (Cooper and Schindler, 1998). In the present study, the pilot survey was 

conducted on 30 respondents and from the results of validity tests and some basic data 

analysis, some minor changes relating to the format was made to the questionnaire design to 

further improve the understanding.  

3.5 Scale Refinement and Validation: 

It is necessary to develop valid and reliable measures as it enables proper framework for 

establishing dimensions under study. Unless reliability and validity are established, it is very 

difficult to know whether the scales actually measure what they are supposed to measure. 

The validity of a scale is the extent to which the scale fully captures all aspects of the 

constructs to be measured (Parasuraman et al, 1991; Hayes, 1998; Garson, 2002). Among 

several types of validation procedures suggested in the literature, two types are considered 

as being appropriate to the present study. They are content validity and construct validity.  

Content Validity:  

Also known as face validity is simply if the appearance of the scale seems to measure what it 

intends to measure (McDaniel and Gates, 2011). After consulting the subject and the industry 

experts, who reviewed the questionnaire confirmed that in this research most variable terms 

were standard and seem to measure what they intended for. Thus the content validity was 

established. 
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Construct Validity:  

It was established by using constructs from already established valid and reliable scales. 

However, it was provided to the experts on the basis of whom, minor adjustments were done 

keeping in mind the scenario of Oman. 

3.6 Sampling Procedure and Questionnaire Administration: 

The sampling process includes several steps like defining of the population, establishment of 

the sampling frame, specification of the sampling method, determination of the sample size 

and selection of the sample (Malhotra, 2007). 

Step 1: Population: 

Logistic managers working in various logistics companies in Oman formed the population of 

the study. 

Step 2: Sampling Frame: 

The logistics managers belonging to the top 50 logistics and supply chain management 

companies in Oman. 

Step 3: Sampling Unit: 

The logistics managers working at the middle and senior level were chosen as the sampling 

unit. 

Step 4: Sampling Method: 

In this research judgement sampling is used, which is also referred to as purposive sampling. 

In this sample of respondents are selected because the researcher believes they meet the 

requirements of the study. However, the representativeness of the sample cannot be 

measured as it one of the non-probability sampling techniques. 

Step 5: Sample Size: 

The next step in the study involved the determination of the sample size. As a general rule of 

thumb data from at least 300 respondents is deemed comfortable, 500 is considered as very 

good and 1000 as excellent (Comrey and lee, 1992; Tabachnick et al, 2001; Garson, 2007). 

Thus, it was decided to target a total of around 150 respondents. 
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Step 6: Final Sample and Data Collection Method: 

In order to collect the final data and taking into account the nature of the research, around 150 

respondents were approached, of which only 113 managers agreed to participate in the 

survey. The survey was conducted during January 2020- July 2020. As the researchers do 

not have a direct access to the respondents, on line version of the questionnaire was used to 

collect the data, which was emailed to the suitable respondents. 

Due care was taken to ensure that the respondents understood all the questions and 

responded to the best of their ability. Out of 150 questionnaires, 37 questionnaires were found 

to be incomplete and so were not considered for the study. Thus, a total of 113 responses 

were analyzed. This gives an overall response rate of 75.33%, which is considered good for 

this type of study as (Malhotra and Grover, 1998) have suggested a response rate of 20% for 

the positive assessment of the surveys. The   results of the survey are discussed in the next 

chapter. 

3.7 Tools and Techniques used for Data Analysis: 

3.7.1 Data Editing and Coding: 

Using IBM SPSS version 25.0, data was edited by checking and adjusting for errors, 

omissions, legibility and consistency in order to ensure completeness, consistency and 

reliability of the data. This was achieved by using frequency distribution features in SPSS. 

Data was coded by assigning character symbols and edited before it was entered into SPSS. 

Each item in the questionnaire had a unique variable name and coding sheet was used to 

maintain information about how each variable was coded. In relation to data input into SPSS, 

screening and cleaning of data before furthering the data analysis stage was necessary to 

make sure that there were no errors at the stage of keying data. By using descriptive statistics 

in SPSS such as frequency analysis, the data was screened by checking each variable to see 

if the score was out of range for this category. Thus after taking due care, researcher 

proceeded to the data analysis stage. 

3.7.2 Missing Data and Outliers: 

Data cleaning procedure was performed before proceeding with the analysis. Outliers were 

detected by the help of box plots (also called box-whisker diagrams) in SPSS. Moreover, the 

missing values were replaced with the mean values in the database (Field, 2006). 
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3.7.3 Analysis of the Data (Statistical Tools): 

During initial stage of the analysis, descriptive statistics such as frequency, percent, mean 

standard deviation etc. were used.  

3.8 Legal, Ethical and Social Considerations 

Ethical considerations forms a major component in a research. The researcher needs to 

adhere to promote the aims of the research imparting authentic knowledge, truth and 

prevention of error. Furthermore, following ethics enables scholars to deal with collaborative 

approach towards the study with the assistance of the peers, mentors and other contributors 

to the study. This requires values alike accountability, trust, mutual respect and fairness 

among all the parties involved in a study. Other ethical considerations in a research refers to 

accountability towards general public by protecting the human or animal subjects used in the 

study. Similarly appropriate usage of public funds and gaining of public support is also 

important. 

The main purpose of ethics in research is to ensure that no one is harmed or suffers adverse 

consequences as a result of studies being carried out. There are many ethical issues that may 

need to be considered when undertaking research. However in this research the four main 

principles of research ethics have been taken care of, which are mentioned as under:  

a) Minimize the risk of harm:  

There are a number of different types of harm like psychological distress, damage to financial 

status of the participants etc. In this research due care has been taken by the researchers that 

the current study does not cause any harm to the participants involved in this study. 

b) Obtain informed consent:  

Informed consent means that participants should understand that they are taking part in 

research and know what is required of them. This information may include the purpose of the 

research, the methods being used and the possible outcomes. In general the participant 

should be provided with any information that could influence their decision to participate in the 

research. Participants should be volunteers and take part without being coerced or deceived. 

While conducting this research due care was taken that the respondents were well informed 

regarding the purpose of this research and while collecting the data from them, it was assured 

to them that the information collected from them will be only used for academic purpose and 

their details will not be shared with anyone. 
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c) Protect anonymity and confidentiality:  

Research data should be protected at all stages of the process from collection to publication. 

If researchers intend to provide the identity of participants in their study, permission should be 

obtained first. An alternative to disclosing identities is to remove identifiers such as names and 

geographical locations. In this research due care has been taken to maintain the anonymity 

and confidentiality of the respondents. 

d) Provide the right to withdraw:  

Research participants should have the right to withdraw from the process at any point and 

should be made aware of this from the start. If a participant chooses to withdraw they shouldn’t 

be pressured in any way to prevent them from ceasing to participate. Due care was taken in 

this research by the researchers that none of the participants are forced to become the part of 

this research. It was completely on a voluntary basis, that if they wanted and were willing to 

give their responses. 

4 RESULTS AND DISCUSSIONS 

4.1 Introduction: 

This section deals with the analysis of the primary data which was collected to study the 

importance of Infrastructural development for the Logistics clusters development in Oman. 

The analysis starts with the description of the sample, which is divided into two parts. The first 

part (A) deals with the general facts about the respondents. The second part (B) deals with 

the information regarding the importance of infrastructural development for logistics clusters 

development in Oman.  

4.2 Description of the Sample: 

Part (A): General Facts about the respondents: 

4.2.1 Information regarding the area of specialty: 

Table 1: Area of specialty of the respondents in Logistics and supply chain sector  

 

 

S.No. Area of Specialty Frequency Percent 

1. Warehousing 41 36.3 

2. Transportation 29 25.7 

3 Operations 25 22.1 
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4. Others 18 15.9 

 Total 113 100.0 
 

From the above table it is clear that maximum number of respondents i.e. (41%) belonged to 

the warehousing departments whereas 29% belonged to the transportation department 

followed by operations department. 

4.2.2 Nature of organization: 

Table 2: Showing the nature of organization 

S.No. Nature of Organization Frequency Percent 

1. Public 63 55.8 

2. Private 50 44.2 

 Total 113 100.0 
 

The above table shows that majority of the respondents (63%) belonged to the private sector, 

while 50% belonged to the public sector. 

Inferences: 

From the above findings it is clear that majority of the respondents (41%) belonged to the 

warehousing department as logistics managers/experts.  Furthermore, most of the 

respondents belonged to the private sector organizations. With regard to the educational 

qualification of the respondents, most of them have bachelor’s degree followed by master’s 

degree. 

Part (B): Information regarding importance of infrastructural development for the 

logistics clusters development in Oman 

4.2.3: Increased investment in infrastructure is essential for the logistics clusters 

development in Oman 

Figure 1: Showing the information that increased investment in infrastructure is essential for 

the logistics clusters development in Oman. 
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From the above figure it is evident that majority of the respondents were of the view that 

increasing the investment in infrastructure is essential for the logistics clusters development 

in Oman. 

4.2.4: The strategy and direction of Oman’s infrastructure development 

Figure 2: Showing the level of understanding of the respondents regarding the strategy and 

direction of Oman’s infrastructure development  

 

From the pie chart it is clear that majority of the respondents understood the strategy and 

direction of infrastructural development in Oman. Also, most of the respondents agreed with 

the statement but they were of the view that they understood it in general but not in all areas.  

4.2.5: Investments in infrastructure will become a significant impulse for Oman’s 

economic development 

Figure 3: Showing that investment in infrastructure will become a significant impulse for 

Oman’s economic development 
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Yes from the figure above it is evident that majority of the respondents agreed with the view 

that investment in infrastructure will become a significant impulse for Oman’s economic 

development. 

4.2.6: Considering investment projects an effective way of using the resources of the 

National Welfare Fund 

Table 4: Considering investment projects an effective way of using the resources of the 

National Welfare Fund 

 

 

S.No. Responses Frequency Percent 

1. Yes 55 48.7 

2. Yes, but not in all areas 29 25.7 

3 No 22 19.5 

4. Can’t say 7 6.2 

 Total 113 100.0 

 

From the above table it is clear that majority of the respondents agreed with the statement that 

investment projects was an effective way of using the resources of the National Welfare Fund 

4.2.7: Megaprojects are effective, or is it better to concentrate on local projects tied to 

business projects (Special economic zones, industrial parks and clusters)? 

Figure 4: Showing that megaprojects are effective, or is it better to concentrate on local 

projects tied to business projects (Special economic zones, industrial parks and clusters). 
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From the above figure it is evident that majority of the respondents were of the view that for 

developing infrastructure megaprojects were needed and it can be more effective if there is 

through and balanced planning. 

4.2.8: The prospects of involving foreign business in Oman’s infrastructure projects? 

Figure 5: Showing the prospects of involving foreign business in Oman’s infrastructure projects 

 

 

The above figure indicates that majority of the respondents agreed with the statement that 

involvement of foreign businesses in Oman’s infrastructure projects will not be more effective 

as they don’t understand Oman’s specifics well enough. Also, there are considerable number 

of respondents who believe that foreign involvement was feasible but only in certain segments.  

4.2.9: Measures that would make investments in Oman’s infrastructure more effective? 

Figure 6: Showing the measures that would make investments in Oman’s infrastructure more 

effective. 
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From the above figure it is evident that majority of the respondents were of the view that 

measures like a) Improving the quality of project preparation and selection b) Ensuring that 

tenders are transparent and competitive would make investments in Oman’s infrastructure 

more competitive.  

4.2.10: The involvement of private partners or investors (including the use of PPP 

mechanisms) would make state investments in infrastructure projects more effective? 

Table 4: The involvement of private partners or investors (including the use of PPP 

mechanisms) would make state investments in infrastructure projects more effective. 

 

 

S.No. Responses Frequency Percent 

1. Yes 79 69.9 

2. Yes, but not in all areas 21 18.6 

3 No 12 10.6 

4. Can’t say 1                0.9 

 Total 113 100.0 

 

From the above table, it is clear that majority of the respondents were in favor of the 

involvement of private partners or investors (including the use of PPP mechanisms) for making 

state investments in infrastructure projects more effective. 

4.2.11: In Oman largest direction of planned infrastructure investments for the logistics 

clusters development has been into; 

 

Figure 7: Showing in Oman largest direction of planned infrastructure investments for the 

logistics clusters development  
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From the above figure it is clearly evident that majority of the respondents believed that in 

Oman the largest direction of planned infrastructure investments for logistics clusters 

development was for the construction of roads and bridges, followed by railway and transport 

infrastructure.  Power and utilities segment (Including electric power supply, water supply, and 

gas supply infrastructure projects) followed the next priority.  

4.2.12: The major benefit of investment in Information and communication technology 

infrastructure Viz- a- Viz Logistics clusters development in the country 

Figure 8: Showing the major benefit of investment in Information and communication 

technology infrastructure Viz- a- Viz Logistics clusters development in the country 
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From the figure above it is very clear that majority of the respondents were of the view that 

major benefit of investment in Information and communication technology infrastructure Viz- 

a- Viz Logistics clusters development in the country would make the population more resilient 

and it will lead to increase in the amount , timeliness and quality of information available. 

 

4.2.13: The most positive impact of infrastructure development for the development of 

the logistics clusters in Oman would be 

Figure 9: Showing the most positive impact of infrastructure development for the development 

of the logistics clusters in Oman  

 

 

 

From the figure above, it is evident that majority of the respondents believed that lower cost 

of production and increased net output for the national economy can be the positive impact of 

infrastructure development for the development of the logistics clusters in Oman. 

4.2.14: Infrastructural developments for logistics clusters development will lead to rapid 

industrialization in Oman 

Table 5: Infrastructural developments for logistics clusters development will lead to rapid 

industrialization in Oman 

S.No. Responses Frequency 
Percent 

 

1. Yes 79 69.9 

2 No 34 30.1 

 Total 113 100.0 
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From the above table it is clear that majority of the respondents were of the view that 

infrastructural developments for logistics clusters development will lead to rapid 

industrialization in Oman. 

4.2.15: The main obstacles of infrastructure development in your region 

Figure 10: Showing the main obstacles of infrastructure development in your region 

 

 

 

 

 

From the above figure it is clear that most of the respondents believed that that the major 

obstacle of the infrastructural development in their region was lack of adequate financing, 

followed by lack of a regional policy for infrastructure development and lack of 

synchronization between regional strategy or policy and federal programs. 

 

4.2.16:  The key factors affecting the cost of infrastructure projects in your region 

Figure 11: Showing the key factors affecting the cost of infrastructure projects in your region 
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It is clear from the above figure that the most important factor affecting the cost of 

infrastructure projects in the region of the respondents were the cost of financing and loans, 

followed by the difficulties related to climatic and weather conditions. 

4.2.17: The chief obstacles to obtaining private investments for infrastructure 

development in Oman 

Figure 12: Showing the chief obstacles to obtaining private investments for infrastructure 

development in Oman 

 

 

From the above figure it is evident that majority of the respondents were of the view 

that lack of sufficient funds in the private sector, followed by inadequate guarantees of 
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a return on investments were the chief obstacles in obtaining the private investments 

for the infrastructure development in Oman. 

5 CONCLUSION 

As far as the infrastructural development is concerned the Sultanate of Oman is the fastest 

growing countries. It has become a sought after investment destination due to its flourishing 

construction industry. This has also become possible mainly due to favorable foreign 

investment regulations and incentives; ambitious agenda of economic diversification and 

massive support of the government for developing the infrastructure like water, power, tourism, 

logistics and transport. The establishment of special economic zones has also provided an 

impetus for investment to those companies seeking opportunities in the infrastructure sector. 

From the study, it is evident that the Sultanate has world class infrastructure like the excellent 

network of roads, ports, free zones, airports and industrial zones.  

This it can be said that Oman has the great potential to support and sustain the logistics 

clusters development.   

6. Recommendations 

On the basis of the findings of the study, it can be recommended that logistics sector being 

one of the main focus of the government’s diversification plan, it presents a great opportunity 

for both the domestic and foreign investors to invest in transport and logistics sectors and its 

associated services. Also, the recent transport infrastructure developments and advances 

highlighted in this study further proves Oman’s long standing record of providing stable and 

business friendly environment.  
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APPENDIX A (QUESTIONNAIRE) 
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QUESTIONNAIRE 

Dear Sir /Madam: 

We are undertaking a study on Importance of Infrastructural Development for Logistics 

Clusters Development in Oman. As a part of this research, the response of logistics Managers/ 

Experts on the subject is being sought. You can help me by taking a few moments to complete 

this questionnaire. This information is being collected primarily for academic purpose and will 

be kept confidential.  

Please tick the most appropriate option. 

Part (A): Profile of the respondents 

A. Designation………………………………………………………………………. 

B. Area of specialty in Logistics 

i. Warehousing  ii. Transportation      iii Operations   iv Others……………. 

C. Educational qualification………………………………………………………… 

D. Years of Experience…………………………………………………………………. 

E. Nature of organization 

i. Private                     ii Public 
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Part (B): Information regarding importance of infrastructural 

development for the logistics clusters development in Oman. 

1. Do you agree that increased investment in infrastructure is essential for the logistics 

clusters development in Oman? 

a) Yes                                     b) No  

2. Do you understand the strategy and direction of Oman’s infrastructure development? 

a) Yes             b) Yes, but not in all areas        c) No                  d) Can’t say 

3. Do you agree that investments in infrastructure will become a significant impulse for 

Oman’s economic development? 

a) Yes             b) Yes, but not in all areas         c) No                   d) Can’t say 

4. Do you consider investment projects an effective way of using the resources of the 

National Welfare Fund? 

a) Yes      b) Yes, but such projects must meet strict requirements        c) No    d) Can’t say 

5. Do you think megaprojects are effective, or is it better to concentrate on local projects 

tied to business projects (Special economic zones, industrial parks and clusters)? 

a) Yes, megaprojects are needed    

b) Megaprojects can be effective if there is thorough and balanced planning 

c) No, smaller projects focusing on bottlenecks are more effective 

d) Can’t say 

6. What do you think about the prospects of involving foreign business in Oman’s 

infrastructure projects? 

a) They don't understand Oman’s specifics well enough to be effective here 

b) Foreign involvement is feasible, but only in certain segments 

c) Foreign business has little motivation since quality control over project implementation and 

spending is ineffective 

d) We need their experience and technology, so every incentive should be provided for foreign 

involvement in infrastructure projects 

e) Foreign investors entering the market, especially in the regions, incur high costs 
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7. What measures would make investments in Oman’s infrastructure more effective? 

a) Improving the quality of project preparation and selection 

b) Ensuring that tenders are transparent and competitive 

c) Well-functioning mechanisms for obtaining state financing or support 

d) Simplified procedures for obtaining state approvals 

e) Involving foreign organizations that have experience with similar projects 

f) Other 

8. Do you think the involvement of private partners or investors (including the use of PPP 

mechanisms) would make state investments in infrastructure projects more effective? 

a) Yes                      b) Yes, but not substantially                c) No        d) Can’t say   

9. According to you, in Oman largest direction of planned infrastructure investments for 

the logistics clusters development has been into; 

a) Railway transport infrastructure development 

b) Road and Bridge construction 

c) Power and utilities segment (Including electric power supply, water supply, and gas supply 

infrastructure projects) 

d) Air transport 

e) Maritime transport 

10. Can you please select the major benefit of investment in Information and 

communication technology infrastructure Viz- a- Viz Logistics clusters development in 

the country? 

a) It will make the population resilient 

b) It will lead to increase in the amount, timeliness and quality of information available 

c) It will lead to better job opportunities 

d) It will promote learning 

e) It will lead to reduction in transportation cost. 
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11. According to you the most positive impact of infrastructure development for the 

development of the logistics clusters in Oman would be 

a) Lower costs of production 

b) Increased net output for the national economy 

c) Widening labor catchment areas 

d) Increased competition 

e) Increased inward investment 

f) Reorganization of land use 

g) Previously inaccessible sites opened for development 

12. Do you think that infrastructural developments for logistics clusters development will 

lead to rapid industrialization in Oman? 

a) Yes                                                 b)   No 

13. What do you consider the main obstacles of infrastructure development in your 

region? 

a) Inadequate financing 

b) Lack of a regional policy for infrastructure development 

c) Lack of synchronization between regional strategy or policy and federal programs 

d) Corruption, theft or bribery 

e) Other 

14. What are the key factors affecting the cost of infrastructure projects in your region?  

a) The cost of financing and loans 

b) Difficulties due to climatic and weather conditions 

c) The availability and qualification of contractors in the region 

d) A simplified procedure for interaction with state agencies 

e) Other 
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15. What do you consider the chief obstacles to obtaining private investments for 

infrastructure in Oman? 

a) Lack of sufficient funds in the private sector 

b) Inadequate guarantees of a return on investments 

c) Lack of a clear and detailed strategy for infrastructure development and consequently a poor  

d) Understanding of the potential of such investments 

e) Non-competitive access to infrastructure projects 

f) Other 
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EXECUTIVE SUMMARY 

The concept of a ‘Cluster’ is not new in the available literature. In simple words, it can be 

defined as “an area of economic market opportunity where businesses expand in a number of 

industry segments”. According to Professor Yossi Sheffi; Logistics clusters are defined as 

“Geographically concentrated sets of logistics related companies, distributors, manufacturers 

and retailers”. The main purpose of this study is to highlight the benefits and challenges in the 

establishment of Logistics clusters in Oman, which is part of its vision 2040. In the Sultanate 

the major logistics clusters are planned in Muscat, Salalah, Sohar, Duqm, Ibri, and Nizwa with 

the aim of diversifying its economy and industry beyond the oil driven model. 

However, these regions may face some challenges as the exercise progresses like the 

competition for attracting investments and the talent with the regions powerhouses like UAE 

and Saudi Arabia in the GCC as well as from the developed countries. Thus in this study, the 

researchers intend to collect the data through the survey method from the respondents found 

to be suitable for this study. The findings of the study mainly highlight towards the benefits and 

challenges of establishing the logistics clusters in the country. Some of the limitations of the 

study are improper representation of the target population, hindering the researchers in 

achieving its desired aims and objectives. Also, in this research structured questionnaire with 

closed ended questions have been used for collecting data, therefore, the results cannot 

always represent the actual occurring; in a generalized form.  
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1 INTRODUCTION 

The Sultanate of Oman is located strategically at an important position at the mouth of the 

Persian Gulf. The country shares its land borders with the UAE in the North West, Saudi Arabia 

in the West and Yemen in the South West. It also shares its marine borders with Iran and 

Pakistan. The Sultanate is a member nation of UN, the Arab league, The GCC, NAM and the 

organization of Islamic cooperation. It ranks 25th Globally in terms of Oil reserves and has 

been ranked as the most improved nations in the world by UNO development programme 

during the preceding 40 years.  

It is categorized as a high income economy and has sought to decrease its dependence on 

Oil, to build a modern economy, so as to position itself as a leader in the Middle East Region. 

In this study, the researchers aimed to analyze the benefits and challenges of establishing 

logistics clusters development in Oman, as over the years the country has made an active 

plan to diversify its economy and greater emphasis has been placed on other areas of the 

industry namely tourism and logistics.  

1.2.  Problem statement 

Like many of its neighbors in the Middle East, Oman is a country built on oil. When global oil 

prices crashed in 2014, dragged down by a massive supply glut amid slowing demand, the 

oldest independent state in the Arab world took an inevitable hit. Oman lost about US$10 

billion (€9.1 billion) in revenues in 2015, going by World Bank estimates — a big blow for a 

small country where oil production had accounted for around 44 percent of its economy 

between  2011 to 2015. The nation’s budget deficit stands at 9 percent of its gross domestic 

product (GDP) in 2019, while government debt is more than 60 percent of GDP, and rising. 

To make matters worse, Oman’s fossil fuel reserves are dwindling. To reinvigorate the country, 

Oman’s leaders are driving a complete overhaul of the economy by turning to other sectors 

for growth. In 2016, Oman unveiled its new National Program for Enhancing Economic 

Development, or TANFEEDH, which aims to diversify the economy through five high-potential 

sectors: manufacturing, tourism, mining, fisheries, and transport and logistics. 

The goal is to ultimately reduce its over-reliance on oil. Logistics, in particular, is set to play a 

pivotal role in that journey.   

 

 

https://www.worldbank.org/en/country/gcc/publication/economic-brief-oman-july-2016
https://www.worldbank.org/en/country/gcc/publication/economic-brief-oman-july-2016
https://moneymaven.io/economonitor/emerging-markets/oman-s-make-or-break-economic-transition-53RvAEZ4EEmP2rH8AJIlYw/
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1.3.  Research question 

1.  What are Logistics clusters? 

2. Why is the establishment of logistics clusters important for the economic development of 

the country and Oman in particular? 

3. What are the factors/enablers of logistics cluster establishment in Oman?  

4. What are the benefits of establishing logistics cluster in Oman? 

5. What are the challenges/impediments in establishing logistics clusters in Oman? 

 

1.4.  Significance of Research 

Recent years have seen more attention paid to the logistics sector in the Sultanate, given the 

importance of logistics in the promotion of the national economy and also to make the 

Sultanate a key center for logistics in the world. In addition, to utilizing the geographical 

location of the Sultanate and infrastructure in ports, airports and road sectors, efforts have 

also been made to take the advantage of the secure and stable political climate, which is one 

of the basic elements needed to make a significant development in the logistics service 

industry. Moreover it has also been predicted that substantial investments in the logistics 

sector in recent years will help Oman to emerge as a major logistics hub in the world. Given 

the importance of the sector in the promotion of the national economy, several investments 

have been made in ports, airports and roads sectors which is in line with a strategic plan for 

the logistics sector that was created in light of the directions of the Ninth Five-Year 

Development Plan (2016-2020).  

Thus it is evident that Logistic sector has been identified as one of the most promising sector 

contributing to the growth and development of Sultanate of Oman. In particular this study is 

significant in the sense that  

1. It will facilitate and provide hands-on research experience/training for the young Omani 

students to be involved in the projects  

2. It will help in producing new knowledge and evidence based research in Oman  

3. It will promote publication of research articles at national/international forum which greatly 

contributes in building quality research culture at MEC and in Oman  
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4. It aims to contribute towards realization of Sultanate of Oman Logistics Strategy SOLS 2040 

and vision 2040 goals to achieve progress in logistics which emphasizes on the need for 

developing a competitive team of researchers in the field of logistics. 

2 OBJECTIVES 

The specific objective of this research are  

1. To study in detail the role of Logistics clusters in the growth and development of economy 

in general and its contribution to the Sultanate of Oman in particular.  

2. To identify the factors/enablers of logistics cluster establishment in Oman.  

3. To identify the benefits of establishing logistics cluster in Oman. 

4. To figure out the challenges/impediments in establishing logistics clusters in Oman. 

3 MATERIALS AND METHODS 

3.1 Research Methodology 

Research methodology is the research process or the procedural framework within which the 

research is conducted. According to Leedey and cited by Remenyi et al, (1998), it is “an 

operational framework within which the facts are placed so that their meaning may be seen 

more clearly”. This study is mainly based on quantitative research methods, which focuses on 

numbers and frequencies rather than on meaning and experience. It provides information, 

which is easier to analyze statistically. However, this method is criticized for not providing an 

in-depth description. 

3.2 Research Design 

A research design precisely specifies particular means and methods through which required 

information can be collected for structuring the research as well as seeking specific practical 

solutions to the problem (Kapoor and Kulsherstha, 2010). It is the step aimed at designing the 

research study in such a way that the essential data can be gathered and analyzed to arrive 

at a solution. The following are the design considerations for this research in accordance with 

the guidelines suggested by (Sekaran, 2003). 
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3.2.1 The type of Study: 

This study is both exploratory and descriptive in nature. Initially, in this study the researcher 

has followed an exploratory research design, where it was used for discovering the general 

nature of the problem and variables related to it. The secondary data was also analyzed and 

expert opinion was also sought which are common methods of conducting exploratory study. 

After that descriptive research design was used, that is typically concerned with determining 

the frequency with which something occurs or the relationship between two variables. 

3.2.2 Time Horizon of the study: 

This research study is a cross-sectional study because it aimed to collect data just once, over 

a period of months from October 2019 to August 2020 in order to address the research 

objectives. 

3.2.3 Data Collection: 

It refers to the process of collecting data associated with variables being considered for the 

study. In the present study, a structured closed-ended questionnaire developed specifically 

for the study was sent through e-mail to the logistics managers working in Logistics sector in 

Oman. This study considers logistics managers as those who deal with inbound and outbound 

transportation management, warehousing and materials management, order fulfilment, 

logistics network design, inventory management, supply/demand planning and management 

of 3PL logistics services providers. 

3. 3 Methodology adopted  

Methodology is the strategy, plan of action, process or design lying behind the choice and use 

of particular methods and linking the choice and use of methods to the desired outcomes 

(Crotty, 1998). 

3.3.1 Methodology Strategy: 

Among the several methodologies viz experimental research, survey research, ethnography 

etc, the survey research methodology is considered to be the most appropriate for this 

research. It is concerned with drawing a sample of subjects from a population and studying 

this in order to make inferences about the population. In the case of a large population, only a 

sample of the whole population is used (Hussey, 1997). As methodology is the process of 

making the choice and use of particular methods and linking to the desired outcomes (Crotty, 

1998), it was therefore necessary to identify the methods that should be used in this research. 

The methods used in this research were categorized into two groups. 
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1. Questionnaire method to collect the primary data in the survey, as it is the most 

important method for collecting primary data. 

2. During initial stage of the analysis, descriptive analysis, T- tests, Correlation and 

multivariate analysis etc have been used. 

 

3.4 Instrument Development: 

Development of the research instrument involves identification of constructs, creating a 

database of items, method of survey to be employed, questionnaire design, pretesting and 

pilot testing of the questionnaire and administration of the final questionnaire. 

A questionnaire is a pre-formulated written set of questions to which the respondents record 

their answers, usually within rather closely defined alternatives (Sethuraman, 2003). The main 

benefits behind adopting this method are listed as under:- 

1. The main advantage of the questionnaire method is that administering questionnaires 

to the large number of individuals simultaneously is less expensive and less time 

consuming than the other methods (Sethuraman, 2003). Also, as per the nature of the 

present study, it was found to be one of the most suitable method because the 

researcher was not able to access the respondents directly. Therefore, personal 

interviews and other methods of data collection were ignored in this research. 

2. It was used because it is an efficient data collection mechanism where the researcher 

knows exactly what is required and how to measure the variables of interest 

(Sethuraman, 2003). 

3. It was used because quantified information was required concerning a specific 

population (Ticehurst and Veal, 2000). 

The research instrument (appendix A) consisted of structured questionnaire and the 

respondents were required to indicate their suitable responses on five point Likert scale. The 

survey instrument questionnaire contained items in two parts, the first part consisted of the 

questions related with the general profile of the respondents and the second part consisted of 

the questions related to the establishment of logistics clusters in Oman: Benefits and 

challenges. The research instrument was developed in four different stages, namely: 

Stage 1: Identification of measures/constructs and development of draft questionnaire, 

Stage2:Pre-testing, 

Stage3: Pilot testing, 
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Stage4: Modification of the questionnaire 

3.4.1 Questionnaire Designing: 

Questionnaire survey has been widely acknowledged as an efficient tool for assessing the 

perceptions of organizations on a particular subject. A questionnaire is essentially a data 

capture instrument and lists all the questions to which the researcher wants the respondents 

to answer. In this study, survey questionnaire (online version) which is an internet based 

questionnaire survey method was used to investigate benefits and challenges of the 

establishment of logistics clusters in Oman.  

This study employed a structured closed ended questionnaire designed to collect primary 

data. Some of the advantages of using close-ended questionnaire are that such types of 

questions force the respondents to choose one or more responses from a number of possible 

replies provided in the questionnaire and by restricting the answer set, it is easy to calculate 

percentages and other statistical data collectively on the entire group.  

Generally, there are two broad groups of closed ended questions, namely dichotomous and 

multiple choices. The dichotomous question allows only two possible answers, for example 

yes/no and is the simplest of all closed questions whereas multiple choice questions present 

a list of possible responses from which the respondents may choose one or more responses, 

as the case may be. In this study, both types of questions have been used.  

Furthermore, based upon the feedback during pre-testing and discussion with the subject 

experts, some of the items were reworded and refined. Items that were less comprehendible 

by the respondents during subsequent waves of pre-testing were dropped. During the pilot 

testing of the questionnaire, which was conducted to receive the feedback regarding the 

proposed scale and to get some suggestions regarding the items in the questionnaire to 

enhance its clarity, readability and content adequacy, most of the dichotomous questions of 

the nature of yes/no type and items having less significance were dropped. 

Finally keeping in mind the profile of the respondents, an English version of the questionnaire 

was designed and administered by the researchers to collect the primary data for the study. 

 

3.4.2 Pre- testing of the Questionnaire: 

Pre- testing is a trial run with a group of respondents for the purpose of detecting problems in 

the questionnaire statements or design, whether the respondents have any difficulty in 
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understanding the questionnaire or whether there are any ambiguous or biased questions 

(Sekaran, 2003). The aim of pre-testing the questionnaire was to ensure that the content as 

well as mechanics of compiling the questionnaire had been satisfactory. This was fulfilled by 

asking respondents to first complete the questionnaire and then to comment on its length, 

scale, formats, wording and statements. Based on respondent’s feedback, slight modifications 

were made in the items to correct ambiguity and in certain cases some of the items were also 

dropped. 

In this study, pre-testing was conducted on five logistics managers and the same number of 

academic experts related to the field from different countries. Based on their valuable 

suggestions some of the items were refined, re-worded, dropped or changed to be more 

representative of the intended constructs, thus enhancing the scale’s content validity. 

3.4.3 Pilot Testing: 

A pilot survey is a small- scale version of the larger survey and relates particularly to the 

questionnaire survey. It is always advisable to conduct one or more pilot surveys before 

starting the main data collection exercise (Malhotra, 2005; Sethuraman, 2003) as it helps in 

detecting weaknesses in design and instrumentation. The size of the pilot group may range 

from 25 to 100 (Cooper and Schindler, 1998). In the present study, the pilot survey was 

conducted on 15 respondents and from the results of validity tests and some basic data 

analysis, some minor changes relating to the format was made to the questionnaire design to 

further improve the understanding.  

3.5 Scale Refinement and Validation: 

It is necessary to develop valid and reliable measures as it enables proper framework for 

establishing dimensions under study. Unless reliability and validity are established, it is very 

difficult to know whether the scales actually measure what they are supposed to measure. 

The validity of a scale is the extent to which the scale fully captures all aspects of the 

constructs to be measured (Parasuraman et al, 1991; Hayes, 1998; Garson, 2002). Among 

several types of validation procedures suggested in the literature, two types are considered 

as being appropriate to the present study. They are content validity and construct validity. 

Content Validity:  

Also known as face validity is simply if the appearance of the scale seems to measure what it 

intends to measure (McDaniel and Gates, 2011). After consulting the subject and the industry 

experts, who reviewed the questionnaire confirmed that in this research most variable terms 
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were standard and seem to measure what they intended for. Thus the content validity was 

established. 

Construct Validity:  

It was established by using constructs from already established valid and reliable scales. 

However, it was provided to the experts on the basis of whom, minor adjustments were done 

keeping in mind the scenario of Oman. 

3.6 Sampling Procedure and Questionnaire Administration: 

The sampling process includes several steps like defining of the population, establishment of 

the sampling frame, specification of the sampling method, determination of the sample size 

and selection of the sample (Malhotra, 2007). 

Step 1: Population: 

Logistic managers working in various logistics companies in Oman formed the population of 

the study. 

Step 2: Sampling Frame: 

The logistics managers belonging to the top 50 logistics and supply chain management 

companies in Oman. 

Step 3: Sampling Unit: 

The logistics managers working at the middle and senior level were chosen as the sampling 

unit. 

Step 4: Sampling Method: 

In this research judgement sampling is used, which is also referred to as purposive sampling. 

In this sample of respondents are selected because the researcher believes they meet the 

requirements of the study. However, the representativeness of the sample cannot be 

measured as it one of the non-probability sampling techniques. 

Step 5: Sample Size: 

The next step in the study involved the determination of the sample size. As a general rule of 

thumb data from at least 300 respondents is deemed comfortable, 500 is considered as very 

good and 1000 as excellent (Comrey and lee, 1992; Tabachnick et al, 2001; Garson, 2007). 

Thus, it was decided to target a total of around 150 respondents. 
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Step 6: Final Sample and Data Collection Method: 

 

In order to collect the final data and taking into account the nature of the research, around 150 

respondents were approached, of which only 64 managers agreed to participate in the survey. 

The survey was conducted during December 2019- July 2020. As the researchers do not have 

a direct access to the respondents, on line version of the questionnaire was used to collect 

the data, which was emailed to the suitable respondents. 

Due care was taken to ensure that the respondents understood all the questions and 

responded to the best of their ability. Thus, a total of 64 responses were analyzed. This gives 

an overall response rate of 42.66%, which is considered good for this type of study as 

(Malhotra and Grover, 1998) have suggested a response rate of 20% for the positive 

assessment of the surveys. The   results of the survey are discussed in the next chapter. 

3.7 Tools and Techniques used for Data Analysis: 

3.7.1 Data Editing and Coding: 

Using IBM SPSS version 25.0, data was edited by checking and adjusting for errors, 

omissions, legibility and consistency in order to ensure completeness, consistency and 

reliability of the data. This was achieved by using frequency distribution features in SPSS. 

Data was coded by assigning character symbols and edited before it was entered into SPSS. 

Each item in the questionnaire had a unique variable name and coding sheet was used to 

maintain information about how each variable was coded. In relation to data input into SPSS, 

screening and cleaning of data before furthering the data analysis stage was necessary to 

make sure that there were no errors at the stage of keying data. By using descriptive statistics 

in SPSS such as frequency analysis, the data was screened by checking each variable to see 

if the score was out of range for this category. Thus after taking due care, researcher 

proceeded to the data analysis stage. 

3.7.2 Missing Data and Outliers: 

Data cleaning procedure was performed before proceeding with the analysis. Outliers were 

detected by the help of box plots (also called box-whisker diagrams) in SPSS. Moreover, the 

missing values were replaced with the mean values in the database (Field, 2006). 
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3.7.3 Analysis of the Data (Statistical Tools): 

During initial stage of the analysis, descriptive analysis, T-tests, Correlation, Multivariate 

analysis etc. were used.  

3.8 Legal, Ethical and Social Considerations 

Ethical considerations forms a major component in a research. The researcher needs to 

adhere to promote the aims of the research imparting authentic knowledge, truth and 

prevention of error. Furthermore, following ethics enables scholars to deal with collaborative 

approach towards the study with the assistance of the peers, mentors and other contributors 

to the study. This requires values alike accountability, trust, mutual respect and fairness 

among all the parties involved in a study. Other ethical considerations in a research refers to 

accountability towards general public by protecting the human or animal subjects used in the 

study. Similarly appropriate usage of public funds and gaining of public support is also 

important. 

The main purpose of ethics in research is to ensure that no one is harmed or suffers adverse 

consequences as a result of studies being carried out. There are many ethical issues that may 

need to be considered when undertaking research. However in this research the four main 

principles of research ethics have been taken care of, which are mentioned as under:  

a) Minimize the risk of harm:  

There are a number of different types of harm like psychological distress, damage to financial 

status of the participants etc. In this research due care has been taken by the researchers that 

the current study does not cause any harm to the participants involved in this study. 

b) Obtain informed consent:  

Informed consent means that participants should understand that they are taking part in 

research and know what is required of them. This information may include the purpose of the 

research, the methods being used and the possible outcomes. In general the participant 

should be provided with any information that could influence their decision to participate in the 

research. Participants should be volunteers and take part without being coerced or deceived. 

While conducting this research due care was taken that the respondents were well informed 

regarding the purpose of this research and while collecting the data from them, it was assured 

to them that the information collected from them will be only used for academic purpose and 

their details will not be shared with anyone. 
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c) Protect anonymity and confidentiality:  

Research data should be protected at all stages of the process from collection to publication. 

If researchers intend to provide the identity of participants in their study, permission should be 

obtained first. An alternative to disclosing identities is to remove identifiers such as names and 

geographical locations. In this research due care has been taken to maintain the anonymity 

and confidentiality of the respondents. 

d) Provide the right to withdraw:  

Research participants should have the right to withdraw from the process at any point and 

should be made aware of this from the start. If a participant chooses to withdraw they shouldn’t 

be pressured in any way to prevent them from ceasing to participate. Due care was taken in 

this research by the researchers that none of the participants are forced to become the part of 

this research. It was completely on a voluntary basis, that if they wanted and were willing to 

give their responses. 

4 RESULTS AND DISCUSSIONS 

From the analysis of the data, it is evident that majority of the respondents were managers 

working in operations management department followed by the transportation department in 

their companies. Most of the respondents have master’s degree as their highest qualification 

followed by diploma. Experience wise, majority of the respondents had 4 -7 years of work 

experience followed by 1 – 3 years and they mostly belonged to the private sector 

organizations.  

From the interpretations of the analysis of the data, it is evident that the respondents were of 

the view that benefits of establishing logistics clusters in the country are motivating and it will 

help in improving supply chain security; the level of customs service will also improve and help 

in attracting internationally focused logistics activities. The results of the study also reveal that 

both the public and private sector respondents were of the view of the view that the 

establishment of logistics clusters would help in expanding the ease of moving cargo between 

entities within the country and would also help in developing gateways (ports and airports) as 

locations of national strategic interest. The respondents were also of the view that it will help 

in creating and improving the research capabilities for addressing supply chain challenges and 

also support the development of small and medium sized logistics firms. Majority of the 

respondents also agreed with the fact that it will help in creating an exchange market for 
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logistics services and make available logistical information among the actors involved in port 

related freight distribution.  

The other benefits of the establishment of logistics clusters in Oman, as highlighted from the 

findings of the study are it may help in developing the capabilities to handle refrigerated cargo, 

provided facilities to load or unload commodities in containers, develop re- cycling and re – 

use supply chains. Furthermore, it is also indicated that it will help in improving the use of 

existing transport assets and reduce congestions.  

As far as the challenges pertaining to establishment of logistics clusters are concerned, the 

findings of the study suggests  that the challenges like cyber security and hacking , loss of 

duty income, impact on surrounding communities, biased research, additional delivery costs 

and delays etc. will have more impact on the private sector as compared to the public sector. 

However, some of the challenges like two tier system in custom clearance, decline in 

compliance, infractions in customs regulations, loss of customs duty income, duplication of 

infrastructure, reduction in employment due to efficiency improvements, expatriation of profits, 

lack of labor, creation of two tier market for logistics service, compliance and certification cost, 

fluctuations in the commodity market, additional delivery costs and delays etc. will have more 

impact on the public sector as compared to the private sector.  

5 CONCLUSION 

On the basis of the extensive literature survey and from the findings of the study, it can be 

said that the subject of logistics clusters have been growing in the body of literature. However, 

the researches on the benefits and challenges of establishing logistics clusters are still in its 

infancy. Some of the major benefits of the logistics clusters establishment highlighted in this 

study are  

1. It may help in improving the effectiveness of customs operation with single window 

initiatives.  

2. Improve supply chain security and promote cross border agreements to develop cross – 

border logistics.  

3. It may help in the promotion of the exports and attract internationally focused logistics 

activities.  

4. It may lead to better integration between major gateways such as ports and airports and 

additional flexibility in supply chain management.  
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5. Better connectivity to global maritime shipping and better use and co- ordination of regional 

transportation. 

6. It may also promote the setting of logistics services firms and lower operational cost through 

joint infrastructure and utilities. 

7. The establishment of logistics clusters in the country may also lead to the development of 

logistics zone adjacent to the ports and facilitate imports and exports as well as reduce local 

congestion.  

8. It may also lead to the promotion of logistics as career path and expand capabilities through 

technical training.  

9. The participants of the study have also indicated that the logistics clusters can help in 

executing reverse – logistics activities.  

The findings of the study also points towards some of the challenges related to the logistics 

clusters like the issue of cybersecurity and hacking, two – tier system in customs clearance 

and decline in compliances; duplication of infrastructure, reduction in employment due to 

efficiency improvements, the expatriation of profits and additional delivery cost and delays.  

However, the advantages or benefits of having logistics clusters are more as compared to the 

challenges 

6 RECOMMENDATIONS 

On the basis of the findings of the study the following recommendations can be suggested 

1. In order to attract firms to specific regions the potential collaborative benefits and 

opportunities offered by the logistics clustering should be highlighted.  

2. The firms should explore and evaluate the opportunities to undertake reverse logistics 

activities within the logistics clusters. 

3. The establishment of logistics clusters may offer career mobility opportunities as large pool 

of well qualified personnel can be attracted to such clusters mainly due to job advancement 

opportunities. However, it also pose a challenge to the managers due to the fact that it may 

lead to the issue of employee turnovers due to job hopping within the clusters for quicker 

promotion or career growth. 
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QUESTIONNAIRE 

 

Dear Sir /Madam: 

 

We are undertaking a study on Establishment of Logistics Clusters in Oman: Benefits and 

Challenges. As a part of this research, the response of logistics managers on the subject is 

being sought. You can help me by taking a few moments to complete this questionnaire. This 

information is being collected primarily for academic purpose and will be kept confidential.  

Please tick (√) the most appropriate option.  

Part (A): Profile of the respondents. 

A. Designation………………………………………………………………………. 

B. Area of specialty in Logistics 

i. Warehousing  ii. Transportation      iii Operations   iv Others……………. 

C. Educational qualification………………………………………………………… 

D. Years of Experience…………………………………………………………………. 

E. Nature of organization 

i. Private                     ii Public 
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Part (B): Information regarding benefits and challenges of establishing 

logistics clusters in Oman. 

1) Improving Trade Facilitation (Simplification, Harmonization and Standardization of 

Trade Procedures)  

 

a) Customs and cross-border 

management  

Improves the effectiveness of customs 

operations with single window 

initiatives 

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 

i Faster clearance for international trade 

and improved time performance of 

supply chains.  

    

ii Improving supply chain security, such 

as with the use of scanning 

technologies.  

    

iii Cross-border agreements to develop 

cross-border logistics (land border).  

    

 Challenges:  

Cybersecurity and hacking.  

    

b) Trusted trader program  

Coordinate customs operations with 

trusted importers and exporters 

 

i Reduction in the number of inspections 

for imported cargo and faster 

clearance.  

    

ii Exemptions from random non-intrusive 

inspections.  

    

iii Improved level of service for customs.      

 Challenges:  

Two tiers system in customs 

clearance.  
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 Decline in compliance.      

c) Free zones (Foreign trade zones)  

i Promotion of exports.  

 

    

ii Flexibility in the use of national 

customs regulations.  

 

    

iii Attract internationally focused logistics 

activities.  

 

    

 Challenges: Free zones (Foreign 

trade zones) Create special customs 

zones.  

    

 Loss of duty income.  

 

    

 Infractions in customs regulations.      

d)  Customs corridors  

Expand the ease to move cargo between 

customs entities within the same country. 

 

i Better integration between major 

gateways such as ports and airports.  

 

    

ii Additional flexibility in supply chain 

management.  

 

    

 Challenges:  

Loss of customs duty income.  
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 Infractions in customs regulations.  

 

    

 

2) Improving the Global Interface of Logistics (Gateways, Corridors, and Hinterland Accessibility) 

a) National gateways  

Develop gateways (ports and airports) 

as locations of national strategic 

interest.  

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 

i Improve the capacity and throughput 

of ports or airports (new or existing 

facilities).  

 

    

ii Identify and coordinate transport 

infrastructure investment in gateway 

area.  

 

    

iii Facilitate modal shift and effective 

inland freight distribution.  

 

    

 Challenges:  

Competing national gateways.  

 

    

 Duplication of infrastructure.      

b) Concessioning  

Open terminal facilities to private 

terminal operators. 

 

i Improve the productivity of terminal 

operations by concessioning to private 

terminal operators 

    

ii PPP where private operator investing 

in terminal equipment and automation.  
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iii Better connectivity to global maritime 

shipping 

    

iv Use and coordinate regional 

transportation more effectively.  

 

    

 Challenges:  

Loss of control in terminal 

development  

    

 Reduction in employment due to 

efficiency improvements. 

 

    

 Profit from terminal operation may be 

expatriated.  

    

c) Privatization  

Privatize public terminals, transporters or 

distributors. 

 

i Improve the efficiency of the privatized 

firms.  

 

    

ii Enables the entry of new providers.  

 

    

iii Increase competitiveness.  

 

    

 Challenges:  

Reduction in employment due to 

efficiency improvements.  

 

    

 Profit may be expatriated.  
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d)  Corridors and connectors 

development  

Develop or expand key transport 

connectors between logistical activities 

(e.g. terminals and logistics zones). 

 

i Improve key capacity bottlenecks     

ii Coordinate the operations and 

investments of various stakeholders.  

 

    

iii Improve hinterland transport capacity, 

efficiency, and reliability.  

 

    

iv Facilitate better asset utilization and 

modal shift 

    

 Challenges:  

Duplication of connectors.  

    

 

 

3) Providing a Land Base for Logistics Infrastructure and Activities (Logistics Zones and Inland Ports) 

a) Logistics park  

Develop zones supporting logistics 

activities. 

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 

i Achieves economies of agglomeration 

for freight activities.  

 

    

ii Lowers operational costs (e.g. joint 

infrastructures and utilities).  

 

    

iii Promotes the setting of logistics 

services firms.  
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 Challenges:  

Duplication of logistics parks.  

. 

    

 Designed function of the park not meeting 

market demands. 

 

    

b) Port-centric logistics zone  

Develop logistics zones adjacent to port 

terminal facilities. 

 

i Uses port real estate more effectively.  

 

    

ii Facilitates imports and exports (direct 

access to port terminal) 

 

    

iii Reduces local congestion     

 Challenges:  

Higher land values pressure the 

returns on investment.  

 

    

 Impact on surrounding communities.      

c) Inland container depot  

Develop facilities for users to pick up and 

drop containers outside terminals. 

 

i Ensures availability of containers for 

exporters.  

 

    

ii Reduces port congestion.  

 

    

iii Lowers drayage costs.      



Establishment of Logistics Clusters in Oman: Benefits and Challenges 

 

PI Name HAMID KHALIFA NASSER AL HAMAMI  Page 30 of 37 
  
 

 

 Challenges:  

Improper location  

    

 Lack of demand        

d)  Inland / dry port  

Develop inland intermodal facilities 

connected to gateways. 

 

i Promotes modal shift (if connected by 

rail or barge)  

 

    

ii Reduces port congestion (relocation of 

some port activities).  

 

    

iii Facilitates economies of scale in 

inland distribution (corridors)  

 

    

iv Lowers last mile transport costs (co-

location) 

 

    

 Challenges:  

Duplication of inland ports     

 

    

 Facility underused      

 

4) Developing Logistics Capabilities (Labor and Logistical Services Skills) 

a) Labor training and certification  

Promotes logistics as a career path and 

expand capabilities (technical training). 

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 
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i Provide a labor pool to address 

expected demand 

 

 

    

ii Increases labor productivity  

 

    

iii Develops diversified skills  

 

    

iv Attracts logistics firms     

 Challenges:  

 

Lack of labor (quantitative and 

qualitative)  

 

    

 Develop unneeded capabilities      

b) Research centers  

Create research capabilities to address 

supply chain challenges 

 

i Identify trends, gaps and opportunities  

 

    

ii Train researchers, consultants and 

managers  

 

    

iii Provide innovations suitable for the 

national market 

 

    

iv Collaborate with logistics firms 

 

    

 Challenges:      
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Biased research  

c) Logistics firms incubator  

Supports the development of small and 

medium-sized logistics firms. 

 

i Develop entrepreneurial capabilities, 

particularly for new firms  

 

    

ii Improve the provision of specialized 

logistics services, such as 3PLs and 

4PLs 

 

    

iii Improve the competitiveness of the 

logistics market  

 

    

 Challenges:  

Focus on politically connected firms 

Potential bias towards sectors favored by 

policy as opposed to those with market 

potential    

    

 

5) Supporting Logistical Information Systems (Freight Portals / Port Community 

Systems)  

 

a) Freight portal  

Create an exchange market for logistics 

services 

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 

i Improves the interactions between the 

providers and consumers of logistics 

services  

    

ii Promotes a better usage of transport 

assets and facilities 
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iii Enables the participation of small and 

medium-sized firms  

    

 Challenges:  

Creation of a two-tier market for logistics 

services   

    

b) Port community system  

Make available logistical information 

among the actors involved in port-related 

freight distribution 

 

i Promotes competitiveness in port-

related services  

    

ii Promotes coordination between freight 

actors to improve port area efficiency 

    

iii Improves the tracking of freight and 

transport assets 

    

 Challenges:  

Cybersecurity and hacking    

    

c) Logistics observatory  

Monitor logistics activities by collecting 

and providing data 

 

i Collects information about logistics 

activities 

 

    

ii Reports key performance indicators 

benchmarking the industry 

 

    

iii Assesses the effectiveness of logistics 

policies 

    

 Challenges:  

Information inaccurate or biased  
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6) Developing Niche Logistics (Infrastructures and Services Promoting Sustainable Comparative 

Advantages) 

a) Certification to green logistics 

standards  

Assists the certification of firms and 

products to global environmental 

standards. 

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 

i Improve environmental impacts of 

logistics 

    

ii Certified carriers (less emissions; 

energy efficiency)  

    

iii Certified distribution facilities (energy 

efficiency; lower footprint)  

 

    

iv Reduces material losses     

 Challenges:  

Compliance and certification costs   

    

b) Cold chain logistics  

Develop capabilities to handle 

refrigerated cargo 

 

i Promotes high-value exports of 

perishables (fish, meat, fruits, 

vegetables, flowers, etc.) on global 

markets in reefers  

 

    

ii Ensures higher quality exports and less 

waste 

    

c) Trans loading facility / Platform  

Provides facilities to load or unload 

commodities in containers 

 

i Promotes specialized commodity 

exports 
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ii Expand market opportunities for small 

and medium-sized producers  

 

    

 Challenges:  

Fluctuations in the commodity markets  

    

d) Reverse logistics  

Develop recycling and re-use supply 

chains 

    

i Improves efficient recovery of recycled 

materials 

    

ii Develop and expand the national 

recycling industry 

    

iii Help meet sustainability goals  

 

    

 Challenges:  

Impact on national resource providers   

    

 

7. Improving Last Mile Logistics (City Logistics) 

a) Rationalization of deliveries  

Change the conditions in which urban 

deliveries take place (time of day, area, 

access to parking) 

Strongly 

Agree 

Agree Disagre

e 

Strongly 

Disagree 

i Improves use of existing transport 

assets 

 

    

ii Matches trip sequences (deliveries 

and pickups)  

 

    

iii Reduces congestion      
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 Challenges:  

Additional delivery costs and delays  

    

b) Urban freight facilities  

Facilities adapted to urban freight 

distribution 

 

i Promotes consolidation, sorting and 

deconsolidation in high density urban 

areas.  

 

    

ii Improves efficiency (time and energy) 

of urban deliveries.  

 

    

iii Supports the development of ecommerce     

 Challenges:  

Additional delivery costs and delays  

    

c) Modal adaptation  

Use vehicles suited for urban deliveries 

 

i Reduces congestion and energy 

consumption 

 

    

ii Reduces disruptions on local 

communities 

 

    

 Challenges: 

 

Additional delivery costs and delays  
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EXECUTIVE SUMMARY 

The evolution of data transmission methods has advanced drastically with the internet 

development. Power Line Communication (PLC) is a technology that can be used in many 

applications in demand to facilitate networking solutions. PLC is basically power line 

communication used for the transmission of data with high speed connected power lines for 

transmission enhancement. This method is one of those communicating tool that adapts wired 

and wireless network used for power transmission using special modems that sorts the data 

and carry them using known frequency.  

The designed system created can replace the current water meters with manual reading. As 

the system uses PLC modems to collect different houses water consumption via the powerline 

grid to one local station. The data captured by the flow meter and calculated and converted to 

volume per hour, which is more accurate to discard the use of the traditional meter. The data 

collected from different houses in the station sorted by addresses and users are forwarded to 

central station in which the consumption rating and final bills are prepared and sent to users 

via GSM. The system is well tested and proved to be practical solution to limit the use of water 

and provide instant reading to those who aim to follow up their daily, monthly consumption. 

The system uses a threshold value which reached once the system valve automatically shuts 

off the transmission. The main objectives of the system have produced expected outcomes, 

through during the implementation of this work it was understood that further this work can be 

improved which is reflected in the future work. The system collects and register the 

accumulative water consumption with direct, instant feedback on the LCD that helps users 

monitor their consumption and detect leak in the pipeline if unusual high values shown. The 

reading converted to bytes and transferred to local collection station via the powerline. The 

water meter has a built-in valve that blocks water once the threshold is reached. The system 

central billing station notifies the users of their consumption and the price of their bill. The 

system employed with two GSM modules that are placed in both ends of the system that sends 

and receives data simultaneously. 

The work demonstrates about the utilization of PLC with the smart water meter system 

used to transfer the consumption of water data directly to the consumer and Municipal 

authorities. The Smart water meter is also designed to detect any kind of leak in water pipes 

and send the notification to the customer and authorities to shut down the valve automatically. 

In addition, the meter can easily close and open using commands from the central control 

room of Diam remotely. Smart water meter system is devised to collect household water 

consumption in accumulative manner via flow sensor. The system can set to a user limit by 

which the system would cut off the water using electronic valve. The data collected locally is 

transmitted through the grid power line using PLC modem to area data collecting center for 

rate issuing and data analysis. The center forwards an SMS based notifications to water billing 

department for billing who would forward this information to consumer mobile number. The 

system aims to improve the monthly reading accuracy and collection of consumption data in 

the process. This can reduce manpower and many devices of measuring tools to decrease 

considerably. Power Line Communication (PLC) is one of the technologies used for sending 

and receiving data though electricity power line. That means the existing power cable is 

utilized for PLC, therefore no need to lay additional cable which can minimize the cost as well.   
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The project uses Arduino Uno microcontroller as the main part in transmitter and 

receiver. The Arduino Uno device is used for communicating to the central control room and 

customers. The controlling of the valve also works with Arduino to open and shut down by 

giving commands remotely. The hardware utilized is used to communicate the water meters 

with a central control room for collecting the monthly reading and controlling the water supply 

to the customer Which in turn the reduces the work time of operators and automatically saving 

the meter reading which in terms enhance the work quality and performance. The Power Line 

Communication (PLC) technology is widely used in many applications of industry such as   

Gas Meter, three phase meter and energy meter. Basically, the PLC technology design in this 

work is for sending and receiving water consumption data remotely without human 

intervention. The validation results of power consumption at central station and consumer 

proves its maximum efficiency.  

1 INTRODUCTION 

 The Power line communication is used by many companies in Oman and  Siemens 

is one of them they have utilized this PLC system for the transmission of data between the 

transformer and the substations, this protects the signals and secure the transmission quality. 

(Siemens, 2016).whereas ABB Oman has also utilized the PLC solution for  harsh 

environment of substations which helps to guard the signals, Data from the Electromagnetic, 

interfaces and the damages due to overvoltage stress. 

 

Figure 1. PLCC network diagram 

Currently, Diam is a distributing water company in Muscat, supplying water to the customers 

via a pipeline network. In the network lines, there are many meters installed for customers. 

Due to the far distance of these meters from the central control room and the meter reader 

consuming time to collect the reading of that meter. 

From the background study, it shows that there is no such project has been implemented for 

the Smart water meter as this field also requires such systems which will help to transfer Data 
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on time to the customer /consumer and the Diam who are controlling the whole system of 

water supply. Therefore, the proposed is to have the Smart Water Meter as a solution for 

getting the meters communicating with the central control room.  The work aims fully automatic 

water billing System to monitor and validate the Consumers Consumption in the area and 

measure the readings between the Consumer and the company. This type of meters employed 

help to rectify any type of mishandling and physical Damages to the Meters easily. Power line 

Carrier Communication is used for the communication between the consumer meter and the 

Company because of its high transmission data rate. 

Methodology 

The work in this research was is carried out in the proper phases as below:  

1) Literature Review: The previous studies and data were collected. 

2) Data Collection: the data necessary for the study were collected using data sheet and 

designed questionnaire.  

3) Hardware and software Requirements: Design requirements 

4) Design and Implementation:  

5) Analysis and Discussion: Validated the data and analyzed for further discussion 

6) Testing and critical evaluation 

7) Writing the report 

Literature Review 

A literature review is a compilation of previous past related projects and research work 

performed in the relevant field based on the project, the author contribution and the project 

technical aspects are discussed in each section.  

This Article titled as “ smart grid Application for a practical implementation of IP over 

Narrowband power line communication authored by Noelia Uribe-Perez, Itziar Angulo, David 

De le Vega, Arzuaga, Igor Fernandez and Amaia Arrinda states that it has discovered the 

feasible application beyond metering of the access channel in a PLC-based Advanced 

Metering Infrastructure system, this concept gives the idea for further applications such as 

SMART Grid .to that end, Internet Protocol has been implemented on a real microgrid. 

 The Smart grid depends on the initial stage of information and Communication 

Technologies (ICTs) this permits the old-style power grid to turn out to be more consistent, 

robust, and competent, the Smart Grid supports the bi-directional Communication which meets 

each requirement for each application, technically, such as Coverage range, Data Rate, 

Expectancy, Reliability, and security.  

The second most important feature of this Smart Grid is the placement Cost, the 

combination with the tradition Technologies, the grid Allocation System arrangement. The 

Researchers has used the existing infrastructure, control over communication by distribution 

system operator without using any external communication system operators. 
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Figure 2: Smart Grid Communication between the Applications (CEDER, 2017) 

This research is mainly about the Smart grid system and through this many 

applications can be linked .one of the applications is Distribution energy Resources and 

Microgrid, the Controlling of DERs and Micro Grid is linked with Metering Function, as it 

necessitates the resourceful and dependable consumption and Generation measurement it 

includes on demand Metering which is for reading the Smart meters when required for decision 

making process. Scheduled Metering provides the Data collection from the meters on regular 

basis; reading stored at meters and retrieve by control center. Bulk Transfer is the action 

performed to collect the Data from all the requested meters. The author summary of this article 

is implementing the smart grid which will be interlinked with many applications and one of them 

is the smart metering system and this system is completely low cost. This technique is highly 

reliable and efficient and gives the overall theme that the current project can be implemented 

on smart water meter (Perez,et al,2017). 

The article titled domestic water meter Accuracy is published by WIT Transactions on 

Ecology and The Environment and the authors are J.A.du Plessis and J.J. Hoffman have 

stated that the research on Domestic water meter accuracy. The researchers has presented 

their objective for this test is to quantify the expected losses due to meter Inaccuracies .The 

meters were test in the laboratory under certain condition to identify the Losses from the meter 

which fluctuate the Readings .They have used three different types of Meters and each meter 

has its own functionality and the result of volume verification at the accuracy of high 1.8 m3/hr 

and low as 0.9 m3/hr  and the third meter which was new and was having an accuracy of 0.02 

% as low and 0.001 % as high flow. 
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Figure 3: Domestic Water Meter Accuracy (Researchgate, 2015) 

They consider the water flow low and constant at 38 kPa which was seems like normal 

household Pressure. They controlled the Flow of the water by 2 ball valves to make sure the 

control of the flow. ( Plessis & Hoffman, 2015) 

The summary of this journal is the water meters plays a vital role in meter reading and a minute 

error in the reading may vary the cost for the consumer So the overall audit of domestic water 

meter accuracy shows that a detailed study of Meters is required at high and low pressure and 

keeping it under consideration this helps to give an idea to implement a system which is 

completely accurate, and the consumer can control their selves. 

The paper titled “Prepaid Smart water meter” by Mohammed Hussein Khalil Ahmed From 

University of Khartoum, Sudan. The Research has implemented a two-way communication 

Smart water meter that is operated on Prepaid System. the prepaid smart water meter was 

simulated on Proteus software and the communication between the consumer and the water 

supply company and the transfer of the data of consumption is done by the mobile Application. 

The project consists of a PIC18F4550 Microcontroller which will generate the Data and an 

LCD which displays the remaining balance of Water cubic meter. 

 

Figure 4: Schematic Diagram of Prepaid Smart Water Meter (SN, 2017) 
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This project is completely based on simulation and no Prototype has be implemented but the 

results shows that if the project is implemented on a scale it shows great result the Proteus 

showed limitation of unavailability of the components (AHMED, 2017). The summary of the 

Report is that Smart Water meter can be implemented as prepaid also and this feature of SMS 

generation to the system enhance the quality and aware the consumer that who many gallons 

are remaining for consumption and from this report the Mobile Application feature will be used 

and the Cut-off water supply at the time of over consumption Idea is taken. 

The Journal article titled “Automatic water reading and load management using PLCC” 

was published in international Journal of advanced Research in electrical and electronic and 

Instrumentation Engineering and the authors are M.V.Aleyas,Nishan Antony,Sandeep 

T,Sudhees Kumar M,Vishnu Balakirshnan. This Journal is mainly about implementing a fully 

automatic Electricity billing System  and the aims are to monitor and validate the Consumers 

Consumption in the area  and also measure the readings between the Consumer and the 

company .This type of meters help to rectify any type of malpractice when the meters are 

completely automatic then the Damages to the Meters can be identified easily .the concept 

used in this journal by the researcher is Power line Carrier Communication which is used for 

the communication between the consumer meter and the Company  and the purpose of using 

the PLCC is just because of its high transmission rate of data . 

 

Figure 5: Block Diagram of PLCC smart Electricity Meter (Nat, 2014) 

The above figure 5 is a Block diagram which shows the connections of the Meter with the 

Consumer and the control Room. The overall idea obtained from the journal is that PLCC is 

smart and most reliable system and introducing the idea to the Smart water meter will help to 

attain the most accurate results. ( Aleyas, et al., 2014).  

At the end of literature reviews, the table 1 shows the comparison of the four literature reviews. 
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Table 1: Comparison of the past related projects with the current Project. 
 

Sr. 
No 

Literature review 
title 

Objectives Used 
component 

Advantages and 
disadvantages 

1 Smart Grid Application 
for a practical 
Implementation of IP 
over Narrowband 
Power Line 
Communication 
 

a. interlinking the 
PLCC with the 
multiple 
applications 

1.data 
connectors  
2. Smart Meter 
3.Actuators 
4.distributor 
generator  

Advantages: 
Multipurpose use of 
same PLCC 
connected with other 
application 
Disadvantages 
Implementation is 
difficult  

2 Domestic Water meter 
Accuracy 

a. Meter reading 
Differs 
b. Testing Flow of 
water   

1.Valves  
2. Pressure 
Generator  
3.Water Meters  

Advantages: valve 
testing and meter 
reding readers value. 
Disadvantages: 
implementation part it 
is just a survey over 
meters  

3 Automatic Meter 
Reading load 
management PLCC 

a. detect fault in 
meters 
transmitting the 
data to authorities 
c. consumer 
Informed   

1.PLC modem 
2.CCU  
3.Meter Unit  
4.Display  

Advantage: detect 
malpractice in meters  

4 Prepaid Smart water 
meter reading 

a. Information of 
how much 
consumption  
b. alert consumer 
Via SMS  
c. Cut-off water 
supply after 
threshold value 
reaches  

1. PIC18F4550 
Microcontroller   
2.LCD 
3:SMS  
 

Advantage: the SMS 
generation over the 
consumption and cut-
off supply. 
Disadvantage: need 
more work on the 
implementation 
features with 
modification 
 

5 Adaption of PLC for 
smart water meter  

a. leakage 
detection 
b. data to 
customer via 
mobile app 
c. To display the 
reading of water 
meter in LCD for 
water supplying 
company and 
customer. 
 

1.LCD 
2. PLC MODEM  
3.Raspberry pi 
4.Microcontroller 
PIC16F877A 

Advantages: will 
inform the customer 
on the consumption, 
Detect leakage in 
pipeline and the 
control room will 
rectify  
Mobile application for 
the consumers and 
the authority. 
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2 OBJECTIVES 

In general, the main aim of the work is to suggest some solutions and strategical points to 

improve the existing system in collection of consumption of data.  

The project objectives of the work are defined below 

• Collect and register household accumulative water consumption using flow sensor. 

• Detect and report unexpected water usage, or leak by the local display feedback. 

• Transmit accurate readings to water supplier through powerline grid. 

• Control water remotely from centralized place. 

• Notify consumer and billing department by SMS. 

All the objective set were achieved successfully the results section and the validated data 

analysis prove its existence and importance 

System Outcomes 

The system is expected to monitor the water consumption at household in operation 

times, the Flow sensor connected to the house main water pipe, determines how many liters 

pass through the pipe and its pressure over period. The pipe also connected to an electronic 

valve that is controlled by a relay due to the voltage requirements. The system would switch 

on the valve as soon as the flow sensor accumulate threshold volume of water. The system 

would, then, send a notification to the local station of the person’s water consumption, to do 

so, PLC modem carries the data over the grid line to the local center. There after the other 

PLC receives the packet, the GSM modem would contain the data as an SMS and forward it 

to billing station to be receive by another GSM modem there. There are some constrains that 

should be kept in consideration, like the economic costs of setting similar device in real 

application, it would cost a lot in the testing period, to later be economical solution for long 

term. The PLC requires intensive researching to be validated as its practical usage may 

require accuracy and security improvements. 

3 MATERIALS AND METHODS 

In this context the initial design, flowchart, schematic design of the project is discussed, to 

explain the hardware and software requirements working for the project. The detailed 

description defines the method used in the execution of the work. There are some initial 

requirements that are decided to ensure proper system development.  

Software Requirements: The system development requires two softwares for design and 

implementation stages  

•   Arduino IDE 1.8.13: The Integrated development environment serves as a simulation 

tool kit to connect with various libraries and functions to perform our execution in 

Microcontroller in the environment. This is the programming software for Arduino. The 
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software is utilized for writing the codes and later uploaded on the Arduino Uno Board. 

Once it is uploaded, Arduino will be able to function according the programmed 

conditions. 

•   Proteus Design suite 8.10: This software is essential to this project, as it is used to 

draw, measure, and simulate the electronic circuit beforehand to understand the 

working functionality. The software has a great number of libraries that gives a clear 

vision to how the system may operate and execute the logics in the code embedded 

for the system. 

•   Easy EDA is a software used to draw or design electronic circuit like schematic 

diagram and possibility of simulation the circuit. As additional option the drawing can 

be converted to PDF and SVG formats. 

• Libera office 6.3.4.2: Open-source environments are great tools because it allows third 

party to contribute to its development. Libera office is an excellent drawing software 

suitable for drawing block diagrams, flow charts and other demonstration figures.   

Hardware Requirements: The Requirements hardware are PLC modem, Arduino Uno 
Microcontroller, Solenoid Valve, LCD, Flow sensor, Power supply unit, GSM modem. The 
below components will be used in the implementation stage for this project. 

•   GSM modem: For long distances GSM is best communication tool for great coverage 

over the other solutions. This GSM uses the UART communication method that can 

easily adapt with Arduino coding in terms of connection ease as well as the coding. 

The module chosen uses AT commands to configure the different modes and setups 

as explained the datasheet attached in appendix A.  

• PLC Modem: The PLC modem in this project is used for sending and receiving data 
over the AC lines on 50hz or 60hz and it is Half Duplex communication. PLC Modem 
details and specifications will be attached in appendix A 

 

Figure 6: PLC Modem. 
 

• Reflective Optical Sensor with transistor Output: TCRT5000 is a reflective sensor 

device which contains of infrared emitter and photo transistor as packages which used 
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to counting the numbers of pulses. Reflective Optical Sensor with transistor Output 

details and specification will be attached in appendix A.2. 

 

Figure 7: Reflective Optical Sensor. 

•  Arduino Uno Microcontroller: The Arduino Uno is a microcontroller board dependent 

on the ATmega328 (datasheet). It has 14 advanced input/yield pins (of which 6 can be 

utilized as PWM yields), 6 simple sources of info, a 16 MHz oscillator, a USB 

connection, a power jack, an ICSP header, and a reset catch.  

• The specification for Arduino UNO is given in Table 5.1 There are several more Arduino 

that could have been used. But there were some limitations due to which they cannot 

be used in this system. For instance, Arduino Lilypad which is very compatible and 

made especially for wearable system (Washable as well) has 9 I/P, O/P pins and 4 

analog pins. 

•  Water Meter: Water meter used to measure the consuming water which used by the 

user in residential buildings or commercial buildings under observation of supplying 

water company. Water meter details and specification will be attached in appendix A. 

 

Figure 8: Water Meter. 

•  Liquid Crystal Display: LCD (16 x 2) display is widely used in electronic circuit and its 

very economical, programmable part and there in no limitation for displaying any 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiRvs3b_sfiAhX_wAIHHTOIASsQjRx6BAgBEAU&url=https://www.indiamart.com/proddetail/brass-water-meter-19043649497.html&psig=AOvVaw1euF639nPmf8kqFUGvghfJ&ust=1559468417215680
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characters like in seven segments. LCD details and specification will be attached in 

appendix A. 

 

Figure 9: Liquid Crystal Display. 

•   Solenoid Valve: A solenoid valve is a combined of two devises,one is  electric devise 

which is solenoid and other one mechanical device which is the valve to control and 

operating the flow of lequed automatically. Solenoid valve details and specification will 

be attached in appendix A.7. 

 

Figure 10: Solenoid Valve. 

•    Power Supply Unit: It is a ready-made unit providing power supply for electronic circuit 

with a different range of output of voltage and input 240 VAC. Power supply unit details 

and specification will be attached in appendix A.8. 

 

Figure 11: Power Supply Unit. 

The expected specifications of the design components are highlighted in the table  

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiBg5jjhsjiAhXPUlAKHWvLD9UQjRx6BAgBEAU&url=https://uk.rs-online.com/web/p/solenoid-valves/1254069/&psig=AOvVaw1_th9HDWpv9PxFhfmjikAH&ust=1559470574697639
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Table 2: Hardware components used in the project with design specifications 

S. No. Components Requirements  

1.  

Arduino Uno Microcontroller 

Programmable, I/O pins: 14 

Multiple Digital and analog input/output 

Interrupt pins, DC current per input pin: 40 mA 

Operate with 5V, Input voltage: 6 to 20 V 

Support UART, I2C communications 

2.  

Solenoid Valve 

Waterproof 

Fast, and long lasting with high pressure 

5 to 9V operating voltage 

3.  

Flow sensor 

Sense water flow 

20 to 30 Liter capacity per minute  

5 to 9V operating voltage 

4.  

Local communication 

Works with Arduino 

Supports UART communication 

5 to 9V operating voltage 

Durable  

5.  

LCD (16x2)  

Feedback to user 

Supports I2C communication 

Works with Arduino 

5 to 9V operating voltage 

Testing tools using multimeter and logic analyzers are used to perform real time 

conditioning testing and setting. The sub systems are validated and integrated to the main 

system, by bringing sub systems together with expected modifications in both software and 

hardware. The pin configuration and communication protocols are possible to build up testing 

environment which is vital to the project. 

Block Diagram: The system block diagram represents the main components in the system 

Figure 12: System Block Diagram 
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Block diagram is basically an interface of major components in the project and the flow 

of input to output through them. Figure 12 shows the system block diagram is divided into 

three sections house meter, local station, and central billing station. Each section works 

independently with its microcontroller. The system uses two methods of communication to 

connect to each other. The PLC modem connects the household to local station through the 

powerline grid. While the station connects to the billing.  

Hardware and Software Co-design Issues 

The hardware and software designed are selected to complete each other. The 

Arduino Uno matches the requirements of the system, in terms of its possibility to host both 

GSM modem and PLC as it has two serial ports, one that is physical, and another one can be 

configured using simple library. The PLC is manually set, using UART connection, it sends 

data over the line, expecting to be decoded by another device with the same capabilities. The 

system is programmed, to extract messages with certain packages and ignore others that 

have caught noises down the line. The GSM, as demonstrated, uses AT commands to 

communicate with the Arduino through the UART connection. the system is configured by 

Arduino software. The Arduino baud rate should match the GSM module to be able to 

exchange information. 

Schematic View 

As any electronic project the most important things is a schematic diagram which will 

guide to design the circuit. Easy EDA Software used to design the circuit as shows in figures 

for downstream and upstream. All the results are presented on virtual terminal. The TX pin of 

the microcontroller sends the signals to the virtual terminal via the RX pin of Virtual terminal. 

The LCD, sensors could be graphically presented on an oscilloscope. Each of the sensors is 

checked individually to provide separate results of the parameters. This could have multiple 

triggered signals at a time indicating changes in all types of sensor output, if there is any. The 

simulation values based on Proteus.    

 

Figure 13: Downstream schematic diagram. 
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The system hardware connection of the water billing section. The hardware used is the 

same mentioned in the previous section. The circuit shown receives the data from the local 

station and create the bills that are later sent to the user. The system is built upon several sub 

test as going to be described in this section. The sub test are project milestones that should 

be tested and validated before being integrated to the main system. The testing objectives 

stated are important to the success of the project as they represent the system functionality 

and the objectives of the integrated system. 

 

Figure 14: Upstream schematic diagram. 

The system consists of hardware are software elements that cannot be segregate from 

each other. The implementing tests that include both the hardware setup and the software 

code is vital to the success of the testing concept. The system is built according to the tests 

stages shown in this section to eventually come up with full functional system. Figure shows 

the strategy used to build up the system and integrate the tested subsystems. 

System Flowchart 

The system flow chart in figure illustrates the process the system should undergo. Initially, the 

start button indicates the initiation of the system with multiple system inputs in order. Each 

input parameters have conditions with the threshold values set. Figure shows system consists 

of three sections; each must provide the following with data to react. The system flows from 

the house water meter after accumulating certain consumption value, to shutting down the 
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valve blocking the water from flowing through. And it sends the consumption value to the local 

collection station through the PLC modem, that awaits it to react. The PLC data are decoded 

and sorted to be sent as an SMS to the billing station for rate review and final billing. The water 

flow check will be done at house water meter section where if the limit is reached then the 

valve will be off otherwise the process will be continued. Once the valve is OFF then the PLC 

will send data. Once the data is available at the local collection station, the data will be 

displayed on the LCD and SMS will be sent to billing station. If the SMS is available, then the 

data is parsed and displayed on LCD and the bill is sent to the user. Figure 9 shows the system 

process of water consumption to GSM transmission. 

 

Figure 15: Flow chart 

The central billing station receives the information as an SMS, and it parse them and create 

and send a dynamic SMS that contains the total consumption and the bill in Omani riyal. 

 

 

 

 

 

 



Adaptation of Power Line Communication for Smart Water Meter System 

Dr. Shaik Asif Hussain  Page 21 of 44 
  
 

4 RESULTS AND DISCUSSIONS 

The system is designed to execute three main functions involved complicated structuring 

and analysis. The system raw data and inputs should be sorted to fulfil the systems 

requirements. Figure 16 shows the three main process of the system: 

 

Figure 16: System process 

These three processes define the system flow from the time data are extracted from 

the flow sensor for calculation and conditioning and moving data from first microcontroller to 

second one via PLC modems. Then using the GSM, moving data as SMS to the last 

microcontroller.  

Water consumption 

As mentioned earlier the designed system uses a flow sensor as a water meter that determines 

the volume of water passes through in certain period. Before calculating the water, 

consumption there are several calculations and equations should be considered. Firstly, 

determining the flow rate then according to the time elapsed the consumption could be 

assumed. To calculate the flow rate, the change in velocity of water the below factor is 

considered. The flow rate can be calculated by the following equation: 

𝑊𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (
𝐿𝑖𝑡𝑒𝑟

ℎ𝑜𝑢𝑟
) =

𝑖𝑛𝑝𝑢𝑡 𝑓𝑟𝑜𝑚 𝑓𝑙𝑜𝑤 𝑠𝑒𝑛𝑠𝑜𝑟(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠)

𝑝𝑢𝑙𝑠𝑒 𝑓𝑟𝑒𝑞𝑢𝑛𝑐𝑦
∗ ℎ𝑜𝑢𝑟 

where,                                                                                                                               (1) 

Pulse frequency (Hz) =7.5 (Flow rate L/min from datasheet) 

𝑊𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (
𝐿𝑖𝑡𝑒𝑟

ℎ𝑜𝑢𝑟
) =

(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠)

7.5
∗ 60                                                      (2) 

The input variable from the flow sensor determines the water consumption every hour. The 

system accumulates the resulted values to gain the consumption.  

PLC to PLC transmission 

The system uses KQ130 PLC integrated module that operate in the range from 120 to 135KHz. 

The interface baud rate of the module is 9600bps ideally. The system packet consists of three 

parts, the starting bit, 8 data bits and the 1 stop bit. To set the KQ-130F module mode, pin 8 

should be either set High or unconnected if the operation required is Transparent and if the 

mode required is Custom then the pin should be set Low. In the Transparent mode the modem 

echoes the transmitted bytes on TX and the bytes received on RX pin. This mode is not 

recommended as it captures random bytes at the receiving end due to AC grid noise. The 
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custom mode, however, uses the first byte as data length. For instance, sending three bytes 

in this mode: 

64 42 51 

Requires stating the length of the data before the data to look like this: 

03 64 42 51 

Where first byte (03) represents the length of data bytes. The system uses the custom mode, 

as the other mode would generate unwanted noise causing trouble while decoding the 

upcoming messages. The Custom mode allows the system to distinguish the length of the 

bytes received and only select bytes needed while the rest is discarded. 

GSM to GSM transmission 

GSM module are often communicated with using AT commands, through which the module is 

configured to act accordingly. There are a number of commands needs to be embedded in 

the Arduino code to be able to send or receive SMS.  

Baud rate 

The baud rate of a module is the speed of bits transferred every second. The unit used is Bit 

per Second bps. The GSM used, operates in a range of baud rates, however, its good to use 

9600bps to match the other devices in the system. Using AT commands through the serial 

monitor of Arduino, the following AT command is typed to configure the module’s baud rate 

as 9600bps: 

AT+IPR=9600 

Sending mode 

Sending SMS requires few AT commands to prepare the system. Firstly, the mode set up, that 

requires the following command: 

AT+CMGF=1 

Number (1) shown, represent the mode selected, 1 means SMS mode set. The system should 

replay with OK, confirming the mode setting. After that the user can choose the contact number 

of the recipient using the following command: 

AT+CMGS=\"" + phone number + SMS content + number of characters 

Receiving mode 

Receiving SMS requires setting up an SMS format to be able to decode the SMS and extract 

useful information. There are several format options, and the following is configured to make 

the parsing job easy: 

AT+CNMI=2,2,0,0,0 

The SMS provides several important information that are going to be used in this system like 

data, number of sender and the message itself. 
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Power management 

Table 3 shows the power consumption of each circuit used in the system: 

Table 3: Details of Power consumption 

Local Water Meter 

Item Consumption 

Flow sensor 15-20mA at 5V DC 

valve 285mA at 12V DC 

LCD 160 mA at 5V DC 

Arduino 45 mA at 5V DC 

PLC ≤11mA at 5 DC transmitting, receiving ≤300mA at 5 DC 

Power required 1A@5V power supply + 1A@12V power supply 

Collection Station 

Item Consumption 

LCD 160 mA at 5V DC 

Arduino 45 mA at 5V DC 

PLC ≤11mA at 5 DC transmitting, receiving ≤300mA at 5 DC 

GSM Max.2A at 5V DC 

Power required 2.5A@5V power supply 

Central Billing Station 

Item Consumption 

LCD 160 mA at 5V DC 

Arduino 45 mA at 5V DC 

GSM Max.2A at 5V DC 

Power required 2.5A@5V power supply 
 

 

Hardware and Software Test case Scenarios 

Scenario 1:  Local data Extraction 

• Objectives captured 

- Test the flow sensor and accumulative water consumption 

- Test water threshold and valve limitation 

• Observation and results 

Table 4: Scenario 1 Test observations 

Item of the test Setup Results 



Adaptation of Power Line Communication for Smart Water Meter System 

Dr. Shaik Asif Hussain  Page 24 of 44 
  
 

Flow sensors Arduino:                 Flow sensor: 

GND -------------------- GND 

5V------------------------VCC 

Pin2----------------------Signal 

 

Flow sensors reads the instant 
flow in L/min, resulting 
continues averaging as water 
consumption successfully. 

Valve Arduino:              Relay module: 

GND-------------------GND 

5V----------------------VCC 

pin3-------------------- signal 

Relay module:      Valve: 

Common-------------12V 

Normal open--------Valve +  

 

Valve cuts off water once the 
system accumulative value is 
hit. 

 

Scenario 2:  Powerline data transmission from local to central  

• Objectives captured 

- Design data structure to be transmitted 

- Testing the package transmission from sender to receiver modems 

- Transfer data from one Arduino to another 

• Observation and results 

Table 5: Scenario 2 Test observations 

Item of the test Setup Results 

PLC modem 1 

Arduino 1 

(Sender) 

Arduino:                       PLC: 

GND -------------------- GND 

5V------------------------VCC 

Pin10----------------------RX 

Pin 11---------------------TX 

GND----------------------Pin8 

 

String of four characters 
converted to bytes sent with 
package byte length. 

PLC modem 2 

Arduino 2 

(Receiver) 

Arduino:                       PLC: 

GND -------------------- GND 

5V------------------------VCC 

Pin10----------------------RX 

Pin 11---------------------TX 

GND----------------------Pin8 

String of four characters 
received with message length 
via the powerline. With some 
noise but the message 
complete 

 

Scenario 3:  GSM to GSM communication Create & Parse SMS 

• Objectives captured 
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- Design and send SMS form an Arduino to another 

- Parse incoming SMS messages  

• Observation and results 

Table 6: Scenario 3 Test observations 

Item of the test Setup Results 

GSM modem 1 

Arduino 1 

(Sender) 

Arduino:                       PLC: 

GND -------------------- GND 

5V------------------------VCC 

Pin10----------------------RX 

Pin 11---------------------TX 

1-The GSM module sends the 
SMS to a specific number, but 
the system requires sufficient 
power to do so. 

2-Dynamic SMS created with 
variable content and sent to 
GSM two contact number. 

GSM modem 2 

Arduino 2 

(Receiver) 

Arduino:                       PLC: 

GND -------------------- GND 

5V------------------------VCC 

Pin10----------------------RX 

Pin 11---------------------TX 

1-SMS received and parsed 
extracting date, message, and 
contact number. 

2-Parsing incoming SMS 
requires understanding of 
strings and information sorting 

 

 

Black Box and white Box Testing 

Black Box Testing is a software testing method in which the internal structure/ design/ 

implementation of the item being tested is not known to the tester. The below table 7 shows 

the system different cases with which all system scenarios are listed and tested: 

Table 7: Black box results 

Black box test 

S. No Condition Output 

Local Water Meter 

1 No Flow value  Do nothing 

2 Flow value  Add water consumption 

3 Consumption less 
than threshold 

Valve power off, water flows 

4 Consumption more 
than threshold 

Valve power on, water stops, and PLC send data 

Collection station 

1 Data not received Do nothing 

2 Data received Good or corrupted? 

3 Corrupt data Do nothing 
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4 Good data Extract and form an SMS with dynamic data 

Central billing station 

1 SMS not received Do nothing 

2 SMS received Decode and sort information, then send SMS to user 

White Box Testing is a software testing method in which the internal structure/ design/ 

implementation of the item being tested is known to the tester. The system white box test 

shown in table 8:  

Table 8: White box Results 

White box 

Local Water Meter 

S.NO Condition Output 

1 If (FlowNew =< 0) Ignore 

2 If (FlowNew > 0) Water consumption+= FlowNew 

3 Water consumption 
<Threshold 

Loop 

(Valve digital pin =LOW) 

4 Water consumption 
=>Threshold 

Loop Stops 

Water consumption= 0 

(Valve digital pin =HIGH) 

Water consumption converted to bytes 

Bytes length put in the packet and sent to the 
other PLC 

Collection station 

1 If (Serial.available > 0) Read String Until (length of know data 
received) 

Discard bytes and start from the data length 
and count the byte not to exceed bytes length 
and ignore the rest  

2 Data[i]= incoming bytes Convert bytes to string and send then to billing 
station 

Central billing station 

1 If (Serial.available > 0) Read SMS and extract content  

2 Total consumption in RO= 

(Water consumption X local 
rate) 

Calculate the water consumption and send an 
SMS with consumption  

 

Integration Testing 

From the above scenarios now, the test involves integration of hardware and software to 

calibrate and match the system outcomes. Using several sub systems means debugging 
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together, power problems and connections. Table 9 shows the tests merging encountered 

troubleshooting. 

Table 9: Integrated Testing procedures 

Test Description Troubleshooting procedure 

1 Transferring the local readings via 
PLC modem with the existence of AC 
noise 

Programmed the system to read a specific 
message length and ignore the rest by 
PLC custom mode 

2  Not receiving data at the central 
station and parsing due to power 
shortage 

Installed external power source for GSM 
only. 

3 Create a format dynamic SMS with 
changing variables 

Used String converting function to convert 
data and include them in the message 

 

System Validation 

There are given objectives listed in the project objectives section of chapter 1 that are, through 

tastings conducted in this chapter, were validated. Following, in Table 10, the list compared 

with the outcomes of the testing and integrated process.  

Table 10: Validated Test Results 

Objectives Validation  Validated/ 

not validated 

Collect and register household 
accumulative water consumption 
using flow sensor 

The system converts the flow rate via 
the Flow sensor and into water 
consumption by adding values 

Validated 

Detect and report unexpected water 
usage, or leak by the local display 
feedback. 

The system has an LCD the shows 
instant flow, with which the user can 
monitor if the water is being used 
while nothing is on. 

Validated 

Transmit accurate readings to water 
supplier through powerline grid. 

The system uses PLC modems to 
code, transfer and decode the data 
via Power line 

Validated 

Control water remotely from 
centralized place 

The system reports all local meters 
reading to a central place by the 
process explained in previous 
sections 

Validated 

Notify consumer and billing 
department by SMS 

The system uses SMS to notify 
customers 

Validated 
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Tabulation of Test Results from All Scenarios 

The system has three main tests as demonstrated in 6, The system outcomes where 

satisfactory as shown table 11: 

Table 11: Observations Tabulated 

Item tested Description  Result 

Flow sensor Flow sensors capture and detect water flow PASS 

Valve Valves switch on and off as per the threshold limit PASS 

PLC to PLC PLC package sent to the second PLC and decoded PASS 

PLC to GSM PLC package opened and put in a SMS format PASS 

GSM to GSM GSM created and parsed at the other end of the loop PASS 

The results below in table 9 tabulated are for all the items that were tested. 

Table 12 Testing results 

Item tested Description  Result 

Flow sensor Senses and detects water flow P 

Valve To ON/OFF as per threshold value 
set 

P 

Power line communication to Power line 
communication (PLC) 

Package of one PLC is sent to the 
second PLC to decode 

P 

PLC to Global systems for mobile 
communications (GSM) 

Package of PLC is opened and set 
in GSM format 

P 

Global systems for mobile 
communications (GSM) to GSM 

GSM created and parsed at the 
other end of the loop 

P 

Where ‘P’ indicates PASS. 

System Validation 

Table 8 below shows the validation results for the mentioned objectives. 

 
Table 13: System validation 

Objectives Validation  Validated/ 

not validated 

using flow sensor collecting and 
registering household 
accumulative water 
consumption 

Flow sensor converts the flow 
rate to water consumption 

Validated 

Local display feedback is used 
to detect and notify water 

LCD displays the water reading. 
Hence the consumer can 

Validated 
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leakage and water 
consumption. 

monitor if the switch is being 
ON. 

Powerline grid lines to transmit 
water usage to power supplier. 

PLC codes and decodes the 
data and transmits via power 
line 

Validated 

Remotely controlling water 
supply  

The data will be recorded 
centrally 

Validated 

Using SMS to notify billing and 
water consumption 

Customer notification is done 
using SMS 

Validated 

Prototype Snapshots 

The designed system uses only one input that determines the system operation. The flow 

sensor captures the flow of water. The consumer station consist of two parts, the immediate 

action, which is the automatic valve that responds to threshold and the LCD has instant 

updates of readings. The second output is the data sent to the local collection station that can 

compute the data later. The local collection system receives the data as input and does three 

things, parse data, analyze and send SMS to central station. The central station receives the 

data as an SMS and parse the information, price it, and send it to user. All the processing and 

calculation happens in the microcontroller. 

 

Figure 17: The Final prototype design and implementation snapshot for illustration 

The designed system uses two type of communication, PLC through the local wiring, and GSM 

for long distances, for better coverage and less errors. It is the most cost-effective solution, 

but it has not limiting feature to control the consumption. The others cost a little much as a 

start, however economic returns are gained in the future. All the systems compared scored 

decent score on the reliability section, which shows the verity of system could be adapted to 

the same application. 
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Figure 18: The total design snapshot for illustration 

The systems displayed above have achieved all the desired outcomes. The sensor device 

captures the flow of water through pipes which additionally require the flow sensors into the 

pipe system. The safety of the devices is acceptable in terms of data extracted and operation.  

the new prototype designed is effective as it can solve the leakage and water consumption 

limitation effectively. All the systems have level of practicality which require some sort of 

infrastructure to be implemented in real life. 

5 CONCLUSION 

The project work is an economic solution to create prominent impact on industry, environment, 

and organization as well. The operational concept is to transmit the data or information to the 

consumer and the authority in short time where the work is done by the human resource for 

collecting the information or data manually and rectifying any fault which often consumes more 

time and also prone to errors, the implemented project idea is to support the water organization 

where collection of data is done remotely without the need of shutdown of the valve  

automatically which reduces much time of the customer and also organization to notify any 

leak in the home. 

The schematic diagram of the project is a design prototype which can be improved in real time 

implementation phase as the concept of the project is a prototype to achieving the given 

outcomes and the work is to give a clear idea of the project working principle. 

The system designed consists of three parts, the usage of PLC modems made the system 

cost efficient as well as material wise. The system uses the existing cabling lines to transfer 

data to the local collection station. It saves great amount of cabling that may cost millions with 

similar efficiency. The system durable as a solution for long lasting projects. The 

communication type used better than the internet as it has better coverage and private 

transaction path. 
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The system built is eco-friendly, as it creates human awareness towards the water usage and 

consumption. The system local feedback to users prevent them from overusing water. The 

user could, in fact, benefits from following up the water consumption to detect water leak if any 

in the pipeline. The user could put a threshold to how much he wants to use in their daily use. 

There are no health problems might be caused by the system. No harmful emissions expected 

which using the system. The flow sensor is the only devices going to have direct contact with 

the water, and it has no chemical or other substance in there that may pollute the water.   

From safety perspective, the system works with low voltage, batteries are recommended. the 

water part is isolated and fixed in a distance from the actual system preventing short circuits 

or other problem cause by water contact. The system does not generate heat or smoke, if any 

seen, that might be caused by powering the system with higher voltage than rated which is 

only 5V @ 1A. 

The material used in the system is non-toxic and according to electrical and electronics 

standards. There material is replaceable and can be used for other purposes. The system 

material and structure allow other developers to modify or develop the system to suit other 

applications. The code used is an open source and allowing others to edit or calibrate the 

system whenever possible. 
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7 RECOMMENDATIONS 

The Implemented work has a scope of improvement. One of the significant factors is replacing 

a flow sensor at each home can replace the current water meters at home for calculating the 

consumption. The designed can further extended with database system to extract water 

consumption data and create automatic bills as there is more burden in companies to build 

their bills upon assumptions or unfrequently readings. The sensors used in the work are handy 

too because they can detect things like water temperature, water quality and leakage. Testing 

the system with two or more meters will improve the results and show how useful the device 

can be in real time scenario. The prototype system can be extended to detect the electricity 

meter readings at the same time. By adding voltage and current sensor the household rating 

requirements can make the system very powerful and effective.  

Sensing tools 

The system uses only one sensing tool, the flow sensor, there are other sensors that could 

also be implemented to improve the user experience in design such as the leak detector 

sensor that could sense water surfaces and humidity, water filtration sensor defines the user 

that the water is polluted. 

Communication 

In the designed prototype, the system works only in one path, that is from the house meter to 

the collection station and then to the central. The central station cannot contact or reset the 

valve at the household automatically. In the future, the system can be used to make the 

communication between the whole system by just improving the coding and adding the 

required components. 

Power consumption 

The system currently detects water consumption, by employing a flow sensor. The system 

could easily accommodate another sensor like current sensor that could read the current and 

calculate the wattage consumed at a household. Making the system more effective. The local 

station could solve two problems with not much extra costs. 
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PLC modem 
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 Flow Meter 

 

Solenoid Valve 
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Power Supply 
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APPENDIX B 

Code Billng 
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Code House Local 
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Code of Local to Central 
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Reuse of waste material is highlighted as it leads to environmental issues. To use natural 

resources more competently, it can be used to produce new products or as admixtures. 

Marble powder has great effect on concrete properties as it gives utmost strength and 

workability as compared to cement. The two types of residual obtained from marble stone 

industry are solid waste and stone slurry. The main objective of this report is consuming 

waste of marble dust powder in concrete and to analysis the feasibility of using marble dust 

powder partially replacing cement to get improvement in strength more cautiously. The 

marble dust powder was supplemented in M25 grade of concrete (0%, 10%, 20% & 30%) 

with partial replacement by weight of cement. In all the concrete mixes, water/ cement 

ratio was kept constant. After 7 & 28 days of proper curing, compressive strength,, split 

tensile, strength and flexural strength of the concrete samples (cubes,, cylinders and prism) 

were determined. In accordance to this laboratory work, it is concluded that replacement of 

cement with marble dust powder surges up to 20% for both compressive and split tensile 

strength of the concrete.
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.1 British Standard (BS): 

3.2 Materials used for the Experiments: 

3.2.1 Portland Cement 

3.2.2 Aggregates 

3.2.3 Marble dust powder 

3.3 Mix design of the concrete (Normal, 10%, 20% and 30% of replacement) 

3.3.1Quantity of concrete required for Cubes (7 and 28 days): 

3.3.2 Quantity of concrete required for cylinder (7 and 28days) 

3.3.3 Quantity of concrete required for prism (7 and 28days): 

3.4 Experiments chosen for concrete’s materials (Cement, Marble waste powder, 

Fine aggregate and Coarse aggregate): 

3.4.1 Specific gravity of cement: 

3.4.2 Silt test: 

3.4.3 Sieves analysis for Fine aggregate, Coarse aggregate and Marble waste 

powder and fineness of cement 

3.4.4 Slump cone test 

3.4.5 Compressive strength test for concrete cubes: 

3.4.6 Tensile strength test for concrete cylinders: 

3.4.7 Flexural strength test for concrete prism: 

3.4.8 Non-destructive test (The rebound hammer): 

4.1 Specific gravity of cement 

4.2 Silt test 
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4.3 Sieves analysis for Fine aggregate, Coarse aggregate and Marble waste powder 

and fineness of cement: 

4.4 Slump cone test 

4.5 Compressive strength test for concrete cubes: 

4.6 Tensile strength test for concrete cylinders 

4.7 Flexural strength test for concrete prism: 

4.8 Non-destructive test (The rebound hammer): 

 

 Observation table for compressive strength of normal concrete:

 Observation table for compressive strength of concrete with 10% replacement of 

marble:

 Observation table for compressive strength of concrete with 20% replacement of 

marble:

 Observation table for compressive strength of concrete with 30% replacement of 

marble:

 Observation table for tensile strength of normal concrete:

 Observation table for tensile strength of concrete with 10% replacement of marble

 Observation table for tensile strength of concrete with 20% replacement of marble:

 Observation table for tensile strength of concrete with 30% replacement of marble:

 Observation table for flexural strength of normal concrete:

 Observation table for flexural strength of concrete with 10% replacement of marble:

 Observation table for flexural strength of concrete with 20% replacement of marble:

 Observation table for flexural strength of concrete with 30% replacement of marble:

 Observation table for non-destructive testing of concrete with normal concrete:

 Observation table for non-destructive testing of concrete with 10% replacement of 

marble
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 Observation table for non-destructive testing of concrete with 20% replacement of 

marble:

 Observation table for non-destructive testing of concrete with 30% replacement of 

marble:

 Result analysis for compressive strength of concrete

 Result analysis for tensile strength of concrete

 Result analysis for flexural strength of concrete:

 Rebound number property:

 Ordinary Portland Cement: 

 Aggregates:

 Marble dust powder: 

 Le Chaterier’s Flask:

 Silt in Fine Aggregates in the field:

 Sieves analysis kit set:

 Slump cone test kit set: 

 Compressive strength test:

 Concrete compression machine:

 Cube Moulds

 Pressure testing machine: 

 Tensile strength test kit: 

 Cylinder Moulds: 
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 Flexural strength test kit:

 Concrete Flexural machine: 

 Prism Moulds:

 Schematic of Rebound hummer: 
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Oman contributes lot of wastes from industries and causes environmental problems. 

Therefore, the process of reuse of these wastes to produce new natural resources and the 

protection of the environment from the accumulated waste, which causes a major 

environmental problem, is the best solution to invest these solid wastes. There is no time to 

waste in the waste economy, waste is a global challenge if handled correctly, this type of 

waste carries many health, environmental, and financial risks that lead to serious 

environmental consequences. Based on studies expected by 2025 "that the levels of 

municipal solid waste generation will rise to 2.6 billion tons." Because the reasons affecting 

these wastes are the increase in population growth, urbanization, economic development, 

and industrialization. The higher the economic development and the rate of urbanization, 

the greater the amount of MSW produced (Unep.or.jp 2019) . 

Most developing countries are constantly seeking to minimize environmental pollution in 

the land by using many natural materials and energy. This is a very serious problem in most 

countries. Scientific studies show that cement production and other industries that produce 

different wastes are expected to increase. Leading to increased demand for cement and 

increased interest worldwide, according to studies estimated to double and increase the 

amount of cement use over the next 30 years. The most useful materials used in 

overcoming this problem are the complementary cement materials in the concrete, where 

the additional environmental benefit is shown in the fact that the most widely used cement 

materials in the world, which are symbolized by SCM such as fly ash, silica fumes, lime 

sludge Etc. These materials are of a different type and end up in landfills. As for the 

percentage of the marble powder industry, it is manufactured to a large extent provides a 

lot of solid waste. This means that the broken pieces are discarded, and the quality is 

isolated to finish with the waste. This piece of broken marble powder is considered a large 

expense in landfills each year and this affects its classification on the issues of real land 

pollution. This report clarifies the idea of using these materials in an intelligent manner that 

preserves the environment and minimizes the risks of pollution. The technical and 

environmental benefits of using cement, restrictions, applications, and specifications are 

important for this work (Kumar YM et al. 2015). 

Effective waste management is the key to a prosperous future in the Sultanate of Oman and 

is important to keep the natural resources of Oman. With the increasing need to focus on 

solid waste recycling to reduce the apparent problems of these wastes, GHG emissions from 

landfills, creating new employment opportunities and enormous potential to turn 

environmental problems into solutions for the benefit of the Sultanate. There are many 

types of solid waste, such as paper, cardboard, plastic, textiles, leather, garden waste, 

wood, glass, metals, and other special waste. Such as construction materials, demolition, 

hazardous waste, and ash. All these solid wastes and many of them are present in the 

Sultanate and have a significant negative impact as it has not been treated in an 
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environmentally friendly manner and benefits from recycling and re-inserting it in all areas 

of life, Industry and others areas (Ithraa.om 2019). 

There are many marble factories available in the Sultanate of Oman and have a large 

amount of solid waste extracted from the processes of cutting and manufacturing marble 

and so on. Many factories are burying these wastes from the marble processes or 

assembling them in very distant places, which greatly affects the environment from many 

dangers. In its construction world, Oman relies on many buildings, and residential buildings 

that have overshadowed the Sultanate. This leads to an increase in its consumption of 

building materials in concrete and its great need for building materials such as cement 

(Trivedi, 2019). 

Cement is the main element in concrete, which has a large cost and consumption in 

construction. The use of the marble dust powder (MDP), extracted from many marble 

factories, is therefore intended to exploit this opportunity. It is an advanced composite 

material whose mission is to allow a new concrete industry to improve the normal use of 

concrete, generating economic and environmental benefits, one of the most important 

features to be strong and permanent. The selection of MDP powder is an original marble 

rock with high levels of calcium oxide. This application is the most ideal for cemented 

concrete replacement, which affects the effectiveness of the reaction due to the strong 

element of lime (Pathan and Pathan.M 2019). 

In this report, MDP was used over 90 microns to verify the concrete properties and effect of 

varying different percentages of MDP on pressure strength,, indirect tensile strength and 

bending force. In this report,, the effect of MDP in concrete is examined on strength. Five 

different concrete slabs containing 0%, 10%, 20%, and 30% MDP were used as an alternative 

to cement used in concrete mixtures according to the assumed weight. As for the number of 

water-calculated ratios, it remained constant in all concrete mixtures. The emotional 

strength and tensile strength of concrete mixtures were obtained in 7 and 28 days 

(Limestone 2019). 

In this project, the main objective is to study the effect of substituting cement molecules 

with certain percentages of MDP. Which affects the strength of emotion of the normal class 

in the concrete and the strength of tensile and pressure. Several experiments were 

conducted in this study to measure the quality of the concrete and what are the properties 

affecting the concrete under the influence of the inclusion of MDP: 

- Silt test: 

Silt content is a fine material less than 150 microns, known as unstable water, which has 

been used to test fine aggregates. The excess amount of silt not only reduces the bonding of 

cement and fine aggregates, but also affects the strength and durability of the silt. As the silt 

is characterized by shrinkage and expansion depending on the weather changes. (Civilology 

2019) 
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- Sieves Analysis & Fineness of cement: 

Its purpose is to analyze sieves for fine aggregates, coarse aggregates, and marble powder 

and determine the fineness of cement. 

- Specific Gravity Test: 

Specific gravity can be defined as the density of any material for the density of another 

reference material at a specified temperature. This experiment was used to determine the 

specific gravity of the cement and the water was the reference material (Daily Civil 2019). 

- Slump cone test: 

This test was used to measure the workability of fresh concrete, more specifically, as it 

measures the consistency between payments (Aboutcivil.org, 2019). 

- Compressive strength test: 

The concrete block was tested for various concrete properties, and the compressive 

strength of the concrete was due to several factors such as: water to cement ratio, cement 

strength, quality of concrete materials, and quality control during concrete production 

(Constructor 2019). 

- Tensile strength test: 

This test is one of the most common types of mechanical tests. Which measures the 

maximum tensile strength and maximum strain maintained by the cylinder, depending on 

whether the material is fragile or coated. However, when placed in service and exposed to 

several external factors such as extreme heat and coldness may lose their properties and 

move to fragile behaviour (Instron.us 2019). 

 

- Flexural strength test: 

 In which the bending strength of the concrete is determined, and it enters into force when 

the road board is exposed with insufficient support of the subclass of wheels and loads, and 

there are many volume changes due to temperature and deflation (CivilBlog.Org 2019). 

- Non-destructive (Rebound hammer) 

This experiment was adopted on a standard method to determine the strength of hardened 

concrete by testing cubes, cylinders, prisms. The main reason for the use of this test was the 

most popular and non-destructive of on-site concrete and light use (Engineering civil 2019). 

Marble dust, which is characterized by many contemporary uses, whether in industry, 

construction, or arts according to (Our Pastimes 2019). Marble is a metamorphic rock that is 

created when massive pressure is applied to a mass of rock accompanied by extreme 

temperatures. Where the marble is processed artificially, the pieces polished and used in 
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the purposes of decoration away from the construction. Where most of the marble factories 

are cutting, where 20-30% of the marble powder in waste landfills is wasted, marble powder 

is a waste material generated in large quantities around the world as it caused a serious 

problem in the environment. Therefore, the use of cement in the production of concrete as 

additives or aggregates is very useful leads to the investment of this large amount of waste 

in matters of concrete and study. It was found that the use of marble powder in the 

concrete does not affect the self-mixing mixtures and the polymer concrete as an additive 

or properly assembled in terms of properties based on hardening of concrete (Ulubeyli 

2015). 

 

 

Marble waste disposal is important as its residue and waste causes harmful effects on 

human health and environment. The objective of this study is to study the properties of 

concrete when adding marble powder as a partial replacement of cement. This study 

focuses on finding a solution for the disposal of marble waste. The property of Marble 

powder enables us to use it as a partial replacement of cement. In this research, concrete is 

made (grade M25) and marble powder is added as a partial substitute for cement at 

different percentages (0%, 5%, 10%, and 15%) of cement weight. The concrete was poured 

in 24 cubes of size 150 * 150 * 150 mm. Pressure tests were performed on all samples on 

day 7 and day 28 of curing. It is clear from the result that marble powder can be added as a 

partial replacement for cement. The best ratio for adding marble powder as a partial 

replacement for cement is 10% (Patel. D, 2016). 

In this analysis, the inquiry of achievement on the strength parameter of concrete mix by 

biased replacement of the cement with marble powder is accomplished. Since marble 

powder engaged in several categories of construction work, as a result, with all the 

properties required, the marble powder is given up as biased replacement of cement as 

component tests were carried out to analyse the strength and endurance act of concrete 

mix with marble powder with dissimilar proportion differing from 5% to 25%. The analysis 

results derivate that the strength parameter of concrete mix is enhanced. Marble dust 

interchanged at the concrete with 5%, 10%, 15%, 20%, & 25% of cement and then 

distinguished with Conventional Concrete. Then examine the difference between values of 

outcomes with conventional concrete (Raghvendra 2019). 

The need for regionally manufactured building components has been accentuated in many 

nations. Ecological causes can be circulated due to the waste disposal. Waste can be utilized 

for manufacturing new commodities which is blending so that raw materials are used 

adequately, and the ecosystem is shielded from waste accumulation. The marble stone 

related to manufacturing produce both solid waste and stone slurry. Stone slurry produced 

from the corporation up to 15-20% of the whole resulting commodities during the process. 
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There are various reuse and recycling resolutions for hazardous waste. The hazardous 

wastes are dropped to the field for improvising their productivity equity of soil. In this 

analysis, total 42 cubes were cast. Marble commodity is combined in concrete mix M-20 in 

contrasting percentage (5%, 10%, 15%, 20%, 25%, and 30%) by density. The cement was 

interchanged by marble power. After curing (7 and 28 days), cubes were proven. The 

reinstatement of cement with 10% of marble power provides the maximal compressive 

durability at both 7 days and 28 days curing span. It was constructed that marble dust 

accessible at every altering plant in extremely large capacity and it is charge relatively less 

correlated to cement. Therefore, with the reinstatement of cement by marble dust, charge 

efficient concrete can be accomplished (Ruchi 2017). 

The waste produced from the commerce clause natural problems. Thus, the reuse of this 

waste component can be accentuated. Marble Dust Power (MDP) is a broadening composite 

component that permits the concrete corporation to enhance component use, produce 

commercial assets and manufacturing structures that will be strong, long-lasting, and 

delicate to the atmosphere. MDP is an outgrowth acquired during the process of mining 

from the source of marble rock; which includes high calcium oxide load besides 50%. The 

aptitude of MDP can be a standard prime for replacement in a cementation cover as the 

effectiveness of the sensitivity boosts due to the existence of lime. In this exploration effort, 

the waste MDP bisecting through 90 microns has been utilized for inspecting seasoned 

concrete features. In addition to the aftermath of dissimilar percentage, reinstatement of 

MDP on the compressive durability, disbanding flexible strength (Indirect flexible strength), 

and flexural durability has been noticed. In this preliminary assessment, the aftermath of 

MDP in concrete durability is bestowed. Five concrete mixtures including 0%, 5%, 10%, and 

20% MDP as cement reinstatement on the basis of density have been processed. 

Water/Cement Ratio (0.43) was preserved consistent in all the concrete mixes. Compressive 

durability, of disbanded flexible strength, and flexural durability of the concrete mixtures 

have been achieved at 7 and 28 days. The outcomes of the lab research determined that 

reinstatement of cement with MDP inflated up to 10% for compressive durability and up to 

15% for disbanded flexible strength and flexural durability of concrete (Ranjan 2012). 

Marble has been used at various stages of construction. Marble is usually used as the partial 

replacement of cement. Durability and strength performance tests are performed on the 

concrete for the efficiency of marble powder. The powder is added in 5-25% as a partial 

replacement of cement. The results proclaim that 15% of marble is in par with normal 

concrete. Trivedi did not conduct the tests. Two tests, one for durability and the other for 

concrete strength, to be conducted. (Trivedi M.K 2017). 

Marble is formed on the border of the adjacent plates where the crust is exposed to 

regional transformation. Marble is made up of very large deposits of sediment up to 10m. 

Hence, mining is economical, and millions of tons of marble are being produced annually. 

The produce is either crushed or turned to dimension stone (katuwal, 2017). 

tel:0.43
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In 2010, Hüseyin Yılmaz conducted a study on the use of marble dust waste where he added 

the marble powder as partial replacement of cement at various percentages ( 2.5%, 5%, 

7.5% and 10%) in concrete. The grade of concrete (M20, M30 or M35) is not considered as 

only 10% of marble powder is used. The concrete is placed in 40*40*160 mortar prisms. The 

strength test is conducted on all samples after 7, 28 and 90 days. The result is that only 10% 

of marble powder addition is apt as partial replacement of cement.  

Professor PA Shirule in april 2012 studied inclusion of marble powder as a relative 

replacement of cement in concrete (M20 grade). In this process, 30 test cubes and 30 test 

cylinders were surged by him and marble powder as a partial lead was added to the cement 

at various rates (0%, 5%, 10%, 15% and 20%). As a partial substitution of cement, he surged 

3 cylinders and 3 cubes per ratio. The trial was done on cylinders and cubes subsequent to 7 

days and 28 days of curing. From this addition of marble as a relative replacement of 

cement by 10% was an appropriate ratio was interpreted by professor, since there was an 

increase in strength of compression due to acquired concrete. 

Reckoning marble powder is economically attainable. In this review, as a partial 

replacement of cement, marble was added with varying percentages (0%,5%,10%,15%, and 

20%). For examining, all the specimens were surged into cubes and cylinders (pressure and 

tensile strength). All the specimens were analysed subsequent to 7days, 14days, and 15-28 

days. Evaluating the effect of marble powder on concrete and to deduce the proportion of 

marble powder that raises the strength of concrete was the main intention. Inclusion of 

marble powder as relative replacement of cement by 15% was the apt ratio according result 

as it provides the utmost compacting and tensile strength of the concrete (V.Desmukh. J, 

2015). 

A study conducted by Valdevi C (2013) did their research on marble dust as partial 

replacement of cement in concrete. Marble dust obtained during marble processing is used 

as waste. This waste was projected by adding it or used instead of cement during mixing of 

concrete at different percentages. In this study, the marble dust obtained during shaping of 

marble blocks was used as cementitious material is used along with concrete mixture was 

found to be cheaper than ordinary cement. Waste of marble dust is used in proportion of 5, 

10, 15, and 20% along with cement to prepare concrete in comparison to the total amount 

of typical concrete. In terms of their properties in fresh as well as harden state, the 

prepared mixture is studied. For 14 to 28 days, tests were conducted and cured to find 

compressive strength and tensile strength with or without incomplete replacement of 

marble dust in concrete and mortar. It was concluded that 1 bag of cement and cost can be 

saved by 10% addition of 10% of marble dust. 

An experimental study conducted by Jashandeep Singh (2015) to study the behaviour of 

concrete, where there was partial replacement of cement with waste marble powder of 

M25 grade for which the marble powder is replaced. The experimental study was carried 

out and the effect on compressive strength and split tensile strength characteristics (0%, 

tel:2.5
tel:7.5
tel:160
tel:15-28
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4%, 8%, 12%, 16%, and 20%) was studied. After getting the result of this present 

investigation, it shows that the replacement of 12% of cement with waste marble powder 

achieves maximum compressive and tensile strength. the best percentage for replacement 

of marble powder is 12% cement for both cubes and cylinders. It also reduces the costs for 

construction by the usage of marble powder which is cheap and freely available. 

As the waste materials left in the environment can cause environmental problems, the 

reuse of waste materials has been stressed. There are various ways that waste materials can 

be used. It can be used for producing new products or as admixtures with the intention of 

the efficient use of natural resources and the waste deposits are prevented. In the marble 

stone industry, both solid wastes and stone slurry are generated. Usage of waste of marble 

dust powder in concrete and improvement of strength of concrete more frugally was paid 

attention. With partial replacement of weight of the cement, the marble dust powder was 

put in M2O grade of concrete (0%, 5%, 10%, 15%, 20%, 25% & 30%). In all the concrete 

mixtures, the water/cement ratio (0.50) was kept constant. After 7 and 28 days of proper 

curing, the concrete samples (cube and cylinder) were verified for compressive strength and 

split tensile strength. After getting the results of the laboratory work, they found out that 

marble dust powder increases up to 10% for both compressible and split tensile strength of 

the concrete (Naveen kumar 2017). 

A study has conducted by B.V.M Sounthararajan et.al (2013) on the effect of the lime 

content in MDP for producing High Strength Concrete. It was found that the MDP up to 10% 

by weight of cement was examined for toughened concrete particles. The percentage of 

MDP was changed and the effect on the compressive strength, splitting tensile strength was 

projected. It was found that the effect of fine to coarse aggregate ratio had higher influence 

on the improvement in strength properties than cement to total aggregate ratio.  An 

impressive increase in the compressive strength of 46.80 MPa in 7 days for 10% 

replacement of MDP in cement content was noted. It also showed an improved mechanical 

property related to controlled concrete. 

Waste marble powder is obtained from motorcade operation and sawing marble stone. 

Finding the possibility of making use of marble powder as a partial replacement of cement 

was the aim of this experiment. Here the study was based on setting behaviour, reliability, 

and flowability features of cement paste. Moreover, strength growth and microstructural 

properties of cement adjusted with marble powder were deliberated. This study indicated 

that 10% of marble powder can be used as partial replacement of cement without 

disturbing its technical distinctives of the mixture. However, surplus replacement can lead 

to overdue hydration and porous microstructure. It was concluded that the variation in 

chemical composition between marble dust and cement does not necessarily change the 

expansion and setting properties of the subsequent mixture (KritiVardhan 2015). 

Replacement of cement with marble waste powder up to 20% lessens the slump of concrete 

mixtures, whereas 20% replacement of marble waste powder by sand improves the slump. 
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Replacement of 5% of cement by marble waste powder during concrete making provides 

compressive and flexural strength on or after marble waste-free concrete samples, whereas 

its strength can be reduced beyond 5% if the replacement is increased. 20% replacement of 

marble waste powder instead of sand provides comparable strength to that of concrete 

mixes with 100% of sand during initial and final ages (Veena G. Pathan1, Md. Gul-famPathan 

2014). 

Here is given an account of an experimental learning of the impact of marble powder used 

as a partial substitute for Portland used as a partial substitute for Portland cement on the 

mechanical possessions and permanence of high production concrete. The investigation of 

the experimental outcome on concrete at 15% content of marble powder with a fineness 

modulus, showed that it donates positively to the accuracy of its mechanical features, its 

longevity regarding relocation of chloride ions and oxygen permeability. On the basis of the 

experiments carried out, it can be concluded that the marble powder is acceptable for the 

formulation of high performance concrete and their properties are significantly better 

compared to the reference concrete (A.Talah 2015). 

Throughout the length of the swift extension of human needs in many sectors, a notable 

downgrade in the acquirable and viability of the natural resources was always noticed. 

Neither less the increase in volume of production is always related with appreciable amount 

of waste materials, which me adversely affects the surrounding environment. Marble 

powders consists of high calcium oxide content of more than 50%. The possible use of 

marble dust can be a perfect choice for exchange in a cementation binder as the efficiency 

increases due to the existence of lime. An overall total of five concrete mixes, consisting of 

0%,5%. 10%, 15%, and 20% partial substitution of cement with marble powder is 

experimented in the laboratory. These mixes are examined to regulate inclusive strength, of 

spilt tensile powder, and flexural powder for 7, 28, and 56 days (Krishna Rao 2016). 

The waste produced from the corporations creates ecological problems. Therefore, the 

reuse of the waste component can be accentuated. Marble Dust Powder (MDP) is a 

broadening composite component which permits the concrete corporation to enhance 

component usage, produce commercial assets, and manufacture structures which will have 

durability, long-lasting, and susceptible to the ecosystem. MDP is an outgrowth acquired 

during the process of mining from the source of marble rock; which consists of high calcium 

oxide content of more than 50%. The probable usage of MDP can be a superior standard for 

reinstating a cementation cover as the effectiveness of sensitivity boosts due to the 

existence of lime. In this analysis, reinstatement of waste marble powder with cement and 

other unrefined combinations were examined. According to the diverse examinations, it was 

observed that the waste MDP bisecting 90 microns, has utilized for analysing seasoned 

features of concrete. Moreover, the aftermath of dissimilar percentage reinstatement of 

MDP on the compressive durability, disbanding flexible strength (indirect flexible strength), 

and flexural durability has been analysed. In this analysis, the aftermath of MDP in concrete 

durability is bestowed (Arun Kumar 2018). 
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 Baboo Rai have completed their inquiry on the influence of marble dust powder in concrete 

mix. Limited reinstatement of cement and common fine accumulates by changing 

percentage of marble powder discloses that raised waste marble powder results in raised 

feasibility and compressive stability of the cement and concrete (Baboo Rai 2011). 

The fundamental purpose of this analysis is to enquire into the feasibility of using water 

marble dust in cement and concrete manufacturing. The analysis of the task was classified 

into two divisions. The first division manages with the features of cement altered with 

marble dust. Through the second division deliberates, the features of concrete consist of 

marble dust as a cement reinstatement and as a sand reinstatement. The reinstatement 

ratios which have been calculated were 0.0%, 5.0%,7.5%, 10.0%, and 15% by pressure. 

Synthetically and mechanically features of cement and concrete altered with marble dust 

were inspected. Marble dust demonstrated a filler effect in concrete and had ambiguous 

character in the mechanism of hydration. Up until now, concrete formed with marble dust 

as sand reinstatement accomplished excelling achievement distinguished to concrete 

formed with marble dust as cement reinstatement (Aliabdo 2014). 
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3. METHODOLOGY  

3.1 British Standard (BS): 

In order to conduct any experiments on the concrete or it is materials to work correctly and 

error-free and to obtain accurate results must be followed in the procedure of the 

experiment to follow reliable standards such as British Standard provided by the British 

Institute of Standards (BSI) and this after the signing of the memorandum of understanding 

between the British Institute of Standards and the United Kingdom (Bsigroup 2019). In this 

study, 8 experiments will be chosen for testing the concrete and its materials.  

 The experiments chosen for the study: 

1) Silt test of the experiment following the British standard code (BS 812: Part 

104:1985). 

2) Specific gravity test for cement in the experiment followed the British standard code 

(BS EN 196-3:1995) (Nawaf 2018). 

3) Sieves analysis for Fine aggregate, Coarse aggregate and Marble waste powder and 

fineness of cement experiment followed the British standard code (BS 812: Part 

103:1985) (Ede, Olowu and Odewumi 2015). 

4) Slump cone tests experiment followed the British standard code (BS 1881: Part 102: 

1983). 

5) Compressive strength test for concrete cubes, experiment followed the British 

standard code (BS 1881: Part 116:1983) (Ede, Olowu and Odewumi 2015). 

6) Tensile strength test for concrete cylinders, experiment followed the British standard 

code (BS 1881: Part 117:1983). 

7) Flexural strength test for concrete prism, experiment following the British standard 

code (BS 1881: Part 118:1983). 

8) Nondestructive test (The rebound hammer), experiment followed the British 

standard code (BS 1881: Part 202:1986) (Aydin and Saribiyik 2019). 

3.2 Materials used for the Experiments: 

3.2.1 Portland Cement: 
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Figure No.3: Marble dust powder (Amazon.in 2019) 

Cement is a fine powder that has important 

properties and exhibits its characteristics when 

mixed with water as chemical hydration takes 

place. This hydration helps in producing strong 

binding property which helps to bind aggregates 

together. Cement is produced by raw solid 

materials like calcareous rocks (limestone and 

chalk), argillaceous rocks (clay and shale). The 

collected raw materials are then crushed and 

grinded then transferred to clinker. In kiln, 

materials are melted in high temperature at 

about 1500oc and cooled to form cement 

powder and gypsum. There are various types of 

cement with different properties, but only 

ordinary Portland cement is used for this case 

study. Ordinary Portland cements is used 

generally used for most construction work if 

special properties are not needed to be 

concerned. (Sciencedirect 2019)  

3.2.2 Aggregates: 

Aggregates are a mix of sand, rock, squashed 

stone, clay, or various substantial mineral 

structures, operated in blends with a coupling medium to frame such resources to 

bituminous and Portland cement, solid, concrete, or alone, as in railroad mixture, channel 

beds, and different assembling processes. 

 

3.2.3 Marble dust powder: 

Marble waste powder was collected from Omani 

Marble company in Rusayl industrial, Sultanate 

of Oman. It was sieved by 90-micron sieve 

before mixing with concrete.  

 

 

 

 

Figure No.1: Ordinary Portland Cement (Alibaba 2019) 

Figure No.2: Aggregates (Cscscreeding.co.uk 2019)   
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3.3 Mix design of the concrete (Normal, 10%, 20% and 30% of replacement): 

 Concrete Grade – M25 

 Mix Ratio (Cement: Fine Aggregate: Coarse Aggregate) – 1:1:2 

 Water-cement ratio of – 0.5 cement 

 Cube dimension – 150mm × 150mm × 150mm 

 Cylinder dimension –150mm × 300mm 

 Prism dimension – 150mm × 150mm × 750mm 

The tests done for Normal concrete, 10% replacement, 20% replacement and 30% 

replacement for 7 and 28 days. Therefore, a mix designs for 24 cubes, 24 cylinders, and 24 

prisms are prepared. 

3.3.1 Amount of concrete required for Cubes (7 and 28 days) 

 Volume of cube = (0.15×0.15×0.15) ×6 = 0.02025 m3 

 Mass of concrete = density × volume = 2400×0.02025 = 48.6 kg 

 Adding 30% extra as wastage = 48.6 + (0.3×48.6) = 63.18 kg 

 Normal concrete: 

 Mass of cement = 0.25×63.18 = 15.795 kg 

 Mass of fine aggregate = 0.25×63.18 = 15.795 kg 

 Mass of coarse aggregate = 0.5×63.18 = 31.59 kg 

 Mass of water = 0.5×15.795 = 7.8975 kg 

 10% of Replacement of cement by marble waste powder: 

 Mass of marble dust powder = 0.1×15.795 = 1.5795 kg 

 Mass of cement = 15.795-1.5795 = 14.2155 kg 

 Mass of fine aggregate = 0.25×63.18 = 15.795 kg 

 Mass of coarse aggregate = 0.5×63.18 = 31.59 kg 

 Mass of water = 0.5×14.2155 = 7.1 kg 

 20% of Replacement of cement by marble waste powder: 

 Mass of marble dust powder = 0.2×15.795 = 3.159 kg 

 Mass of cement = 15.795-3.159 = 12.636 kg 

 Mass of fine aggregate = 0.25×63.18 = 15.795 kg 

 Mass of coarse aggregate = 0.5×63.18 = 31.59 kg 

 Mass of water = 0.5×12.636 = 6.318 kg 

 

 30% of Replacement of cement by marble waste powder: 

 Mass of marble dust powder = 0.3×15.795 = 4.7385 kg 

 Mass of cement = 15.795-4.7385 = 11.0565 kg 

 Mass of fine aggregate = 0.25×63.18 = 15.795 kg 

 Mass of coarse aggregate = 0.5×63.18 = 31.59 kg 

 Mass of water = 0.5×11.0565 = 5.52825 kg 
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3.3.2 Quantity of concrete required for cylinder (7 and 28days) 

 Volume of cylinder = (πr2h) ×6 = 0.0053×6 = 0.0318 m3 

 Mass of concrete = density × volume = 2400×0.0318 = 76.32 kg 

 Adding 30% extra as wastage = 76.32+(0.3×76.32) = 99.216 kg ≈ 100kg 

 Normal concrete: 

 Mass of cement = 0.25×100 = 25 kg 

 Mass of fine aggregate = 0.25×100 = 25 kg 

 Mass of coarse aggregate = 0.5×100 = 50 kg 

 Mass of water = 0.5×25 = 12.5 kg  

 10% of Replacement of cement by marble waste powder: 

 Mass of marble dust powder = 0.1×25 = 2.5 kg 

 Mass of cement = 25-2.5 = 22.5 kg 

 Mass of fine aggregate = 0.25×100 = 25 kg 

 Mass of coarse aggregate = 0.5×100 = 50 kg 

 Mass of water = 0.5×22.5 = 11.25 kg 

 20% of Replacement of cement by marble waste powder: 

 Mass of marble dust powder = 0.2×25 = 5 kg 

 Mass of cement = 25-5 = 20 kg 

 Mass of fine aggregate = 0.25×100 = 25 kg 

 Mass of coarse aggregate = 0.5×100 = 50 kg 

 Mass of water = 0.5×20 = 10 kg 

 30% of Replacement of cement by marble waste powder: 

 Mass of marble dust powder = 0.3×25 = 7.5 kg 

 Mass of cement = 25-7.5 = 17.5 kg 

 Mass of fine aggregate = 0.25×100 = 25 kg 

 Mass of coarse aggregate = 0.5×100 = 50 kg 

 Mass of water = 0.5×17.5 = 8.75 kg 

 

3.3.3 Amount of concrete required for prism (7 and 28days) 

 Volume of prism = length × width × height = (0.15×0.15×0.75) ×6 = 0.10125 m3 

 Mass of concrete = density × volume = 2400×0.10125 = 243 kg  

 Adding 30% extra as wastage = 243+(0.3×243) = 315.9 ≈ 315 kg 

 Normal concrete: 

 Mass of cement = 0.25×315 = 78.75 kg 

 Mass of fine aggregate = 0.25×315 = 78.75 kg 

 Mass of coarse aggregate = 0.5×315 = 157.5 kg 

 Mass of water = 0.5×78.75 = 39.375 kg 

 10% of Replacement of cement by marble waste powder: 

 Mass of Marble dust powder = 0.1×78.75 = 7.875 kg 

 Mass of cement = 78.75-7.875 = 70.875 kg 
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 Mass of fine aggregate = 0.25×315 = 78.75 kg 

 Mass of coarse aggregate = 0.5×315 = 157.5 kg 

 Mass of water = 0.5×70.875 = 35.4375 kg 

 20% of Replacement of cement by marble waste powder: 

 Mass of Marble dust powder = 0.2×78.75 = 15.75 kg 

 Mass of cement = 78.75-15.75 = 63 kg 

 Mass of fine aggregate = 0.25×315 = 78.75 kg 

 Mass of coarse aggregate = 0.5×315 = 157.5 kg 

 Mass of water = 0.5×63 = 31.5 kg 

 30% of Replacement of cement by marble waste powder: 

 Mass of Marble dust powder = 0.3×78.75 = 23.625 kg 

 Mass of cement = 78.75-23.625 = 55.125 kg 

 Mass of fine aggregate = 0.25×315 = 78.75 kg 

 Mass of coarse aggregate = 0.5×315 = 157.5 kg 

 Mass of water = 0.5×55.125 = 27.5625 kg 

 

3.4 Experiments chosen for concrete’s materials (Cement, Marble waste powder, Fine 

aggregate and Coarse aggregate): 

3.4.1 Specific gravity of cement: 

3.4.1.1 Theory: 

The specific gravity is generally defined as the ratio between the weight of a given volume of 

material to the weight of an equal volume of water, formula which will be used to find the 

specific gravity of cement 𝑆𝑝. 𝑔𝑟 =
𝑤1−𝑤2

𝑣2−𝑣1
 (Indiamart 2019). 

 

3.4.1.2 Apparatus according to (BS EN 196-3:1995) 

as it showed in (Fig.4):  

 Ordinary Portland Cement 

 Le Chatlerier’s Flask 

 Thistle Funnel 

 kerosene 

 weighing Balance  

 Water Bath 

 Thermostat 

 

3.4.1.3 Procedure (Casting) according to (BS EN 196-3:1995): 

Figure No.4: Le Chaterier’s Flask (Indiamart 2019) 
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Kerosene is collected and is filled into le Chaterier’s flask between 0 to 1ml mark. Then the 

decanter is set aside underneath a constant room temperature water bath for a few time. 

Kerosene’s preliminary reading is observed and recorded. The preliminary mass of cement 

and pan is observed out and recorded and cement with a mass of roughly 65g of the same 

temperature is taken to the flask. Then a vibrating solid machine is used to accelerate the 

cement into the flask and prevent the cement from sticking to the neck of bottle. When the 

kerosene level shows between the top marks of flask, poring of cement is stopped. Lid is 

placed in the flask and then flask is rolled in an angled position to relieve the cement from 

mid-air. Final reading of pan and cement are recorded. From the observation, the specific 

gravity of cement is then calculated. 

 

 

3.4.1.4 Observation of the experiment: 

 w1: initial weight of cement = 65g 

 v1: volume of kerosene = 0.1 m3 

 v2: volume of kerosene to cement = 18.5 m3 

 w2: Final weight of cement = 8g 

 𝑆𝑝. 𝑔𝑟 =
𝑤1−𝑤2

𝑣2−𝑣1
 = 

65−8

18.5−0.1
 = 3.097 
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3.4.2 Silt test: 

3.4.2.1 Theory: 

Silt test is done to understand clay and silt 

content in fine aggregates. It is derived from the 

fact that explains large particles settling down in 

water and the lighter ones settling down slowly.  

The experiment is done according to the British 

standard silt content must not exceed 15% of 

overall weight (BS 812: Part 104:1985). 

3.4.2.2 Apparatus according to (BS 812: Part 

104:1985): 

 Fine aggregates 

 2.5g salt 

 Measuring cylinder 

 

 

 

3.4.2.3 Procedure (Casting) according to (BS 812: Part 104:1985):  

A saline mix is organised first by collecting 2.5g of pure salt and allowing that to dissolve into 

250 ml of clean water. 50 ml of salted solution is taken and mixed to a 250ml gauging 

cylinder. Fine aggregate less than 4.75mm is added to measuring cylinder until water level 

approaches 100ml mark. Then again 50 ml of salty solution is added. The gauging cylinder is 

covered on the top and shacked well for some time and then kept still on a flat surfaced 

table for 2-3 hours. 

 

3.4.2.4 Observation of the experiment: 

 Height of Sand = 150 ml 

 Height of silt = 6 ml 

 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 % 𝑜𝑓 𝐶𝑙𝑎𝑦 & 𝑆𝑖𝑙𝑡 =  {𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑆𝑖𝑙𝑡 / 𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑆𝑎𝑛𝑑}  × 100 = 

(6/150) ×100 = 4% 

 

3.4.3 Sieves analysis for Fine aggregate,, Coarse aggregate and Marble waste powder and 

fineness of cement: 

Figure No.5: Silt in Fine Aggregates in the 

Field  

(Civilbloggs.org 2017) 
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3.4.3.1 Theory: 

Fineness is an indication of size of cement particles and is an important parameter to 

determine whether the cement is fit for use in concrete. This test is done to find out finest 

grinding of cement. Cement that is created by a manufacturing industry is needed to check 

for quality, beneficial for specific kind of advance or it does not have enough required 

quality. In case, for RCC or further large burden comportment structures, it is fundamental 

that the cement that needs to be utilized in the concrete should be able to provide the 

required potential quality, although for PCC structures it is not so much basic. The bulk 

properties of a particular kind of cement are examined by finding the fineness of particular 

manufactured cement, although the fact remains that fineness of cement is in control of the 

degree of hydration and consequently the frequency of increase in solidarity and 

additionally in amount of expansion of warmth. In the event that the cement is fine at that 

point, additional striking is, its cohesiveness, that is the property required in the concrete, 

meanwhile it offers conservativeness to the concrete. Normally, cement loses 5-12% of its 

quality in a month of its accumulating. The formula that is to be used to find the fineness of 

cement Formula Used:  𝑅% = {(
𝑅1

𝑤1
) × 100} (CivilSeek 2019). 

3.4.3.2 Apparatus: 

 Micron sieve 

 Weighing balance  

 Brush 

 Ordinary Portland Cement 

 Sieve shaking machine 

3.4.3.3 Procedure (Casting) according to (BS 812: Part 

103:1985):  

At first, 10 grams of Cement is collected and put over 90-micron sieve. A tray is kept under it 

and covered through the lid. The strongly tightened sieve is moved using sieve shaking 

machine for 15 minutes. After sieving, the leftover residue is collected, weighed, and 

recorded. Moreover, the marble dust powder was sieved into 90-micron sieves. Finally, fine 

aggregate & coarse aggregate were sieved into 4.75 mm if the aggregate is passing, so it’s 

fine aggregate and the aggregate which returned in the sieve it’s coarse aggregate. 

3.4.3.4 Observation of the experiment: 

 Weight of Sample Retained on the sieve, R1 = 0.21 

 Total Weight of Sample, w1 = 10g 

 % of Residue:  𝑅% = {(
𝑅1

𝑤1
) × 100} = 2.1% 

 If the aggregate < 4.75 mm it is fine aggregate 

 If the aggregate > 4.75 mm it’s coarse aggregate 

Figure No.6: Sieves analysis kit set 

(Theconstructor.org 2019) 
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3.4.4 Slump cone test: 

3.4.4.1 Theory:  

Slump cone test is one of the most important tests to determine the workability of concrete 

mixture. It can be carried out in the laboratory or in the construction area when concrete 

trucks arrive to the site. This test is done on more than one batch of concrete mixture to 

check the quality of this mixture which will be used in the building structure. Furthermore, 

this test indicates the percentage of water cement in the concrete mixture and there are 

some factors that may affect the workability of fresh concrete such as Admixture, 

Temperature, Properties of materials used and Methods of mixing concrete materials (The 

Constructor 2019). 

3.4.4.2 Apparatus according to (BS 1881: Part 102: 1983) as it showed in (Fig.3): 

 Slump cone with 200 millimetre in the diameter 

of the bottom, 300 millimetre in the height and 

100 millimetre in the diameter of the top.  

 Tamping rod, Scoop, Scrub brushes, Slump test 

base, Oil, Trowel, Paint brush and Scale.  

 

 

 

 

3.4.4.3 Procedure (Casting) according to (BS 1881: Part 102: 1983):  

After the concrete mixtures (Normal, Concrete with 10% replacement of cement by marble 

dust powder, Concrete with 20% replacement of cement by marble dust powder and 

Concrete with 30% replacement of cement by marble dust powder) are prepared according 

to the selected quantity of concrete, the cone and the slump test base are then cleaned and 

the internal surface of the slump is oiled so that the concrete is not stuck inside. The cone is 

also installed on the slump test base and is then filled with fresh concrete on three layers 

and between each layer and layer 25 tamps are applied by using tamping rod.  Finally, the 

concrete is levelled on the top of the cone. The concrete residue is then removed from the 

cone and the slump test base. Finally, the cone is then lifted once and by using the scale, the 

height of the concrete slump is determined. 

 

 

3.4.4.4 Observation of the experiment: 

Figure.7: Slump cone test kit set (Civil today 2019) 
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 Slump for Normal concrete = 50mm 

 Slump for 10% replacement of cement with marble waste powder, concrete mix = 

42mm 

 Slump for 20% replacement of cement with marble waste powder concrete mix = 

35mm 

 Slump for 30% replacement of cement with marble waste powder concrete mix = 

26mm 

 

3.4.5 Compressive strength test for concrete cubes: 

3.4.5.1 Theory:  

Among the many tests of concrete properties comes the compressive strength test for the 

concrete mixture, which aims to determine the compressive strength of the concrete 

samples through which the concrete mixture is rejected or accepted. This test depends on a 

number of factors such as concrete mixture design and concrete production methods. In 

this tests it can be applied on the concrete samples after 7 days,, 14 days or 28 days from 

the first day when the concrete samples were taken out from the moulds and placed in the 

curing tank (Civil Engineering Forum 2019). 

3.4.5.2 Apparatus according to (BS 1881: Part 116:1983) as it showed in (Fig.4, 5, 6): 

 Concrete compression machine (2000 kN) automatic, Autotec. 

 Cubes mould with dimensions (150 mm x 150 mm x 150 mm). 

 Scoop, Oil, Trowel, Paint brush and Tamping rod. 

 

 

 

  

 

 

 

 

 

 

3.4.5.3 Procedure (Casting) according to (BS 1881: Part 116:1983):  

1
5

0
 m

m
 

Figure.8: Concrete compression 

machine (Matest.com 2017)  

 (Civiltoday 2019) 

Paint brush  

Figure.9: Compressive strength test 

kit set (Civil today 2019) 

Figure.10: Cube Moulds (Controls-

group 2019)  



20 
 

After the concrete mixtures (Normal Concrete with 10% replacement of cement by marble 

dust powder, Concrete with 20% replacement of cement by marble dust powder and 

Concrete with 30% replacement of cement by marble dust powder) are prepared according 

to the selected quantity of concrete, at the beginning, the cube moulds are cleaned and the 

internal surfaces are painted with the oil to prevent the concrete mixture to not stuck inside 

the cubes. The concrete mixture is then poured into the 24 cubes (Normal concrete cubes: 3 

cubes for testing 7 days and 3 cubes for 28 days, Concrete with 10% replacement of cement 

by marble dust powder cubes: 3 cubes for testing 7 days and 3 cubes for 28 days, Concrete 

with 20% replacement of cement by marble dust powder cubes: 3 cubes for testing 7 days 

and 3 cubes for 28 days and Concrete with 30% replacement of cement by marble dust 

powder cubes: 3 cubes for testing 7 days and 3 cubes for 28 days)  on three layers, and 

between each layer and layer 25 tamps are made by using tamping rod to empty the air 

bubbles inside the concrete mixture inside the cube. Then the top surface of the 24 cubes is 

levelling and after 24 hours the concrete cubes are removed from the moulds and placed in 

the curing tank for the experiment that will use the Pressure testing machine after 7 days 

and 28 days of placing them in the curing tank. 

 

3.4.5.4 Observation of the experiment: 

 

 

Table No.1: Observation table for compressive strength of normal concrete. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Compressive 

Strength 

(MPa) 

Average 

Compressive 

Strength 

(MPa) 

1. 7 days 8353 764.50 22500 33.97 31.65 

8423 745.09 22500 33.11 

8078 627.233 22500 27.87 

2. 28 Days 8272 812 22500 36.08 37.38 

8329 889 22500 39.51 

8286 823 22500 36.57 
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Table No.2: Observation table for compressive strength of concrete with 10% replacement 

of marble. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Compressive 

Strength 

(MPa) 

Average 

Compressive 

Strength (MPa) 

1. 7 days 8407 684.19 22500 30.4 31.21 

8659 663.5 22500 29.48 

8451 759.55 22500 33.75 

2. 28 Days 8543 859 22500 38.17 38.48 

8620 848 22500 37.68 

8576 891 22500 39.6 

 

 

Table No.3: Observation table for compressive strength of concrete with 20% replacement 

of marble. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Compressive 

Strength 

(MPa) 

Average 

Compressive 

Strength (MPa) 

1. 7 days 8317 754 22500 33.51 34.16 

8098 798 22500 35.06 

8167 763 22500 33.91 

2. 28 Days 8312 887 22500 39.42 38.62 

8372 894 22500 39.73 

8175 826 22500 36.71 
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Table No.4: Observation table for compressive strength of concrete with 30% replacement 

of marble. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Compressive 

Strength 

(MPa) 

Average 

Compressive 

Strength (MPa) 

1. 7 days 8481 825 22500 36.66 34.02 

8566 790 22500 35.11 

8684 816.2 22500 36.27 

2. 28 Days 8601 953.31 22500 42.36 40.08 

8433 877.78 22500 39.45 

8586 864.89 22500 38.43 

 

Overall Results: 

 

 

3.4.6 Tensile strength test for concrete cylinders: 

3.4.6.1 Theory:  

The tensile strength of the concrete in the order of the most important characteristics of the 

concrete mixture, which greatly affects the size of cracking in the concrete structure and is 

known for the nature of concrete that it is weak in tension due to the nature of fragile 

concrete. In this test, the tensile force is measured by the load which applied by the 

machine to exceed the tensile strength of the concrete, and then the cracks appear on the 

concrete samples. Knowing the tensile strength of the concrete is important because it 

helps to determine the load that will occur when using this concrete. Finally, one of the 

methods of determining the tensile strength of the concrete it is using concrete cylinders 

and the test it can be applied in 7 days,, 14 days and 28 days from the day of casting (Civil 

Engineering Forum 2019). 

0
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3.4.6.2 Apparatus according to (BS 1881: Part 117:1983) as it showed in (Fig.7, 8, 9): 

 Concrete compression machine (2000 kN) automatic Autotec. 

 Cylinders mould with dimensions (150 mm x 300 mm) 

 Scoop, Oil, Trowel, Paint brush and Tamping rod. 

 

 

 

 

 

 

 

 

 

 

3.4.6.3 Procedure (Casting) according to (BS 1881: Part 117:1983):  

After the concrete mixtures (Normal Concrete with 10% replacement of cement by marble 

dust powder, Concrete with 20% replacement of cement by marble dust powder and 

Concrete with 30% replacement of cement by marble dust powder) are prepared according 

to the selected quantity of concrete, at the beginning, the cylinder moulds are cleaned and 

the internal surfaces are painted with the oil to prevent the concrete mixture to not stuck 

inside the cylinders. The concrete mixture is then poured into the 24 cylinders (Normal 

concrete cylinders: 3 cylinders for testing 7 days and 3 cylinders for 28 days, Concrete with 

10% replacement of cement by marble dust powder cylinders: 3 cylinders for testing 7 days 

and 3 cylinders for 28 days, Concrete with 20% replacement of cement by marble dust 

powder cylinders: 3 cylinders for testing 7 days and 3 cylinders for 28 days and Concrete 

with 30% replacement of cement by marble dust powder cylinders: 3 cylinders for testing 7 

days and 3 cylinders for 28 days) on three layers, and between each layer and layer 25 

tamps are made by using tamping rod to empty the air bubbles inside the concrete mixture 

inside the cylinder. Then the top surface of the 24 cylinders is levelling and after 24 hours 

the concrete cylinders are removed from the moulds and placed in the curing tank for the 

experiment that will use the Pressure testing machine after 7 days and 28 days of placing 

them in the curing tank. 

 

3.4.6.4 Observation of the experiment: 

Figure.11: Pressure testing machine 

(Progresstech.ru 2019) 

 

 (Civiltoday 2019) 

Figure.12: Tensile strength test kit 

set (Civil today 2019) 

Figure.13: Cylinder Moulds 

(Controls-group 2019) 

150 mm 

3
0

0
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m
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Table No.5: Observation table for tensile strength of normal concrete. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Tensile 

Strength 

(MPa) 

Average 

Tensile 

Strength 

(MPa) 

1. 7 days 12924 136 17671.459 7.69 8.33 

12941 145 17671.459 8.20 

12674 162.3 17671.459 9.1 

2. 28 Days 12658 186.68 17671.459 10.59 10.72 

12922 188.6 17671.459 10.67 

12947 192.75 17671.459 10.90 

 

Table No.6: Observation table for tensile strength of concrete with 10% replacement of 

marble. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Tensile 

Strength 

(MPa) 

Average 

Tensile 

Strength 

(MPa) 

1. 7 days 12955 166 17671.459 9.39 9.23 

12489 129.87 17671.459 7.34 

13058 178.45 17671.459 10.98 

2. 28 Days 12798 190 17671.459 10.75 10.72 

12674 188.15 17671.459 10.70 

12477 189.31 17671.459 10.71 

 

Table No.7: Observation table for tensile strength of concrete with 20% replacement of 

marble. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Tensile 

Strength 

(MPa) 

Average 

Tensile 

Strength 

(MPa) 

1. 7 days 12847 170.25 17671.459 9.63 10.33 

12698 187 17671.459 10.58 

12666 191 17671.459 10.8 
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2. 28 Days 13057 192.65 17671.459 10.9 10.84 

13066 192.31 17671.459 10.88 

12988 190 17671.459 10.75 

 

Table No.8: Observation table for tensile strength of concrete with 30% replacement of 

marble. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Maximum 

Load (kN) 

Cross 

Sectional 

Area 

(mm2) 

Tensile 

Strength 

(MPa) 

Average Tensile 

Strength (MPa) 

1. 7 days 12810 168 17671.459 9.50 9.01 

12720 162 17671.459 9.16 

12668 148 17671.459 8.37 

2. 28 Days 13094 194 17671.459 10.97 10.70 

13001 191 17671.459 10.80 

12776 183 17671.459 10.35 

 

 

Overall Results: 

 

 

3.4.7 Flexural strength test for concrete prism: 

3.4.7.1 Theory: 

It is also known that one of the most important factors that affect the concrete that must be 

known is the flexural strength or on the other name, the factor of rupture or mechanical 

property of the concrete because of nature of  brittle material also the capacity of concrete 

to withstand and resistance to wear under the influence of the load is the strength of flexion 

0
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in the highest effort estimated on concrete. In addition to this, each material has a moment 

of fall or collapse or in other sense of the moment of rupture when exposed to load. And, in 

this test, which aims to determine the flexural strength of concrete prism and this test after 

7 days,, 14 days or 28 days from the casting day. The idea of this machine is the effect on 

the concrete prism at the midpoint of the prism to measure the bearing capacity of the 

concrete effect of the load by the machine (Prakash 2019). 

3.4.7.2 Apparatus according to (BS 1881: Part 118:1983) as it showed in (Fig.10, 11, 12): 

 Concrete Flexural machine, 150 KN motorized. 

 Prism mould with dimensions (150 mm x 150 mm x 750 mm). 

 Scoop, Oil, Trowel, Paint brush and Tamping rod. 

 

 

 

 

 

 

 

 

 

 

 

3.4.7.3 Procedure (Casting) according to (BS 1881: Part 118:1983):  

After the concrete mixtures (Normal Concrete with 10% replacement of cement by marble 

dust powder, Concrete with 20% replacement of cement by marble dust powder, and 

Concrete with 30% replacement of cement by marble dust powder) are prepared according 

to the selected quantity of concrete, at the beginning, the prism moulds are cleaned and the 

internal surfaces are painted with the oil to prevent the concrete mixture to not stuck inside 

the prism. The concrete mixture is then poured into the 24 prisms (Normal concrete prisms: 

3 prisms for testing 7 days and 3 prisms for 28 days, Concrete with 10% replacement of 

cement by marble dust powder prisms: 3 cylinders for testing 7 days and 3 prisms for 28 

days, Concrete with 20% replacement of cement by marble dust powder prisms: 3 prisms 

for testing 7 days and 3 prisms for 28 days and Concrete with 30% replacement of cement 

by marble dust powder prisms: 3 prisms for testing 7 days and 3 prisms for 28 days) on 

three layers, and between each layer and layer 25 tamps are made by using tamping rod to 

Figure15: Flexural strength test kit 

set (Civil today 2019) 

Figure.14: Concrete Flexural 

machine (Jet materials 2019) 

 

 (Civiltoday 2019) 

Figure.16: Prism Moulds (Indiamart 

2019) 
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empty the air bubbles inside the concrete mixture inside the prism. Then the top surface of 

the 24 prisms is levelling and after 24 hours the concrete prisms are removed from the 

moulds and placed in the curing tank for the experiment that will use the Pressure testing 

machine after 7 days and 28 days of placing them in the curing tank. 

3.4.7.4 Observation of the experiment: 

 

Table No.9: Observation table for flexural strength of normal concrete. 

Sl. 

No. 

Number 

of Days 

Maximum 

Load (kN) 

Cross 

Sectional 

Area (mm2) 

Flexural Strength 

(MPa) 

Average Flexural 

Strength (MPa) 

1. 7 days 80.76 22500 3.58 3.64 

83.24 22500 3.69 

82.6 22500 3.67 

2. 28 Days 94.68 22500 4.2 4.30 

97 22500 4.31 

99.05 22500 4.40 

 

 

Table No.10: Observation table for flexural strength of concrete with 10% replacement of 

marble. 

Sl. 

No. 

Number 

of Days 

Maximum 

Load (kN) 

Cross 

Sectional 

Area (mm2) 

Flexural Strength 

(MPa) 

Average Flexural 

Strength (MPa) 

1. 7 days 88.98 22500 3.95 3.88 

86.5 22500 3.84 

86.77 22500 3.85 

2. 28 Days 102 22500 4.53 4.59 

103.67 22500 4.60 

105 22500 4.66 
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Table No.11: Observation table for flexural strength of concrete with 20% replacement of 

marble. 

Sl. 

No. 

Number 

of Days 

Maximum 

Load (kN) 

Cross 

Sectional 

Area (mm2) 

Flexural Strength 

(MPa) 

Average Flexural 

Strength (MPa) 

1. 7 days 88.89 22500 3.95 3.91 

89 22500 3.96 

86.6 22500 3.84 

2. 28 Days 96.68 22500 4.29 4.31 

97 22500 4.31 

98.05 22500 4.35 

 

Table No.12: Observation table for flexural strength of concrete with 30% replacement of 

marble. 

Sl. 

No. 

Number 

of Days 

Maximum 

Load (kN) 

Cross 

Sectional 

Area (mm2) 

Flexural Strength 

(MPa) 

Average 

Flexural 

Strength (MPa) 

1. 7 days 81.12 22500 3.60 3.61 

80.5 22500 3.57 

83 22500 3.68 

2. 28 Days 94 22500 4.17 4.22 

96.6 22500 4.29 

94.9 22500 4.21 
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Overall Results: 

 

 

 

3.4.8 Non-destructive test (The rebound hammer): 

3.4.8.1 Theory:  

This test, which aims to determine the number of rebounds from concrete moulds such as 

cubes, cylinders, and prisms, by using a device called the Rebound hammer, which contains 

a spring that drives the column of the device to the outside to hit the concrete mould and 

then the determination of the hardness of the concrete structure. This device contains a 

spring to measure these rebounds and this device makes the launch of this column at a 

regular speed and fixed. Then the device read these rebounds and give the result. The 

conclusion from this experiment is that for the greater the number of rebounds, it indicates 

the strength of concrete and vice versa. Therefore, this indicates that there is a direct 

relationship between the number of rebounds and the hardness of the concrete (Global 

Gilson 2019). 

3.4.8.2 Apparatus according to (BS 1881: Part 202:1986) as it showed in (Fig.13, 14): 

 Rebound hummer  
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Figure.18: Rebound hummer 

(Iricen.gov 2019) 
Figure.17: Schematic of Rebound hummer 

(Iricen.gov 2019) 
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3.4.8.3 Procedure (Casting) according to (BS 1881: Part 202:1986): 

In the beginning, before any tests are carried out such as (Compressive strength), this test is 

performed as follows: Initially, the cubes or cylinders or beams are fixed to not move. Then, 

the rebound hummer is then directed to the concrete moulds and its surface is touched. In 

order to start measuring the rebounds of its column, to calculate the number of repetitions, 

and to show the results, this test is performed on 24 cubes cast for compressive strength 

test and calculates the number of days from the day of casting. 

 

3.4.8.4 Observation of the experiment: 

 

Table No.13: Observation table for nondestructive testing of normal concrete. 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Rebound Number Average rebound number 

1. 7 days 8353 34 30 31 32 

8423 32 35 20 

8078 27 44 35 

2. 28 Days 8272 34 34 37 33.88 

8329 36 33 30 

8286 30 35 36 

 

 

 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Rebound Number Average rebound number 

1. 7 days 8407 31 39 46 35.22 

8659 33 37 36 

8451 28 33 34 

2. 28 Days 8543 35 32 27 33.11 

8620 37 36 26 

8576 33 38 34 

 

Table No.14: Observation table for non-destructive testing of concrete with 10% replacement of marble. 
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Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Rebound Number Average rebound number 

1. 7 days 8317 42 25 35 32.22 

8098 33 36 33 

8167 36 30 20 

2. 28 Days 8312 35 37 36 34.33 

8372 26 34 38 

8175 32 38 33 

 

 

 

Sl. 

No. 

Number 

of Days 

Weight of 

Specimen 

(g) 

Rebound Number Average rebound number 

1. 7 days 8481 38 38 38 33.55 

8566 35 37 33 

8684 26 26 31 

2. 28 Days 8601 40 41 38 35.66 

8433 31 32 34 

8586 32 36 37 

Table No.15: Observation table for non-destructive testing of concrete with 20% replacement of marble. 

Table No.16: Observation table for non-destructive testing of concrete with 30% replacement of marble. 
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4. Result & Discussion  

4.1 Specific gravity of cement: 

 

 Specific gravity of cement = 3.097 

Specific gravity is the ratio between the weight of a given volume of cement and weight of 

equal volume of water. It means whether whatever various occasions substantial is 

overwhelming that like water. Its an amount to appraise if the material is smart to descend 

or float on water. If the value tends to be less than 1, the issue will and if the rate resembles 

more prominent then it demonstrates that it will sink. In the experiment, the specific gravity 

of cement was observed to be around 3.097 which fulfills the standard specific gravity 

property for cement which should be around 3.15. 

4.2 Silt test: 

 From the experiment for silt test, content % of silt was observed to be 4%. 

On the off chance that polluting influences, for example, mud and silt happen more in sand, 

it diminishes the quality of concrete as they are exceptionally fine particles which 

exasperates the solid holding of sand molecules and diminishes the quality of cement. sand 

particles diminish durability and wear properties. The experiment satisfies the British 

standard as according to the British standard, silt content must not exceed 15% of total 

weight. 

4.3 Sieves analysis for Fine aggregate,, Coarse aggregate and Marble waste powder and 

fineness of cement: 

From the experiment for fineness of cement, it was observed that the collected sample had 

2.1% residue. It satisfies the property which states that residue percentage must be below 

10% by weight of material. 

Fineness of cement is calculated by sieving. Keeping proper knowledge about fineness 

properties helps to create good structure. Fineness of cement can effect on hydration rate 

or strength gain. It can help to improve hydration rate and strength. However, excess of 

fineness can increase the cost for grinding and may require more amount of water for 

hydration that could even show strength and durability. Fineness of cement also affects 

properties like workability of concrete.  

 

4.4 Slump cone test:  

 Slump for Normal concrete was found to be 50mm 

 Slump for 10% replacement of cement with marble waste powder concrete mix was 

found to be 42mm 
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 Slump for 20% replacement of cement with marble waste powder concrete mix was 

found to be 35mm 

 Slump for 30% replacement of cement with marble waste powder concrete mix was 

found to be 26mm 

 From the experiment, it was observed that the slump is a true slump and workability in 

nature to be medium. 

4.5 Compressive strength test for concrete cubes: 

Table No.17: Result analysis for compressive strength of concrete. 

Mix (M25) 

 

Compressive strength 

(N/mm2) 

Increase or decrease in strength 

compared to Normal concrete (N/mm2) 

7 days 28days 7 days 28days 

Normal Concrete 31.65 37.38 - - 

10% replacement 31.21 38.48 -0.44 +1.1 

20% replacement 34.16 38.62 +2.51 +1.24 

30% replacement 34.02 40.08 +2.37 +2.7 

 

The compressive strength test was done by casting 24 cubes for 7 and 28 days, respectively. 

From the observation, it was understood that the strength for any cube increased after 28 

days. Comparing the replacement of cement with marble dust powder, the 30% 

replacement showed better increase in compressive strength comparing to the normal cast 

concrete. The water-cement ratio was maintained for 0.5 for all cubes and water content 

decreased when cement content was decreased, which might have helped the strength to 

increase with the help of marble properties. 

 

1.6 Tensile strength test for concrete cylinders: 

Table No.18: Result analysis for tensile strength of concrete. 

Mix (M25) 

 

Tensile strength (N/mm2) Increase or decrease in strength 

compared to Normal concrete 

(N/mm2) 

7 days 28days 7 days 28days 

Normal Concrete 8.33 10.72 - - 

10% replacement 9.23 10.72 +0.9 0 
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20% replacement 10.33 10.84 +2 +0.12 

30% replacement 9.01 10.70 +0.68 -0.02 

 

For the tensile strength test, 24 cylinders were cast for 7 and 28 days, respectively. 

According to the results, nothing very large variation in strength were observed compared 

to normal concrete. 10% replacement concrete showed a slight increase in strength after 

testing for 7 days, but after 28 days it was observed that the strength was similar to that of 

normal concrete mix. It was also observed that the strength gradually increased for 20% 

replacement and again slightly decreasing nature was observed for 30% replacement 

compared to 20% replacement. 

 

4.7 Flexural strength test for concrete prism: 

Table No.19: Result analysis for flexural strength of concrete. 

Mix (M25) 

 

Flexural strength (N/mm2) Increase or decrease in strength 

compared to Normal concrete (N/mm2) 

7 days 28days 7 days 28days 

Normal Concrete 3.64 4.30 - - 

10% replacement 3.88 4.59 +0.24 +0.29 

20% replacement 3.91 4.31 +0.27 +0.01 

30% replacement .61 4.22 -0.03 -0.08 

 

The Flexural strength test was done by casting 24 rectangular prisms for 7 and 28 days, 

respectively. From the results, it was observed that the concrete mix of 10% and 20% 

replacement of cement with marble dust showed slightly increased flexural strength 

compared to normal. However, 30% replacement concrete showed slightly low strength 

compared to normal concrete. 

4.8 non-destructive test (The rebound hammer): 

 

Table No.20: Rebound number property (Sciencedirect 2019).  

Average rebound number Quality of concrete 

> 40 Very good hard layer 



35 
 

30 to 40 Good layer 

20 to 30 Fair 

< 20 Poor concrete 

0 Delaminated 

 

Comparing the figure in Table No.20 with observed values of rebound number, it can be 

stated that all the cubes have good quality of concrete as the rebound numbers are 

between 30 to 40. 

 

Conclusion 

The use of marble waste powder in concrete enhanced its quality and strength. The 

following conclusions were found based on the study.  

a) The Compressive strength of Concrete increases up to 30% replacement of cement 

with marble waste with 30% replacement having the more strength comparison 

b) The Split tensile strength of concrete gradually increases up to 20% replacement and 

for 30% replacement there can be slight decrease in strength observed.  

c) The Flexural strength has best strength for 10% replacement for both 7 days and 28 

days, also 20% replacement has better strength compared to normal but at 30% 

replacement the strength decreases compared to normal concrete.   

d) It can be concluded by saying that marble waste powder can be selected as a 

replacement for cement and 10-20% replacement of cement with marble waste powder 

gives best results. 

e) Using these unwanted waste materials contributes to sustainable development for 

construction sector. 

f) Marble dust powder can be used as a partial substitute in construction industry as 

partial replacement cement   
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Recommendation  

This project report mostly focuses on replacement of cement with marble waste powder. 

There is a lot of scope with this study and further research can be conducted using marble 

dust powder to improve the quality of building construction. Other various studies can be 

researched such as 

1. Marble powder concrete for acoustic building 

2. Durability property of marble dust power under water structures 

3. Earthquake consequence on marble powder concrete structure used in low-cost 

buildings. 

4. Marble powder concrete with plasticizer for higher grade of concrete. 
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EXECUTIVE SUMMARY 

World Health Organization reports that there are approximately 1.3 billion people who are 

visually impaired in several forms, globally (Who.int, 2019). The blind sector represents a large 

percentage of the local community in Oman, where more than 21 thousand people were blind 

in 2010 from different age groups. Though a recent statistics is not available over the internet, 

a study conducted suggested that based on the blindness rate calculated, there may be 

approximately 1,65,000 blind in a same age group with visual disabilities in Oman (Khandekar 

and Al Raisi, 2019). The digital revolution is a qualitative leap in the development to overcome 

the challenges and obstacles faced by the blind person and family members responsible for 

caring them by developing smart devices to support them with the latest smart programs that 

would help this category of the vision-impaired. Several smart Assistive Technology (AT) 

devices have been developed and patented; however, to our knowledge, Arabic language is 

not supported, which apparently confirms that the Gulf countries were not targeted in similar 

applications. The idea of the research project was to create an IoT and AI based smart 

application that is compatible with the local social environment, serving all groups that are 

supported in other languages along with the Arabic language. As a result, three applications 

have been developed named Aynne, My vision, and Currency detection. Aynne application in 

Arabic helps to know the things around the blind people, and it can direct the blind to the 

destination they want to reach and at the same time read texts. My vision app can direct the 

blind people to their destination and help to read the text during shopping and any required 

time; however this is in English. Currency detection app helps to scan the omani currencies 

and detect the value of the currency which help while dealing with currencies during shopping. 

These applications will bring great positive returns to blind people in Oman as a new 

experience to help solve the problems faced by the blind in day today life. The apps facilitate 

the language of communication and direction for all blind people which makes them more 

comfortable to use the app. The future work is to extend the rest of the apps also to be 

translated to Arabic and use latest deep learning approach to improve the features in the apps.   
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1 INTRODUCTION 

Technology provides a lot of supporting devices that contribute to the advancement for the 
users and meet their needs, especially those who suffer from chronic diseases such as 
blindness. Therefore, several developers and scientists are seeking access to the 
development of assistive technologies. The statistics released in 2010 significantly showed a 
huge count of people are suffering from blindness of various severity levels (Khairallah et al. 
2015). The Global statistics of visually impaired people, reported by the World Health 
Organization is a real shock.  

Technology is the window of the blind to the outside world, without it many of the activities of 
their lives are disrupted. The categories according to the statistics include 188.5 million people 
with moderate visual impairment, 217 million people with moderate visual impairment of 
atherosclerosis and 36 million blind people. There is also a classification called the village 
vision, which is estimated about 826 million people, and the causes are due to the global report 
of refractive errors and cataracts (Who.int, 2019). However, the age varies from one category 
to another. Some have been born with visual impairment, while others have related a disease 
at a certain age or due to some accidents or some chronic diseases. Thus, care methods vary 
according to the stage and severity of the disease. The age group associated with the disease 
may be less affected than those who have seen the light of life.  

The blind care requires more efforts, time and money to meet their needs. And here lies the 
problem, the blind wants to be free and independent to spend his/her needs without the need 
to receive support from other people. A wide range of sensor based AT devices available for 
visually impaired are discussed (Elmannai and Elleithy, 2017). Moreover, the applications that 
have served this segment are also enormous which have covered the needs of the target 
group, but the difference in community cultures plays an important role. The blind people who 
are living in the European countries differ in their needs from those living in the Middle East 
region including the Gulf countries. Most of the applications that are implemented in western 
countries are supported with languages matching to the language of the people who live there. 
It was noted that Arabic language is not supported in the majority of those applications, which 
apparently confirms that the Gulf countries were not targeted in similar application. Hence the 
project aimed at developing app with various features that helps them to be independent 
indoor and outdoor and also benefits even the non-educated category of blind people with the 
features in Arabic language.  

2 OBJECTIVES 

The objectives framed to meet the aim of the project are as follows. 

 To acquire T1-weighted Transaxial MRI DICOM brain images. 

 To pre-process the images using digital image computing. 

 To segment the brain tissues using ensemble approaches of Artificial Intelligence 

techniques. 

 To develop a system for volumetric analysis of the segmented tissues. 
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3 MATERIALS AND METHODS 

System analysis and design of the apps are depicted using the flowchart design (figure 1) 

and the user case diagram (figure 2). The application is based on Google Firebase ML kit 

& Google cloud Console (figure 3). Therefore, the app performance is determined based 

on Google’s technology and the Internet connection. The apps developed are based on 

Internet of things and artificial intelligence technologies. MIT app Inventor has been utilized 

that allows to make application developments for phones for Android operating systems 

using a web browser and also via a connected phone or emulator (MIT inventor 2 2020). 

Sample codes of the scrum of Ayne and My vision are shown in figure 4. Figures 5 and 6 

depicts the account information of cloud server and the firebase machine learning model 

utilized for the project respectively. The system architecture utilized for currency detection 

app is shown in figure 7. The Dataflow diagrams illustrating different levels of database and 

prediction in the system design of this app are depicted in figures 8. In this app, a flexible 

Gradle - based build system, feature-rich emulator, Lint tools, C++ NDK support and built-

in support for Google Cloud Platform that makes it easy to integrate Google Cloud 

Messaging and App Engine had been utilized. 

 

 

 

 

 

 

 

 

 

http://developers.google.com/cloud/devtools/android_studio_templates/
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Figure 1. Flow chart of Scan text, map navigation, face detection in the app 
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Figure 2. Use case diagram 

 

 

 

 

 

 

 

Figure 3. Overall architecture of use of artificial intelligence and cloud 
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Figure 4. Sample codes of scrum 
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Figure 5. Firebase account for application 

 

 

 

 

 

 

Figure 6. Working of firebase machine learning 
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Figure 7. Overall system architecture of currency detection app 
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Figure 8. Dataflow diagrams corresponding to database, level 1, level 2 prediction 
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4 RESULTS AND DISCUSSIONS 

There are three applications developed separately; one in Arabic and two in English. All 

apps developed are suited for android environment. The applications allow the blind to select 

the necessary function by shaking the phone and using oral commands which is accomplished 

through assistive techniques available in google voice. In addition, the app lets the user to 

return back to the main screen by shaking the phone. 

 

 

 

 

 

      

 

 

      

 

 

 

 

 

   

 

Figure 9. Screenshots of the Ayne app 

The main window of the Ayne application which is in Arabic allows the user choose the 

appropriate feature by shaking the phone. It makes use of voice control technology, through 

the use of one of the assistive technologies from Google services which allows the user to 

request the required window with a retry in the event of failure of the first attempt. The app 
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directs the blind to go anywhere by selecting the function Map. This function permits the blind 

people to get directions to any place require to be reached, so the app guides them to follow 

desired direction and also the users can add any destination they require to be guided to. My 

eyes window allows the user to know the surrounding objects and pronounce them for him. 

Once the user selects this window, the camera opens and captures the surrounding objects 

and translates it. Through map window, blind people can be directed to places they want to 

go by using Google Maps' assistive technologies. The scan text window reads documents, 

posters, currencies and everything the user wants to get the information about. 

Currency detection app is designed to recognize omani rial by the 

blind while shopping outdoor. This application helps them to 

recognize the currency value. In this application, blind people can 

speak and give command to open camera and camera will click the 

picture of currency and tell the user the value of the money scanned 

in OMR. This system makes use of speech recognition to interpret the 

command given by blind people. Some currencies (for 

instance, folded) cannot be detected correctly which can be improved 

in future. 

 

 

Figure 10. Screenshot of the Oman Currency detection app 

 

My vision application is similar to Ayne app but in English. The functions in the app can be 

initialized by touching anywhere on the screen. The user uses voice command to select the 

function needed. The user can command the app to capture the text. If the app responses to 

the command voice, the app will capture the text and read it so that the user can hear. In case 

the app fails to respond to the command voice, it will allow the user to try again two times, 

then it returns back to the major function. Similarly the Map navigation is initialized by touching 

anywhere on the screen, and if the app responses to command voice, the app will open the 

map and allows the user to add the destinations needed and also guides the blind people to 

reach the direction.  In case the app fails to respond to the command voice, it will allow the 

user to try again two times, then it returns back to the major function. The final function is the 

face detection. The user can command the app to detect face function. If the app responses 

to command voice, the app will detect the face by allowing the user to take picture and draw 

square line to any face detected. However, the outcome of the detection depends on the faces 

that are already stored in database. Hence, sometimes the app gives incorrect detection which 

can be improved. In case the app fails to respond to the command voice, it will allow the user 

to try again two times, then it returns back to the major function. 
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Figure 11. Screenshots of My vision app 

The apps developed consists of multiple functionalities that are beneficial for blind people that 

saves time, effort and money and for being independent both indoor and outdoor. The app in 

Arabic makes the local people more comfortable to using it with ease.  

5 CONCLUSION 

The project aimed at developing a cost-effective mobile app solutions that specifically meets 
the requirements of blind people to be independent, safe and secure at indoor and outdoor 
environment. To achieve this, state of art applications that utilize assistive technology by 
visually impaired has been explored through meeting visually impaired people in Oman and 
literature review. Finally, three applications have been developed named Aynne, My vision, 
and currency detection. Aynne application in Arabic helps to know the things around the blind 
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people, and it can direct the blind to the destination they want to reach and at the same time 
read texts. My vision app can direct the blind people to their destination and help to read the 
text during shopping and any required time; however this is in English. Currency detection app 
helps to scan the omani currencies and detect the value of the currency which help while 
dealing with currencies during shopping. The structure of the project consists of designing 
multi activities in the form of mobile apps beneficial for blind people that saves time, effort and 
money and for being independent. 
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EXECUTIVE SUMMARY 

Oman’s vision 2040 aims to drive the new oil which owes to be the tourism sector in Oman for 

improving the economic growth. Since mobile technology is commonly used for navigation 

and interpretation, in the recent years, a mobile Augmented Reality (AR) app is perceived to 

be perfect for integrating visual attraction to provide a better experience for the tourists. An 

AR-based mobile app for e-tourism in Oman is currently not popular in Oman.  Hence the 

research aimed to develop an AR technology-enabled mobile app that guides the tourists in a 

smart way with an embedded vision of tourist attractions and provide the facility of a visual 

interpretation of landmarks in Oman. The prototype of the mobile application developed offers 

the user information about tourist attractions by showing a 3D model when the user points the 

app on a location pin on the map. The application has virtual buttons that show information 

based on AR when pressed. It is found that creating 3D models of digital art (using octane 

render) related to Oman tourism paves a way for further enhancing the application developed. 

This work is currently in progress in addition to the achievement of objectives. 
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1 INTRODUCTION 

Augmented Reality (AR) has been a technology breakthrough which gained popularity in very 
recent years across the world. It enables to provide a wonderful visual perception of real-world 
objects when viewed through the AR-based mobile app. This technology opens up great 
opportunities in the tourism sector since visual experience prior travel supplements traveling 
experience. 

The potentiality of exploring AR technology in bringing attractive features to locate landmarks 
such as Restaurants, Hotels along with reviews and also to provide a visual experience with 
an embedded dynamic vision to revolutionize the travel experience needs to be explored 
which would give more excitement for the visitors to explore further. The project aimed to 
develop an Augmented Reality mobile app that would revolutionize the e-tourism sector in 
Oman by providing an e-guide that enriches the traveling experience of travelers in a way 
previously impossible. 

2 OBJECTIVES 

The objectives framed to meet the aim of the project are as follows. 

 *To explore the vast capability of mobile Augmented Reality (AR) that improves the 

traveling experience of tourists 

 *To explore the possibility of creating innovative 3D models of tourist attractions in Oman 

 *To design a mobile AR app considering the availability of 3D Oman models 

 *To develop a mobile AR app with new 3D models generated based on AR for the tourism 

sector 

3 MATERIALS AND METHODS 

Figure 1 shows the flow chart of the steps needed for the process in the AR application where 

the user is asked to position the phone camera on the desired target. If the phone detects any 

available image targets, a model will be shown to the user on the screen while if the phone 

does not detect any image targets, the user will be asked to try again until a target is detected. 

Context diagram shown in figure 2 describes the functionalities required by the 

external entities. Use case diagram is UML diagram describes the system or the model 

behavior. It consists of actors interacting with the system. Figure 3 shows the use case 

diagram designed. The app has two main users, developer (admin) and tourist (user). 

The developer can edit, update the application, use it, and delete the application from 

google play. The tourist can open the application, use the application by downloading 

the application. They can also take help from user menu to know more about the 

application. In this application, there is a database with a name and it contains all the 

image targets used (there are one or more target images). Figure 4 depicts the entity 

relationship diagram. Inside unity there is a hierarchy like folders. Each image target 

contains the models that are projected and the colors. There is one model representing 

each point of interest or tourist attraction. Unity, vuforia and C# have been utilized for 
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the development. In addition to this, there had been an attempt of designing digital art 

work in 3D using Patreon and Octane render.  

  

Figure 1. Flowchart of the system 
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Figure 2. Context diagram 

 

 
Figure 3. Use case diagram 
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Figure 4. Entity relationship diagram 
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Figure 5. Sample codes 



Revolutionizing e-tourism in Oman through Augmented Reality mobile app development 

RUQAIYA AL SHEHHI  Page 11 of 13 
  
 

4 RESULTS AND DISCUSSIONS 

The application was developed on a GPU processor and then moved to an Android device to 

be tested on phone. As seen in images shown in figure 6, the image target with all the assets 

are located on the pins. The blue squares beneath each asset are virtual buttons. These 

buttons allow the user to view 3D text when pressed (information such as name of the tourist 

location). This button was created with code as shown in figure 5. The code shows instructions 

for the user to press on the button or move the camera to a certain pin on the map. Figure 7 

depicts the outcome while testing from the android device and deploying the app in phone. 

 

 

Figure 6. Sample outputs 
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Figure 7. Outcome viewed from phone 

5 CONCLUSION 

The prototype of a technology-enabled app exclusively for the tourism industry that can 

provide a smart tourism guide has been developed. The features in the app that are integrated 

into google maps will help travelers wishing to visit Oman explore the tourist attractions in a 

big way. There is huge potential in expanding the app developed. Incorporating 3d models of 

digital art of tourist attractions through Octane render has been explored (aligned to the 2nd 

objective) and observed that it offers lots of opportunity to further improve the app which is 

currently in progress. 
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EXECUTIVE SUMMARY 

Over recent years, medical imaging research has increased to its zenith that employs 

principles of engineering utilizing Artificial Intelligence techniques and image computing 

techniques to medical modalities to yield efficient healthcare solutions. Alzheimer’s disease 

(AD) is a devastating condition that leads to significant memory loss due to 

neurodegeneration. Early identification of such conditions is significant to reduce the disease 

progression which subsequently improves the life of patients. MRI scan has been the best 

modality to visually diagnose the brain tissue state. In fact, visual inspection by the radiologists 

has its limitations to accurately detect the amount of cell death happened. Moreover, such a 

volumetric analysis is of great importance to identify the progression rate of neurodegeneration 

of brain tissues over a period of time. Hence an automated system that provides a volume of 

neuronal death of individual brain tissues from MRI scan images helps to reduce time and 

effort of radiologists to diagnose the disease progression. This research aimed to develop 

such a system to accurately measure the pixel volume of brain tissues. The methodology 

included the image pre-processing steps followed by segmentation of brain tissues into Gray 

matter, White matter and Cerebrospinal fluid. The outcome of research is an application that 

automatically segments the brain tissues and obtain the pixel volume which has been 

successfully developed using digital image computing and unsupervised machine learning 

under Artificial Intelligence algorithms. The application helps the radiologists to input the MRI 

brain images and get the volume of each tissue from the inputted MRI DICOM brain images.    
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1 INTRODUCTION 

Neurodegenerative diseases such as Alzheimer’s disease (AD) are characterized by loss of 
neurons in the brain which results in a progressive decline in memory [Subash et al., 2014]. 
The human brain comprises of tissues namely Gray Matter, White Matter, and Cerebrospinal 
fluid. The shrinkage of the brain happens due to the volume reduction of the tissues. People 
suffering from this disease experience a significant memory loss due to neuronal death. Even 
though there is no drug available to completely eradicate the disease, early detection of the 
disorder is very crucial. Accurate and automatic prediction of brain tissue volume from image 
scans is quite challenging. This research aims at developing software that quantifies the brain 
tissues automatically from MRI T1-weighted axial images so as to know how much volume 
reduction has happened over a period of time. Visual inspection by the radiologists is a tedious 
and unreliable task to comprehend the severity of neuronal death. Hence automatic atrophy 
measurement of brain tissues would be useful for the physicians. Moreover, the availability of 
a system is advantageous for researchers where the users can input their own dataset and 
perform comparative analysis. 
 
The volumetric analysis had been suggested by (Fashtakeh, 2012) where the classification 
accuracy is expected to improve by combining various structural features. Supervised 
machine learning approach based on Support Vector Machine and Neural Network have been 
utilized by training the dataset encoded with an optimized feature set. However, the result is 
reported in the article for comparative analysis. The structural feature of hippocampus is 
utilized for early detection of brain impairment by (Sørensen et. al., 2016). This study 
apparently shows the importance of including such a texture-based feature in identifying the 
progress of Alzheimer’s disease from T1 weighted MRI scans. A very recent work (Feng et 
al., 2018) focused on radiomic features in the hippocampus to train Support Vector Machine 
to obtain volumetric measures to detect the condition of dementia-related changes in the brain. 
The confusion matrix values obtained are at an acceptable level however could still be 
improved. The research gap found is the non-availability of software available to test the 
medical dataset for comparative analysis. Hence the research focused on developing a 
software using digital image computing and machine learning algorithms to obtain the volume 
of each tissue and its degradation over time. 

Currently, Sultanate of Oman has around 5,000 to 6,000 cases of AD and the count would be 
much more as people hesitate to disclose about it [report, 2014]. The number of AD patients 
is expected to further increase in the future. There had been several works related to AD 
published by researchers of various organizations and higher education institutions in 
Sultanate of Oman. In fact, most of the related research is directed towards in vitro study that 
helps to reduce the progression of AD [Subash et al., 2014; Essa, 2011]. However, early 
detection of the disorder is equally important. 

The developed software will assist radiologists working in the hospitals of Sultanate of Oman, 
with reduced time and effort, in understanding the severity of cell death over a period of time: 

a more reliable solution compared to visual inspection.  
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2 OBJECTIVES 

The objectives framed to meet the aim of the project are as follows. 

 To acquire T1-weighted Transaxial MRI DICOM brain images. 

 To pre-process the images using digital image computing. 

 To segment the brain tissues using ensemble approaches of Artificial Intelligence 

techniques. 

 To develop a system for volumetric analysis of the segmented tissues. 

3 MATERIALS AND METHODS 

The input image (Figure 1) is an MRI scan T1 weighted transaxial image of an Alzheimer's 

patient. Figure 2 is the grayscale image after removing the noise using image filtering method. 

Pre-processing also included the removal of non-brain portions like dura and skull for which 

the grayscale image is converted to binary (figure 3). The conversion is necessary to apply 

morphological operations such as image erosion and dilation.  

Image erosion has been applied with appropriate structuring element (chosen through a trial 

and error method). Eroded image is shown in figure 4. Connected component labeling was 

done so that the largest connected component can be chosen that corresponds to the brain 

(figure 5). Then we image dilation was applied to expand the image pixels by adding pixels to 

the boundaries of the brain image by using the same structure element used in erosion (Figure 

6). This reverse operation is necessary to regain the pixels lost during the erosion.  

In order to fill the holes in the dilated image, imfill function in Matlab is used and obtained 

figure 7. This binary image was then mapped to the grayscale image in figure 2 to get the skull 

stripped brain (figure 8). That ends the application of digital image computing techniques.  

Next an unsupervised machine learning algorithm named k-means clustering algorithm is 

utilized to segment the tissues. First step in this algorithm is to choose the centroid randomly 

for the white matter, gray matter and cerebrospinal fluid based on the histogram (figure 9) and 

then start the loop to find which cluster each pixel in the image belongs based on the 

Manhattan distance measure. Once this is completed and new centroids of the latest clusters 

will be computed by averaging the pixel values in each cluster. The loop completes when the 

new centroids are the same as the previous centroids. Once the algorithm is executed, the 

segmented tissues are obtained as in figure 10, 11 and 12. The no. of pixels in each of these 

figure corresponds to the volume of each tissue.  
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     [Figure 1]                      [Figure 2]                      [Figure 3]                        [Figure 4] 

 

                                             

     [Figure 5]                          [Figure 6]                          [Figure 7]                   [Figure 8] 

 

                                   

                [Figure 9]                                 [Figure 10]                   [Figure 11]           [Figure 12] 

                                 

4 RESULTS AND DISCUSSIONS 

Our project begins by image acquisition of T1-weighted Transaxial MRI brain images followed 

by using digital image computing techniques to pre-process the images and applying erosion 

and dilation to remove the non-brain area and map the dilated image with the original one to 

get the skull stripped brain image. Thereafter, utilizing Artificial Intelligence techniques by 

applying the K-mean clustering algorithm the software will segment the brain into three tissues 

(white matter, gray matter, cerebrospinal fluid). Then, the volume of the segmented tissues is 

measured. The table 1 shows the volume of segmented tissues (white matter, gray matter and 

cerebrospinal fluid) which have obtained from the software. Figure 13 shows the dashboard 
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of the output. This consists of necessary buttons to input the image and obtain intermediate 

images and also the final output. This is developed using guide in Matlab programming.    

 

 

 

 

                           Table 1: The volume of the segmented tissues 

 

Figure 13. The MRI processing window – user interface 

 

5 CONCLUSION 

The research followed a multidisciplinary approach to yield innovative solutions in the field of 

healthcare. The application developed utilized image processing and Artificial Intelligence 

algorithms to achieve the research aim. The project is academically significant with the fact of 

knowledge acquisition on image computing and Artificial Intelligence techniques. Scientifically, 

this has great relevance in healthcare leading to automatic and effective identification of brain 

shrinkage with a volumetric measure in comparison to visual inspection. The developed 

software that detects brain atrophy with maximum accuracy is an innovative breakthrough in 

the healthcare sector. The proposed software will assist radiologists working in the hospitals 

of Sultanate of Oman, with reduced time and effort, in understanding the severity of cell death 

over a period of time: a more reliable solution compared to visual inspection. 

Area  Volume  

White Matter 11555 

Gray Matter 6015 

Cerebrospinal fluid 171 
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EXECUTIVE SUMMARY 

In the recent time, the shortage of water is the growing concern in the most countries of the world. The 

increase in the population leads to increase the demand of water. Based on that most of the world 

countries have providing water by water desalination plants. The operation of this systems depends on 

burning fossil fuel; this operation is costly and harm the environment because of the greenhouses gases 

emissions that lead to many environmental problems as well as harming human health. In order to 

providing and enhancing the quality life of human, different researches have been done about using the 

renewable energy resources in water desalination. This work is to investigate the ability of using solar 

energy in water desalination in Oman. This was done by designing a fabrication of a solar desalination 

system and four water quality parameters were used to test the water samples. Moreover, it aims to 

compare between the conventional and new desalination technologies. It was found that the level of 

removal efficiencies was found above 99% for both TDS and EC tests and 97% for pH test, therefore the 

system was successful in removing the dissolved contaminants. Moreover, it was found that the Mutil-

Stage Flush (MSF) and Reverse Osmosis (RO) desalination technologies cause different negative 

impacts on the environment that harm both humans and the environment because of using the fossil fuel 

in the operation of these technologies. Also, even though the high investment cost for the Photovoltaic 

Powered Reverse Osmosis (PV-RO), it improves the sustainability of the desalination sector by 

minimizing the dependence on nonrenewable energy resources. This reduces GHG emissions and 

saves nonrenewable energy resources.   



1 INTRODUCTION 

Water is the source of all life forms on earth and it is one of the most abundant of resources in the 

earth, where it covers about three-quarters of the surface of the planet. Yet, there is a shortage 

of potable water in several countries such as the Middle East region and Africa. It is estimated 

that currently, about 3.6 billion people are suffering from the shortage of water and by 2050, the 

number of people may increase to 4.8 -5.7 billion. The reason behind this apparent contradiction 

is that 97.5 percent of the water of Earth is saltwater represented in the oceans and seas and 

only 2.5 percent is freshwater represented in lakes, rivers, and groundwater this supplies people 

and animal needs. The increase in population numbers and the variety of industrial activities that 

require to use the water has worsened the problem (Riffat and Shatat 2014, Shourov, Abir, and 

Hoque 2019). 

Oman has no surface for rivers that are permanent, and it is considered as a dry country where 

the rainfall is relatively little as in other Gulf countries. The World Bank data shows that the 

average precipitation is 87.3 mm/year from 1991 to 2015. Although the wadies can be filled with 

water by the seasonal rains, Oman is still dry and sunny country for most of the year. Therefore, 

the desalination of the seawater is used as a solution for providing water (Oxford Business Group 

2020). 

In this context, tackling the problem of water scarcity must include better ways, especially in 

desalinating seawater. Desalinating water using solar distillation is a viable option for providing 

water especially for domestic use and small communities in arid and remote regions of Oman. 

Also, the use of renewable energy in the operation of desalination plants is one of the most 

important areas in innovative desalination techniques research today, which in turn offers 

solutions to different problems that occur because of using nonrenewable energy resources in the 

conventional technologies of desalination. It is worth mentioning that, although the use of solar in 

desalination systems is beneficial, it is limited to be only applied for small areas and its efficiency 

is greatly dependent on the availability and concentration of solar energy in the 



country. This is one of the limitations regarding the use of renewable energies in desalination. 

Therefore, different researches are continuously done in order to come up with a better solution 

to this. 

In this project, a desalination system which is a direct solar distillation system will be provided  to 

check the possibility of desalinating water in Oman using the solar energy, as well as comparing 

the conventional desalination technologies used in Oman with the innovative and alternative 

technologies that can be used and applied in our country. 

The design of the direct solar distillation system can be used to provide potable water for domestic 

use and can be applied for small communities which leads to keeping safe the environment and 

humans from the negative impacts of using fuel. In addition, implementing this system can lead 

to improvement in the sustainability of the desalination sector through increasing dependence on 

using renewable energy resources instead of the non-renewable energy resources. This can also 

reduce the operation cost of the desalination plants. 

The current study will contribute to our knowledge regarding the desalination of water by using 

one of the renewable energy resources and knowing the useful things and impacts coming from 

the use of solar energy on the desalination process. The researches also examined adverse 

effects of continuing use of non-renewable energy resources. 

2 OBJECTIVES 

This work aims to experimentally investigate the possibility of using solar energy for desalinating 

water using a direct solar distillation system and conducting four different water quality parameters 

for checking the quality of water, as well as comparing between the conventional and innovative 

desalination technologies. 

To achieve the above aim several objectives were set: 

 To investigate the possibility to desalinate water by using solar energy system 

 To compare the conventional and new desalination techniques 

 To give recommendation to the Omani Government on using solar energy in 
desalination processes 



3 MATERIALS AND METHODS 

This section describes the research methods that was used to collect and analyze the data 

required for completing this work. It demonstrates the materials used to fabricate the direct solar 

distillation system and the types of water samples used, As well as the experimental tests and 

instruments used to test the water samples. The flow chart which summarizes the methodology 

of the project is provided in figure (3.1). 

3.1 METHODOLOGY FLOW CHART 

 

 

Figure 1: Methodology flow chart 



3.2 MATERIALS & EQUIPMENT 

Different types of materials and equipment have been used to complete this work, represented in 

the materials used to fabricate the solar still system, equipment, and tools used to conduct the 

water quality parameters as well as the water samples. In the following lines, the main materials 

and equipment that have been used are described in detail. 

3.2.1 Parts of the direct solar distillation system 

 Still basin
 

It is the system's part where the water to be distilled is placed in it. There are different criteria that 

should be considered while selecting the material to be used for making the still basin. Many 

research studies have been done on that area, where the first thing to be considered is, that the 

material should have a high absorption capacity, low reflectivity, good durability, not expensive 

and available in the local area (Burbano 2014). In this system, still basin is made with a size of 79 

× 54 × 50 cm of a galvanized iron sheet with thermal conductivity estimated about 300 W/m. It is 

a highly absorptive material for solar heat, this leads to an increase in the temperature of the 

water. The still basin is painted with black paint to improve its absorptivity for solar heat. 

 

Figure 2: Still basin 



 Side Wall
 

Commonly, it is the part of system that provides to support to the still basin. But technically, it is 

provided to be as a thermal resister of the heat transfer that happens when heat is transfered 

from the system to the surrounding area. Therefore, it is must be made with a low conductivity 

and rigidity and strength so that it can carry its weight and the weight of top parts. Several types 

of material can be used to make the side wall of the system such as concrete, wood, reinforced 

plastic, etc. (Lathiya et al. 2011). The side wall of the system is made of plywood of 0.47 cm 

thickness and with thermal conductivity estimated at about 0.6 W/m. 

 

Figure 3: Side wall 

 

 

 Top Cover (transparent cover)
 

It is the top part that covers the system and can transmit solar radiation to the interior. The material 

that can be used must have several properties, for example, the material must resist the effect of 

rain, dust, sunlight, wind, etc. It must not be a water-absorbent material; it must have a high heat 

capacity to reduce its temperature. In addition, it must allow passing the short-wave solar radiation 

with more than 85%. Also, the top cover should not an absorber material for solar, specifically 

when it is also considered to be a condenser in the system. Moreover, it must be smooth and 

clean surface to transfer the water drops easily. This cover can be made from polythene, glass, 

and magnifying and glass lens, but it these are expensive materials (Lawand and Ayoub N.D, 

Rabbani, Abu Yousuf, and Begum 2016, Burbano 2014). So, the top cover of the system is made 

of ordinary glass with size of 116.84 × 91.44 cm. 



 

Figure 4: Top cover 

 

 

 Channel
 

It is the part of the system that allows the condensed water that is formed due to the condensation 

of water vapor over the inner surface of the top cover to pass through it to be passed through a 

hose and then collected in a jug. It can be made of aluminum, galvanized iron (GI) and polyvinyl 

chloride (PVC). The channel of the system is made of PVC, which is a non-corroded material and 

cay withstand weathering, it is a low-cost material as well as it has easy availability in the local 

market. 

 

Figure 5: Channel 



3.2.2 Water samples 

In this work, three types of water were used: seawater, brackish water, and contaminated tap 

water. Every sample was distilled by placing it in the solar distillation system. The distilled water 

of each water sample was collected. Totally, six samples of water were tested by the four water 

quality parameters mentioned in section (3.4.1). 

3.3 EXPERIMENTAL TEST & INSTRUMENTS 

3.3.1 Water quality parameters 

Four different water quality parameters were considered: total dissolved solids, potential 

hydrogen, electrical conductivity, and turbidity were done in the laboratory of Muscat City 

Desalination Company (MCDC) to examine the six samples of water. The following section will 

explain each test: 

 Total Dissolved Solids (TDS)
 

The aim of this test is to measure the total amount of dissolved solids (TDS) in the water samples. 

The apparatuses used to conduct this test were glass dishes, electronic balance, oven, filter, 

desiccator and paper filter: 

 

 

Figure6: Electronic 

balance 

Figure 7: Paper filter Figure 8: Filter 



  

Figure 9: 

Desiccator 

Figure 10: Oven Figure 11: Glass 

dishes 



 

 

The procedures followed to measure the total dissolved solids in the water samples are listed 

below: 

- The empty dishes were weighed using an electronic balance (W1). 

- Part of each water sample was filtered using filter paper, then 25 ml from each 

sample was placed in the glass dishes. 

- The glass dishes filled with water were placed in the oven and heated for two 

hours under 160° C. 

- After two hours, the dishes were taken out of the oven and were kept for 25 

minutes in desiccator to be cooled. 

- The dishes were weighed again using the electronic balance (W2). 

- The weights of dishes before heating were subtracted from the weights of dishes 

after heating and divided by the quantity of water (25 ml) to calculate the quantity 

of the total dissolved solids in the water samples. 

 Electrical Conductivity (EC)
 

A measure of the ability of water to pass electrical flow is called conductivity. The  concentration of 

the ions that come from the dissolved solids and inorganic materials directly affects this ability. The 

increase of ions increases the conductivity of water (Fondriest Environmental Learning Center 2019). 

This test was done with an electrometric method by using an electronic EC meter. 

 



 

  

Figure 12: Calibrated EC 

meter with buffer 

solution 

Figure 13: EC meter 

with tested sample 



The steps followed to conduct the electrical conductivity test are listed below: 

 

- Firstly, the electronic meter was calibrated to check if the meter reading is 

accurate, using buffer solution for calibration electrical conductivity (1413 μS/cm). 

- A small part of each water sample was placed in the meter to test its electrical 

conductivity. 

 

 Potential of Hydrogen (pH) 
 

It is a measure which determines the acidity and alkalinity of water or in other words, determines 

the amount of hydrogen ions in water. The pH value ranges from zero to seven, where 7  indicates 

the neutrality of water, while below 7 indicates acidity of water and more than 7 indicates alkalinity 

of water (Water Research Center 2014). This test was done with an electrometric method by using 

an electronic pH meter and buffer solutions. 

   

Figure 14: Buffer   solutions 

for calibration pH 10.01, 

7.01, 4.01.  

 Figure 15: pH 

meter with 

water sample 

The test procedures are represented in the following lines:

- Initially, the electronic meter was calibrated to check if the meter reading is 

accurate, using buffer solutions for calibration pH (7, 4, and 10). 

- Small part of each water samples was placed in the meter to test the amount of 



hydrogen ions it contained. 

 

 Turbidity Test 
 

This test aimed to measure the turbidity of the water samples. It was done by using an 

electronic turbidimeter. The apparatuses used in conducting this test were turbidity meter and 

buffer solution (20 NUT): 

Figure 3.16: Turbidity meter Figure 3.17: buffer solution (20 NUT)
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The simple steps that were followed to conduct are: 

- First, the standard buffer solution (20 NUT) was used to standardize the electronic turbidimeter. 

- Each water sample was tested using the electronic turbidity meter. 

- The turbidity of each sample was noted down. 

 

3.4 COMPARISON BETWEEN THE CONVENTIONAL & ALTERNATIVE DESALINATION 

TECHNOLOGIES 

This part of the work was done by conducting a case study on the desalination technologies that currently used in Oman and the 

other alternative desalination technologies that can be applied in Oman in order to enhance our current desalination sector. This 

was done by using different secondary sources such as journal articles, books, magazines, brochures, etc. 

Information in a technical report is systematically developed at several levels: sections,  
 

4 RESULTS AND DISCUSSIONS 

4.1 INTRODUCTION 

This chapter describes the proposed direct Solar Distillation System and the results of the water quality parameters conducted 

on both feed and product water samples, and the removal efficiency of salts and contaminants by solar still system. Moreover, it 

presents the comparison between the conventional and alternative desalination technologies and the Bill of Quantity for the Solar 

Distillation System. 

4.2 SOLAR DISTILLATION SYSTEM 

The direct solar distillation system was carried out and tested under the conditions of the weather of Al Maabilah, Muscat. The 

system was tested on different days of the month of October 2019 in the period of 8:00 AM to 6:00 PM. The three feed water 

samples (seawater, brackish water, and contaminated tap water) were placed separately in the basin still of the system on different 
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days. During the periods of testing the samples, the solar still system was moved manually in different directions to follow the sun 

direction to get the sunshine benefit that helps to heat the feed water in the basin where the solar radiation passes through the 

glass cover of the basin and heats the water. To ensure heating the water and to avoid leakage of heat, the basin was supported 

with a wooden structure which saves the heat inside the basin which in turn allows the water to evaporate. The vapour of water 

rises from the basin to the top glass cover and due to the difference in the temperature of vapour and a top glass cover; it 

condenses, and the drops move down along the inclined cover to the channel. The channel allows the distilled water to be moved 

through it and then collected in a jug. Figure (4.1) shows the Solar Distillation System. 

  

 

Figure 18: Solar Distillation System 

4.3 WATER QUALITY PARAMETERS 
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The water quality parameters were conducted to evaluate the quality of distilled water that was produced from the solar distillation 

system as well as the feed water samples were tested to know removal efficiencies. Then, it was compared with the World Health 

Organization (WHO) standards and the Omani water quality guidelines. 

4.3.1 Total Dissolved Solids (TDS) 

Table (4.1) shows the Total Dissolved Solids (TDS) values of water samples before and after distillation. It is illustrated that all 

feed water samples had a high TDS amount in the range of 660 to 38000 mg/l. This amount was reduced to the range of 4.4 to 

19.6 mg/l when the water samples were distilled. 

As stated before, there is a direct relationship between the Total Dissolved Solids (TDS) and Electrical Conductivity (EC) where 

the increase in TDS, increases the EC value because of the dissolved materials that make water able to pass electrical flow 

(Samborn 2019, and Fondriest Environmental Learning Center 2019). As illustrated in figures (4.2) and (4.3) the water samples 

before the distillation process had a high amount of EC due to the existence of the high amount of TDS. The seawater sample 

before distillation had the highest EC value 55640 𝜇𝑆/𝑐𝑚 due to the high amount of the total dissolved solids 38002 mg/l in 

seawater. After distillation process, the EC value reduced to 52.5 𝜇𝑆/𝑐𝑚 due to the reduction of the total dissolved solids in the 

seawater sample to 19.6 mg/l. While the contaminated tap water had the lowest EC value before and after distillation 1194 and 

15.61 𝜇𝑆/𝑐𝑚 respectively and TDS values 660 and 4.4 mg/l. From the repetitive tests run on TDS and EC, the average removal 

efficiency was above 99%. The distilled water by the solar still system has acceptable TDS level as per the Oman regulations and 

WHO standards that stated that TDS should be less than 500 mg/l to be used (Shourov, Abir, and Hoque 2019). 

Table 1: Results of Total Dissolved Solids (TDS) test 

Water Sample W1 (mg) W2 (mg) Quantity 

(ml) 

TDS (mg/l) % Removal 

 
Seawater 

BD 26.87865 27.82870 25 38002  
99.94 AD 27.88300 27.88349 25 19.6 

BD 26.69510 27.06816 25 14922.4 
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Brackish water 

AD 27.66210 27.66241 25 12.4  
99.91 

Contaminated 

tap water 

BD 28.09047 28.10697 25 660  
99.34 AD 29.46775 29.46786 25 4.4 

BD: Before Distillation, AD: After Distillation 

 
 

(TDS) = 
(𝐃𝐢𝐬𝐡 𝐰𝐞𝐢𝐠𝐡𝐭 𝐚𝐟𝐭𝐞𝐫 𝐡𝐞𝐚𝐭𝐢𝐧𝐠 (𝐖𝟐) − 𝐃𝐢𝐬𝐡 𝐰𝐞𝐢𝐠𝐡𝐭 𝐛𝐞𝐟𝐨𝐫𝐞 𝐡𝐞𝐚𝐭𝐢𝐧𝐠 (𝐖𝟏)) 

× 𝟏𝟎𝟔 

𝑸𝒖𝒂𝒏𝒕𝒊𝒕𝒚 

 

 

Figure 19: Results of Total Dissolved Solids (TDS) test 

4.3.2 Electrical Conductivity (EC) 
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Table (4.2) illustrates the Electrical Conductivity (EC) of different water samples. The water samples before the distillation process 

had a high amount of EC in the range of 1194 to 55640 (𝜇𝑆/𝑐𝑚). This high amount was effectively reduced after the distillation 

process to the range of 

15.61 to 52.5 (𝜇𝑆/𝑐𝑚). These values are nearly compatible with what has been obtained in a study where a solar distillation system 

has been done, the EC value of their sample was 71.7 (𝜇𝑆/𝑐𝑚) (Ahsan et. al 2014). All values are with WHO standards where 

the standard EC is less 

than 250 (𝜇𝑆/𝑐𝑚). 

Table 2: Results of Electrical Conductivity (EC) test 

 

Water Sample EC (𝝁𝑺/𝒄𝒎) % Removal 

 
Seawater 

BD 55640  
99.9 AD 52.50 

 
Brackish water 

BD 3120  
99.16 AD 26.14 

 

Contaminated 

tap water 

BD 1194  
98.69 AD 15.61 
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Figure 20: Results of Electrical Conductivity (EC) test 

4.3.3 Potential Hydrogen (pH) 

 

Table (4.3) demonstrates the pH values of water samples before and after distillation. There is no big difference in pH values of 

the samples where most of the water samples had a pH value within the range of (7.06 -7.81) which represents that the water 

samples are in between neutral and alkalinity conditions. 

As shown in Figure (4.4), the Potential Hydrogen (pH) of all water samples were tested. It was observed that all samples had a 

pH value in the range of 7.06 to 7.81. The pH values were relatively decreased after using the solar still system. For example, the 

pH value of the seawater sample before distillation was 7.81 which is near to alkalinity condition and after the distillation process, 

it reduced to 7.09 which is in a neutral condition. After the distillation process, the samples reached the acceptable pH range of 
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6.5 to 8.5 according to the World Health Organization (WHO) and the Omani water quality guidelines (Ahsan et. al 2014, and 

Choudri et 

al. 2016). 

Table 3: Results of potential Hydrogen (pH) test 

 

Water Sample pH T (C°) 

 
Seawater 

BD 7.81 24 

AD 7.09 24 

 
Brackish water 

BD 7.76 24 

AD 7.06 24 

 

Contaminated 

tap water 

BD 7.75 24 

AD 7.67 24 
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Figure 21: Results of potential Hydrogen (pH) test 

 

4.3.4 Turbidity Test 

Table (4.4) shows the values of the turbidity test of the water samples before and after distillation. The water samples before the 

distillation process had high turbidity values in the range of 12.1 to 18.5 nephelometric turbidity units (NTU). After the distillation 

process, the turbidity values of all the water samples were significantly reduced to be in the range of 0.31 to 0.534 NTU. 

Figure (4.5) shows the values of the turbidity test of the water samples before and after distillation. The highest level of turbidity 

was observed for seawater as18.5 NTU before distillation and 0.534 NTU after distillation. While the lowest turbidity value was 

observed for the contaminated tap water as 12.1 NTU before purifying process and 0.31 NTU after purifying process. From the 

repetitive tests run on turbidity, the average removal efficiency was 97%. The distilled water by the solar distillation system has 
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acceptable turbidity levels as per the WHO standards which states that the level of turbidity should not be more than 1 NTU (WHO 

2017). 

 

Table 4: Results of Turbidity test 

 

Water Sample Turbidity (NTU) % Removal 

 
Seawater 

BD 18.5  
97.11 AD 0.534 

 
Brackish water 

BD 15.6  
97.35 AD 0.412 

 

Contaminated 

tap water 

BD 12.1  
97.43 AD 0.31 
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Figure 22: Results of Turbidity test 

4.3.5 Removal Efficiency (%) 

The removal efficiency percentage is a simple calculation but very helpful in the water industry. Usually, it is used to determine 

the performance of the system used to treat unclean water or desalinate saline water and to know the percentage of the 

contaminants that were removed (WWC 2019). The following is the formula used to calculate the efficiency of removing the salts 

and the contaminants in the feed water samples: 

Removal Efficiency (%) = 
[𝐼𝑛 (𝐵𝑒𝑓𝑜𝑟𝑒 𝑑𝑖𝑠𝑡𝑖𝑙𝑙𝑎𝑡𝑖𝑜𝑛𝑛)−𝑂𝑢𝑡 (𝐴𝑓𝑡𝑒𝑟 

𝑑𝑖𝑠𝑡𝑖𝑙𝑙𝑎𝑡𝑖𝑜𝑛)] 

(𝐼𝑛) 𝐵𝑒𝑓𝑜𝑟𝑒 

 

× 100 (WWC 2019
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The following table summarizes the results obtained from the water quality parameters and the removal efficiency of water samples. 

The removal efficiency was calculated for three parameters which are TDS, EC, and turbidity. In addition, it compares the parameters 

results with the World Health Organization standards and the Omani water quality guidelines: 

 

Table 5: Summary of Results 

 

 

 

 

 
Parameter 

 

 

 

 
Unit 

Seawater Brackish water Contaminated tap water WHO 

Standards 

Oman 

Regulations 

Before After % 

Removal 

Before After % 

Removal 

Before After % 

Removal 

TDS  
mg/l 

 
38002 

 
19.6 

 
99.94 

 
14922.4 

 
12.4 

 
99.91 

 
660 

 
4.4 

 
99.34 

 
<600 

 
<500 

EC  
𝜇𝑆/𝑐𝑚 

 
55640 

 
52.50 

 
99.9 

 
3120 

 
26.14 

 
99.16 

 
1194 

 
15.61 

 
98.69 

 
<250 

<250 

pH  
- 

 
7.81 

 
7.09 

 
- 

 
7.76 

 
7.06 

 
- 

 
7.75 

 
7.67 

 
- 

 
6.5 -8.5 

 
6.5 -8.5 

 
Turbidity 

 
NTU 

 
18.5 

 
0.534 

 
97.11 

 
15.6 

 
0.412 

 
97.35 

 
12.1 

 
0.31 

 
97.43 

 
<1 

 
<1 
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4.4 COMPARISON BETWEEN CONVENTIONAL & ALTERNATIVE 

DESALINATION TECHNOLOGIES 

As mentioned before, the Sultanate of Oman is one of the countries that produce 85% of tap water 

from the desalination of seawater that is done by various types of desalination plants established 

in different regions of the country. The seawater treatment technologies that are generally used 

in Oman are thermal evaporation (Multi-Stage Flash Distillation (MSF)) and membrane separation 

(Reverse Osmosis (RO)) (Diam 2020). Given what has been mentioned before regarding the 

negative effects of using such desalination technologies, it is important to consider alternative 

solutions and technologies that can reduce these effects in different ways. That will ensure the 

provision of water to all segments of society as well as reduce the negative effects. 

In table (4.6), a comparison between the conventional desalination technologies used currently in 

Oman like MSF, and RO. In addition to one of the innovative technologies that could be 

implemented in the country called Photovoltaic Reverse Osmosis (PV-RO). The comparison will 

be in terms of several factors such as energy used to power the desalination plant, cost of the 

desalinated water, investment cost, the health and environmental impacts, advantages and 

disadvantages of each technology. 

 

Table 6: Comparison between the conventional and alternative desalination 

technologies 

 

 Conventional Technology Alternative 

Technology 

Multi-Stage Flash 

Distillation (MSF) 

Reverse Osmosis 
(RO) 

Renewable 
energy + 

RO (PV-RO) 

 
 

Power 

Non-renewable energy (Thermal heat 

attained from burning fossil fuel) 

Non-renewable 

energy (Electrical 

heat attained from 

burning fossil fuel) 

Renewable 

energy (Solar 

energy – Solar 

Photovoltaic 

(PV)) 

Cost of 1.02 and 1.74 US$/m3 0.52 and 1.3 2 and 3 US$/m3 
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US$/m3 

desalinated 

water 

   

Investment 

Cost 

1750 $/m3/Day 800 $/m3/Day 1179 $/m3/Day 

 
Health & 

Environmen

tal impacts 

- Climate change due to CO2 

emissions. 

- Air pollution due to NOx and SO2 

emissions. 

- Discharge of brine 
 

 

 

 

- Climate 

change due to 

CO2 

emissions. 

- Air pollution 

due to NOx 

and SO2 

emissions. 

- Discharge of 
brine 

 

 

 

 

 

 

- Discharge of 
brine 
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Advantages - Consists of few connection tubing 

and no moving parts (only 

(conventional pumps). 

- High quality of water (only 2 -10 

mg/l of dissolved solids) 

- Type of feed water (quality) is not 

much taken into consideration. 

- Using of 

polymeric 

materials rather 

than metallic 

alloys. 

- Less

corrosion 

problems. 

- Low prices and 

high durable 

operational 

membranes. 

- Includes 

devices that 

consist of 

pumps and 

turbines that 

can convert a 

difference in 

pressure into 

rotating energy 

that is used to 

decrease 

energy costs. 

- Saving billions 

of liters of diesel 

fuel per year by 

using free solar 

energy. 

- Environment- 

friendly 

(Reduce the 

CO2 

emissions). 

- Low

 maintenance 

costs. 

 
Disadvanta

ges 

-    Mechanical and thermal 

problems (tube clogging). And 

precipitating   of  salts 

(calcium  sulphate) on 

- Salts 

precipitation 

leads to scaling 

of membrane 

(but less than in 

MSF). 

- Large particles 
can 

- Requires more 

heat for

 

water 

evaporation

 (

Tends to be 

inefficient). 
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 the surface of tubes. 

- Energy intensive process (requires both 

electrical and thermal 

energy). 

plug (fouled) 

the 

membranes, so 

pre- filtering 

process is done 

to avoid that. 

 

 

As shown in the above table, an extensive review was done to compare the three technologies. 

Based on the power used in each technology, in MSF technology the thermal heat is used 

and in RO technology electrical heat is used and both energies are obtained from burning fossil 

fuel which is a nonrenewable resource. While in PV-RO technology electrical energy is used which 

is obtained from the use of photovoltaic panels powered by renewable solar radiation. Regarding 

the environmental and health impacts, the use of the nonrenewable energy resources in operating 

the MSF and RO technologies leads to cause different potential negative impacts. As it is stated 

by Al Mulla and Dawoud (2012) these impacts are mainly represented in the chemical and 

concentrate of brine discharges that impair the marine life and quality of coastal water. It is 

estimated that in production 1-meter cube of desalinated water, 2-meter cube of brine discharge 

is generated. Also, the emissions of air pollutants, where it is noted that the amount of greenhouse 

gas (GHG) emissions in 2010 was 38 million metric tons. This quantity increased and will 

continuously increase with the years. Ghermandi and Messalem (2009) stated that the PV-RO 

desalination technology has little negative impacts on the environment compared to conventional 

technologies because of solar energy used in the operation of the plant and this  does not lead to 

gas emissions. But it still affects the marine life by the brine discharge. In addition, Al Sheghri et 

al. (2015) designed PV-RO plant and estimated that the plant reduces the GHG about 1035 tons 

of CO2. 

Regarding the cost of the desalination technologies, it can be affected consists of different 

costs like investment cost, operation cost, maintenance cost, etc. Kaya, Tok, and Koc (2019) 

stated that the highest average investment cost is for the MSF and equals 1750 $/m3/Day, 

followed by the PV-RO system is 1179 $/m3/Day and the lowest cost is for RO which equals 800 

$/m3/Day. Although the investment cost of the PV-RO plant is high, is preferable to be  used. 

Because it improves the sustainability of the desalination sector by minimizing the 



 

dependence on nonrenewable energy resources. This will have a role in saving the 

nonrenewable resources as well as reducing GHG as mentioned before. In addition, the 

PV-RO plant required low maintenance cost which keeps it as one of the innovative 

desalination technologies (Paderi et al. 2017). 

4.5 BILL OF QUANTITY 

The cost of the materials used in fabricating the solar distillation system is illustrated in 

table (7): 

Table 7: Bill of Quantity 

 

 Material Source Quantity Cost (OMR) 

1 Side wall Make 1 150 

2 Still basin Make 1 50 

3 Top cover Make 1 25 

4 Channel Buy 1 1 

5 Hose Buy 1 3 

6 Jug Buy 1 3 

Total Cost 232 

 

5 CONCLUSION 

The aim of this work was to experimentally investigate the possibility of using solar 

energy for desalinating water using a direct Solar Distillation System. Three different 

water samples (seawater, brackish water, and contaminated tap water) were collected 

and desalinated by using the System, as well as conducting four different water quality 

tests for checking the quality of water. These water quality parameters include TDS, EC, 

pH and, turbidity test. Also, this study was to compare conventional and innovative 

desalination technologies. Recommendations 

The following key results can be drawn from this work: 

 The desalination process using the direct Solar Distillation System was 

simple and very efficient in removing the contaminants and salts from the 

feed (raw) water samples. 

 After distillation, the values obtained by the parameters of water quality 

were decreased considerably compared with the values obtained for the 
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water before distillation. 

 The level of removal efficiencies was found above 99% for both TDS and 

EC tests and 97% for pH test, therefore the system was successful in 

removing the dissolved contaminants. 

 So, useable water from a poor-quality source can be produced by the 

Solar Distillation System. 

 It is found that the Mutil-Stage Flush (MSF) and Reverse Osmosis (RO) 

desalination technologies cause different negative impacts on the 

environment that harm both humans and the environment because of 

using the fossil fuel in the operation of these technologies. 

 It was observed that the investment cost of Mutil-Stage Flush (MSF) 

technology is 1750 

$/m3/Day which is higher than the cost investment of Reverse Osmosis (RO) 

and Photovoltaic Powered Reverse Osmosis (PV-RO) desalination technology 

which is 800 

$/m3/Day and 1179 $/m3/Day respectively. 

  It is found that even though the high investment cost for the Photovoltaic 

Powered Reverse Osmosis (PV-RO), it improves the sustainability of the 

desalination sector by minimizing the dependence on nonrenewable 

energy resources. This reduces GHG emissions and saves nonrenewable 

energy resources. In addition to its maintenance cost is low which will 

reduce the overall cost of the technology. 

It is recommended that further experimental investigations and researches be 

undertaken in the areas of desalinating seawater. This is in order to find better solutions 

to the problem of water shortages by focusing on developing desalination plants, 

especially regarding the energy used to operate them. And focus on the use of 

renewable energy sources to operate these plants instead of using fossil fuels, which is 

a non-renewable source and affects the environment and humans in a negative way. 

The government should be working hard on conducting studies on the ability to combine 

the existed desalination plants with renewable energy resources in order to provide 
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water to the citizens and at the same time save the environment from the adverse 

impacts of using the conventional desalination plants. 

The limitations of this project that the desalination technologies that used the renewable 

energy resources are only applicable for small areas. The Solar Distillation System is 

only used for the domestic use and small areas. In addition, the performance of this type 

of desalination technologies is greatly dependent on the availability and concentration 

of renewable energy resources. Where the Solar Distillation System provides little 

amount of distilled water because the system was tested in winter season and the 

temperature was ranged from 32 C° to 28 C 
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7 RECOMMENDATIONS 

It is recommended that further experimental investigations and researches be undertaken in 

the areas of desalinating seawater. This is in order to find better solutions to the problem of 

water shortages by focusing on developing desalination plants, especially regarding the 

energy used to operate them. And focus on the use of renewable energy sources to operate 

these plants instead of using fossil fuels, which is a non-renewable source and affects the 

environment and humans in a negative way.  

The government should be working hard on conducting studies on the ability to combine the 

existed desalination plants with renewable energy resources in order to provide water to the 

citizens and at the same time save the environment from the adverse impacts of using the 

conventional desalination plants.  

The limitations of this project that the desalination technologies that used the renewable 

energy resources are only applicable for small areas. The Solar Distillation System is only 

used for the domestic use and small areas. In addition, the performance of this type of 

desalination technologies is greatly dependent on the availability and concentration of 

renewable energy resources. Where the Solar Distillation System provides little amount of 

distilled water because the system was tested in winter season and the temperature was 

ranged from 32 C° to 28 C°. 
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EXECUTIVE SUMMARY 

The research team started this project with the aim of studying the impact of social media has 

on Entrepreneurship and Entrepreneurs. We investigated the use of social media to assess 

the extent of the impact on entrepreneurship activities. The results suggest that the use of 

social media has significantly facilitated the promotion of products or services, awareness, 

customers care, and increased employment opportunities. The business location is turning 

out to be a significant variable along with the new forms of businesses, market expansion, and 

lifestyle. The agility and business development generated from social media users have a 

significant and close relationship with the new forms of businesses. Social media helps the 

use of new technology, improves managerial efficiency and customer satisfaction.  The 

policymakers need to increase the awareness in using social media to boost further creativity, 

innovation and technological development.   

 

Key words: social media, entrepreneurship, innovation, entrepreneurial development,  

Sultanate of Oman 

  



The Effect of Social Media on Entrepreneurship in Oman 

PI Name: Dr. Vijayakumar S  Page 7 of 29 
  
 

1 INTRODUCTION 

The relationship of social media with entrepreneurship activities is well recognized in theory 

and the literature . Socio-cognitive theories confirm that in a typical society, people observe 

certain behaviors and attempt to act accordingly. The social presence theory also indicates 

that physical availability causes greater intimacy. Online personal communication, text 

messaging, advertisement, and online activities, phone calls are another form of closeness 

that develops a different kind of intimacy. Shabbier (2015) and Gunther et al. (2009) have 

confirmed that social media helps small businesses and entrepreneurs in developing a small 

audience who are interested in interaction and communication. Ancu and Cozma (2009) claim 

that a variety of social media and types of content attract and hold an audience for specific 

satisfaction of social or psychological needs. Cheung and Lee (2010) state that online social 

networking technologies represent a phenomenon that largely depends on interactions, 

connecting the community based on subjective norms and social identity.  Mangold and Faulds 

(2009) suggest social media enables companies to interact directly with its customer in a non-

traditional way.  

Technology has changed the global social and entrepreneurial landscape and has become a 

major game-changer for businesses. Its presence has a powerful impact on people and 

communities, mediating through various platforms and becoming a part of the shared 

community life. It has a huge magnetic impact and outreach.  The business activities which 

are conducted through these channels can attract numerous customers and facilitates and 

meets the consumer demands by bringing the goods and services to their doorsteps. The 

business is engaged in fierce competition from rivals and competitors to stay competitive in 

technological, innovative, and dynamic business realities. These effects stem from shared 

experiences, news, and information flow on social media. Social media also provides the 

platform for young people to explore the possibilities of starting up their business.   

Although the popularity and use of social media in the Middle East and North Africa (MENA) 

is a fairly recent phenomenon as compared to the rest of the world, its impact is quite 

impressive in the region. The popularity of social media and its use can be judged from table 

1. In January 2021, the number of social media users in Oman reached 4.14 million, amounting 

to almost 80.2 percent of the population (Simon Kemp, 2021).  

Table 1 Volume of social media users per platform in Oman (Stat Counter, 2019) 

2020 Facebook YouTube Twitter Pinterest Instagram Tumblr 

January  61.3 3.33 14.51 11.45 8.4 0.39 

February  62.11 2.91 14.44 10.7 8.9 0.37 

March   64.99 3.1 14.29 8.31 8.54 0.28 

April 60.15 4.2 15.48 10.46 8.73 0.36 

May 72.02 5.58 6.2 13.49 1.48 0.5 

June 74 4.99 6.5 12.11 1.2 0.53 

July 74.17 4.86 6.78 11.68 1.35 0.44 

August 75.15 3.62 6.41 11.51 1.42 0.45 

September 74.59 3.99 6.88 11.58 1.58 0.54 



The Effect of Social Media on Entrepreneurship in Oman 

PI Name: Dr. Vijayakumar S  Page 8 of 29 
  
 

October 71.85 4.47 8.65 12.31 1.53 0.43 

November 68.72 4.22 11.68 12.11 2.01 0.41 

December 68.39 4.27 10.25 13.61 2.25 0.33 

January 21 69.8 4.9 9.54 11.88 2.56 0.36 

 

The table encompasses the number of social media users in Oman with the population for 

each social media platform. The popularity and the wide use of its various platforms are still 

at the premature growth stage.  The Sultanate of Oman is not an exception in this context. 

The use of social media emerges as a result of interactions among various community groups. 

Besides, the use of social media in business activities has a tremendous impact on businesses 

(Y Magazine, 2015). Its popularity is growing very rapidly because participants are eager to 

know what’s going on at any given time (Times News Service, 2018).  

Statistics indicate the large influence of social media is regarded as a significant growth factor 

for entrepreneurial development in the country. These platforms enable a stronger voice for 

the members of the community and according to Samuel and Sarprasatha (2015) indicates 

the impact of social media on local communities in a way that it inspired change and the 

platform increase tolerance among the local folks.  

Since communication technologies, particularly the internet and wireless technologies connect 

people all around the world, social media has provided a lot of opportunities for deliberations 

and debates on topics related to politics, religion, and communities. Besides, social media has 

enabled users to amplify important skill sets that not only support entrepreneurship but also 

contribute to enhancing employment prospects across the country (Samuel and Sarprasatha, 

2015). Startups, particularly those established by less experienced entrepreneurs, require 

extensive research about their chosen business and social media to enable them to find 

information about almost everything through social media.  

The authors have also confirmed social media platforms provide business owners access to 

intangible resources such as wider access to various markets, faster communication channel, 

and the cultivation of strategic partnerships with influencers and clients (Samuel and 

Sarprasatha 2016).  The Sultanate of Oman is considered a young country, where the young 

population is in majority, in the age group of 18-35 years. The most frequent users of social 

media belong to this age category, which translates to 78percent of the total population having 

one or several user accounts (Tripathi and Al Shahri, 2016).  

The growth of entrepreneurship activities through social media is widely observed in the 

increasing number of entrepreneurial activities that have established a strong social media 

presence. According to Samuel and Sarprasatha (2016), the growing popularity of social 

media in the Arab world, particularly in Oman, encompasses an 88 utilization rate by small-

medium enterprises and 19 of these businesses are intensely using social media as a 

marketing tool. This raises an interesting question regarding the extent, nature, and kind of 

channels that are being performed on social media.  

This study is designed to explore the extent of social media use, spread, and its likely 

underlying motivational, socio-economic factors which are affecting various entrepreneurial 

activities; such as new startups, innovation and creative activities.  
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These factors are possibly influencing the younger population in engaging in business 

activities. These factors may be primarily induced by looking at business opportunities or 

compelling reasons for looking at some of the employment opportunities provided by these 

platforms. No doubt, social media provides these opportunities of engagements, employment, 

sales, marketing, and value addition to the national output and creating job opportunities, as 

well.  In addition to this, the very activities are creating some business disruptions, innovation, 

and technological development in this part of the world.  The very phenomena as to how the 

media channels help the entrepreneurs towards the development of their entrepreneurship 

skills and handling the customer interactions need to be investigated.  

2 OBJECTIVES 

• To add value to the existing body of the knowledge and the importance of new forms 

of businesses, impact of social media and the development of entrepreneurship. 

• To establish the key relationship between the creativity, innovation and technological 

development with entrepreneurship development in Oman. 

• The importance and use of social media to develop the entrepreneurship skills, 

customer interaction, development of new form of business 

• To find out the components of social networking which helps in entrepreneurship. 

• To determine the effect of social media on the innovation of SMEs. 

• To examine how far the existing entrepreneurs are overcoming the challenges and 

problems through social media. 

 

3 MATERIALS AND METHODS 

Several theories and frameworks are used to find out the effects of social media on 

entrepreneurship activities. Resource-based theory utilized to address the cognitive ability of 

individual entrepreneurs as they have individual-specific resources for capturing the 

opportunities raised from social media and incorporated it into their firms as well as the 

resources available for creativity, innovation, and development (Olanrewaju, et al., 2020). 

Furthermore, Technology-organization-environment (TOE) framework introduced by 

Tornatzky and Fleischer in 1990 was adopted to explain the entrepreneurs' interaction with 

customers through social media. This framework suggests that the three factors technology, 

organization, and environmental factors are influenced the adoption and use of technology in 

firms. Technology factors refer to the internal and external technology that firms have. 

Organizational factor refers to the firm size, scope, structure, employee quality, etc.   

Environment factors refer to the film industry, target customer, regulations and policies, 

compotators, etc (El-Den, et al., 2017).  

 

The quantitative framework provides enough tools in capturing the fundamental nature of 

social media phenomena, their uses, and the very process of interaction and its relationship 
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with business activities (Bhat, 2019). The conceptual framework suggests the mediums such 

as Facebook, Instagram, Whatsapp related to various entrepreneurial activities that contribute 

some form of commercial and business engagement. The form of new or old business, level 

of creativity, use of technology are prime determinants. These determinants suggest in a given 

situation and the use at the various platforms where new products are being introduced, with 

the new ways of doing business, methods of processing, packaging and the methods of 

delivery that involves several processes such as the level of use of technology, familiarity with 

the tools, connectivity and logistics and value-added.  

 

These aspects are intertwined in a very complex web of technology, supply chain, and different 

kinds and levels of skills. It is very important to understand the very drivers of the use of 

knowledge and innovation techniques in these business activities. It is a very established fact 

that users are being affected by these channels watching the advertisement and engaging in 

commercial activities and thereby increase in entrepreneurship activities.  

 

The structured questionnaire is designed on the 5 points Likert scale, which defines (strongly 

disagree, disagree, neutral, agree, and strongly agree). The data of the questionnaire is 

collected from the specifically targeted respondents which are engaged in entrepreneurship 

activates through a selection of businesses that are active on social media and are registered 

with the Public Authority for SME development in Oman. A pilot study is conducted for the 

checking and verification of the questionnaire and the instruments to ensure reliability. The 

validity of the designed questionnaire is checked with the five expert feedback in the relevant 

areas. The initial participants of 30 respondents and 2 entrepreneurs have provided very 

important feedback comments on the clarity, timing, and other aspects of the instruments. The 

feedback received from the participants and the development experts has properly been 

debated before being incorporated in finalizing the questionnaire before actually administering 

the survey. The reliability coefficient of Cronbach’s Alpha suggests higher reliability. The 

necessary privacy, confidentiality, informed consent statements are included. The survey is 

translated into Arabic for ease of use of respondents. The translation is rechecked by the 

expert and no serious issue is found by pilot users.  

 

A total of 171 participants from different regions are registered and filled the survey in the 

stipulated time (table 2 in the appendix). The demographic profiles, gender segregation, age, 

types of products, volume, nature, and attributes such as location and enterprises (Table 3). 

The data suggest 60:40 gender participants with 1-5 years of average engagement with half 

of the businesses are sole proprietorships.  The data is found to be non-normal distribution 

based on Kolmogorov-Smirnov and Shapiro-Wilk tests.  

 

The exploratory factor coefficient interaction suggests a value of more than 0.5 (Al Harrasi & 

Al Balushi, 2020).  A monotonic relationship refers to the direction of the relationship whether 

positive or negative relationship (Laerd Statistics., 2019). Mann Whitney U test is a non-

parametric test used to compare two independent groups. This test is useful to test the shape 

of two populations as well as test the medians by comparing it with two populations (LaMorte, 

2017). A total of 171 participants from different regions registered and filled the survey within 

the stipulated time (table 2).  
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Table 2: Regional Representation    

Governorate 
No. of 

Entrepreneurship 
percent from Total 

population 
Minimum 

sample size 

percent from 
Total 

respondents 

Muscat 4338 32.64percent 59 33.91percent 

North Batinah 681 5.12percent 19 10.92percent 

South Batinah 1256 9.45percent 50 28.74percent 

North Sharqyia 1083 8.15percent 11 6.32percent 

South Sharqyia 945 7.11percent 6 3.45percent 

Masndem 25 0.19percent 1 0.57percent 

Dahira 971 7.31percent 9 5.17percent 

AlBurimi 128 0.96percent 1 0.57percent 

Dhakliah 2792 21.01percent 15 8.62percent 

Dhofar 1072 8.07percent 3 1.72percent 

Total  13291 100.00percent 174 100.00percent 

 
 
 

The demographic profiles of respondents, including gender, age, types of products, volume, 
nature, and attributes such as location and enterprises are provided in Table 3.  
 
 

Table 3: Demographic Characteristics 

Demographic variables  Category  Frequency age percent 

Gender 
Male 103 60.2percent 

Female 68 39.8percent 

Business Age 

Less than 1 year 37 21.4percent 

1-5 years  63 36.4percent 

6-10 years  34 19.7percent 

11-15 years  9 5.2percent 

More than 15 years 30 17.3percent 

Number of 
products/services 

1-5 87 49.7percent 

6-10 34 19.4percent 

11-20 21 12.0percent 

More than 20  31 17.7percent 

Nature of Business  

Retail 28 16.0percent 

Manufacturing 15 8.6percent 

Electronics 6 3.4percent 

Fruit and Veg 5 2.9percent 

Restaurant & coffee shop 9 5.1percent 

 Foods and Drinks 4 2.3percent 

constructions 16 9.1percent 

Beauty Products 20 11.4percent 

Dates 8 4.6percent 
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different services 57 32.6percent 

others 6 3.4percent 

Annual business sales 

less than 500 72 41.1percent 

501-1000 32 18.3percent 

1001-5000 23 13.1percent 

5001-10000 13 7.4percent 

More than 10000 34 19.4percent 

Entrepreneur Age  

18-24 30 17.1percent 

25-34 77 44.0percent 

35-44 48 27.4percent 

45-54 13 7.4percent 

55-64 6 3.4percent 

Qualification  

Less than General Diploma 26 14.9percent 

General Diploma 49 28.0percent 

Diploma 21 12.0percent 

Bachelor 61 34.9percent 

Master 15 8.6percent 

Location  

Muscat 59 33.7percent 

North Batinah 19 10.9percent 

South Batinah 50 28.6percent 

North Sharqyia 11 6.3percent 

South Sharqyia 6 3.4percent 

Musandam 1 0.6percent 

Dahira 9 5.1percent 

AlBurimi 1 0.6percent 

Dhakliah 15 8.6percent 

Dhofar 3 1.7percent 

 
 

4 RESULTS AND DISCUSSIONS 

For better understanding and elaboration of the result, the frequency of strongly 

important/agree and important/agree has been merged as well as very unimportant/ strongly 

disagree and unimportant/ disagree. Table 4 and figure 1 indicates the importance of social 

media in business; more than 94 percent of participants suggest that promoting products 

or services and globalizing the local products and services through social media are important 

in business followed by meet customer needs, wants, and demand (91.4 percent), business 

awareness and customer services (90.9 percent),  customer satisfaction captures through 

listening to customers (88 percent), the results show also that social media has a stronger 

relationship with employment rates (80.6 percent).  
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Table 4: Importance of Social Media in Business 

S.

L 
Statements N 

Mo

od 

Medi

an  

Very 

Importa

nt 

Importa

nt 
Neutral 

Unimp

ortant  

Very 

Unimpo

rtant  

14 
Customer 

Satisfaction  
174 5 5 61.7 26.3 9.7 1.1 .6 

16 
Business 

awareness 
173 5 5 64.6 26.3 6.3 1.7 0.0 

17 
“Listening” to 

costumers 
174 5 5 58.9 30.9 8.6 1.1 0.0 

18 
Products 

or services 
174 5 5 78.3 16.6 3.4 1.1 0.0 

15 
Customer 

services  
174 5 5 61.7 29.1 7.4 1.1 0.0 

13 

Globalize local 

products & 

Services    

174 5 5 76.6 17.7 3.4 1.7 0.0 

12 

Meets customer 

needs, wants & 

demand  

174 5 5 60.6 30.9 6.3 1.7 0.0 

10 

Creates 

stronger 

employment 

rates 

174 5 5 53.1 27.4 14.3 2.3 2.3 

 

 

 

 
Figure1: Importance of Social Media in Business 

 

Table 5 and Figure 2 show Creativity, Innovation, and Technological Development through 

social media, the results indicate that 93.1 percent of participants agree with the help of social 

media in innovating new products or services, followed by innovating new media marketing 

88 90.9 89.8
94.9 90.8 94.3 91.5

80.5

9.7 6.3 8.6
3.4 7.4 3.4 6.3

14.3

1.7 1.7 1.1 1.1 1.1 1.7 1.7 4.6

0
10
20
30
40
50
60
70
80
90

100

Important

Neutral

Unimportant



The Effect of Social Media on Entrepreneurship in Oman 

PI Name: Dr. Vijayakumar S  Page 14 of 29 
  
 

and smoothly managing the customer relationship (90.3 percent). The results further suggest 

that social media plays a significant role in gaining a good level of customer satisfaction and 

loyalty (88 percent), innovating new technology which improves business management 

efficiency (84 percent). 80 percent of participants also agree that social media helps in 

generating business income.   

 

Table 5: Creativity, Innovation, and Technological Development 

S.

L 
Statements N 

Mo

od 

Medi

an  

Strong

ly 

Agree  

Agr

ee 

Neutra

l  

Disa

gree  

Strong

ly 

Disagr

ee 

22 

Since I start using social 

media, My business 

income has increased.  

174 5 4 42.3 
37.

7 
16.0 2.3 1.1 

19 

Social media helps me in 

innovating new products 

or services.  

174 4 4 46.3 
46.

9 
3.4 1.7 1.1 

24 

Since I start using social 

media, I gained 

acceptable feedback from 

my business Customer 

services  

174 4 4 32.0 
53.

7 
11.4 .6 1.7 

21 

Social Media helps me in 

innovating new 

technology which 

improves my business 

management efficiency   

174 4 4 41.1 
42.

9 
12.0 3.4 0 

20 

Social Media helps me in 

innovating new marketing 

methods and Customer 

relationship management   

174 5 5 50.9 
39.

4 
6.3 2.9 0 

23 

Since I start using social 

media, I gained a good 

level of Customer 

Satisfaction and loyalty   

174 4 4 39.4 
48.

6 
10.3 1.1 0 

 

 



The Effect of Social Media on Entrepreneurship in Oman 

PI Name: Dr. Vijayakumar S  Page 15 of 29 
  
 

 
Figure 2: Creativity, Innovation, and Technological Development 

 

Table 6 and figure 3 show that participants believe in the importance of social media in 

entrepreneurship skills, and customer interaction. 93.1 percent of participants agree that they 

are aware of social media posts resolved in public or private, followed by the greetings and 

being transparent with names or initials (88 percent) and reply quickly as possible on social 

media, questions, and comments (88 percent).   

Table 6: Entrepreneurship skills, customer interaction 

S.

L 
Statements N 

Moo

d 

Me

dia

n  

Strongl

y Agree  

Agre

e 

Neutra

l  

Disagre

e  

Strongly 

Disagre

e 

29 

I reply as quickly as 

possible on social 

media. 

17

2 
5 4 46.3 41.1 10.3 .6 0.0 

32 

I include a greeting and 

be transparent with 

names or initials. 

17

1 
5 5 51.4 36.6 9.1 .6 0.0 

30 

I’m aware of which 

social media posts 

should be resolved in 

public or private 

17

2 
5 5 53.1 40.0 5.1 0.0 0.0 

31 

I Respond to all social 

media feedback, 

questions, and 

comments 

17

2 
4 4 44.0 44.0 9.7 .6 0.0 
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Figure 3: Entrepreneurship skills, customer interaction 

 

Table 07 the results suggest 24.6 percent of participants confirm that 6 to 10 percent of the 

sales of their business income coming from social media and only 8.6percent  of them indicated 

that more than 75percent of the Sales of their business income coming from social media. 

Also, 28 percent of the respondents have more than 1000 likes or followers in their business 

social media accounts and 8.6 percent have 251-500 and the same for 501-800.  

 

Table 07: Frequency of components of social networking items 

S.L Statements  Frequency  
39 age of sales/income coming from social media (internet marketing). 

  

less than 5percent 30 17.1 percent 

6percent-10percent 43 24.6 percent 

11percent-20percent 30 17.1 percent 

21percent-50percent 33 18.9 percent 

51percent-75percent 23 13.1 percent 

More than 75percent 15 8.6 percent 

38 A total number of likes or followers you have in your business-related social media accounts. 

  

less than 100 38 21.7 percent 

100-250 39 22.3 percent 

251-500 15 8.6 percent 

501-800 15 8.6 percent 

801-1000 18 10.3 percent 

More than 1000 49 28.0 percent 

37 Your Business’s Daily usage of social media. 

  

less than 1 hour 51 29.1 percent 

1-2 31 17.7 percent 

2-4 37 21.1 percent 

more than 5 hours 55 31.4 percent 

36 

Social media accounts that you use frequently in your business (multiple options could be 

chosen). 

87.4 88
93.1

88

10.3 9.1 5.1
9.7

0.6 0.6 0 0.6
0

10

20

30

40

50

60

70

80

90

100

I reply as quickly as
possible on social

media.

I include a greeting
and be transparent

with names or initials.

I’m aware of which 
social media posts 

should be resolved in 
public or private

I Respond to all social
media feedback,
questions, and

comments

Agree

Neutral

Disagree



The Effect of Social Media on Entrepreneurship in Oman 

PI Name: Dr. Vijayakumar S  Page 17 of 29 
  
 

  Facebook 23 6.5percent 

  Twitter 29 8.2percent 

  YouTube 9 2.5percent 

  LinkedIn 6 1.7percent 

  Instagram 95 26.9percent 

  WhatsApp 159 45.0percent 

  Snapchat 32 9.1percent 

40 Customers’ Database (multiple options could be chosen). 

  

Social Media 109 38.9percent 

Family and Friends 83 29.6percent 

Walk-in Customers 52 18.6percent 

Governmental Organization 17 6.1percent 

Private Organization. 19 6.8percent 

 

 

Table 08 includes that more than 31 percent of participants use social media for more than 5 

hours daily. However, 17.7 percent used it for 1 to 2 hours only and 29.1percent used it for 

less than 1 hour only. 45 percent of the participants depend on WhatsApp used frequently for 

their business followed by Instagram (26.9 percent) LinkedIn and YouTube are the less Social 

media application that used by the entrepreneurs in Oman respectively by 1.7 percent and 2.5 

percent. Furthermore, the customer database of participants was from social media [38.9 

percent] and family and friends [29.6 percent], and Governmental and private Organizations 

respectively by 6.1 percent and 6.8 percent.   

Table 08: Spearman’s correlation result  

 

Spearman's rho 

  

Importance 

of social 

media in 

new forms 

of 

businesses 

creativity, 

innovation, 

and 

technological 

development 

entrepreneurship 

skills and 

customer 

interaction 

The daily usage of 

social media 

Correlation 

Coefficient 
.160* .222** .174* 

Sig. (2-tailed) .036 .003 .023 

N 173 174 171 

age of sales / income 

from social media 

Correlation 

Coefficient 
.155* .213** .216** 

Sig. (2-tailed) .041 .005 .004 

N 173 174 171 

Number of likes or 

followers in business-

related social media 

Correlation 

Coefficient 
.211** .232** .277** 

Sig. (2-tailed) .005 .002 .000 

N 173 174 171 
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Business location Correlation 

Coefficient 
-.173* .001 .155* 

Sig. (2-tailed) .023 .986 .043 

N 173 174 171 

creativity, innovation, 

and technological 

development 

Correlation 

Coefficient 
.499** 1.000 .447** 

Sig. (2-tailed) .000   .000 

N 173 174 171 

entrepreneurship skills 

and customer 

interaction 

Correlation 

Coefficient 
.303** .447** 1.000 

Sig. (2-tailed) .000 .000   

N 170 171 171 

 

 

Table 09 shows the result of Spearman’s correlation test which indicates that the daily usage 

of social media has a significant positive relationship with social media in new forms of 

businesses and with creativity, innovation, and technological development and 

entrepreneurship skills, and customer interaction. The result indicates that the age of sales 

and income from social media has a significant positive relationship with social media in new 

forms of businesses, creativity, innovation, and technological development and with 

entrepreneurship skills and customer interaction.  Furthermore, the result indicates that some 

likes or followers in business-related social media have a statistically significant positive 

relationship with the importance of social media in new forms of businesses and with creativity, 

innovation, and technological development and entrepreneurship skills and customer 

interaction.  Nevertheless, the business location has a significant positive relationship with 

entrepreneurship skills and customer interaction and a significant Negative relationship with 

the Importance of social media in new forms of businesses. 

 

Table 09: Mann Whitney U Test 

  

  

Importance of 
social media 
in new forms 
of businesses 

creativity, 
innovation, and 
technological 
development 

entrepreneurship 
skills and 
customer 
interaction 

The daily usage 
of social media 

Chi-Square 7.138 10.759 6.854 

df 3 3 3 

Asymp. Sig. .068 .013 .077 

Number of likes 
or followers 

Chi-Square 9.127 15.866 11.299 

df 5 5 5 

Asymp. Sig. .104 .007 .046 

age of 
sales/income 
from social 
media 

Chi-Square 16.549 11.388 14.586 

df 5 5 5 

Asymp. Sig. .005 .044 .012 

Chi-Square 
15.667 9.135 18.707 
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Business 
location 

df 8 8 8 

Asymp. Sig. .047 .331 .017 

 

 

Finally, the result also indicates the importance of social media in new forms of businesses 

statistically significant positive relationship with creativity, innovation, and technological 

development and entrepreneurship skills, and customer interaction. 

Table 10: Mean Rank of Daily usage of social media  

Variable2 

Item 37 Item 37 

less than 1 hour 

more 

than 5 

hours 

2-4 hours 

more 

than 5 

hours 

N 51 55 31 55 

Total 106 86 

Mean Rank 44.13 62.19 38.48 46.33 

Sum of Ranks 2250.5 3420.5 1193 2548 

Mann-Whitney U 924.5 742.5 

Wilcoxon W 2250.5 1445.5 

Z -3.048 -2.208 

Asymp. Sig. (2-

tailed) 
0.002 0.027 

 

 

 Table 10 shows the result of the Mann-Whitney U test which confirms the daily usage of social 

media (Item 37) has significant differences with creativity, innovation, and technological 

development. The number of likes or followers in business-related social media (Item 38) has 

statistically significant differences with creativity, innovation, and technological development 

and entrepreneurship skills and customer interaction age of sales/income coming from social 

media has statistically significant differences with Importance of social media in new forms of 

businesses, creativity, innovation, and technological development and entrepreneurship skills 

and customer interaction. Finally, the business location has statistically significant differences 

with the Importance of social media in new forms of businesses and entrepreneurship skills 

and the cost. Table 11 shows that there are significant differences between the daily usage of 

less than 1 hour and more than 5 hours. Also, there are significant differences between the 

daily usage of 2-4 hours and more than 5 hours. According to the mean rank, it can be 

concluded that daily usage of social media of more than 5 hours higher than the other group 

(less than 5 hours) toward creativity, innovation, and technological development through social 

media in Oman.  

Table 11: Mean Rank of Number of Followers or Likes  

 

Variable2 

Item 38 Item 38 Item 38 Item 38 Item 38 

less 

than 

100 

251-

500 

100-

250 

251-

500 

100-

250 

More 

than 

1000 

less 

than 

100 

More 

than 

1000 

501-

800 

More 

than 

1000 

N 49 11 39 15 39 49 38 49 15 49 
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Total 60 54 88 87 64 

Mean 

Rank 
33.44 17.41 24.4 35.57 37.95 49.71 36.34 49.94 22.67 35.51 

Sum of 

Ranks 
1638.5 191.5 

951.

5 
533.5 1480 2436 1381 2447 340 1740 

Mann-

Whitney U 
150.5 171.5 700 640 220 

Wilcoxon 

W 
891.5 951.5 1480 1381 340 

Z -2.672 -2.365 -2.163 -2.512 -2.361 

Asymp. 

Sig. (2-

tailed) 

0.008 0.018 0.031 0.012 0.018 

 

Variable3 

Item 38 Item 38 Item 38 

less 

than 

100 

251-

500 

less than 

100 

More than 

1000 

less than 

100 

More than 

1000 

N 37 15 37 48 37 48 

Total 52 52 85 

Mean Rank 22.99 35.17 35.39 48.86 35.39 48.86 

Sum of Ranks 850.5 527.5 1309.5 2345.5 1309.5 2345.5 

Mann-Whitney U 147.5 147.5 606.5 

Wilcoxon W 850.5 850.5 1309.5 

Z -2.67 -2.67 -2.543 

Asymp. Sig. (2-tailed) 0.008 0.008 0.011 

 

 

Table 12 shows that there are significant differences between the number of likes or followers 

of less than 100 and many other groups which are: 251-500 and More than 1000. Furthermore, 

100-250 likes or followers have significant differences with 251-500 and More than 1000 likes 

or followers. Also, there is a significant difference between 501-800 and More than 1000 likes 

or followers. According to the mean rank, it can be concluded that the number of likes or 

followers of more than 1000 has statistically significant differences from other groups of 

Number of likes or followers. This means that the number of likes or followers impacted 

creativity, innovation, and technological development as the number of likes or followers 

differs.    

Table 12: Mean Rank of Business Location  

Variable1 

Item 08 Item 08 Item 08 

Muscat 
North 

Sharqyia 

South 

Batinah 

North 

Sharqyia 

South 

Batinah 
Dahira 

N 59 11 49 11 49 9 

Total 70 60 58 

Mean Rank 38.23 20.86 33.44 17.41 31.4 19.17 

Sum of Ranks 2255.5 229.5 1638.5 191.5 1538.5 172.5 
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Mann-Whitney U 163.5 125.5 127.5 

Wilcoxon W 229.5 191.5 172.5 

Z -2.629 -2.785 -2.025 

Asymp. Sig. (2-tailed) 0.009 0.005 0.043 

 

Variable3 

Item 8 N 
Mean 

Rank 

Sum of 

Ranks 

Muscat 58 47.26 2741 

South Batinah 50 62.9 3145 

Total 108     

Mann-Whitney U 1030 

Wilcoxon W 2741 

Z -2.625 

Asymp. Sig. (2-tailed) 0.009 

 

 

Table 12 also shows that there are significant differences between the number of likes or 

followers of less than 100 and many other groups which are: 251-500, 801-1000, and More 

than 1000. Based on the mean rank, it can be concluded that the number of likes or followers 

of less than 100 has statistically significant differences from other groups of Number of likes 

or followers. This means that the number of likes or followers impacted the entrepreneurship 

skills and customer interaction as the number of likes or flowers differ.  

 

Tables 13 indicate that there is a significant difference between Businesses located in Muscat 

and North Sharqyia Toward the importance of social media in new forms of businesses. Also, 

a business is located in South Batinah and North Sharqyia as well as South Batinah and 

Dahira. According to the mean rank, it can be concluded that business located in Muscat and 

South Batinah has statistically significant differences from other business locations. This 

means that businesses located in Muscat and South Batinah recognize more the Importance 

of social media in new forms of businesses. Furthermore, there is a significant difference 

between Businesses located in Muscat and South Batinah toward entrepreneurship skills and 

customer interaction. According to the mean rank, It indicates that businesses located in South 

Batinah differ in entrepreneurship skills and customer interaction than a business located in 

Muscat.  

Table 13: Mean Rank of the age of Sales/Income from Social Media  

Variable1 

Item 39 Item 39 

less than 5 percent 
6 percent -

10 percent 

less than 5 

percent 

21 percent -

50 percent 

N 29 43 29 33 

Total 72 62 

Mean Rank 28.03 42.21 24.09 38.02 

Sum of Ranks 813.00 1815.00 698.50 1254.50 

Mann-Whitney U 378 263.5 
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Wilcoxon W 813 698.5 

Z -2.841 -3.058 

Asymp. Sig. (2-tailed) 0.004 0.002 

 

Variable2 

Item 39 Item 39 Item 39 

less 

than 

5Percen

t  

6Percent 

-

10Percen

t  

less 

than 

5Percen

t  

21Percen

t -

50Percen

t  

less 

than 

5Percen

t  

51Percen

t -

75Percen

t  

N 30 43 30 33 30 23 

Total 73 63 53 

Mean Rank 32.00 40.49 25.68 37.74 22.00 33.52 

Sum of Ranks 960.00 1741.00 770.50 1245.50 660.00 771.00 

Mann-Whitney U 495 495 195 

Wilcoxon W 960 960 660 

Z -1.696 -1.696 -2.719 

Asymp. Sig. (2-

tailed) 
0.09 0.09 0.007 

 

Variable3 

Item 39 Item 39 

less than 5Percent  
21Percent 

-
50Percent  

less than 5Percent  
51Percent 

-
75Percent  

N 30 33 30 23 

Total 63 53 

Mean Rank 26.40 37.09 22.47 32.91 

Sum of Ranks 792.00 1224.00 674.00 757.00 

Mann-Whitney U 327 209 

Wilcoxon W 792 674 

Z -2.35 -2.492 

Asymp. Sig. (2-tailed) 0.019 0.013 
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Finally,  Table 14 indicates a significant difference between the age of sales/income of less 

than 5percent and many other groups toward the importance of social media in new forms of 

businesses which are: 6percent-10percent, 21percent-50percent, and More than 75percent. 

Furthermore, there are significant differences between the age of sales/income of less than 

5percent and many other groups toward creativity, innovation, and technological development 

which are:  21percent-50percent, 51percent-75percent and More than 75percent. Also, there 

are significant differences between the age of sales/income of less than 5percent and many 

other groups toward entrepreneurship skills and customer interaction which are:  21percent-

50percent, 51percent-75percent, and More than 75percent. Besides, there are significant 

differences between the age of sales/income of 6percent-10percent and many other groups 

toward entrepreneurship skills and customer interaction which are: 21percent-50percent, 

51percent-75percent and more than 75percent. Finally, there are significant differences 

between the age of sales/income of 11 percent-20 percent and more than 75percent toward 

the importance of social media in new forms of businesses. 

 

Table 14: Mean Rank of the age of Sales/Income from Social Media  

Variable1 

Item 39 Item 39 

less than 5 percent 
6 percent -

10 percent 

less than 5 

percent 

21 percent -

50 percent 

N 29 43 29 33 

Total 72 62 

Mean Rank 28.03 42.21 24.09 38.02 

Sum of Ranks 813.00 1815.00 698.50 1254.50 

Mann-Whitney U 378 263.5 

Wilcoxon W 813 698.5 

Z -2.841 -3.058 

Asymp. Sig. (2-tailed) 0.004 0.002 

 

Variable2 

Item 39 Item 39 Item 39 

less 

than 

5Percen

t  

6Percent 

-

10Percen

t  

less 

than 

5Percen

t  

21Percen

t -

50Percen

t  

less 

than 

5Percen

t  

51Percen

t -

75Percen

t  

N 30 43 30 33 30 23 

Total 73 63 53 

Mean Rank 32.00 40.49 25.68 37.74 22.00 33.52 

Sum of Ranks 960.00 1741.00 770.50 1245.50 660.00 771.00 

Mann-Whitney U 495 495 195 

Wilcoxon W 960 960 660 

Z -1.696 -1.696 -2.719 

Asymp. Sig. (2-

tailed) 
0.09 0.09 0.007 

 



The Effect of Social Media on Entrepreneurship in Oman 

PI Name: Dr. Vijayakumar S  Page 24 of 29 
  
 

Variable3 

Item 39 Item 39 

less than 5Percent  
21Percent 

-
50Percent  

less than 5Percent  
51Percent 

-
75Percent  

N 30 33 30 23 

Total 63 53 

Mean Rank 26.40 37.09 22.47 32.91 

Sum of Ranks 792.00 1224.00 674.00 757.00 

Mann-Whitney U 327 209 

Wilcoxon W 792 674 

Z -2.35 -2.492 

Asymp. Sig. (2-tailed) 0.019 0.013 

 

 

The entrepreneurs in the Sultanate of  Oman believe that social media is important for 

promoting products or services, globalize local products & Services, enhance business 

awareness, Meets customer needs, wants, and demands, enhance customer services and 

satisfaction, listening to customers, and creates stronger employment rates. This result is 

consistent with Steiner (2019) and Solomon,(2017). This means that entrepreneur’s 

awareness of the importance of social media in the new forms of business is increase with an 

increase in the daily usage of social media, sales/income from social media, and the number 

of likes or followers. This finding is supported by Flanigan and Obermier (2016). The study 

went on to describe the reaction that when customers had created trust with the brand, then 

there was a high likelihood of turning into a purchase. Moreover, Kaplan & Haenlein, (2010) 

found that social media platforms have been made to enhance connectivity through creating 

virtual customer environments (VCEs) where online communities/individuals of interest can 

join and do business, including selling a brand, products, and services.  

 

The business location has statistically significant differences with the Importance of social 

media in new forms of businesses. There is a significant difference between Businesses 

located in Muscat and North Sharqyia, South Batinah and North Sharqyia as well as South 

Batinah and Dahira toward the importance of social media in new forms of businesses. This 

means that business located in Muscat and South Batinah has statistically significant 

differences from other business locations. The age of sales/income coming from social media 

has statistically significant differences with the Importance of social media in new forms of 
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businesses. This is supported by the study conducted by Durkin, McGowan, and McKeown 

(2013.  

 

Entrepreneurs in Oman believe that Social media helps in innovating new products or 

services, new marketing methods, and customer relationship management. Also, media helps 

in innovating new technology to improve business management efficiency, gain a good level 

of customer satisfaction and loyalty, and gain acceptable feedback to business Customer 

services. This finding is supported by Pauceanu (2016). Moreover, a study by Hajli (2014) 

showed that the advent of social media platforms has enhanced creativity in the business 

world. Also, the daily usage of social media, age of sales/income from social media, and 

Number of likes or followers in business-related social media have a statistically significant 

positive relationship with creativity, innovation, and technological development. This finding is 

supported by Tajvidi and Karami, (2017). Furthermore, Hur, Kim, Karatepe & Lee, 2017 stated 

that Innovation comes when there are exchanges of ideas among the industry players, as 

fueled by consumer-generated content. Using social media, businesses can measure 

innovation by the capability to syndicate innovation, the capability to produce efficiently, 

increase innovative activities, and improve success rates.   

 

Also, the importance of social media in new forms of businesses has a statistically significant 

positive relationship with creativity, innovation and technological development and 

entrepreneurship skills, and customer interaction. Smits and Mogos (2013) further supported 

the findings indicating that innovation promoted in social media can create customer 

relationship management (CRM) where entrepreneurs can mine data to make an informed 

decision, reach more customers, and receive feedback for improvement. Entrepreneurs in 

Oman believe that Social media helps to have a good level of customer interaction. Jones et 

al (2015) also noted that social media platforms enhance entrepreneurship through creating a 

stream of new customers at the point of view. The study further noted that SM (social media) 

marketing platforms promote awareness of a brand, leading to inquiries and a subsequent 

enhanced relationship with the client. Entrepreneurship is also developed when customers 

can interact with the firm, creating a rapport where information is exchanged, and purchasing 

decisions are made.   This finding support by the findings of Flanigan and Obermier (2016).  

 

5 CONCLUSION 

The research focuses on various factors which are influencing entrepreneurship activities on 

various social media platforms. The structured questionnaire is designed and executed after 

careful checking of reliability and validity of the instruments after incorporation of a pilot study. 

The results confirm that entrepreneurs in Oman is vastly increasing their entrepreneurial 

activities through the use of media and is promoting the products or services, globalize local 

products & services, enhancing their business awareness, meeting the customer needs, 

wants, and demands, listening to their customers, and creates stronger employment rates. 

The business locations are very important and statistically significant with the importance of 

social media in new forms of businesses due to the market environment, and the lifestyle of 

different areas. The age of sales/income coming from social media has statistically significant 

differences with the importance of social media in new forms of businesses. Social media 

helps in innovating new technology to improve business management efficiency, gain a good 
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level of customer satisfaction and loyalty, and gain acceptable feedback to business Customer 

services.   
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7 RECOMMENDATIONS 

Public Authority for SME development may increase the awareness of the importance of social 

media in developing entrepreneurship among entrepreneurs in Oman, with more attention to 

North and South Sharqyia, South Batinah, and Dahira. The awareness should include the 

importance of social media in promoting products or services, Globalize local products & 

Services, enhance business awareness, Meets customer needs, wants, and demand, 

enhance customer services and satisfaction, listening to customers, and creates stronger 

employment rates. Entrepreneurs may focus more on the daily usage of social media and the 

number of likes or followers in business-related social media in business-related accounts to 

enhance creativity, innovation, and technological development. Entrepreneurs may focus to 

spend more than 5 hours on social media and increase the number of followers to more than 

1000 to improve their entrepreneurship skills and customer interaction.  Entrepreneurs may 

improve and enhance the age of sales/income from social media as it will help them in the 

creativity, innovation, and technological development of entrepreneurship.   

https://datareportal.com/reports/digital-2021-oman
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EXECUTIVE SUMMARY 

Disposal of tire waste is a difficult task because tires have a long, unbreakable life. The 

traditional way of managing tire waste is to store, dump or landfill illegally, all short-term 

solutions. Tire recycling is the process of tire recycling for vehicles, but it is no longer 

suitable for use because of its recovery and provide some damage such as holes. 

These tires are the largest and most problematic of all waste sources, due to their large 

production and durability. There are many techniques for tire recycling to take 

advantage of tire components. This study focused on the utilization of solid fibres within 

the frame with concrete in order to evaluate the compatibility of steel fibres to the design 

of reinforced concrete In addition, compressive pressure strength of concrete was 

assessed at different rates (0.1%, 0.2%, 0.3%).The results of this study are based on 

the expected conclusions through the new approach to concrete by adding steel fibres, 

which can be applied in building structures on models and designs. The results of 

conventional concrete obtained be compared with the model proposed in this study 

(Steel fibres from tires waste). 

1.   INTRODUCTION 

Tens of millions of tires are ignored in the Middle East every year (Ecomena, 2018). 

Disposal of tire waste is a difficult task because tires have a long, unbreakable life. The 

traditional way of managing tire waste is to store, dump or landfill illegally, all short-term 

solutions. Tire recycling is the process of tire recycling for vehicles. As a result, recycled 

fibers and reinforced concrete are promising filters for structural and non-structural 

applications. In this study (Steel fibers from tires waste). In this study, the modified of tires 

waste will be tested empirically. Two types of waste tire configurations were evaluated. Of 

which in the form of small biases or particles, and other was a steel fiber. The concrete has 

been modified using fiber extracted from tires and it is possible to use fibers with different 

width ratios in concrete. So the number of frame waste is continuously increasing in the 

Sultanate of Oman and is being disposed of in the landfill. Due to the lack of re-recycling 

capacity, but there are modern techniques for reuse in this waste such as the use of rubber 

in concrete, roads, playground floors (Clubs) or corridors instead of Interlock. 

 

The study is a solution to an environmental problem that most of the world's nations suffer 

from. It is the right way to get rid of one of the types of hazardous waste (damaged tires), 

The Sultanate of Oman is one of those countries that have experienced a marked increase 

in tires over the past years. In this study, we introduced a method in which tires are recycled 

and used in concrete by adding steel fibers from tires waste. 

 

Background of the Project 
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Fire-resistant concrete is usually resistant to cracking due to sudden changes in 

temperature, which can reach up to 1500 ° C, after the addition of the fireproof steel fibers 

which have been shown to be effective (Jamrozy 2009). And also (RMA, 2011) the author 

discusses billions of scrap tires being disposed of on a huge heap across the world. Tire 

waste can be used successfully in some work like concrete, grass, asphalt mixtures, dams, 

stone coverings, flow fillers and mud compounds. Siddique (2006) concluded that 5 percent 

of the concrete mixture of steel fiber can achieve tensile strength, flexure strength, durability 

and optimal compressive strength. (Katzer 2003 and Odelberg 1985). The author says that 

the production of steel fibers to change concrete is not only in the United States and Europe 

but also in other countries of the world. Thirty of the major fiber products in modified 

concrete are in the world from Steel fiber. (Lankard 2013). Recently, concrete was sprayed 

with added iron fibers, which became more popular in buildings. Unstable slopes, landslides 

and road dams were ensured by placing ready-made concrete on the extended steel grid. 

During the observation period of the construction project for 14 years, only rare cracks and 

local damage were observed in many places In the United States, where the solution was 

found by using steel fiber as reinforced in concrete for buildings, roads, airports, dams and 

water channels. In 2016, in France, H. Alfsen applied for a way to improve concrete, 

including long steel fibers and fibers made of other materials. According to him, the addition 

of such fibers enhances the tensile strength of the concrete (Maidl 1995). Alvasson first 

mentioned the effect of the roughness of the fiber surface on its coherence with the matrix, 

and was particularly interested in the problem of the fixing fibers. 

 

Statement of the Problem  

 

Waste tire processing is a major problem in waste management all over the world. It is 

estimated that 1.5 million tons of used tires are being produced every year, and only 4% of 

these waste tires are used for Civil Engineering Applications. Most of which are disposed 

of as hazardous waste. Environment so, concrete is used worldwide because of its simplest 

preparation and low cost, which is most widely used as a structural material. For this 

reason, traditional concrete as one of safe and effective disposal of waste tires using waste 

steel fibers from tire waste in the production of much research. Bonding between fibers and 

cement paste which many mechanical steel deteriorates due to weak traditional concrete, 

and elastic modulus steel fiber particles. In order to improve the adhesion of the rubber 

agglomerates, the strength of the treated rubber agglomerates, in which the rubber surface 

was an inorganic compound; in rubber concrete the strength was found to be increased, 

the strength was still much lower than the normal rubber strength as a result, the rubber of 

the tire is still used as a filler. Concrete is widely used in civil engineering as a structure, 

but declining strength reduced the potential use of rubber concrete in civil engineering 

applications. Recycled tire Steel fiber was tested as industrial steel and showed good 

properties. For this reason, we tried using recycled tire steel fiber (RTSF) as a reinforcing 

material, and improved the structural performance of rubberized concrete. Industrial steel 

fiber reinforced concrete (ISFRC) includes improved ductility, impact resistance, 
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toughness, crack control and energy absorption capacity. Including RTSF once improves 

the structural performance of rubber concrete.  

 

Finally, it will be beneficial and technical in the environment to trigger the potential use of 

waste tires in the structural construction industry. Facts and figures indicate that concrete 

is a brittle material and tensile strength and bending strength are negligible. Concrete fails 

mostly due to its own weight or the tensile stress caused in it after the application of the 

stacked load, but in this regard, a heavy conventional reinforcement in the form of steel 

rods of different grades will cause the tensile stress of the concrete. It is a structure that 

further increases the self-weight of the region structure. Therefore, these weak parameters 

such as tensile strength and flexural strength, as well as the brittleness of concrete can be 

improved by replacing the steel fibers with a certain proportion of the concrete mixture. 

These steel fibers perform the function of transmitting loads in mutual engagement.  

 

This composite fibrous concrete mixture can be used in a conventional RCC structure 

such as a plain concrete mix. Sultanate of Oman one nations that have experienced a 

checked increment in tires over the past a long time. The figure (1) shows tires waste 

in the scrap. 

 

 
 

Figure 1 tires waste in the scrap 

 

Innovation Significance 
 
Main Contribution: This study could be arranged to the natural issue that most of the world's 

countries endure from. The Sultanate of Oman is one of those nations that have 

experienced an increment in tires over the past a long time in this consider.  
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• We will present a strategy in which tires are reused and utilized in concrete by including 

steel filaments "fibres" from tire waste.  

• Take advantage of tires used.  

• Improvement of the level of awareness about the utilization of tire waste.  

• To assess the compatibility of steel filaments to the plan of strengthened concrete in 

expansion, will compressive weight quality of concrete was surveyed at distinctive 

rates 

2. OBJECTIVES 

This study investigates the Utilization of Steel Fibers from Tires Waste as Reinforcement in 

Concrete as strengthening the compressive strength and bending and make the 

recommendations and suggestions to make use of the tire waste and to achieve the objectives 

of this study, which are as follows: 

 

 Investigate the standards of steel fiber waste and the qualified factors used in the tires.  

  Conducting a study of the specifications of the steel fibers from tire waste and how to 

use it in concrete.  

 Consider the possibility of using this type of steel fiber for concrete as strengthening the 

compressive strength and bending of tire waste.  

 Verification of test samples and impact to verify mechanical properties of reinforced 

concrete with addition of steel fibers from waste tires for 28 days 

 

3. MATERIALS AND METHODS 

As is known, concrete is a mixture of the following materials (cement, water, fine sand, 

and aggregates). It is very important in the manufacture of structures, bridges, buildings, 

roads, and others, and has an important role in the construction of infrastructure in the 

world. In this study, steel fibres were added to the concrete in different proportions & it is 

possible to use steel fibres in many fields such as foundations, runways, airports, ports, 

machinery floors, and heavy equipment, but for the time being reinforced concrete may 

be one of the most reasonable first results for the use of  concrete with steel fibres.    

Laboratory work is divided into a set of stages that begin with the preparation of the 

materials and their distribution to different sizes of the particles as below: 
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                                          Figure 2 Research Design 

 

 

Tire specifications  

 

The tires comprise an assortment of materials counting engineered elastic, common 

elastic, butyl elastic, fibres, steel, carbon dark, and numerous other added substances. 

Higher temperatures and longer times are required to totally vanish hydrocarbons and 

oxidize them to carbon dioxide and water. At the conclusion of its lifetime, the outline has 

approximately 15% to 20% of its unique weight, counting approximately 75% of common 

recyclable elastic. The warm esteem of the outline is much higher than the warm esteem 
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of the coal close to the characteristic gas, but the combustion fire is harder than typical 

fuel. (Toyota of lancaste rav, 2018). 

 

 

 

The beads of the chaffer and the bead of the tire:  

They are made of tall flexible steel wire and are surrounded by solidified elastic 

compounds. Small balls guarantee a tight seal between the tire and the wheel. The dot 

chafer is located between the tire globule and the body handle. The handling of the tire is 

greatly advanced by making the dot wire not damage the tire case and widening the 

reactivity of the side divider. 

 

Tire internal liner: The inner liner of the tire is the main layer inside the tire. It is outlined 

to help avoid the loss of debate. 

 
Radial cord: Running along the sidewall provides spring-like adaptability, in the sense of 
improving ride quality.  
• Steel belts: Enhance tread parcels to provide fit and ride.  

Crown handle: Provides the tire with centrifugal force and lateral anti-deflection. Twist 
the tires thoroughly for a comfortable ride.  
 
Radial application: A tire structure in which the body line runs at 90 degrees to the tread 
center line.  
 
Edge handle: Reinforces the shape of the tire bear and reinforces the handle and grip.  
 
Cap handle: Keeps the shape of the tread at high speed, reduces the gathering of warmth, 
gives the tread a non-bending property, and enhances the hold power.  

Beads chafer: Grobure chafer secure components.  

Bead: Globule helps ensure security  
 

Bead chipper: A small ball securing the lower side wall.  
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Figure 3 appear built package 

 
 

Bead Flipper: Makes a difference to hold the globule in place.  

Bead: Dot plays a part in securing the tire immovably to the wheel rim.  

Bead chipper: Globules securing the lower side wall.  

Bead chaffer: Globule chaffer Ensure components. 
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Figure 4 tire bead 

 
 
 

 
 
 
Properties of materials used 

 

Cement: Cement contains these two materials and is a major part of adjusting cement 

properties. Most important in the cement industry are limestone, calcite, silica, bauxite 

(Dargill), which contains about 80% lime, 20% clay, and processing agents. : Fe 2 O 3, Al 

2 O 3, sand (SiO 2). These materials are included in the desired structure. It is conceivable 

that the sensitive texture becomes firm and subsequently contains non-stop coherent 

components in the closeness of the water and ties the concrete components together. 

 

 
Sand: It may be a distinctive granular texture composed of smooth shaking particles and metal 

scrap. It is known as the smallest grain stone and the largest accumulation texture in terms of 

gauges. It may be an atom that changes in size, its texture is firm, strong, and appropriate, 

and does not react with bulk cement or water, the bulk of a full gauge concrete, even sitting 

outside the gear. It is not regular quartz but more regular SiO 2 silica. Calcium carbonate is 

sand as the most common type of sand at the moment. Sand can be a typical non-renewable 

resource and is an escalation included within the creation of concrete. (Swati Sen, 2017). 

 

Aggregates: It may be huge and still sitting filler in a mixture of concrete. Because it is 

possible, a careful check reveals that the polymer plays a fundamental part in the soggy 

concrete properties. The change in slope, the most surprising rating, and the unit weight can 

change the sticky substance. (Vinod Kumar Singh, 2016).  

 

Water: Water be a compound of (H 2 O) and is very essential in the age of concrete-cement 

interaction of the total with the additives. (Prasanth, 2018). 

 

Waste materials from tires 
 
Extraction of the steel strands from tire: As shown in the figure underneath how steel 

strands were extricated from tire buildups, which appear as loops by frame size and have a 

diameter of about 0.025. 
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Figure 5 the process of extracting steel fibers from tires by machine 

 
 

After extracting the steel fibers for these laboratory experiments, the fibers were cut into 
small pieces about 3 inches as shown in Figure below by the electric cutting machine 
 

    
 

Figure 6 cut the Still fibers into small pieces 
 

After cutting the steel fibers to about 3 inches was formed on the letter "U" as shown in 
the figure below for use in experiments 
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Figure 7 Shape of the fibers as the letter "U" 

 
 

Procedure for concrete without steel fiber  

1. The quantities are weighed after the calculations mentioned above for both cement, 
water, sand& aggregates. In the first concrete mix the work of the regular concrete 
or traditional (1: 2: 4) 15 MPa (2.89kg), aggregates (5.78kg), cement (1.44kg) and 
water (0.72 Liters / 1.44kg) 

2. Mix the concrete components on the dry in the mixer (cement, aggregates and fine 
sand) and then mix the water in the mixer vehicle in the mixing machine so that the 
materials mix well with each other, so that the particles to mix well to form fresh 
concrete.  

 

3. The concrete shall be placed in a container to ensure that the material has been 
thoroughly mixed  

4. A slump test, a pilot test utilized to confirm the consistency and keenness of 
concrete. Typically done through the utilize of uncommon cone for measuring the 
landing and deciding the possibility of the workability (Workability) and to decide 
the quality and extent of water required to cement. 

5. Concrete is poured into the cubes, which are 3 samples, until the strength test for 
the concrete is taken within 7, 14 and 28 days. 

6. The cubes are placed in the vibration machine, which is an oscillatory movement. 
The vibration frequency affects the number of second cycles. 5 seconds per cube 
is used in 3 coats.  

7. The cubes must be left within 24 hours to dry completely, in order to remove the 
cubes of concrete without damage, because when cracks occur in the cube may 
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reduce the strength of compressive, and should be well cleaned and marked by 
marking the ink and writing the name of concrete samples used with writing the 
decoding day of the cubes.  

8. Curing is the process of protecting post-placement concrete from moisture loss and 
maintaining it within a reasonable temperature range. This method produces 
concrete with greater support and less permeability. The mining process plays an 
important role in reducing cracking at a very high rate, which in turn produces 
concrete with greater durability.  

9. Compression strength test, after the cubes are kept in water, the temperature in the 
site or laboratory should be between 14 and 21 m. The results are to be taken by 
this device within 7, 14 and 28 days. If 70% of the required stress is given after 28 
days, it is completely reassuring and the test can be done 28 days later. This test 
shows the stress of the concrete and the determination of the validity of sand, 
aggregates, cement and other materials (steel fiber), preparation of test molds, the 
test mold shall be cube-coded All lengths of ribs are break even with (15 cm X 15 
cm X 15 cm). Uncovering the 3d shape to the break by setting it between the 
surfaces of the weight machine, And the calculation of the fracture effort through 
the following equation: Fracture strength (f) = load of fraction used (P) concrete 
cube area, fractionation unit (kg / cm2, kg fracture unit, concrete cube flat unit 
(cm2), value of fracture stress for cubes After seven days are 75-85%, the value 
required after twenty-eight days is 100%.  

 

Concrete mixing with 0.1% of Steel Fiber (Sample 1 – 0.1, 0.2 & 0.3%)    

In the second batch, fibers extracted from tire waste are inserted into the concrete 
through the distribution of steel fibers in concrete inside the cubes throughout the 
concrete mix. The objective is to control the crushing of the surface shrinkage in 
the concrete and to obtain the highest concrete compressive strength of (0.1%) of 
the iron fibers which has a length of 3 inches in the form of "U". 

 

• In this experiment, the steel fibers extracted from the nine-cubed tire 
residues be used with different percentages of concrete inside the concrete 
per cubic meter (0.1 and 0.2 g 0.3%) and for each ratio of 3 cubes. The 
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purpose is to take the pressure strength of the concrete within seven days 
and four Ten days and twenty-eight days. 

 

                  
 

Figure 8 weight of steel fiber (0.1, 0.2 & 0.3%) 
 
 

 

• Concrete is a combination of some building materials such as cement, 

aggregates, sand and water with the addition of steel fiber from tire 

residues which can improve the corrosion resistance of concrete and 

compressive strength of concrete. These percentages were taken as 

shown in the weight below (0.11 Kg, 0.22 kg, 0.33 kg).  

 

     
 

Figure 9 addition of steel fiber in the concrete 
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4. RESULTS AND DISCUSSIONS 

By used three different samples of analysis to get the after-effects which are: slump test and 

compressive strength for cubes, as well as used three mix experiments (0.1%, 0.2%, and 

0.3%) of steel fiber from tire waste. Then take the results of each type of this percentage. In 

these experiments adding fibers mix with the concrete. This mixed architecture is done with 

grade MPa15 with 1:2:4. And the accurate body is 2400 Kg/m3. All the accurate cubes 

accepting aforementioned aggregate (150mm x 150mm x 150mm) equal of 

3375000mm3/1000=0.003375m 

Concrete Mix  

 
A mixture containing 1: 2: 4 / cement mixture was used by weight with a water ratio of 0.72 for 

this research. The material components of the mix were calculated according to the mixing 

range. 12 cubes of concrete arranged for testing (15 cm x 15 cm x 15 cm). Three experiments 

were conducted without steel fibers from tire waste, as a comparison measure, while 9 cubes 

were arranged using a variety of lost tire steel threads (0.1, 0.2 and 0.3). Then pour all the 

cubes using a half-inch U-shaped steel thread. 

Table 1 Quantities calculation of experiments 

(Cement: Sand: Aggregate) 

1:2:4 

Grade M15 

Quantities of Concrete Fibers Addition in 

concrete: 

(0.1%, 0.2%, 0.3%) 
1 + 2 + 4 = 7 

Density = Mass / Volume 

Normal concrete density = 2400 

kg/m3 Cube volume = 150cm x 

150cm 150cm 

= 0.003375 m3 

Mass = Density x Volume 

= 2400 kg/m3 X 0.003375m3 

= 8.1 kg 

Add wastage 25% = 8.1kg X 

0.25 = 2.025 

Mass + wastage = 8.1 + 

2.025 = 10.125kg 

1- For cement 

quantity: 

1:2:4 = 7 

1/7 X 10.0125 = 1.44kg 

2- For fine aggregate 

(Sand): 1:2:4 =7 

2/7 X 10.0125 = 2.89kg 

3- For Course aggregate: 

1:2:4 = 7 

4/7 X 10.0125 = 5.78kg 

4- For water cement 

ratio: W/C – between 0.4 

to 0.6 

Average = 0.5 

W/C = 0.5 X Cement 

= 0.5 X 1.44 = 0.72 Liters/1.44kg 

Fibers = cement + 

sand + aggregate + 

water 

= 1.44 + 2.89 + 5.78 + 0.72 

= 10.83 

1-    Add (0.1 %): - 

1/100 X 10.83 = 0.11 

kg 

2-    Add (0.2 %): - 

For 

2/100 X 10.83 = 0.22 kg 

Each cube 

3-    Add (0.3 %): - 

3/100 X 10.83 = 0.33 

kg 
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Quantities for each cubes need 

 
Table 2 show quantities of samples 

 
Experiments 

1 

3 Samples 

2 

3 

Samples 

3 

3 Samples 

4 

3 Samples 

Steel fiber Adding 0 % 
0.1 % 

0.11 kg 

0.2 % 

0.22 kg 

0.3 % 

0.33 kg 

Cement 1.44kg 1.44kg 1.44kg 1.44kg 

Sand 2.89kg 2.89kg 2.89kg 2.89kg 

 
Aggregate 

5.78kg 5.78kg 5.78kg 5.78kg 

Water 
0.72 

Liters/1.44kg 

0.72 

Liters/1.44kg 

0.72 

Liters/1.44kg 

0.72 

Liters/1.44kg 

 

Slump Test  
 
Concrete slump or droop testing may be a pilot test utilized to check the consistency and 

completeness of concrete. Typically done by measuring the landing, deciding the reasonability 

of the concrete (workability) and employing an extraordinary cone to decide the quality and 

extent of water required for the cement. The correct surface (slump) depends on the concrete 

of the various installations. 10 mm for houses, 25 mm for roads, and 50-60 mm for concrete.  

Method of testing concrete. The cone shall be filled in three stages with the applicator rod 

used to compress the concrete at a time. The mold shall be vertically lifted to the best in a 

moderate and cautious way, guaranteeing that the concrete isn't moved. The shape might be 

set vertically following to the concrete piece interior it. Towards the concrete mass and 

measured the remove between the bar and the most noteworthy point on the surface of the 

concrete square. (Civil Engineering Department, 2016). 
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Figure 10 Concrete slump test measuring 

The inside surface of the cube has been cleaned so that it does not have any stuck water or 

concrete follows. The cube is set on a smooth flat surface and is well-anchored and 

waterproof. The form is at that point filled with three layers, each of which is approximately 

one third of the stature of the shape. It ought to be connected well each time and is dispersed 

nearly on the surface. After wrapping up your blood the beat layer of the shape is leveled with 

the edge of the shape. And lifting the shape after filling specifically within the course of the 

head and gradually and carefully. Instantly after lifting the form, the contrast between the 

tallness of the form and the stature of the center of the slump is measured by the amount of 

drop in the metric bar as shown below for the concrete sample which was measured.  

             
Figure 11 Check concrete by using slump test 

 

 
Slump 

 
0 – 20 

 
10 – 40 

 
30 – 120 

 
100 – 200 

 
180 – 220 

 
Consistency 

 
Dry 

 
Stiff 

 
Plastic 

 
Wet 

 
Sloppy 

 

The maximum measured size should not exceed 40 mm. The period between the mixing 

and the start of the test should not exceed two minutes. True Slump There are three 

different shapes for the drop situation. Collapse or Shear Slump may be in the sample or 

Slipping. Repeat the test on another time in the event of a side slip if repeated in the case 

of re-tests and measured the drop with the recording of this with the collapse of the result. 

It should be noted that in the case of concrete with a high degree of liquidity or with a drop 

of more than 22 cm, such as concrete self-damper, the flow of the drop is measured, the 
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average diameter of the concrete is adjusted after raising the cone of the landing and in 

self-concrete and requires that the flow from 60 to 70 cm. 

Compressive test  

 
The concrete compressive test is exceptionally essential to know the quality of the 

concrete stack and whether it come to the plan degree or not, and can’t move to work to 

another component as it were after the affirmation of the assessment of the past concrete 

component, and we all know that the result of the examination of the concrete is after 28 

days of casting. Subsequently, the concrete must be tried after 7 days. This result is 

demonstrative as it were and isn't legally official. It is identical to 85% of the result after 28 

days. In this manner, on the off chance that you say this, the Design prompts not to deliver 

work specifically to the taking after basic components until after the result of the 

examination of the twenty-eighth day. The result is fruitful in case the taking after 

conditions is met. The resistance of breaking any sample shall not be less than 75% of 

the design resistance. Note: (The sample consists of 3 samples for each type. Examine 

the samples after (1, 2 and 3) after one week and the remaining after 14 & 28 days. 

Samples Before taking the sample, you should know the code used in the materials 

laboratory. The size of the test cubes in this study is according to the code British, because 

the British code BS molds cube size (15 × 15 × 15 × cm). The success of the cube test is 

dependent on exceeding the required strength in the approved design mix and in the 

specified period, but it is a relative process that it depends of the water ratio, its quality, 

the proportion and quality of the cement, the aggregation of the aggregates in the mix and 

the addition of additives. 

Test procedures  

 
The compressive strength of the concrete is tried and its compressive quality is checked 

in three stages. The beginning test starts after seven days and must accomplish 70% 

quality. The moment test is after 14 days of planning. It must accomplish quality between 

80% and 90%. Twenty-eight days of planning and must accomplish quality between 90% 

- 100%. These tests are common in the use of concrete resistance to pressure and the 

extent to which any pressure to bear them, and through these steps we will learn how to 

examine the quality of concrete mixtures: 

Table 3 number of sample test period 

3 No of Sample-1 0% SF 1/ Cube test in 7 days 1/ Cube test in 14 days 1/ Cube test in 28 days 

3 No of Sample-2 0.1% SF 1/ Cube test in 7 days 1/ Cube test in 14 days 1/ Cube test in 28 days 
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3 No of Sample-3 0.2% SF 1/ Cube test in 7 days 1/ Cube test in 14 days 1/ Cube test in 28 days 

3 No of Sample-4 0.3 SF 1/ Cube test in 7 days 1/ Cube test in 14 days 1/ Cube test in 28 days 

 

Concrete compressive test results  

 

Sample – 1 (Concrete cubes mix without ST) 3 cubes  
Table 4 results of compressive test machine for 0% SF 

Concrete cubes mix without ST (0%) 

Task Seven days Fourteen days Twenty-eight days 

Weight of samples 
8.4kg 8.5kg 8.7kg 

Force of cubes 
414 501 600 

Strength of cubes 
18MPa 22MPa 26MPa 

 

The examination of the concrete cubes in the pressure test is exceptionally essential to know 

the strength of the concrete stack and whether it come to the plan degree or not, and can’t 

move to work to another component as it were after the affirmation of the review of the past 

concrete component, and we all know that the result of the examination after 7 days is from 

75% of the desired break push and the esteem required after 14 days 85% and 28 days is the 

resistance for which the concrete is planned, which is 100%. The above table indicates the 

results of ordinary concrete without any additives. On the seventh day after the sample was 

immersed inside and taken for testing, the sample was broken into the machine. The test was 

due to the strength of concrete 1 and after 14 days for the same sample, the result (2) 

increased the concrete, and after the completion of the period within twenty-eight days, the 
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result (3), indicating that the compressor strength is increasing and the desired result was 

satisfactory. 

Sample – 2 (Concrete cubes mix with 0.1% Steel Fiber) 3 cubes 

Table 5 results of compressive test machine for 0.1% SF 

 

 

The results as show in the table above of the concrete added to 0.1 steel fibers showed that 

on the seventh days after the sample was immersed inside and taken for testing, the sample 

was broken in the machine. The test was due to the strength of concrete 1 and after 14 days 

for the same sample, the result (2) For concrete increased, and after completion of the period 

within twenty-eight days, the result was (3), indicating that the strength of the compressor 

increased. This indicates that the greater the amount of iron fibers in concrete, the better the 

concrete load can hold in construction. 

Sample – 3 (Concrete cubes mix with 0.2 ST) 3 cubes 

Table 6 results of compressive test machine for 0.2% SF 

Concrete cubes mix with ST (0.1%) 

Task 
Seven days Fourteen days Twenty-eight days 

Weight of samples 
8.01kg 8.3kg 8.41kg 

Force of cubes 
501 653 695 

Strength of cubes 
22MPa 29MPa 30MPa 

Concrete cubes mix without ST (0.2%) 

Task 
Seven days Fourteen days Twenty-eight days 

Weight of samples 
8.35kg 8.39kg 8.5kg 

Force of cubes 
564 684 698 

Strength of cubes 
25MPa 30.4MPa 31MPa 
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The results as show in the table above and three graphs below of the concrete added to 0.2 

steel fibers showed that on the seventh days after the sample was immersed inside and taken 

for  testing, the sample was broken in the machine.  

The test was due to the strength of concrete 1 and after 14 days for the same sample, the 

result (2) For concrete increased, and after completion of the period within twenty-eight days, 

the result was (3), indicating that the strength of the compressor increased. This indicates that 

the greater the amount of iron fibers in concrete, the better the concrete load can hold in 

construction. 

Sample – 4 (Concrete cubes mix with 0.3 ST) 3 cubes 

Table (7) results of compressive test machine for 0.3% SF 

 

The results as show in the table above and three graphs below of the concrete added to 0.2 

steel fibers showed that on the seventh days after the sample was immersed inside and taken 

for testing, the sample was broken in the machine. The test was due to the strength of concrete 

1 and after 14 days for the same sample, the result (2) For concrete increased, and after 

completion of the period within twenty-eight days, the result was (3), indicating that the 

strength of the compressor increased. This indicates that the greater the amount of iron fibers 

in concrete, the better the concrete load can hold in construction. Concrete cubes are usually 

broken at 7 days 14 days & 28 days to detect concrete resistance at all ages, so that the 

cubes are placed between the surfaces of the pressure machine and a regular load is applied 

Then calculate the fractional voltage (F) by the following equation: 

Concrete cubes mix without ST (0.3%) 

Task Seven days Fourteen days Twenty-eight days 

Weight of samples 8.41kg 8.43kg 8.59kg 

Force of cubes 571 677 710 

Strength of cubes 25.4MPa 30MPa 31.5MPa 
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F = P⁄A 

 

F = is the fracture voltage and unit (kg / cm2) 

P = Load and unit fraction (kg) 

A = the area (cm2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 Compressive test after 7 days with addition 0.3 SF 
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Figure 13 Compressive test after 14 days with addition 0.3 SF 

 

         

Figure 14 Compressive test after 28 days with addition 0.3 SF 

 

Summary 
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In this part which deals with the results and the discussion, we discussed how to take samples 

and test them in the laboratory. These are only two tests (the stress test - the recession test). 

The remainder was completed, and samples of 3 blocks were collected for each type (0%, 

0.1%, 0.2%, and 0.3%) for the compressive force test. First, the three samples were taken 

without the addition of iron fibers. The highest results were (26 MPa) during twenty-eight days. 

Second, the three samples were added with the addition of the iron fibers (0.1%). The highest 

result was 30 MPa during twenty- The third samples were taken with the addition of solid iron 

fibers (0.2%), the highest result (31 MPa) during twenty-eight days, and the fourth sampling 

with the addition of iron fibers (0.3%). 31.5 MPa) within twenty-eight days. The results showed 

that the higher the percentage of steel fibers added to concrete, the greater the strength of the 

compressor. 

5. CONCLUSION 

This study is summarized in the use of steel fibers from tire waste, and these wastes appear 

to be a major obstacle in the world as they can't be easily disposed of, so we derive from this 

study the usefulness of the use of these works in the field of civil engineering, so the industry 

should have support from Government agencies to recycle or use waste tires in the field of 

engineering. This study focuses on the extraction of iron fibers from automotive tires for use 

in concrete. The objective is to increase the strength of the ordinary concrete after addition of 

fibers by different percentages (0.1, 0.2 and 0.3%). Samples were taken for normal concrete 

and the result was within seven (18MPa) days and the result was within fourteen days 

(22MPa) and the result was within twenty eight days (26MPa). However, after mixing the 

concrete with the steel fibers, the samples were placed in the water. Three samples were 

taken for 0.1% and the result was within seven days (22.2MPa) also, the result was within 14 

days (29MPa) and The result was within twenty-eight days (30), After which 3 samples were 

taken for 0.2% and the result was within seven days (25MPa) and the result was within 

fourteen days (30.4MPa) and the result was within twenty eight days (31MPa), then samples 

were taken for 0.3% During the seven days (25.4MPa) and the result was within fourteen days 

(30MPa) and the result was within twenty-eight days (31.5MPa).So, the high-test strength 

study was when addition 0.3% steel fiber within 28 days. It can be conclude from this study 

that the addition of steel fiber reduces the fragility of concrete and reduces cracking, but also 
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increase the strength of the compressor for concrete, but this increase is not large but it was 

satisfactory. 

6. RECOMMENDATIONS 

Through this chapter and this study, the progress of the tire industry and its specifications is 

of multiple incompatible nature and cannot be recycled (these tires cannot be restored as 

before). This industry can be exploited. Tires some areas, such as tire recycling systems in 

countries such as China, Japan, Russia and the United States, are equipped with new 

technologies that completely separate the material. Wastes torn apart, wire separation, and 

Yum degree of physical room temperature, fiber separation, milling, and the preparation of 

flour rubber powder. This system is fully intelligent as it works automatically. Through the 

simple graphical control program, the real-time data of the devices is particularly related to 

the electronic control interface of the production line. Through this system the device can 

create a management plan for a production line to automatically recycle the waste of these 

tires, and can also remove the anomalies in real time. In addition, the system performs a 

comprehensive report on production data, with predictive maintenance equipment, and when 

using this system well and effectively for integrated control systems can prevent equipment 

breakdowns, reduce continuous maintenance and increase the safety of the entire station, On 

the recycling of tires, so we strongly recommend and the existence of these systems to reduce 
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the growth of tires and use in industries that are not harmful to health, "environmentally 

friendly" (gepcrusher.com 2019) 

 

 

Figure 15 machine tires waste recycling system 

 
 

Subtle elements of squander tire reusing elastic powder machine 

After the material is extracted from the tires and separated from some, the following materials 

are produced: rubber, steel fiber and fiber yarn. Rubber can be used in several industries as 

per (Henan Doing Mechanical Equipment 2015) 

• It can have mixed with asphalt to provide stability and cohesion especially in 

wet areas, which has a positive effect in reducing vehicle skidding. 

• It can also be used in the production of sports stadium floors and clubs. 

• To granulate outspread tires into fine elastic piece of 5 to 200 work with steel 
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and fiber totally reused at encompassing temperature. 

• The input is entirety tires, after the processing, steel is totally isolated and fiber 

can be isolated up to 95% or above. The wrap up item is tall and competitive 

within the showcase 

• Tight development, little space and straightforward strategy flow. 

• Moo energy-consuming and great performance-cost ratio 

• Height automatization, less labours requirement. 

• Reasonable construction, easy operation and moo rate of breakdown 

• Environmental-protection, no pollution (no squander gas, no squander 

residue, no contaminated water), meeting the natural prerequisite of the 

government. 

 

 
Figure (16) Tires waste recycling diagram 
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EXECUTIVE SUMMARY 

In the 19th and early 20th centuries humans began to use compost as researchers discovered 

the beneficial nutrients of plants. Since then, manure has been one of the most important 

elements of soil, Where the compost are added to soil to increase the nutrients in the soil  and 

to increase plant growth moreover obtain abundant crops. Because of the addition of manure, 

global crop production rose to about a quarter. The aim of this study is to find the best methods 

to convert food waste into compost in Oman. In addition to determining the factors affecting 

the composting methods. Methods for completing this study an interview with Be'ah Company, 

Haya Company and environmental specialists in order to obtain information about compost, 

the most important methods used in the world and the factors affecting these methods. The 

second step is a questionnaire that aims to know the opinions of the specialists in compost 

and what is the best method that can be used in the Sultanate of Oman to convert the food 

waste to compost. IN-Vessel composting is the best method to convert food waste to compost 

because of the appropriate cost and produce high nutrient fertilizer. The study helps 

companies and community members to learn more about the importance of using compost. 
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1 INTRODUCTION 

All over the world, two important environmental issues we face today as part of global climate 

change, here are the loss of soil fertility and greenhouse gas emissions. It is certain that 

environmental degradation will worsen as harmful environmental practices continue and the 

population continues to rise. The main source of strong greenhouse gases 'methane' is 

landfills. Where carbon dioxide and methane emit food waste that we have sent to landfills. 

The soil has become increasingly degraded and synthetic fertilizers used to promote soil 

contribute to environmental issues and are unable to support plant life. Therefore, one solution 

to improve soil fertility and mitigate greenhouse gas emissions is to convert food waste from 

landfills to composting (Gentiana, 2013). 

The compost is a decomposed organic substance that can be used as a fertilizer and is often 

created from recycled materials. Also, composting is a natural biological process that is carried 

out under controlled aerobic conditions that require oxygen. Where microorganisms, including 

fungi and bacteria, in this process work on dividing organic matter into simpler substances. 

The compost reduces the need for chemical fertilization, making it a key part in organic 

cultivating (UGA, 2017). 

A compost can be classified according to the nature of the decomposition process and is 

classified into three main parts: aerobic composting, anaerobic composting and 

vermicomposting. There are many things that can be composted such as grains, vegetables, 

fruits, coffee filters, dairy products, meats, and newspaper and egg shells. On the other hand, 

there are things that cannot be composted include glass, grease, metals and plastic – 

including condiment packages, drinking straws, polystyrene, plastic utensils, plastic bags, 

silverware, plastic wrap, chemicals or bottles (UGA, 2017). 

There are many benefits of compost for the agriculture and the environment. For the 

agriculture, compost helps soil hold nutrients in the root zone, improves resistance to both 

insect pests and plant diseases, acts as a buffer to the soil's pH modifying and stabilizing it, 

increases the soil’s capacity for retaining soluble forms of plant nutrients and inoculates the 

soil with beneficial organisms such as nitrogen fixing bacteria. For the environment, compost 

protects groundwater quality, avoids methane production and leachate formation in landfills, 

drastically reduces the need for pesticides, prevents erosion and turf loss on playing fields and 

roadsides and minimizes odors in agricultural areas (UGA, 2017). 

The laws for compost in the Sultanate of Oman. The Sultanate of Oman has established laws 

for compost and soil conditioners to protect natural resources and benefit from organic matter. 

The conversion of organic matter into compost is fed by natural plants. The organic composts 

are plant or animal residues or mixtures containing plant nutrients and organic matter essential 

for improvement Physical and chemical properties of soil. Agricultural Soil Improvers are the 

materials that repair and improve soil properties.  They have always thought that organic waste 

is useless, but in recent times exploitation has been exploited correctly. By converting it into 

organic compost that nourish the fertile soil. This is a good step for the high rate of depletion 

of natural resources. (According to Royal Decree No: 64 /2006 (law for compost and soil 

conditioners)) 
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1.1 Problem Statement 

The amount of food ignored by the world is appalling. Where in 2014, more than 38 million 

tons of food waste were produced, with 5% diverted from landfills and incinerators for 

composting. The Environmental Protection Agency estimates that food waste accounts for 

about 21.6% of municipal waste. Globally, statistics do not different from the current state of 

food waste, with nearly one-third of the world's food produced lost without exploitation. 

Therefore, efforts should be made to reduce the waste of food and use it to convert it into 

compost (EPA, 2014). And adopt a more sustainable waste management strategy by reducing 

waste from the source (Figure 1).  

 

Figure 1: Waste Management Strategy and Hierarchy (EU 1996) 

 

1.2 Scope of Study 

The aim of this study is to find the appropriate method of food waste composting. The study 

also aims to guide and help the people to make decisions about conservation and 

development of the environment by not dumping food waste and participating in recycling to 

benefit society and the environment.  

This study focuses on determining the best composting method for food waste composting in 

Oman. By finding the factors controlling composting methods.  

2 OBJECTIVES 

The major objectives of the report is to: 

1. To investigate the methods of food waste composting 

2. To determine the factors controlling composting methods 

3. To determine the best composting method for food waste composting in Oman 
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3 LITERATURE REVIEW 

Research does not begin from scratch. There are always previous researches that lead their 

way to current research. The present research also has precedents that can be traced back. 

Composting is the normal procedure of disintegration and reusing of natural material into a 

humus rich soil correction known as compost. For any business or organization creating food 

waste, this natural material can be effectively disintegrated into superb compost. Organic 

products, vegetables, dairy items, grains, bread, unbleached paper napkins, espresso 

channels, eggshells, meats and paper can be composted. On the off chance that it tends to 

be eaten or developed in a field or greenhouse, it very well may be composted. Things that 

can't be composted incorporate plastics, oil, glass, and metals - including plastic utensils, 

topping bundles, saran wrap, plastic packs, foil, flatware, drinking straws, jugs, polystyrene or 

synthetic concoctions. Things, for example, red meat, bones and modest quantities of paper 

are worthy, yet they take more time to deteriorate. Add red meat and unresolved issues a well-

controlled compost heap to abstain from drawing in vermin, bugs and creepy crawlies to 

somewhat decayed meat scraps (Schaub, 1996). 

Schaub and Leonard in 1996 introduced composting as an alternative way of waste 

management in the food industry. Numerous sustenance processors are looked with an issue 

in overseeing strong squanders, which can establish up to 30% of approaching crude 

materials which thermophilic microorganisms change natural materials into a steady, soil-like 

item. The major contrasts between composting activities happen in the strategies used to 

accomplish dynamic composting: the procedure of high-impact, thermophilic disintegration 

before restoring. There are numerous such strategies. In any case, they can be partitioned 

into three general types; arranged by expanding refinement are passive piles or windrows, 

turned or aerated piles or windrows, in-vessel systems (Schaub, 1996). 

 

Figure 2: Flowchart of the process of composting (Schaub, 1996) 

A wide assortment of results is produced by the sustenance preparing businesses, some of 

which are more reasonable for composting than others. By and by, a few sustenance 
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processors use composting as an effective method of waste administration. A portion of the 

side-effects that have been treated the soil have come about because of the preparing of 

vegetables, organic product, fish, hamburger, poultry what's more, grains. The qualities of 

these side-effects change from solids to ooze with high dampness content. The accompanying 

sections outline the composting techniques that have been utilized in different areas of the 

nourishment preparing industry (Schaub, 1996). 

Table 1: Percentage of waste compositions in all the continents (Schaub, 1996) 

Continent Food Paper/cardboard Wood Textile Rubber/leather Plastic Metal Glass Others 

Asia 37.8 20.3 7.8 2.9 0.8 8.6 2.8 3.2 12.8 

Africa 42.4 15.2 7.0 1.9 1.1 4.3 2.5 2.1 4.9 

Europe 28.9 24.2 9.8 3.4 1.4 9.6 5.3 9.0 14.6 

Oceania 51.8 18.0 13.3 - - - - - - 

North 
America 

33.9 23.2 6.2 3.9 1.4 8.5 4.6 6.5 9.8 

South 
America 

45.2 15.9 6.7 5.2 1.5 9.1 3.5 4.2 3.2 

 

3.1  Types of Composting 

3.1.1 Continuous Composting 

In a research conducted by Schulze in 1962 discusses about the continuous composting 

methods. The pivoting drum seemed to offer a high degree of authority over the procedure 

parameters. The researcher built up a research facility model composter that comprised of a 

shut turning Plexiglass chamber, 10 inch in measurement and 19 inch long. The unit had a 

stacking limit of around 16 pounds of naturally ground refuse at 50 to 60 % dampness. The 

contraption demonstrated exceptionally helpful in building up quantitative information for the 

connection between oxygen take-up rate and temperature, the respiratory remainder, and for 

the impact of dampness on the composting procedure under cluster activity. The cluster 

analyses affirmed the idea that vigorous decay ordinarily continues through a progression of 

particular stages aging, corrosive development, thermophilic action, and temperature decay. 

During the initial two stages, mesophilic microorganisms, for example, yeasts and microscopic 

organisms are transcendent and the temperature of the deteriorating material increments from 

surrounding to around 45 C. The third stage is portrayed by the action of thermophilic 

microscopic organisms which produce temperatures from 45 to 71 C because of their 

exceptional breath. In the fourth stage, actinomycetes and organisms dominate, joined by a 

decrease in temperature back to encompassing. The aftereffects of these investigations 

prompted the possibility that under appropriately controlled conditions it may be conceivable 

to work a composting procedure continuously in the thermophilic stage, i.e., in the scope of 

120 to 160 F. This method would wipe out the slack time frames related with the two beginning 

stages and would give a fast disintegration of natural waste material (Schulze, 1962). 

3.1.2 Fed-Batch composting 

In a research conducted by Sundberg and Jonsson in 2005, they discuss about the hindrance 

of the degradation during low pH conditions has been seen in nourished batch composting 

frameworks. In fed-batch composting, the substrate is included irregularly, frequently 

consistently, while the fertilizer is expelled as a batch at longer time interims. The treatment, 

which now and then is called successively fed or consistent composting as a clear phrasing is 
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missing, is frequently done in two stages, one for high-rate degradation and one for relieving. 

Fed-batch composting is customarily utilized in terrace composting and is currently likewise 

progressively utilized for on location treatment of nourishment squanders, for example in cafés 

or lodging regions. Motorized hardware for on location composting is economically accessible 

in Scandinavia, Korea, Japan and other nations. These composting machines are regularly 

little, intended for 1–300 kg/day. Natural acids, for the most part lactic and acidic corrosive, 

are as often as possible created during introductory microbial degradation of nourishment 

squander, in a procedure that lessens the pH to 4–5. Utilization of reused manure as a 

beginning society for composting is normal in both batch and fed-batch composting. Reused 

fertilizer gives a differing microbial culture that can quicken the start-up procedure. In primer 

investigations on fed-batch composting of sustenance squander from an eatery in a full-scale 

composting machine, the pH esteem and temperature declined, degradation stopped and 

extreme scent issues happened (Sundberg, 2005). 

3.1.3 Indoor composting 

A documentation reseach prepared by Duquenne, and Simon et al., in 2012 recorded the 

Bioaerosol concentrations in an indoor composting facility. Composting is a characteristic self-

warming procedure including the natural corruption of natural issue under oxygen consuming 

conditions. Establishments for composting fluctuate incredibly in size from household to 

enormous scale offices, level of fenced in area, for example, open, halfway encased, encased 

offices, structure, for example, static windrow frameworks, circulated air through static heaps, 

bioreactors what's more, the sort of squanders treated the soil (Duquenne et al., 2012). 

Waste and fertilizer taking care of during the procedure that incorporates manure turning, 

destroying, screening has been appeared to discharge airborne microorganisms and their 

related mixes, called bioaerosols, in the surrounding demeanor of composting offices. 

Scattering of these bioaerosols to private populaces encompassing composting plants has 

additionally been examined. The fenced in area of composting tasks is a creating propensity 

to counteract their potential annoyance toward the neighboring occupants. It is additionally 

viewed that indoor plants give a superior control of the composting procedure. Nonetheless, it 

likewise may make a limited situation that calls for explicit avoidance measures. Despite the 

various examinations distributed, bioaerosols in such composting offices are still inadequately 

portrayed. Moreover, techniques and methodologies used to perform such a portrayal are not 

settled. Surrounding examining may give data on the conduct of airborne organisms in indoor 

situations, the gathered information might be helpful for the origination of aggregate preventive 

measures (Duquenne et al., 2012). 

3.1.4 Outdoor composting 

In a research conducted by Gutierrez, Martin and Chica (2013) evaluated the food waste 

composting and their outdoor impacts. The utilization of various materials, for example, 

sewage slime or the natural part of city strong waste to produce corrections to improve soils 

exhausted because of poor rural practices has turned out to be progressively broad. 

Composting is ecologically practical as it encourages the evacuation of natural waste. 

Composted sewage slime is generally utilized in agribusiness to treat soils in understanding. 

Be that as it may, sewage ooze has certain disservices, for example, its high substance in 

metals. Besides, because of the high dampness substance and low porosity of sewage slop, 

building operators must be utilized during composting to assimilate dampness, upgrade air 

circulation and improve the nature of the end item. With the goal for compost to be utilized 
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securely in soils it must be steady and full grown, which suggests a high substance in changed 

natural issue and the nonappearance of phytotoxins and pathogens (Gutierrez, 2013). 

Disregarding the notable advantages of composting, smell emanations and unstable natural 

mixes are created in fluctuating degrees relying upon the composting technique utilized. As of 

late, there has been a developing social and natural mindfulness about the outflow of 

pressurized canned products what's more, terrible smells because of their potential effect on 

the wellbeing and prosperity of neighboring regions. A few examinations have been done on 

the scent emanations created during natural waste administration and treatment. The most 

regularly utilized techniques for open air composting are field assessments and recreations 

dependent on scattering models (Gutierrez, 2013). 

3.2  Food Waste Composting 

3.2.1 Microbial compositions 

A research conducted by Calli, Mertoglu, Roest and Inanc in 2006 compared the long term 

performances and final microbial compositions of anaerobic reactors. Beginning-up and work 

an anaerobic reactor appropriately, the microbial decent variety and action of the biomass 

ought to be ceaselessly checked. Distinguishing proof of microbial networks in the reactors is 

essential for clarification of the watched contrasts in the exhibitions of reactors treating 

comparable wastewaters. Albeit microbial arrangements of anaerobic reactors are accounted 

for in the writing, there is no investigation detailing the impact of reactor arrangement on the 

sythesis of the microbial network information about microbial assorted variety and action of 

the seed biomass is required for an effective start-up, since, as a general application, seed 

biomass is taken from another anaerobic reactor which isn't adjusted to the new wastewater 

(Calli, 2006). 

 

Figure 3: Experimental setup of the reactor (Calli, 2006) 

Three distinctive research facility scale anaerobic reactors, to be specific upflow anaerobic 

channel (AF), slime cover (UASB) and half breed bed (channel over slime cover) reactors, 

were worked for 860 days in the treatment of high smelling salts landfill leachate. Channel 
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media utilized in the anaerobic upflow channel and half breed bed reactor were plastic 

helezonic rings. To screen the exhibitions of the reactors, influent emanating pH and alkalinity 

were estimated on a day by day premise, while COD and NH3-N were checked three times 

each week. TSS and VSS were checked once a week. Aftereffects of the examination shows 

that landfill leachate containing absolute smelling salts fixations over 2000 mg/l can be treated 

effectively by utilizing anaerobic reactors arranged as up flow channel, slime cover or half and 

half bed reactors (Calli, 2006).  

3.2.2 Composting by zeolite amendment 

A research conducted by Chang, Selvam, and Wong in 2016 discusses the reduction is 

nitrogen loss during composting by zeolite amendment. In a composting procedure, loss of 

nitrogen as smelling salts could represent up to 65% of the underlying aggregate N misfortune 

from the framework decreasing its aggressiveness in the market. Along these lines it is 

fundamental to control the corrosiveness just as the alkali outflow during sustenance waste 

composting. There have been endeavors to urge struvite development to diminish alkali 

misfortune by including Mg and PO4 salts during the composting procedure (Chang et al., 

2016). 

 

Figure 4: Schematic diagram of food waste composter (Chang et al., 2016) 

It is discovered that the rate of alkali outflow was conversely corresponding to the measures 

of salts expansion. In spite of these preferences, the majority of the writing concentrated 

uniquely because of struvite salts on disintegration and nitrogen protection without considering 

the subsequent saltiness following salts expansion. This may influence the general 

agreeableness of utilizing struvite development as a way to ration nitrogen during composting. 

In this manner, controlling the EC during struvite composting will encourage the 

acknowledgment of the full advantages of the struvite composting (Chang et al., 2016). 

Zeolite, as a characteristic mineral, can lessen the saltiness, different gases emanations and 

overwhelming metals accessibility during composting. Nonetheless, zeolite was bad enough 

to support against the low pH during composting. The segments of the sustenance waste were 

sliced into 1 cm3 to get uniform molecule measure that empowers great blending in the seat 

scale reactors. At that point, the nourishment waste was blended with sawdust to change the 

C/N proportion to 30 while the underlying dampness substance was changed in accordance 

with 55% through expansion of deionized water. Sustenance waste composting blend was 
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changed with Mg what's more, PO4 salts as magnesium oxide and dipotassium hydrogen 

phosphate on dry weight premise at 1:2 M proportion before the expansion of 0%, 5% and 

10% zeolite (w/w dry weight premise), and a control treatment without any change was 

additionally arranged for correlation reason. The substrates of every treatment were 

composted for 56 days in a 20-L seat scale composter that was associated with a PC input 

controlled framework. A decent thermophilic period of in any event multi week is significant for 

viable expulsion of pathogenic life forms to create sterile compost. Struvite development 

through the expansion of MgO and K2HPO4 during nourishment waste composting essentially 

saved the NH4
+ - N, be that as it may, expanded the EC of conclusive compost. Be that as it 

may, enhancing 10% zeolite successfully diminished the EC to 2.82 mS/cm fundamentally 

through adsorption of ammonium/smelling salts particles and potentially different cations 

(Chang et al., 2016). 

3.2.3 Co-composting 

A research conducted by Wong and Mak et al., in 2001 discusses about the co-composting of 

soybean residues and leaves in Hong Kong. Composting is a conceivable option suggested 

for treating strong natural squanders what's more, the final results can be reutilized for land 

application. Most investigations demonstrate that compost application to agronomic soils 

builds crop generation because of its plant supplement substance and dampness 

maintenance attributes. It likewise improves the physical properties of the dirt since natural 

materials for example, horticultural squanders and sewage ooze are corrupted into a 

moderately steady compost that can fill in as a dirt conditioner (Wong et al., 2001). 

In this investigation, two strong squanders that is, soybean deposits what's more, leaves were 

composted as an elective strategy for transfer of squanders. Soybean buildups comprising of 

supplement adjusted substance (particularly nitrogen), are created from soya beverages and 

tofu processing plants. Right now, they are arranged of via land filling. It is seen that Leaves 

display a moderately moderate deterioration rate because of the high substance of refractory 

decomposable mixes, for example, cellulose and lignin. In this manner, soybean deposits with 

generally high nitrogen substance would supplement leaves with moderately high carbon 

content for co-composting. Compost development and steadiness are key components during 

composting (Wong et al., 2001). 
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Figure 5: Changes in temperature during Co-composting (Wong et al., 2001) 

Fresh compost, when connected to soils, keeps up high deterioration action, which may retard 

plant development because of nitrogen starvation, anaerobic conditions and hytotoxicity of 

NH3 and a few natural acids. Temperatures of all treatment gatherings came to the 

thermophilic stage (>50°C) after 3±4 long periods of composting, which reflected dynamic 

microbial disintegration in the composting heaps (Wong et al., 2001). 

The adjustments in pH for the different heaps pursued the same pattern with a slight lessening 

from the scope of 6.1± 6.8 to 5.3±6.1 in the initial 7 days. Following 35 days, a slow reduction 

in pH was watched for all heaps aside from heap C with week after week turning. The pH 

esteems toward the finish of composting for heap A, B and C were 7.9, 8.1 and 8.5, 

individually. All heaps with different turning efficiencies demonstrated a comparable example 

of progress in EC, which reflected the dimension of saltiness in soybean residues, leaves co-

compost. Co-composting soybean deposits with leaves was exhibited to be possible under 

the depicted windrow composting preliminary conditions, with manual turning yielding stable 

compost that could be utilized for natural cultivating or as a dirt revision. Turning recurrence 

affected the practices of various significant parameters during co-composting of soybean 

deposits with leaves. Low turning recurrence with week after week turning brought about a 

low decay movement furthermore, moderate adjustment as demonstrated by the littler weight 

reduction, lower dissolvable natural carbon, and diminished germination list (Wong et al., 

2001). 

3.2.4 In-vessel composting 

In 2006, a research featuring Iyengar and Bhave discusses about the processing household 

waste to composting using in-vessel composter. In India, for composting to be acknowledged 

as a suitable option to landfilling and to different techniques for MSW treatment for example, 

burning, powerful detachment of the natural division should be accomplished. It is conceivable 

to rehearse the detachment of the degradable materials at the source of age, that is, the 
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individual houses. Also, early detachment of the waste streams and their decentralized reusing 

could add to lessening the waste amounts to be transported by the city and to free limits which 

can be utilized somewhere else. The way toward composting was contemplated utilizing five 

distinct kinds of reactors, each reproducing an alternate condition for the arrangement of 

compost. A lab-scale consider was led first utilizing the compost quickening agents culture 

Trichoderma viridae, Trichoderma harzianum, Trichorus spirallis, Aspergillus sp., 

Paecilomyces fusisporus, Chaetomium globosum. The reactors were stacked with crude just 

as cooked vegetable squanders which were homogenized by slicing the material to roughly 

5–8 cm long. The stacking was completed for a time of about a month, of which the last 2 

weeks were for stun stacking, and afterward the compost framed was permitted to develop 

(Iyengar, 2006). 

The characteristics of the composts created in the various reactors were looked at in the light 

of the abovementioned prescribed properties. The pH (1:50 (w/v)) was estimated utilizing a 

pH cathode, absolute phosphate (corrosive review) and dissolvable phosphate (refined water 

extraction) utilizing vanadomolybdophosphoric corrosive technique, sulfur (corrosive 

summary) utilizing barium sulfate precipitation strategy, and dissolvable nitrate (refined water 

extraction) utilizing nitration of phenol disulphonic corrosive technique by utilizing UV–Vis 

spectrophotometry (Systronics) at 420 nm. Total potassium (corrosive review), sodium 

(corrosive summary) and solvent potassium (refined water extraction) were resolved utilizing 

fire photometry (Systronics) fitted with component explicit channels (Iyengar, 2006). 

 

Figure 6: Section of reactor (Iyengar, 2006) 

The inspecting and the investigation of the mulch/compost created inside this reactor was 

done just once for the correlation of the outcomes, alongside the last set of examining for 

different reactors. Every day temperature of the mulch was additionally checked through three 

sealed shut ports on the reactor which were put at various statures from the base. In light of 

the correlation from this examination, it is apparent that the mulch delivered in the reactors 

demonstrated a low dimension of potassium content. The outcomes likewise recommend that 

it might be fitting to include potassium from an outer source to improve the nature of the mulch. 
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Leachate created might be recycled into the reactor to improve the productivity and nature of 

the compost. Prepared sustenance squanders might be washed before stacking into the 

reactor to expel the unfortunate sodium content and to increment the general nature of the 

compost created in the reactors (Iyengar, 2006). 

3.2.5 Digester in composting 

Finn in his research conducted in 1995 introduced the model of a digester in composting. A 

rotatable digester drum for gathering natural Waste material into manure which has inside 

arranged along its longitudinal pivot a progression of dispersed separated confuses, each 

perplex having a variable cross sectional region going from more than half to full of the cross 

sectional zone of the drum and organized concerning each other when in the halfway open 

mode to cause material and air acquainted into the drum with navigate a non-straight way 

through the drum, the drum having a majority of longitudinally expanding inner ribs 

masterminded in divided exhibit around its perimeter. This development relates extensively to 

a procedure and mechanical assembly for the natural debasement of natural waste material 

into manure and all the more especially to a procedure and device for the microbial treatment 

of waste surges of basically natural sythesis uncontaminated by inorganic materials. The drum 

has arranged inside along it length, at dispersed interims transverse its longitudinal pivot, a 

progression of halfway hindering confuses each involving from 60-70 percent of the cross-

sectional territory of the drum. The confuses are orchestrated concerning one another with the 

goal that air constrained into and through the drum also as material experiencing treatment 

inside the drum is caused to navigate a pretty much sinusoidal way (Finn, 1995). 

Air is blown through the digester in counter stream connection to development of material 

through the drum. The interior surface of the drum is interestingly given a progression of 

circumferentially separated ribs broadening longitudinally along the drum internal surface. A 

huge element of this study, is the provision of methods for modifying the way and stream rate 

of both air and material crossing the digester drum by changing the size and aura of the 

bewilder openings (Finn, 1995). 

3.2.6 On-farm composting method 

In a research conducted by Misra, Roy and Hiraoka (2003) presents a review of composting 

methods that distinguishes all the on-form composting. The capability of composting to turn 

on-ranch squander materials into a homestead asset makes it an alluring suggestion. The 

report makes an expansive qualification between little scale and enormous scale composting 

rehearses. While little scale generation frameworks regularly utilize foundation and systems 

that are actually and monetarily more achievable to ranchers, enormous scale frameworks 

require speculation for compartments and additionally turning, as well as more noteworthy 

learning and aptitudes to control the procedure. The refinement depends chiefly on the 

contrast between those practices received as a show and ongoing presentations for facilitating 

the procedure that involve individual or joined use of medications, for example, destroying and 

successive turning, mineral nitrogen mixes, viable microorganisms, utilization of worms, 

cellulolytic creatures, constrained air circulation and mechanical turnings (Misra, 2003). 

Customary strategies for the most part embrace a methodology dependent on anaerobic 

disintegration or one in view of oxygen consuming deterioration utilizing latent air circulation 

through measures, for example, little and rare turnings or static air circulation arrangements, 

for example, punctured shafts. Customary strategies dependent on uninvolved composting 
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include stacking the material in heaps or pits to break down over an extensive stretch with little 

tumult and the executives (Misra, 2003). 

The Indian Bangalore strategy licenses anaerobic decay for a bigger piece of activities also, 

expects six to eight months to deliver compost. The Indian Indore techniques improve inactive 

air circulation somewhat through a couple of turnings, along these lines allowing oxygen 

consuming deterioration and empowering creation in a period length of around four months. 

The Chinese provincial composting pit technique utilizes an inactive air circulation approach 

through turnings to give yield in a few months. Mechanical constrained air circulation and 

quickened mechanical turning techniques, for example, in-vessel composting are 

extraordinarily structured business frameworks whose potential points of interest include 

diminished work, weatherproofing, powerful procedure control, quicker composting, 

decreased land necessities, and quality yield (Misra, 2003). 

Another presented methodology called vermicomposting which isn't composting all things 

considered on the grounds that it isn't the disintegration of natural materials by smaller scale 

living beings, yet enzymatic corruption through the stomach related arrangement of night 

crawlers. It is the throws of the worms that are used. Vermicomposting results in high quality 

compost and does not require physical turning of the material (Misra, 2003). 

3.2.7 Choate’s method of composting 

In a research conducted by Choate and Lord in 2011, on converting organic waste into 

composting introduces a new method for composting. The present creation relates for the 

most part to preparing of squander materials, and all the more especially to frameworks and 

procedures for dealing with natural waste materials. The proposed strategy for changing over 

natural waste materials contains preparing a first bit of the natural waste materials in a bio-

mixer to make a mostly hydrolyzed bio mass, screening the mostly hydrolyzed biomass into 

unders that go through a first screen work, hydropulping the unders to evacuate heavier and 

lighter materials and to make a slurry of the rest of, expelling coarseness from the slurry. In a 

few embodiments, the technique further includes screening a 2nd segment of the natural 

waste materials into unders that go during a time screen work and overs that don't pass during 

that time screen work. In these embodiments the unders from the second segment of the 

natural waste materials are hydropulped with the unders from the mostly hydrolyzed biomass 

to make the slurry. In further embodiments, the overs are handled in the biomixer with the 

main segment of the natural waste materials. In still different embodiments, the slurry is 

anaerobically processing to create biogas and a remaining strong which can be dewatered 

and treated the soil. In a few occurrences, the water from dewatering the lingering solid can 

be reused back to hydropulping (Choate, 2011). 

3.3  Factors controlling composting methods 

3.3.1 Carbon and Nitrogen ratio 

The proportion of carbon and nitrogen is the most important among a variety of elements 

needed by the decomposition of microorganisms. It is associated with the temperature of 

compost. The growth of microorganisms and other bacteria is limited and the fermentation 

process is long and the rate of decomposition of organics will be slow if the ratio of materials 

is high in carbon while the nitrogen element is relatively deficient. Also, the soil falls into 

nitrogen starvation and then affects the growth of plants so when the ratio of nitrogen and 

carbon of raw materials increases easily to a high proportion of the final compost which leads 
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to the despoiler of nitrogen in the soil. The carbon elements available for consumption 

decrease while the nitrogen component is the relative surplus when the nitrogen and carbon 

ratio is very low, especially less than (20: 1). This results in low fertilizer efficiency due to much 

nitrogen loss, in order to ensure that the microorganisms are decomposed into organics. The 

best ratio to be achieved with nitrogen and carbon is balanced (25-35: 1) requiring 

microorganisms (Misra et al., 2003). 

Table 2: The Carbon and Nitrogen ratios in some organic materials (Misra et al., 2003) 

Material C:N Ratio 

Vegetable wastes 12-20:1 

Alfalfa hay 13:01 

Cow manure 20:01 

Apple pomace 21:01 

Leaves 40-80:1 

Corn stalks 60:01:00 

Oat straw 74:01:00 

Wheat straw 80:01:00 

Paper 150-200:1 

Sawdust 100-500:1 

Grass clippings 12-25:1 

Coffee grounds 20:01 

Bark 100-130:1 

Fruit wastes 35:01:00 

Poultry manure (fresh) 10:01 

Horse manure 25:01:00 

Newspaper 50-200:1 

Pine needles 60-110:1 

Rotted manure 20:01 

 

3.3.2 Moisture 

One of the most important conditions in the process of composting is moisture, 

microorganisms are mixed in water to absorb nutrients. About 50% - 60% is usually the best 

water content of composting materials. The activity of microorganisms affects the very low 

humidity (<30%), reduces the speed of composting, makes the organic matter difficult to 

decompose, leads to anaerobic degradation and generates the foul odor of the composting 

materials. The air will explode if the water content is more than 60%, then the materials will 

show a combined condition and the manure will develop towards the anaerobic so ventilation 

should be enhanced. Microorganisms will affect their growth if the humidity is less than 20% 

(Misra et al., 2003). 

3.3.3 Temperature 

Temperature affects the growth of microorganisms in composting. The decomposition 

efficiency of heat-loving bacteria is higher than that of mesophilic bacteria and this is generally 

recognized. The temperature is almost the same with the surrounding environment, after a 

day or two of the work of mesophilic bacteria will reach the temperature of compost to 50-60 

degrees Celsius, which in the initial stage of composting. Only within 5-6 days will compost 

reach the non-harmful requirements and kill most pathogenic bacteria. In short, very high 



Study on Food Waste Composting in Oman 

Noor Ali Said Al Amrani  Page 20 of 33 
  
 

temperatures (more than 70 Celsius) may have a negative effect on microorganisms, while 

very low temperatures may extend considerably in contraction (Misra et al., 2003). 

3.3.4 PH value  

Can make the pH value very low or very high, which makes it difficult to get rid of compost, 

the best value for pH of microorganisms is neutral or weak alkaline. When the pH value 

exceeds 7.0, nitrogen will volatilize in the form of ammonia and therefore the value of pH will 

affect the nitrogen loss. The value of pH 6.0 to 7.5 is suitable for the development of bacteria 

while suitable for the growth of fungi between 5.5 – 8.0, as the pH is an important factor in 

composting and quality (Misra et al., 2003). 

3.3.5 Aeration rate and Oxygen supply 

The amount of oxygen supply and ventilation is associated with organic content in composting 

materials. The ideal concentration of oxygen is 18%, where the microorganism activity in the 

composting process is limited and easily stinks. The point is how to ensure that oxygen is 

continuously present without excessive ventilation in the supply of oxygen (Misra et al., 2003). 

3.3.6 Particle size 

The size of the granular materials will increase the surface area, accelerate the speed of 

composting and enhance the activity of microorganisms, since the microorganisms go through 

activity through the surface of organic granules. On the other hand, ultra-high materials reduce 

oxygen in composting and prevent airflow. Thus, the final compost must be mature and stable 

so that it can be filled and transported safely (Misra et al., 2003). 

3.3.7 Nutrients  

The essential nutrients are phosphorus (P), potassium (K), C and N required by 

microorganisms. Accepted C: N ranges between 20: 1 and 40: 1 but the optimal ratios are 

between 25: 1 and 30: 1. The growth of microorganisms is limited, if the ratio is higher than 

40: 1, resulting in a longer period of composting. The underutilization of N leads to a C: N ratio 

of less than 20: 1, and the atmospheric excess is lost as nitrous oxide and ammonia, and the 

odor is problematic. For the final product, the C: N ratio should be between 10: 1 and 15: 1 

(Misra et al., 2003). 

3.4  Effects of composting 

In a research conducted by Chang and Hsu in 2008 discusses about the effects of composting. 

The goal of this work was to give a technique for foreseeing significant parameters, for 

example, composting and fermentation times, combined CO2 development, and rates of 

material misfortunes that portrayed the composting procedure of sustenance squander in 

terms of weight divisions of real segments. The factual exploratory plan depended on the 

standards of the mixture trial plan. Minor segments other than starch, protein and fat were 

thought to be idle and had no consequences for the composting procedure. Just the impacts 

of protein and fat on the composting procedure were considered, since the impact of sugar 

can be gotten once the impacts of other two segments are known. An extraordinarily planned 

research facility scale reactor was utilized in this examination (Cang, 2008). 
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Figure 7: C/N ratio of composting and acidification (Cang, 2008) 

As far as weight divisions of protein and fat of engineered sustenance waste made of human 

and creature sustenance were grown effectively. Quadratic relapse models were 

accommodated speedy estimation. The models were additionally connected to genuine 

kitchen squander and the concurrences with test results were reasonable. The last results of 

every single exploratory run passed different development tests. (Cang, 2008) 

3.5  Composting in production of fertilizers 

A research conducted by Wu, and Lim et al., in 2014 states because of the bounty of strong 

squanders for transfer, a feasible and natural methodology on reusing the squanders ought to 

be proposed and actualized for contamination reduction by thinking about practical, wellbeing 

and ecological components. Feasible waste administration practices are fundamental to save 

the encompassing condition, in this way it is attractive to reutilize the waste items in other 

industry to make an ideal item. As of late, a strategy known as vermicomposting has been 

getting developing interest. Vermicomposting can be viewed as a green biotechnology utilizing 

night crawlers to process biodegradable strong waste. This paper made an endeavor to talk 

about the ongoing advancement in biodegradable strong waste administration; with 

accentuation on the examination between composting (regular strategy) and vermicomposting 

(more up to date innovation) of natural strong squanders. Waste can be arranged into 

classifications dependent on its source. When all is said in done, strong squanders is 

partitioned into four fundamental classes known as agrarian waste, development and 

annihilation strong waste, civil strong squander (MSW) and mechanical waste (Wu et al., 

2014). 

Current essential strategies for strong waste administration incorporate practices, for example, 

composting, squander cremation, landfilling, reusing, decrease at source and others. Aside 

from composting, techniques, for example, cremation are generally used to crush lethal waste, 

recoup vitality and diminish volume of waste. Landfill locales are known to deliver leachate 

that conveys both natural and inorganic contaminants. In expansion, the landfilled natural 

portion of strong squanders produces ozone harming substances that must be gathered 
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what's more, singed to decrease their effect on an Earth-wide temperature boost and dispose 

of scent annoyances (Wu et al., 2014). 

Composting and vermicomposting are viewed as significant advances for strong waste 

administration for its medicinal advantages to agrarian soil by improving soil structure, high 

dampness maintenance and supplement holding capacity just as plenitude in microbial action. 

It very well may be derived that vermicomposting produces natural compost with more 

extravagant supplement accessibility when contrasted with ordinary composting. Compost 

from customary composting will in general contain higher measure of ammonium, while 

vermicompost contains higher measure of plant-accessible type of nitrogen known as nitrates, 

which is gainful to plant development. It is seen that a mix of composting and vermicomposting 

of sugar plant squander with civil strong waste delivered amazing natural compost (Wu et al., 

2014). 

3.5.1 Fermentation 

In a research conducted by Pleissner, Kwan, Lin in the year 2014 discusses about the 

submerged fermentation for food waste treatment and fermentation feedstock preparation. 

Notwithstanding when squandered nourishment isn't palatable any longer because of clean 

issues and considered to have no esteem, it remains a wellspring of sugar monomers, amino 

acids, unsaturated fats and phosphate. Ongoing investigations in our gathering have 

acquainted open doors with reuse sugars, proteins and phosphate present in nourishment 

squander as supplement sources in microbial developments Even however parasitic 

hydrolysis of every day showing up nourishment squander in submerged fermentation is quick 

and productive, the potential as a squander treatment has just been quickly shown in past 

thinks about from the literature. The procedure being presented includes submerged 

fermentation of day by day showing up sustenance squander by hydrolytic proteins of the 

growths A. awamori and A. oryzae for waste decrease and fermentation feedstock readiness 

(Pleissner, 2014). 

 

Figure 8: Graph of TSS proportion (Pleissner, 2014) 

The procedure was additionally contrasted with the customary nourishment squander 

treatment forms: composting, anaerobic absorption, transfer in landfill destinations and 

burning. Strong state fermentation was performed in a petri dish to which 10 g (8.5 g dry 

weight) of bread kitchen squander, comprising of cake, bun and baked good, were included. 

Contagious strong crush alludes to the parasitic biomass acquired after strong state 

fermentation. Tests were taken routinely for pH, glucose, FAN, phosphate and TSS 

estimations. Tests and last fermentation stock were centrifuged at 11,500g for 30 min, and the 

supernatant was sifted. Pellet and channel buildup were combined, lyophilized and speak to 
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the TSS after fermentation. The resultant hydrolysate and TSS were kept solidified at 20 and 

80 C, separately. Maximal strong stacking that can successfully be treated by parasitic 

hydrolysis in submerged fermentation so as to accomplish always significant returns of 

glucose, FAN and phosphate. Submerged fermentation with progressively included 

contagious strong pounds has been found to hydrolyze the greater part of the sustenance 

squander and to give most elevated yields of glucose, FAN and phosphate. Accordingly, the 

examination of hydrolytic efficiencies at various starting strong to-fluid proportions was 

completed first with A. oryzae for 24 h, pursued by a moment brooding with A. awamori for 12 

h. Parasitic hydrolysis of nourishment squander in submerged fermentation by A. awamori 

and A. oryzae gives the chances to acquire a hydrolysate wealthy in glucose, FAN and 

phosphate just as to decrease the dry load by 80–90% (Pleissner, 2014). 

4 MATERIALS AND METHODS 

4.1  Data Collection 

4.1.1 Qualitative data collection 

We conducted interview with the Eng. Salim Al-Rabki from the Haya water company in 

21/May/2019 as first interview. And told us about the most important ways to convert food 

waste into compost and what are the best and most appropriate methods and what are the 

problems facing them in the field of manufacturing this the type of compost also tells us about 

the material cost. 

Who said in Eng. Salim Al-Rabki , Director of Department of Government Haya Water 

company dated 21/May/2019, where he talked about the efforts made by the company in the 

establishment of compost a factory in order to reduce the impact of carbon emission harmful 

to the environment and also told us about the benefits of compost produced from the factory, 

and in an interview last told us about the methods to produce compost in the factory and other 

methods to produce compost and factors affecting for each method.  

We conducted interview with the ENG. Tariq Al-Aamri from the Be'ah Company in 

26/May/2019 as second interview. And he said that four basic pillars have been set up: the 

control of damage, the restructuring of the waste management sector and its development to 

support economic. Also, 27% of the waste is transferred from the engineering landfill through 

waste recycling and utilization to maximize value added. 

4.1.2 Quantitative data collection 

We conducted a questionnaire of 9 questions about methods to convert food waste into 

composting and the factors that affect each method. Then we distributed the questionnaire to 

the people who have knowledge from specialists in the Haya Company and Be'ah Company 

and environmental professors from different colleges. Finally, we analyzed these questions 

into graphs. 

The objective of the survey questions is to find the best method to compost the food waste in 

Oman through several factors such as cost, time and other factors discussed in the second 

chapter of the report (See questionnaire in Appendix A). The goal for the interview and 

literature review to find the all methods of compost the food waste. The percentage of food 
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waste in the Sultanate of Oman is about 27%, which is managed by converting it into compost 

that has many benefits to the environment and society.  

4.2  Framework Development   

Drawing on a literature review that focuses on all the methods used to convert food waste into 

compost such as: microbial compositions, Composting by zeolite amendment, Co-

composting, In-vessel composting, Digester in composting, On-farm composting method and 

Choate’s method of composting. Also, the factors used to compare between these methods 

are Carbon and Nitrogen ratio, Moisture, Temperature, PH value, Aeration rate and Oxygen 

supply, Particle size and Nutrients. And in the data collection, which divided to the quantitative 

data collection and qualitative data collection. First, in qualitative data collection, which 

includes the interview for getting methods of compost the food waste and the factors which 

effect each method. Second, in quantitative data collection, which includes the best methods 

of compost the food waste, by using of a program Microsoft Excel to draw and explain the 

diagrams in the questionnaire.  

5 RESULTS AND DISCUSSIONS 

Through extensive literature review, this study complied several methods of composting food 

waste, namely; 

 microbial compositions 

 Composting by zeolite amendment 

 Co-composting 

 In-vessel composting 

 Digester in composting 

 On-farm composting method 

 Choate’s method of composting 

While, the factors that affects the food waste composting process, includes: 

 Carbon and Nitrogen ration 

 Moisture 

 Temperature 

 PH value 

 Aeration rate and Oxygen supply 

 Particle size 

 Nutrients 

5.1  Analysis 

Figure 9 shows the opinion of 22 environmentalists on the extent of their knowledge of organic 

fertilizer. The results showed that 10 people answered yes, about 45%, and 9 people to some 

extent have knowledge of compost, about 41%, and 3 people who do not have any knowledge 

about compost and represent about 14%. 
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Figure 9: Prior knowledge of compost (See Q1 in Appendix A) 

Results show that 77% support organic fertilizer because of its great importance to soil by 

providing nutrients and protecting plants from diseases, 14% of specialists support vegetable 

fertilizer and 9% support animal-derived fertilizer. None of the specialists supported the use of 

chemical fertilizer because of its risk to soil, plants and the environment. (Figure 10). 

 

Figure 10: Support for compost (See Q2 in Appendix A) 

Figure 11 shows that 100% of the specialists unanimously agreed on the importance of 

compost to the environment as it reduces the amount of waste in nature and reduces methane 

emitted from landfills and also protects groundwater from pollution.  
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Figure 11: Compost beneficial for the environment (See Q3 in Appendix A) 

Results in Figure 12 show the 50% respondents agree to buy high quality compost if available 

at right price in the market and 41% strongly agree; while, 9% disagree. 

 

Figure 12: Buying high quality compost (See Q4 in Appendix A) 

As shown in the chart (Figure 13), 45% respondents indicated that to some extend they have 

knowledge about the most important methods in the world to convert food waste into compost. 

While, 41% said they have knowledge, and 14% said no.  
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Figure 13: Knowledge of methods to produce compost from food waste (See Q5 in Appendix A) 

Figure 14 shows that 27% and 23% consider Temperature and Moisture the most important 

factor to choose the best method to covert food waste into compost, respectively. Similar 

proportion of respondents (14%) indicated that PH value and Nutrients should be considered. 

While, 13% said the C:N Ratio is the most important factor and 9% said the Aeration rate and 

Oxygen supply are the most important factors. No one choose the Particle size as the 

important factor.  

 

Figure 14: Knowledge of methods to produce compost from food waste (See Q6 in Appendix A) 

Results presented in Figure 15 shows that about 50% considers In-vessel composting method 

for suitable for Oman due to the lower cost of operating IVC as opposed to other options. 

Consumers also agree that the fertilizer produced by the IVC technology possess high quality. 

In addition, fertilizer plants are small in size reducing fuel and transportation costs is a 

low furthermore In-Vessel Composting could be a low risk methodology for local authorities. 

Other views were divided around the rest of the method.  
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Figure 15: Best composting method for Oman (See Q7 in Appendix A) 

Q8: Do you prefer to make compost at home or buy it? why? 

In this question, 85% answered that they prefer to buy compost instead of making it at home 

because they do not have time to recycle the food waste and some also have no experience 

in making compost. But 10% replied that they prefer to make compost at home because they 

have knowledge and experience. Also, 5% replied that they do not prefer to buy it and make 

it because they prefer another type of compost. 

Q9: How to increase community awareness of the importance of using compost? 

In this question, environmental specialists responded that awareness should be spread by 

conducting live experiments, and sharing picture of compost processes, use of compost, and 

use of manure of another type on other plants and see how to be planted after the addition of 

compost and manure of the other kind. Also, introduce the idea to students in schools, 

universities and other institutions and tell them they need to use compost and reduce the 

addition of chemical fertilizers on plants to prevent environmental pollution. 

6 CONCLUSION 

The environmental effects of food production, which has been neglected, can no longer be 

ignored. The main source of global warming and greenhouse gas emissions in Oman are 

wasting food that is sent to landfills. The soil has become increasingly degraded and synthetic 

fertilizers used to promote soil, contribute to environmental issues and are unable to support 

plant life. Also, the farmers' interest in compost has declined and they have gone to industrial 

fertilization for its rapid results, but excessive use of it has negative and serious repercussions 

on the environment and human health. Therefore, one solution to improving soil fertility and 

reducing greenhouse gas emissions is to convert food waste into compost. This is because of 

its benefits in increasing the proportion of organic matter and minimizing the leakage of certain 

chemical compounds that pollute the groundwater resulting from the addition of some 

chemical fertilizers. 
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Therefore, given this solution there are several methods to convert the food waste to compost, 

which was found in this research, including: microbial compositions, Composting by zeolite 

amendment, Co-composting, In-vessel composting, Digester in composting, On-farm 

composting method and Choate’s method of composting. Also, the factors that control these 

methods are: Carbon and Nitrogen ratio, Moisture, Temperature, PH value, Aeration rate and 

Oxygen supply, Particle size and Nutrients. The best method to convert food waste to compost 

was found in Oman by questionnaire and interview, which is the In-Vessel Composting. This 

due to the fact that the cost of operating IVC is often lower than other technologies. Consumers 

also agree that the fertilizer produced by the IVC technology is high quality. In addition, 

fertilizer plants are small in size reducing fuel and transportation costs is a low furthermore In-

Vessel Composting could be a low risk methodology for local authorities. Other views were 

divided around the rest of the method. 
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8 RECOMMENDATIONS 

Composting food waste should be managed on the management of the increasingly, by: 

 Create a law that a recycling fund should be devoted to food kitchen waste. 

 Raising awareness in the community about the importance of using compost. 

 Reduce the use of chemical fertilizer due to its risk on the soil. 

 Guidance not to dump food waste in landfills.  

 Supporting the Government in the process of converting food waste into compost and 

establishing factories for this process. 

 Holding a partnership between community members and Be'ah to facilitate the 

process. 
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EXECUTIVE SUMMARY 

Groundwater is the main water source in Sultanate of Oman, which is overexploited to meet 

water needs as the country faces deficit between replenishment and demand. In order to 

conserve groundwater resource, Oman started using seawater desalination technology in 

1997. In future, government strategic plan is to meet 90% of drinking water demand from 

desalinating seawater. The selection of a desalination technology depends on the need and 

capability of the country, and as the technologies have improved and become efficient over 

the years it is necessary to evaluate the technologies to make an informed decision. Therefore, 

this research adopts Analytical Hierarchy Process (AHP) to select the best seawater 

desalination technology for Oman based on several desired criteria. This study considered 

several criteria and sub-criteria in the evaluation process, and concluded that the most 

important criteria influencing the selection of desalination technology are environmental, social 

and economic, with the priority vector of 0.362, 0.238 and 0.179 respectively. The study further 

concludes that the optimum seawater desalination technology for Oman, based on the desired 

criteria, is reverse osmosis (RO) followed by forward osmosis (FO), multi-stage flash (MSF), 

and multiple effect distillation (MED). 
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1 INTRODUCTION 

3.1  Background 

Water is one of the most abundant resources as it covers about 70% of the earth’s surface. 

Although water covers major part of the earth’s surface yet many countries around the world, 

mainly developing countries, face severe scarcity of potable water. This is because 97.5% of 

the earth’s water is present in oceans as saltwater and only 2.5% is freshwater available in 

the form of lakes, rivers, ice-mountains and groundwater which is mostly utilized by humans 

and animals (Shatat and Riffat 2014; Thimmaraju et al. 2018). According to United Nations 

Environment Programme (UNEP), one-third of the world’s population reside in countries with 

insufficient freshwater resources (Thimmaraju et al. 2018). Moreover, due to dissolved salts 

the salinity of seawater ranges between 35,000–45,000 ppm which makes it unsuitable for 

many applications (Tiwari et al. 2003). The salinity of drinking water as per the guidelines of 

World Health Organization should be 500 ppm and may extend up to 1000 ppm in few cases 

(Thimmaraju et al. 2018).  

In addition, with the increase in population and industrialization the demand of water is also 

significantly increasing. It is estimated that by 2025 demand of water will become 56% more 

than its availability, and 1.8 billion people will face the problem of water shortage (Vivekh et 

al., 2017). Since the freshwater resources are declining and water demand is increasing, 

enormous efforts are required to make new water resources available to minimize water 

deficiency (Thimmaraju et al. 2018). This has led many countries around the world to find 

alternate ways of producing portable water (Dweiri et al., 2018). Globally, the most opted 

option to produce drinking water is of desalinating seawater. The concept of producing drinking 

water from desalination process is not new as these technologies are established worldwide 

and operating successfully. In modern era, especially in the 18 th and 19th centuries, ships used 

the pipelines and multi effect desalination process for the production of drinking water. Since 

the late 19th century, many countries such as Egypt, Florida, Yemen, Chile and others also 

started using seawater desalination processes on limited scale on land for the production of 

drinking water (Desalination Experts Group, 2014). Currently, there are approximately 18,500 

desalination plants in the world desalinating over 90 million m3 of water per day (Dweiri et al., 

2018). 

Seawater desalination can be defined as a process that removes dissolved minerals and salts 

to produce potable water (Thimmaraju et al. 2018). Seawater or brackish desalination are one 

of the most important sources of non-conventional drinking water in many parts of the world, 

and they already play an important part in solving the problem of freshwater scarcity. Seawater 

can be desalinated to provide high quality water in large quantities, but this requires large 

amount of energy which is obtained primarily from fossil fuels. In recent years, the efficiency 

of the desalination plants has improved steadily, however the significant increase in the use 

of desalination plants creates a chain of problems, such as environmental pollution from 

burning fossil fuels and discharge of brine into seawater (Marini et al., 2017). There are 

different technologies that are used for seawater desalination which include multiple effect 

distillation (MED), multi-stage flash distillation (MSF), reverse osmosis (RO), forward osmosis 

(FO), vapor compression (VC), nano-filtration (NF) and electro-dialysis (ED) (Zotalis et al., 

2014). Multiple effect distillation (MED), MSF and VC are thermal based technologies that 
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work on the principle of phase change, whereas RO, FO, NF and ED involves membranes 

(Vivekh et al., 2017). 

Oman also faces the deficit between replenishment and demand and, therefore overexploits 

its groundwater resources to meet growing demands of water. This reduces the quality of 

groundwater due to seawater intrusions and salinization. Hence, in an attempt to conserve 

groundwater resources Oman established its first seawater desalination plant in 1997 in Al-

Ghubra. Oman has since expanded its capacity to desalinate seawater by establishing a 

couple more MSF and RO based plants, located in Sur, Barka, and Sohar. 

3.2  Academic, Scientific and Innovation Significance 

Water scarcity is one of the major challenges facing the countries of the Middle East. Oman 

is a typical country in this regard. The results show that AWPC is likely to be halved by 2030. 

Population growth and climate change will have a major impact on water availability over the 

coming decades. However, effective water management can largely offset these negative 

impacts. For example, the implementation of modern irrigation practices and reuse of domestic 

wastewater can save up to 60-120 million cubic meters in 2030. In addition, the major 

challenges facing the groundwater are depletion and scarcity, pollution from human's 

activities, and the infiltration of sea water. Until now groundwater is the first supply of water 

resources which supply around 94% of water consumption. For agriculture spend around 90% 

and 10% for household and industrial uses, and 5% comes from desalination plants and 1% 

comes from wastewater recycling. But still there is a worrying shortage of 384 million cubic 

meters per year of supply on demand. There is no study addressing the suitability of RO or 

MSF technology for desalinating seawater in Oman in terms of environmental, social, 

economic, operational and technical aspects. This basic knowledge on the suitability of a 

desalination technology is very important as it could assist in making an informed decision to 

establish new plants in future depending on the specifics of the project, especially when the 

Omani government plans to meet 90% of drinking water demand from seawater desalination 

in future. Moreover, over the years, the cost of desalination technology has decreased 

significantly due to the reduction in membranes cost. As needs and capabilities of the country 

influence the selection of seawater desalination technology and with the improvement in 

technology alternatives, it is important to evaluate the alternatives for future investment in the 

area (Najafi et al., 2016). 

3.3  Problem Statement 

Produce usable water to meet the demand for water under development, by using the best 

desalination technology according to the suitable available criteria. 

2 OBJECTIVES 

The objectives of this study are as follows: 

 Quantifying the sea water desalination technologies and the criteria’s that depend on 

the selection of the technology.  

 Select the best desalination technique using AHP 
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3 MATERIALS AND METHODS 

It is difficult to identify the type of desalination technology that would be suitable for a specific 

area and purpose, as the decision to select desalination technology is complex and involves 

many factors (Vivekh et al., 2017). Several parameters should be involved in identifying an 

effective desalination technology such as economic viability, environmental consideration, 

technical and social aspects (Eusebioa et al., 2016). Hence, analytical hierarchy process 

(AHP) method is adopted in this study to critically evaluate seawater desalination technologies 

for Oman, while considering all important factors influencing the selection process. The AHP 

method has the ability to consider group decision making, capture decision makers’ objective 

and subjective opinions (Khan et al., 2016), has a user friendly software for analysis (Dweiri 

et al., 2018), and has wide applicability (Zyoud et al., 2017). Considering the benefits, this 

study adopted AHP method as a using different multi-criteria decision making methods are 

reported to show no major discrepancy in the results of selecting desalination technology 

(Chamblá s and Pradenas, 2018). 

The AHP method was developed by Thomas L Saaty in 1970. This method allows decision 

makers to solve complex problems by splitting them into multi-level hierarchy structure (Saaty, 

1980). Analytical hierarchy process (AHP) method evaluates the importance of variables in 

each level of the hierarchy to make best decision among several alternatives. Moreover, AHP 

has been declared as flexible and robust method by the international scientific community for 

dealing with complex decision problems (Daniel et al., 2010). Steps involved in AHP methods 

are as follows (Azam et al., 2018; Nixon et al., 2013; Qazi et al., 2018; Saaty, 1980): 

1. Firstly, the objective statement is decided, that is, to select seawater desalination 

technology for Oman; then the criteria and sub-criteria influencing the goal are 

identified. 

2. The complex problem is then arranged in a multi-level hierarchy structure that consists 

of the goal of study followed by criteria, sub-criteria and alternative at the bottom.  

3. In the next step pairwise comparisons are performed at each level of the hierarchy i.e. 

among criteria with respect to the goal of study, between sub-criteria with regards to 

the relative criterion and among alternatives with respect to each sub-criteria. The 

experts give ratings according to the Saaty’s nine-point scale, given in Table 1. 

4. In the final step, the results obtained from the pairwise comparisons are inserted in 

Expert Choice Software, which adopts AHP method to process results. The AHP 

method first computes the local priorities or relative weights of criteria, sub-criteria and 

alternatives. Then these local priorities are synthesized over the hierarchy to attain 

final ranking of seawater desalination technology alternatives.  
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Table 1: Saaty’s nine-point scale for pairwise comparison  

Numerical Rating 
Verbal Judgments of Preferences 

between Alternatives i and Alternatives j 

1 i is equally importance to j 

3 i is slightly more important than j 

5 i is strongly more important than j 

7 i is very strongly more important than j 

9 i is extremely more important than j 

2,4,6,8 Intermediate values 

          Source: Saaty (1980) 

4 RESULTS AND DISCUSSIONS 

4.1  Identification of criteria and alternatives 

In this stage, the desalination technology alternatives and sub-criteria based on the situation 

of Oman were identified from literature review. Before applying the AHP methodology, these 

alternatives and sub-criteria were presented to an expert advisory group for 

identification/modification. The expert advisory group involved 15 experts from Sultan Qaboos 

University (SQU), Muscat, Sultanate of Oman, and MEDRC, Muscat, Sultanate of Oman, with 

background related to the field of study (Qazi et al., 2018). Some of the experts in the advisory 

group had experience ranging from 18-20 years. Later on the finalized sub-criteria were 

grouped into five main criteria (environmental, social, technical, operational, and economical), 

as shown in Table 2. Moreover, the finalized alternatives can be seen in Table 3. 

For the selection of desalination technology the overall cost involved in setting up and 

operating technology, energy efficiency, lifetime of technology, water recovery and quality of 

product water are frequently used in studies for decision making. Moreover, the sub-criteria of 

emission of chemical compounds and the salinity of brine are considered crucial in selecting 

desalination technology. Similarly, RO and MVC desalination technologies emerged as 

potential alternatives in literature, followed by MSF, MED, ED. 

Table 2: Identified main criteria and sub-criteria 

Main criteria Sub-criteria  

Environmental 

Land and marine areas  

Temperature of brine 

Land requirement 

Salinity of brine 

Emission of chemical compounds 

Social 
Acceptance of desalination technology 

Degree of complexity 

Operational 
Simplicity of operation 

Energy efficiency 



Seawater Desalination Technology Selection in Oman Using AHP 

SHIMA HAMED SULAIMAN SALIM AL-
HARRASI  Page 10 of 18 
  
 

Geology 

Technical 

Lifetime  

Adaptability  

Scalability 

Robustness 

Treated water quality 

Water recovery 

Economic 
Capital cost 

Operating and maintenance cost 

Source: Dweiri et al. (2018); Hajeeh and Al-Othman (2005); Marini et al. (2017); Vivekh et al. (2017); 

Youssef et al. (2014) 

Table 3: Finalized alternatives with description 

Alternatives  Description 

Multiple Stage Flash 
Distillation (MSF) 

In this process the pressure of seawater is abruptly reduced below its 
equilibrium vapor pressure which causes sudden evaporation. The maximum 
temperature of MSF process is up to 110-120 °C. This process recovers 85-
90% of water and utilizes12.5-24 kWh/m3 of energy for its operation. 

Multiple Effect 
Distillation (MED) 

This process works on the principle of MSF process, except for the evaporation 
process that differs from MSF and the maximum temperature (up to 70-75 °C). 
A thin film is formed on the tubes of evaporator by spraying seawater which 
favors quick boiling and evaporation. This technology requires 7.7-21 kWh/m3 

of energy to operate and recovers water between the ranges of 85-90%.  

Distillation with Vapor 
Compression (VC) 

In this technology, the heat required to boil seawater is attained by the steam 
removed from an evaporator which after being compressed is reinjected into 
the first phase to increase its saturation temperature. The maximum water 
recovery in this process ranges between 40-50% and the energy consumption 
ranges from 6.5-12 kWh/m3. 

Reverse Osmosis 
(RO) 

This method uses a semipermeable membrane with very low permeability for 
salts and high permeability for water, which helps remove dissolved solids from 
water, such as salts. The water is passed through a driven membrane using a 
pump that raises the pressure of water higher than its natural osmotic pressure. 
High pressure pumps with pressures ranging from 5.4 to 8.2 MPa are used. 
This process requires 2-6 kWh/m3 to desalt seawater. Moreover, the fraction of 
water this process desalts ranges between 40-50%. 

Nano-filtration (NF) This is a membrane filtration process that works on the same principle like RO 
process. The main difference is that the pressure of feed is lower and the 
membrane is not as closed. Also, the monovalent ions from water are not 
removed in this process. The trans-membrane pressures vary from 1.5 to 5 
MPa. 

Forward Osmosis 
(FO) 

This process also uses semipermeable membrane to separate dissolved 
solutes from water, however, unlike RO, FO process uses osmotic pressure 
gradients rather than hydraulic pressure. The osmotic pressure drives the 
separation between the solution of high concentration and a solution of lower 
concentration. It uses 0.8-13 kWh/m3 of energy to operate and has the 
capability to recover water up 98%. However, FO is still an emerging 
technology.  

Electro-dialysis (ED) This method separates ionic and other compounds from water 
electrochemically. It uses charged semipermeable membranes and difference 
in electric potential to separate ionic and other compounds. This process is 
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often used to desalinate brackish water. The maximum water recovery from 
this process is up to 86% with energy requirement ranging from 7-15 kWh/m3. 

Source: Chamblás and Pradenas (2018); Lianying et al. (2013); Modern Water (2019); Najafi et al., 

(2016); Panagopoulos et al. (2019) 

 

4.2  AHP Model 

Then, based on the AHP method, finalized criteria, sub-criteria and alternatives were arranged 

into a multi-level hierarchy structure, as shown in Figure 1. The hierarchy structure consists of 

four levels, where the top level consists of the goal of study, second level comprises of main 

criteria, third level represents sub-criteria, and the bottom level contains alternatives.    

 

Figure 1: Hierarchy Structure 

4.3  Application of AHP 

Based on the AHP method, a total of thirty-six matrices were created for pairwise comparison. 

The first matrix involved the pairwise comparison among five criteria (environmental, social, 

technical, operational, and economic) to assess their importance with respect to the objective 

of the study; next five matrices presented the pairwise comparison of sub-criteria with regard 

to their respective criterion i.e. a matrix comparing five sub-criteria of land and marine areas, 

temperature of brine, land requirement, salinity of brine and emission of chemical compounds 
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with respect to their respective criterion environmental (Figure 1). Whereas, the other eighteen 

matrices involved the pairwise comparisons among alternatives with respect to each sub-

criterion in the hierarchy. The same expert advisory group of 15 experts allocated numerical 

ratings in the comparison matrices from Saaty’s nine-point scale, presented in Table 1. 

Afterward, the hierarchy structure and the judgements from experts were inserted into the 

Expert Choice Software. The software processed the data as per the AHP method to give the 

final ranking of alternatives while considering all sub-criteria and criteria. The results on the 

ranking of main criteria for the selection of seawater desalination technology in Oman are 

given in Table 4. 

Table 4: Pairwise comparison and ranking of main criteria 

Criteria Environmental Social Operational Technical Economic Priority 
Vector 

Environmental 1 2 3 3 2 0.362 

Social 1/2 1 2 2 2 0.238 

Operational 1/3 1/2 1 2 1/2 0.126 

Technical 1/3 1/2 1/2 1 1/2 0.095 

Economic 1/2 1/2 2 2 1 0.179 
Note: CR = 0.03 

Table 4 illustrates the priorities of main criteria computed based on the judgements using AHP 

software (Expert Choice). Here it is important to validate the un-biasness of pairwise 

comparison by measuring the consistency ratio (inconsistency) of the comparison. The 

judgements of experts are considered consistent when CR ≤ 0.05 for 3 x 3 matrix, ≤ 0.08 for 

4 x 4 matrix and ≤ 0.1 for matrices ≥5 × 5 (Qazi et al. 2018). The CR value of 0.03 in Table 4 

shows that the results are consistent. In the 5 x 5 matrix presented in Table 4, the judgements 

on pairwise comparison of criteria are entered. A value of 1 is allocated from the Saaty’s nine-

point scale when the criterion is compared with itself, therefore all diagonal element of the 

matrix are given a value of 1. In contrast, a value other then 1 is given when the criterion is 

compared with other criterion in the matrix. The values in the matrix below the diagonal are 

reciprocals of the entries above diagonal elements, hence judgement are only assigned in the 

elements above diagonals in the matrix. It can be seen in Table 4 that a judgement of 3 is 

given for the importance of environmental criterion in the first row of fourth column, which 

indicates that the environmental criterion is slightly more important than operational criteria. 

Moreover the results show that environmental criterion (36.2%) ranks above all other criteria, 

followed by social (23.8%), economic (17.9%), operational (12.6%) and technical (9.5%) 

criterion. Consequently, the ranking shows that protection of the surrounding environment is 

of prime important for the experts and should influence the selection of desalination 

technology. Likewise, respondents showed concern about the social, economic and 

operational, as they have a considerable influence on the priorities; however, technical criteria 

ranked low. 

Table 5 summarizes importance weights of the sub-criteria. In terms of environmental aspects, 

emission of chemical compound (35%), temperature of brine (25%) and salinity of brine (20%) 

have the highest influence on the main criteria. Similarly, in terms of social sub-criteria, degree 

of complexity emerged as the most important aspect with 70% influence on the main criteria 

while acceptance of desalination technology (30%) ranked low. In terms of operational 

aspects, energy efficiency of desalination technology (45%) ranked first, and simplicity of 
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technology’s operation (35%) and geology (20%) ranked second and third respectively. 

Furthermore, with regard to technical sub-criteria, water quality of treated water (30%) ranked 

above all followed by water recovery (20%), adaptability (15%) and scalability (15%). 

Whereas, on the main criterion of economic, both sub-criteria of capital cost and operational 

and maintenance cost have 50% influence.  

Table 5: Importance weights of sub-criteria 

Main criteria Sub-criteria Priority Vector 

Environmental 

Land and marine areas  0.176 

Temperature of brine 0.250 

Land requirement 0.024 

Salinity of brine 0.200 

Emission of chemical compounds 0.350 

Social 
Acceptance of desalination technology 0.300 

Degree of complexity 0.700 

Operational 

Simplicity of operation 0.350 

Energy efficiency 0.450 

Geology 0.200 

Technical 

Lifetime  0.125 

Adaptability  0.150 

Scalability 0.150 

Robustness 0.075 

Treated water quality 0.300 

Water recovery 0.200 

Economic 
Capital cost 0.500 

Operating and maintenance cost 0.500 

 

Furthermore, the ranking of desalination technology based on the influence of individual 

criteria is presented in Figure 2. Results show that RO (39%) has a considerable leverage 

over other alternatives in terms of environmental criterion, followed by FO (14.7%), NF (7.9%). 

Likewise, with regard to social criterion, RO (31.2%) and FO (19.3%) ranked first and second 

respectively, and MED (12.7%) ranked third. From operational point of view, RO (27.6%) is 

more preferred followed by MSF (17.8%) and MED (15.1%). Also in terms of economic 

criterion, RO (17.5%), FO (16.6%) and MSF (15.4%) are the top three preferred options. 

Whereas, in terms of technical criterion, MSF (21%) has the highest preference followed by 

MED (15.5%) and FO (13.1%). In summary, results show that membrane based technologies 

(RO and FO) outperforms thermal technologies in environmental, economic, social and 

operational criteria; whereas, thermal technologies ranks above membrane based 

technologies in technical criterion. When considering environmental criterion, membrane 

based technology (especially RO) are preferred more because thermal based technologies 

(MSF, MED and VC) emits chemical compounds that generate long-term harmful effects in 

the discharge area (Chamblás and Pradenas, 2018), and produce brine with higher 

temperature which increases the temperature of seawater in the vicinity of the desalination 

plant. Moreover, the salinity of brine produced from thermal technologies is higher than 

membrane based technologies. Therefore, the discharge of reject streams from thermal 

technology can be more fatal for marine life, which can cause lasting change in the abundance 
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and composition of species in the discharge area (Najafi et al., 2016). Thermal based 

technologies are energy intensive and require expensive anti-corrosive materials which 

increases their capital cost, operational and maintenance cost (Najafi et al., 2016; 

Panagopoulos et al., 2019; Zotalis et al., 2014), hence respondents ranked them low in 

economic criterion. In terms of social criterion, respondents believe that necessary skills are 

present in the country to operate either membrane based or thermal based technologies, but 

membrane based technologies are more preferred by people. From operational point of view, 

RO technology ranks on top as it is more energy efficient than thermal technologies, and have 

huge potential to become even more efficient in future (Alarcón et al., 2005; Najafi et al., 2016). 

For instance, over the last three decades, thermal technologies have hardly gone through any 

appreciable reduction in their energy requirements, in fact, they now only compete 

economically in large seawater-electricity cogeneration plant layouts. On the other hand, the 

energy requirement of RO for seawater desalination has reduced from 30.84 kWh/m3 (1970) 

to 3.5 kWh/m3 (2000), depicting an increase in energy efficiency by nine times (Alarcón et al., 

2005). Among membrane based technologies, RO is considered even more feasible than NF 

and FO technology in operational criterion. Nano-filtration (NF) technology is a more complex 

process to operate and control as it is a two-stage process unlike RO, which is a one-stage 

process (Chamblás and Pradenas, 2018). Additionally, contrary to the popular belief, FO is 

significantly less energy efficient as compared to RO (McGovern and Lienhard, 2014), and is 

still an emerging technology (Panagopoulos et al., 2019). On the contrary, in technical 

criterion, thermal technologies ranked higher than membrane based technologies owing to 

their high quality of treated water, robustness, water recovery, and scalability. Thermal 

desalination technologies are able to provide water with lowest salinity (total dissolved solids 

(TDS) ranging from 1-50 ppm) as compared to RO (TDS ranging from 10-500 ppm) (Cotruvo, 

2004; Chamblás and Pradenas, 2018; Youssef et al., 2014). This shows that distillation 

technologies are able to provide freshwater with minimum saline content (TDS less than 50 

ppm), though some regulations allow up to 1500 ppm of TDS. These technologies also have 

higher water recovery (ranging from 85-90%) in contrast to RO (ranging from 40-50%) 

(Panagopoulos et al., 2019). Moreover, thermal technologies (MSF and MED) have high 

scalability as they can handle feed water with highest salinity (TDS up to 180,000 ppm), 

whereas RO can only treat water with TDS less than 70,000 ppm (Panagopoulos et al., 2019; 

Youssef et al., 2014). Even the FO technology surpassed RO in technical criteria due to its 

high water recovery (up to 98%) and scalability (TDS up to 200,000 ppm) (Panagopoulos et 

al., 2019). Moreover, the ED technology was the least popular option as it is not technically 

feasible to desalinate seawater, owing to it low performance in the presence of high salts 

concentration in feed water (Chamblás and Pradenas, 2018).  
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Figure 2: Ranking of desalination technologies with respect to individual criteria 

Moreover, based on the criteria preferences the software ranked desalination technology 

alternatives, as shown in Figure 3. The results of the ranking of seawater desalination 

technology are displayed in terms of normalized and idealized priorities. The idealized 

priorities are computed by dividing the normalized priorities of all alternatives by the 

normalized priority of the top ranked alternative (Qazi et al., 2018). Based on the analysis this 

study presented, the optimum seawater desalination technology for Oman is RO followed by 

FO, MSF, MED, and VC. The idealized priorities show that the ‘FO technology’ has almost 

25% of the appeal of ‘RO technology’, ‘MSF technology’ has about 23%, ‘MED technology’ is 

20%, whereas ‘VC technology’ is 14% as appealing as RO technology. The success of RO 

technology is reflected through its preference in terms of the top four main criteria of 

environmental, social, operational and economic. These results are consistent with Marini et 

al. (2017), Chamblá s and Pradenas (2018), Alnajdia et al. (2019) which also found RO the 

most appropriate technology for Ansinara Island, Latin America and Saudi Arabia, 

respectively.  

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Environmental Economic Social Operational Technical

P
ri

o
ri

ty
 V

ec
to

r

RO

FO

NF

MSF

MED

ED

VC



Seawater Desalination Technology Selection in Oman Using AHP 

SHIMA HAMED SULAIMAN SALIM AL-
HARRASI  Page 16 of 18 
  
 

 

Figure 3: Overall ranking of alternatives 

5 CONCLUSION 

The AHP method not only helps in selecting the suitable seawater desalination technology, 

but it also assists in determining the influence of economic, environmental, social, operational, 

and technical criteria on the selection of desalination technology in Oman. Moreover, AHP 

method provides the flexibility to consider several criteria, sub-criteria and alternatives in the 

model. The flexibility of AHP method and its ability to deal with complex problems, allowed 

this study to consider total of five main criteria, eighteen sub-criteria and seven desalination 

technology alternatives in the AHP model. The criteria and sub-criteria were finalized by 15 

experts from Sultan Qaboos University (SQU) and MEDRC based on the situation and needs 

of Oman. To apply AHP method, total twenty-four pairwise comparison matrices were 

developed for the generated AHP model and judgements from the same 15 experts were 

recorded, which were later evaluated in the AHP software (Expert Choice). 

The result of AHP analysis shows that among the finalized criteria, environmental criteria has 

the highest influence followed by social and economic criteria for selecting desalination 

technology in Oman. Moreover, the study concluded that the best performing option for Oman 

is reverse osmosis technology followed by forward osmosis and multi-stage flash. This study 

also provides an in depth analyses of desalination technologies which addresses their 

feasibility in all individual aspects of environmental, social, economic, operational and 

technical criteria. This analyses would allow Omani authorities responsible for water 

management to make an informed decision in future based on the prevailing needs and 

priorities of the government.  

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4

ED

NF

VC

MED

MSF

FO

RO

Synthesis with respect to: Goal: Selection of 
Desalination Technology

Normalized Priority Idealized Priority



Seawater Desalination Technology Selection in Oman Using AHP 

SHIMA HAMED SULAIMAN SALIM AL-
HARRASI  Page 17 of 18 
  
 

6 REFERENCES 

Alarcón, D., Blanco, J. and Malato S et al., Design and setup of a hybrid solar seawater 
desalination system: The AQUASOL project, The Pennsylvania State University, 
Pennsylvania, USA, 2005. 

Azam, M.H., Abushammala, M.F.M. and Qazi, W.A, “Evaluation of the significant renewable 
energy resources in Sultanate of Oman using analytical hierarchy process”, 
International Journal of Renewable Energy Research, vol. 8, no. 3, pp. 1528-1534, 
2018.  

Alnajdia, O., Calautita, J.K. and Wu, Y., “Development of a multi-criteria decision making 
approach for sustainable seawater desalination technologies of medium and 
largescale plants: a case study for Saudi Arabia’s vision 2030”, Energy Procedia, vol. 
158, pp. 4274-4279, 2018.  

Cotruvo, J.A., Desalination Guidelines Development for Drinking Water: Background, World 
Health Organization (WHO), Washington DC, USA, 2004. 

Chamblás, O. and Pradenas, L., “Multi-criteria optimization for seawater desalination”, The 
Journal Water Technology and Sciences, vol. 9, no. 3, pp. 198-213, 2018.  

Daniel, J., Vishal, N.V.R., Albert, B. et al., Evaluation of the significant renewable energy 
resources in India using analytical hierarchy process. In Multiple Criteria Decision 
Making for Sustainable Energy and Transportation Systems (Ehrgott M, Naujoks B, 

Stewart T and Wallenius J (eds.)). Springer, Berlin, Germany, pp. 13-26, 2010. 

Desalination Experts Group, “Desalination in the GCC: The History, the Present & the Future”, 
https://www.gcc-sg.org/en-
us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/Water%20and%20Electricity/1
414489603.pdf, viewed on September 2019.  

Dweiri, F., Khan, S.A. and Almulla, A., “A multi-criteria decision support system to rank 
sustainable desalination plant location criteria”, Desalination, vol. 444, pp. 26-34, 2018. 

Eusebioa, R.C.P., Huelgas-Orbecidob, A.P. and Promentilla, M.A.B., “Optimal selection of 
desalination systems using Fuzzy AHP and Grey Relational Analysis”, Chemical 
Engineering Transactions, vol. 52, pp. 649-654, 2016. 

Hajeeh, M. and Al-Othman, A., “Application of the analytical hierarchy process in the selection 
of desalination plants”, Desalination, vol. 174, no. 1, pp. 97-108, 2005. 

Khan, S.A., Dweiri, F. and Jain, V., “Integrating analytical hierarchy process and quality 
function deployment in automotive supplier selection”, International Journal of 
Business Excellence, vol. 9, pp. 156-177, 2016. 

Lianying, W., Yangdong, H. and Congjie, G., “Optimum design of cogeneration for power and 
desalination to satisfy the demand of water and power”, Desalination, vol. 324, pp. 
111-117, 2013. 

McGovern, R.K. and Lienhard, J.H., “On the potential of forward osmosis to energetically 
outperform reverse osmosis desalination”, Journal of Membrane Science, vol. 469, pp. 
245-250, 2014.  

Marini M, Palomba C, Rizzi P et al., “A multicriteria analysis method as decision-making tool 
for sustainable desalination: The Asinara Island case study”, Desalination and Water 
Treatment, vol. 61, pp. 274-283, 2017. 

Modern Water, “Forwards Osmosis: Desalination”, 
https://www.modernwater.com/pdf/MW_Factsheet_Membrane_HIGHRES.pdf, 
viewed on October 2019. 

http://www.psu.edu/
https://www.gcc-sg.org/en-us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/Water%20and%20Electricity/1414489603.pdf
https://www.gcc-sg.org/en-us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/Water%20and%20Electricity/1414489603.pdf
https://www.gcc-sg.org/en-us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/Water%20and%20Electricity/1414489603.pdf
https://www.modernwater.com/pdf/MW_Factsheet_Membrane_HIGHRES.pdf


Seawater Desalination Technology Selection in Oman Using AHP 

SHIMA HAMED SULAIMAN SALIM AL-
HARRASI  Page 18 of 18 
  
 

Nixon, J.D., Dey, P.K., Ghosh, S.K. et al., “Evaluation of options for energy recovery from 
municipal solid waste in India using the hierarchical analytical network process”, 
Energy, vol. 59, pp. 215-223, 2013. 

Najafi, F., Alsaffar, M., Schwerer, S. et al., “Environmental impact cost analysis of multi-stage 
flash, multi-effect distillation, mechanical vapor compression, and reverse osmosis 
medium-size desalination facilities”, In Proceedings of the ASEE Annual Conference 
& Exposition, New Orleans, Louisiana, USA, 2016. 

Panagopoulos, A., Haralambous, K. and Loizidou, M., “Desalination brine disposal methods 
and treatment technologies - A review”, Science of the Total Environment, vol. 693, in 
press. doi:10.1016/j.scitotenv.2019.07.351, 2019.   

Qazi, W.A., Abushammala, M.F.M. and Azam, M.H., “Multi-criteria decision analysis of waste-
to-energy technologies for municipal solid waste management in Sultanate of Oman”, 
Waste Management & Research, vol. 36, no. 7, pp. 594-605, 2018. 

Saaty, T.L., The analytic hierarchy process, McGraw-Hill, New York, USA, 1980. 

Shatat, M. and Riffat, S.B., “Water desalination technologies utilizing conventional and 
renewable energy sources”, International Journal of Low-Carbon Technologies, vol. 9, 
no. 1, pp. 1-19, 2014. 

Tiwari, G.N., Singh, H.N. and Tripathi, R., “Present status of solar distillation”, Solar Energy, 
vol. 75, no. 5, pp. 367-373, 2003. 

Thimmaraju, M., Sreepada, D., Babu, G.S., Dasari, B.K., Velpula, S.K., Nagaraju, V., 
Desalination of Water. In Desalination and Water Treatment (Eyvaz M and Yüksel E 
(eds.)), IntechOpen, London, UK, pp. 333-347, 2018. 

Vivekh, P., Sudhakar, M., Srinivas, M. et al., “Desalination technology selection using multi-
criteria evaluation: TOPSIS and PROMETHEE-2”, International Journal of Low-Carbon 
Technologies, vol. 12, no. 1, pp. 24-35, 2017. 

Youssef, P., Al-Dadah, R. and Mahmoud, S., “Comparative analysis of desalination 
technologies”, Energy Procedia, vol. 61, pp. 2604-2607, 2014.  

Zotalis, K., Dialynas, E., Mamassis, N. et al., “Desalination technologies: Hellenic 
experience”, Water, vol. 6, no. 5, pp. 1134-1150, 2014. 

Zyoud, S.H. and Fuchs-Hanusch, D., “A bibliometric-based survey on AHP and TOPSIS 
techniques”, Expert Systems with Applications, vol. 78, pp. 158-181, 2017. 

 

 

https://doi.org/10.1016/j.scitotenv.2019.07.351


 

 

 

 

 

 

 

 

 

Final Report for Funded Research Grant  

(Block Funding Call 7) 

 

Project Title: 

Manufacturing Hemp Crete Blocks as a Sustainable Alternative 

to Concrete 

 

Contract #: 

   BFP / URG/ EBR / 19 / 073 

 

Total Fund (OMR): 1500 OMR 

Project Start Date: 1/12/2019 

Project End Date:  30/11/2019 

 

Submitted by: 

Name: ZEYAD ABDULJALIL AL BALUSH  

Affiliated Institution Name: Middle East College  

Email: 14F12993@mec.ecu.om 

 

 
  

November, 2021 

© 

  



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 2 of 26 
  
 

 

 

 

 
 

DISCLAIMER 

I, Zeyad Abduljalil Mirdost Al Balushi, hereby declare that the work present in this project 

is genuine and has not been copied in part or in whole from any other source except where 

duly acknowledged. As such, all use of previously published work (from books, papers, 

journals, magazines, internet, etc.) has been acknowledged with the main report to an 

item in the references. 

    



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 3 of 26 
  
 

 

 

 

ACKNOWLEDGMENT 

Would like to express my most sincere appreciation and gratitude to everyone who 

helped me throughout this journey with encouragement and guidance for this course 

and the preparation and writing of this project.  

 

I would also like to thank each and every person in the Civil Engineering Department 

for being there whenever help was needed throughout my course in MEC.  

 

Finally, I would like to thank my supervisor Dr. Hussin A.M Yahia for guiding me and 

helping me achieve the goal I was pursuing in this project   



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 4 of 26 
  
 

 

 

 

Contents 

Disclaimer ............................................................................................................................. 2 

Acknowledgment ................................................................................................................... 3 

Executive Summary .............................................................................................................. 5 

1.  Introduction  ..................................................................................................................... 6 

2.  Objectives  ....................................................................................................................... 8 

3.  Materials and Methods  .................................................................................................... 9 

4.  Results and Discussions ……………………………………………………………..…………17 

5.  Conclusion ..................................................................................................................... 25 

6.  Recommendations ………………………………………………………………………..........26 

7. References …………………………………………………………………………………........28    

 

 

List of Figures 

Figure 1: Mix Design Methodology Flow Chart ......................................................................... 10 

Figure 2: Mix Procedure Representation ................................................................................. 12 

Figure 3: Thermal Conductivity and Density Results Relationship............................................... 17 

Figure 4: Sound Absorption Coefficient Chart at Different Frequencies ....................................... 19 

 
 
 

List of Tables 

Table 1: Mix Design and Procedure ........................................................................................ 11 

Table 2: Material Density Results ………………………………………………………………....13 

Table 3: Compressive Strength Test Results ........................................................................... 14 

Table 4: Thermal Conductivity Test Results………………………………………………………….. ......16 

Table 5: Sound Insulation and Fire Resistance ........................................................................ 18 

Table 6: Fire Resistance Test Results …………………….……………………………………........20 

 



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 5 of 26 
  
 

 

 

 

Executive Summary 

Hempcrete is a construction material that is made using a combination of hemp 

hurds (fibres), 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. 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. This study will discuss and introduce the 

different properties and applications of hemp and hempcrete blocks that can be 

used in Oman by focusing on the durability and performance as well as focusing on 

its ability to reduce the effect of carbon emissions and its ability to contribute as a 

major solution to the problems of climate change. The aim of this project is to figure 

out the potential of using sustainable alternatives to traditional concrete and how it 

can affect the world positively. The procedure for making hemp Crete we will be 

using, is a simple mix of hemp hurds (fibers) with a lime-based binder and forming 

it into blocks shaped for building purposes. Using the blocks, we will be testing the 

fire resistance which is expected to be extremely high and also test the compressive 

strength which expected to be somewhere around 5 MPa.  Finally, we will study 

and present the carbon negativity of hempcrete and this will show that a normal 

section of hempcrete (1m x 1m x 0.5m) can isolate as much as 90 kg of carbon 

dioxide emissions 
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1. 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 (figure 2). The aggregate of hempcrete is hemp hurd 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. 

               
 

Hempcrete is a building material that has mechanical, thermal and acoustic properties that 

are quite different from the traditional concrete used today. It is lower in density and has 

a low thermal conductivity as well as better acoustic insulation, giving it an advantage for 

use in building construction (Cerezo, 2005; Evrard, 2017 However, it is a material that is 

generally not load-bearing so it is nowadays mostly used as an in-fill material to make 

walls and roofs for houses and sometimes also blocks are used. The compressive strength 

of hempcrete is generally altered by changing the mix and age of the material used. The 

tensile strength of hempcrete depends on the mix used and it varies from 0.12 to 0.23 

MPa, that a mixture with a ratio of 3 to 1 of hemp to lime had a tensile strength of 0.15 

MPa (O'Dowd & Quinn, 2005). 

 

Problem Statement 

 
Climate change and global warming are the biggest problems that the world is facing 

today. It is caused many man-made factors and one these factors is the construction 
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industry. Construction with concrete is one of the biggest causes of climate change 

because of the emission of carbon dioxide. It is known that traditional concrete used today 

emits so much carbon dioxide throughout its life cycle, from production to the very end.  

Hempcrete is considered as a sustainable and environmentally friendly construction 

material which helps with the climate change problem by reducing the amount of carbon 

dioxide that is emitted into the atmosphere. The production of hempcrete does not emit 

any carbon dioxide but more interestingly, it takes in the extra carbon dioxide that is 

already present in the atmosphere. 

 

Significance of the Study 

 
The most interesting part of this project is that Hempcrete is one of the few building 

materials that can contribute to helping the climate change problem making very useful to 

use the next couple of years to make change in our planets problems. It is also safer to 

manufacture and build with as the builders will not be exposed to harmful chemicals during 

the production unlike traditional concrete which can cause problems. Hempcrete is also a 

safe material to live within, it is extremely fire resistant and it can also absorb carbon giving 

a stable temperature within a building. Hemp is also widely available around the world and 

it can grow almost everywhere making it cheap to acquire. 
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2. OBJECTIVES 

 Analyse the physical properties of Hempcrete which includes its fire resistance and 

absorption of water, as well as the carbon negativity of the material.  

 Figure out the mechanical properties of Hempcrete which includes compressive 

strength, tensile strength, durability, thermal conductivity and density.  

 Introduce Hempcrete as a sustainable building material in the construction market 

of Oman.  

3. MATERIALS AND METHODS 

There are three main materials used in order to construct a hempcrete block or a structure, 

these materials are as follows: 

i. Hemp: Hemp hurds were used as the aggregate for the hempcrete blocks. 

The hemp hurds had an average size of 22mm to 35mm which is the ideal 

size for use in construction. They were acquired from abroad as hemp is 

not available in Oman. 

ii. Lime: Hydraulic lime was used as a base for the binder. When lime is mixed 

with water,  it acts as a binder for the aggregate, where in this case is hemp 

hurds, and then sets to become very hardened to be used as a construction 

material. The lime was produced and purchased locally in Oman. 

iii. Water: Water is the most essential element in any concrete structure. Is 

this project, water is important because when chemically reacts with the 

lime, it binds all the ingredients together and stiffens it which increases the 

strength. However, water can have some impurities in it which may affect 

some properties of the hempcrete like: 
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 The overall strength. 

 Hempcrete setting time. 

 Hempcrete Shrinkage.  

 Corrosion of the steel framework  
 

Research Design: 
 

 

Figure 1: Mix Design Methodology Flow Chart 
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Mix Design and Procedure 

 
The following is the mix proportions used to make a hempcrete block:  

The basic mix design and the most commonly used is 4:1:1 ratio mix, where 4 parts of 

hemp hurds was mixed 1 part hydraulic lime and 1 part water as the binder.  

A total of eight cubes were casted in the lab having dimensions of 

150mm×150mm×150mm. 

 

Where, 

Table 1: Mix Design and Procedure 

Material Weight of Material Specific Gravity of Material 

Hemp Hurds 39 kg 1.55 

Hydraulic Lime 13 kg 2.33 

Water 13 kg 6.33 

 

First of all, the hemp hurds were laid out and spread onto a steel tray to get ready for mixing. 

The hydraulic lime and water were then mixed together in a bucket to create the binder that 

will hold the hemp hurds together and turn it into the hempcrete material. The lime binder was 

then poured into the tray with the hemp hurds and mixed together manually by hand to ensure 

effective and efficient mixing. Into each cubes, the hempcrete mixture was put in layers and 

tamped manually with a handmade tamping tool to compact the layers perfectly and ensure 
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there is no air spaces in the cubes which can affect the overall strength and properties of the 

hempcrete. 

 

 

A total of 8 square cube molds were casted in the lab having dimensions of 

150mm×150mm×150mm. The cubes were left to set in the lab for 28 days. After the hempcrete 

cubes were completely set, the 8 cubes were used in the non-destructive tests first which were: 

density and sound insulation so that they can also be used for the destructive tests to make the 

experiments more efficient due to the limited amount of hemp hurds available. After testing the 

density and sound insulation, four cubes were used to test the compressive strength. The 

remaining four cubes were used to test the thermal conductivity and fire resistance. 

 

Figure 2: Mix Procedure Representation 
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4. RESULTS AND DISCUSSIONS 

This chapter will focus on the results achieved from all the materials used in all the 

experiments done with the provision of a brief background about each experiment with its 

procedure according to the standard followed. Furthermore, this chapter will also discuss in 

detail about the hempcrete design results and the methodology followed for the experiments 

done on the blocks. 

MATERIAL DENSITY 
 

To figure out the density of hempcrete in this project, the first four hempcrete blocks were 

tested and the results are displayed in the table below 

Table 2: Material Density Results 

Block Sample Weight of Block in 

(kg) 

Volume of Block 

in (m) 

Density = 

Weight  

Sample #1 4.60 0.15×0.15×0.15 1362.96 

Sample #2 4.62 0.15×0.15×0.15 1368.89 

Sample #3 4.60 0.15×0.15×0.15 1362.96 

Sample #4 4.65 0.15×0.15×0.15 1377.78 

Sample #5 4.55 0.15×0.15×0.15 1348.15 

Sample #6 4.50 0.15×0.15×0.15 1333.33 

Sample #7 4.61 0.15×0.15×0.15 1365.93 

Sample #8 4.45 0.15×0.15×0.15 1318.52 

 

Average Density
 = 

1362.96+1368.89+1362.96+1377.78+1348.15+1333.33+2702.22+1318.52 

8 

= 1354.815 kg/m3 

 



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 13 of 26 
  
 

 

 

 

The density of hempcrete is usually ranging from 300 kg/m3 and gets up to 900 kg/m3 as 

shown above in Chapter 2: Literature Review. Hempcrete has always been known be 

lightweight compared to other materials and its density has always been found to be below 

1000 kg/m3. This apparent change in the density values of hempcrete is the main reasons 

why hempcrete can be very versatile and used in various different applications in construction. 

The main reason behind this low value of density is because that the hemp hurds itself has a 

very low value of density that lies between 100 kg/m3 to 200 kg/m3 depending on the condition 

of the material. 

In this project, the test results have found that the average density of the hempcrete blocks 

made here is 1354.815 kg/m3 which is a little bit above 1000 kg/m3. This value still makes the 

hempcrete fairly lightweight making it very versatile in use for construction. The small increase 

of density of 345 kg/m3 can be caused due to an increase in the humidity of the hemp hurds 

and the overall condition of the material because it was acquired from abroad. 

 

COMPRESSIVE STRENGTH: 

This test was done in the MEC lab for 4 of the hempcrete cubes using the compressive 

strength machine provided. The hempcrete cube samples were left the cure for 28 

days before testing. 

Compressive Strength = P
   

N/mm2 

                                                   𝐴 

Where, P = Load in (N) and A = Area in (mm2) 

Table 3: Compressive Strength Test Results 

Block Sample Weight of Block 

in (kg) 

Volume of Block 

in (m) 

Compressive Strength 

in (MPa) 

Sample #1 4.60 0.15×0.15×0.15 3.450 

Sample #2 4.62 0.15×0.15×0.15 2.313 

Sample #3 4.60 0.15×0.15×0.15 3.333 

Sample #4 4.65 0.15×0.15×0.15 2.515 
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Average Compressive Strength = 
3.450 +2.313+3.333+2.515 

= 2.903 MPa 

4 

Compressive strength is one of the most important properties in a building material that is 

related to concrete. Several researches that worked with hempcrete in different parts of the 

world have found that the values of compressive strength in this building material usually 

ranges from 0.2 MPa up to 6.94 MPa as shown above in Chapter 2: Literature Review. 

Table 3 shows that the compressive strength values of hempcrete blocks tested are low and 

very weak compression when compared to the traditional concrete used today in most 

buildings in Oman which generally have a values that ranges from 20 MPa to 40 MPa. The 

strongest compressive strength value found was 3.45 MPa in the first block sample which is 

usually considered weak, but this with considering the fact that hempcrete is used as a non-

load bearing material and needs an extra load bearing structure with it. Hempcrete 

compressive strength has a directly proportional relationship with its density, this means that 

the more hempcrete is compacted before setting, the more it will be strong and also to achieve 

greater values of compressive strength, the hempcrete mix should be left to set for longer 

periods of time which means that as time goes by, the hempcrete blocks get stronger in 

compression with years. This process occurs because of the lime in the hempcrete block 

which is known to take in carbon dioxide in the air while it is setting throughout its life cycle 

(Arnaud & Cerezo, 2001). There are several factors that may affect the value of compressive 

strength of hempcrete which are as follows 

 Age of the materials. 

 Exact mix proportions. 

 Density of the hemp hurds. 

 Size of the hemp hurds. 

 Chemical composition of the binder: Hydraulic or hydrated lime. 

 Flouring: When the lime is not fully reacting with the water in mix. 
 

To achieve a higher value of compressive strength in shorter periods of time, the binder mix 

can be changed by adding more binding materials. Pozzolans are very common in use in 



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 15 of 26 
  
 

 

 

 

concrete applications like silica fume and fly ash. These two materials are known to increase 

the mechanical and compressive strength of concrete very fast. 

Thermal Conductivity: 

The thermal conductivity test results are displayed in the table below where the remaining four 

cubes were taken as a part of the non-destructive testing. 

Table 4: Thermal Conductivity Test Results 

 

 

 

 

 

 

 

 

Block 

Sample 

Weight 

of Block 

in (kg) 

Volume of Block 

in (m) 

Density = 

Weight/Volume 

in (kg/m3) 

Thermal 

Conductivity 

in (W/m.K) 

Sample #1 4.55 0.15×0.15×0.15 1348.15 0.310 

Sample #2 4.50 0.15×0.15×0.15 1333.33 0.290 

Sample #3 4.61 0.15×0.15×0.15 1365.93 0.352 

Sample #4 4.45 0.15×0.15×0.15 1318.52 0.284 
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Figure 3: Thermal Conductivity and Density Results Relationship 

One of the most notable properties of hempcrete is its exceptional thermal performance. 

Pervious researchers have found that the values of thermal conductivity usually ranges from 

0.06 W/m.K to 0.54 W/m.K (Elfordy, 2008; Evrard, 2014; Lawrence, 2012). In relation to the 

compressive strength, the thermal performance of hempcrete is directly proportional to the 

density. As shown in the table 4 above, when the density of block increase, the value of 

thermal conductivity also increases which is because of the porosity of hempcrete and the 

decrease in the size of pores. Also as the density of the block increases, the heat transfer 

channel size also increase which results in even more heat transfer. However, because of the 

hempcrete high porosity, any moisture present gets trapped into the pores of the block which 

causes the hempcrete block to gain thermal mass. Thermal mass of hempcrete controls the 

changes in temperature of the indoor atmosphere of a building structure. 

The results of this test for thermal conductivity are found to be very similar to the values found 

in the literature review from previous studies done on hempcrete which shows that the test 

and the values were successful. The sample blocks for this project have excellent thermal 

conductivity. 

The hempcrete blocks had a mix with similar amounts and ratio of material which resulted in 

values of thermal conductivity that are close to each other. The lab testing followed the ISO 

8302 standard which is done for materials used as an insulator in building structures. This 
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standard is generally used on materials that are homogenous like the blocks in this project 

because the results come out to be reliable and accurate. 

Sound Insulation and Fire Resistance: 

The sound insulation test results are displayed in the table below where the remaining four 

cubes were taken as a part of the non-destructive testing after being tested for thermal 

conductivity.  The cubes were tested in a laboratory with a small amount of background noises. 

The procedure followed for testing the sound insulation and absorption of hempcrete uses the 

following standards: ISO 10534-2:2001 and ISO 13472-2:2010. 

Table 5: Sound Insulation and Fire Resistance  

Block 

Sample 

Density = 

Weight/Volum

e in (kg/m3) 

Sound Absorption 

Coefficient (𝛼) at 

500 Hz 

Sound Absorption 

Coefficient (𝛼) at 

1000 Hz 

Sound Absorption 

Coefficient (𝛼) at 

2000 Hz 

Sample #1 1348.15 0.54 0.46 0.44 

Sample #2 1333.33 0.50 0.42 0.40 

Sample #3 1365.93 0.59 0.51 0.49 

Sample #4 1318.52 0.45 0.37 0.35 
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Figure 4: Sound Absorption Coefficient Chart at Different Frequencies 

 

The hempcrete samples tested are found to have significant sound absorption along the 

frequency amount range tested and are defined by a coefficient value that ranges from 0.35 

to 0.59. The results in the table 5 above have showed that hempcrete sound absorption 

increases as the density of the hempcrete increases. This shows that there is a directly 

proportional relationship between the density and sound absorption. 

It is quite hard to efficiently compare the sound insulation properties of hempcrete with different 

materials because the sound absorption coefficient is not a basic material property with a 

single value and greatly depends on the thickness of the material along with the amount of 

frequency applied. Nonetheless, hempcrete is proven to have great sound absorption in 

comparison with the other building materials that are used more commonly today like 

traditional concrete. 

Fire Resistance: 

To test how well the hempcrete can resist fire, the four blocks were tested by a simple method 

of using an open and direct flame from a small blow torch that was subjected towards one 
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face of the block for several minutes and then checked the severity of the damage by 

measuring how deep the fire has penetrated the hempcrete block. The table below represents 

the four samples of blocks, each with the blow torch firing at it for different timings. 

Table 6: Fire Resistance Test Results 

 

Although the fire had small damage on the blocks, it had only penetrated the surface of the 

hempcrete and not caused any notable damages. Hempcrete is known to be extremely fire 

resistant without adding any toxic retardants for flame protection. Hempcrete is also classified 

as a fire-proof building material that does not release toxic flames of class D according to 

French Classification M1. It also declared that hempcrete resisted fire with high temperatures 

of 1800 degrees Celsius for 4 hours. (Perier, 2001). 

Carbon Negativity of Hempcrete: 

There is very limited and insufficient data and information available to evaluate the life cycle 

environmental impact of hempcrete in the countries of the Middle East. Right now, the 

information and knowledge about hempcrete is very minimal in the local and Middle Eastern 

construction market and no official studies have been done or published on hempcrete here 

in Oman or the Middle East as a whole. This section of the project aims to drive the approach 

to further future researches about the environmental benefits of hempcrete building material 

based on experimental and factual evidence and studies. 

There are some factors that are known to reduce carbon foot print of a build structure made 

with hempcrete, for example: the reduction of waste in hempcrete production and usage, the 

low embodied energy of the materials used in hempcrete, and the thermal performance. Aside 

from that, the hemp plant itself sequesters carbon dioxide that in the atmosphere as it grows. 

According to Pervaiz, 2013, 1800 kg of carbon dioxide is sequestered by every one ton of 

hemp grown. The embodied energy of the hemp 1.4 MJ ton according to BRE, 2001, which is 

equal to 0.112 kg of carbon dioxide per ton. This means that for every one ton of hemp hurds 

used, 1.8 tons of carbon dioxide is sequestered. This information is important because today 

the world is at a phase where the people are starting to consider new and innovative solutions 

Block Sample No. of Minutes Damage Puncture in (mm) 

Sample #1 10 12.7 

Sample #2 15 19 

Sample #3 25 24 

Sample #4 30 29.4 
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to fight the climate change problem where the bio- based products like hempcrete are coming 

to light. A study done in the year 2014 had presented that the carbon emissions from the 

cement industry alone had equaled to 102 mega tons of carbon dioxide in India only (Jami, 

2016). Hypothetically, the construction industry is responsible for 10% of the total carbon 

emissions. 

5. CONCLUSION 

In conclusion, hempcrete is considered as one of the best eco-friendly building material 

because of its versatility. It is made out of renewable energy resources in adequate quantities. 

The production of hempcrete takes up less energy when compared to the production of other 

concrete-like building materials where it also does not emit any harmful greenhouse gasses. 

Hempcrete provides a durable and resistant building structure with a healthy living condition 

where it is also fully recyclable. With enough attention given to the carbon negativity of 

hempcrete and the other benefits and properties, it can be summarized that, even though 

hempcrete has already been used for decades, this building material has newly gotten a 

futuristic position. Nevertheless, there are research efforts that needs to be considered in order 

to compete with the very fast construction technologies and reduce the costs of construction. 

It is suggested that hempcrete needs to go through a full life cycle assessment in the future. 

The laboratory experiments done in this project to test the characteristics and mechanical 

properties of hempcrete are summarized and concluded in the follows points: 

 The average density of the hempcrete blocks made here is 1354.815 kg/m3 which is a 

little bit above 1000 kg/m3. This value still makes the hempcrete fairly lightweight 

making it very versatile in use for construction. 

 The highest value of compressive strength was found at 3.45 MPa after setting time of 

28 days only. For this low compressive strength, hempcrete is considered as a non-
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load bearing material. The compressive strength of hempcrete increases with time, so 

it is advised to leave set for more several months to achieve the best value. 

 The values of thermal conductivity found in the test were very similar to the values found 

in the literature review from previous researches which shows that hempcrete have 

excellent thermal performance. 

 Regarding the sound insulation and fire resistance, hempcrete was found to have very 

good acoustic performance where the values of sound absorption were found to be 

 Directly proportional to the density of the material. Hempcrete was also found to extremely 

fire resistant where the test showed that the hempcrete was only affected on the surface when 

it was subjected to open flame and did not emit any harmful fumes or smoke. 

RECOMMENDATIONS AND FURTHER RESEARCH: 

It is highly recommended that the Government of Oman looks into and supports the bio- 

composite construction industry which includes hempcrete. There is a lack of knowledge about 

hempcrete among the people who could potentially benefit from it in Oman. The Omani 

construction market and the people working in the construction industry show absolutely no 

awareness or interest in this bio-composite building that can reduce the harm on our planet. 

The process of knowledge can be sped up by the government if the environmental, social, and 

economical benefits linked to hempcrete as a construction material and hemp itself as a crop 

are put out to the public. 

When there is a competition on hempcrete in the construction industry among builders and 

contractors, several goals would be achieved as following: 

 Training: there would be increased chances for people working in the construction 

industry to learn about construction with bio-composite materials like hempcrete. 

 Demonstration: there would be a required momentum which will help with increasing 

the overall information and knowledge about building with bio-composites material like 

hempcrete. 

 Assessment: there would be more opportunities for people to work with this materials 

and further studies and tests would be available on the properties of hempcrete. 

Further research is required on hempcrete. The most essential thing to consider at the moment 

is to spread out the knowledge about sustainable building methods and bio-composite building 

materials starting with hempcrete to the local construction industry and the corresponding 



Manufacturing Hempcrete Blocks as a Sustainable Alternative to Concrete 

 

 

 

ZEYAD ABDULJALIL AL BALUSH  Page 22 of 26 
  
 

 

 

 

official sectors that deal with construction in Oman. The support of the government is the most 

important factor in spreading the knowledge. The bio-composite sustainable building method 

with hempcrete is the most efficient solution that could benefit the environment, economy, and 

the communit.  
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EXECUTIVE SUMMARY 

The aim of the undertaken project is to provide a safe transportation to the school children in 

the Sultanate of Oman. The kids are precious for the parents. They send their children to school 

on the commitment of the school management. School management is responsible to ensure 

the safety and security of the children by all means. Many incidents have happened when the 

children faced accentuating circumstances on their way to or from school. The reasons can be 

many for this. The parents and the school children, being unaware of the child’s location and 

circumstances, are helpless. By the time people get informed and actions are taken some 

precious lives can be lost. Apart from this, as the children are small and get tired due to long 

distances between the school and the home, may sleep on the way. They might forget to get 

down of the bus, and if by mistake the driver locks the bus without a crosscheck being done, 

an incident might happen and we may lose a precious life. Evidences of some similar accidents 

can be seen in media reports. 

The Sultanate of Oman is implementing the idea of smart cities. The implementation of smart 

buses that ensure the safety of children is one way to ensure a smart city move. This project is 

a commitment to ensure the safety of the school children in more ways than one. It will count 

the entries and exits of the bus to ensure that no child is left unnoticed in the bus. The safety 

during the trip will also be ensured by speed sensors, alcohol detectors, smoke detectors, 

motion detectors etc. Emergency buttons will be provided on each seat to raise an alarm to send 

GSM. The incidents like this or any medical emergency will be reported immediately to the 

school management and the parents through GSM. The location of the bus is also traceable.  

The project is beneficial for all the stakeholders. It will provide good business opportunities to 

the school management as more parents will be convinced to entrust their child’s responsibility 

on them. 

The technology used is IoT based. An Integrated environment has been created using Arduino 

kit, different sensors, IR for attendance counting etc., 

1 INTRODUCTION 

Context 

The school bus is one of the most popular means of transportation used these days for 

school children in the Sultanate of Oman. Children are the greatest gift given by God 

to the parents. Their safety is the topmost concern of the parents when they start sending 

their little angels to school. The transportation facilities given by the schools are good 

enough but fail to ensure complete child safety due to many limitations.  There are 

many security and safety measures being taken in and around the Sultanate of Oman 

for the children both inside the school campus and during their commutation to and 

from their houses. There is a mandatory caretaker along with the driver to ensure the 

safe pick and drop of children from the designated locations. Generally, the schools will 

use a ‘WhatsApp’ group as a means of communication between the parents and the 
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caretaker for sending the alert messages. The incidents like the child being left in the 

locked bus as he/she was sleeping and later died of suffocation are not uncommon. In 

many cases of accidents, rash driving by the drivers was the cause. Sometimes the child 

may be dropped at a wrong location which is uninformed to the parents and the child 

cannot be traced. Medical emergencies also need to be addressed immediately during 

the daily trip. Delay in communication to the relevant authority may lead to the delay 

in the arrival of help facilities. 

In this work, we will focus on all the safety measures that can be taken during the trip 

to ensure the safety of the children. All the concerns raised above will be addressed in 

this work. Additionally, some new features will be added for ensuring the best for the 

precious ones. The new features will include the tracking of bus location using GPS, 

using the sensors to detect the drink and drive cases, speed regulators, dropping at 

incorrect location, counting the entry and exit number before parking and locking the 

door using RFID tags[1], sending alerts to the parents and management in case of an 

emergency using GSM[2]. 

The incidents discussed above can be prevented with the aid of the latest technological 

advances and help in turning the normal bus into a ‘smart bus’ and aid in the smart city 

vision of the Sultanate. 

 

Explain the purpose:  

The recent trends show that the number of children who are using school buses as 

transport has dropped because of safety concerns. More parents think of dropping their 

children safely to school using private transportation. This needs to addressed for 

multiple reasons. The children safety is at stake, the business of the school will be 

affected, parents are worried till the child returns home safely from the school, 

management’s reputation is at stake and the smart city vision is not fully accomplished 

in spite of the latest technological solutions available. 

 

The following problems have been identified in the existing system: 

1. The route of the bus is not tracked and the updates are not available to the 

parents/management in case of any mishappening. 

2. Rash driving by the drivers not traceable. 

3. No counter check of the number of children before parking and locking the bus. 

4. Drink and drive case undetected. 

5. Dropping children at a wrong destination untraced. 

6. No emergency alerts during the trip for parents/management. In case of any medical 

emergency for the driver or any child, it takes time to inform the management/parent 

and get help. 

7. Private transportation being increasingly used leading to more traffic, expenses and 

pollution. 
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Scope 

The project is developed keeping in mind the requirements of a general school 

transportation system. The Stakeholders of the project are the developer, the any 

school management that implements the work, the school children, the parents and the 

driver of the bus. The total cost of developing the design for the smart school bus is 

1100 OMR. The duration of the work was one year. The features implemented in the 

design can be scaled according to the requirements of the school management, who 

will be the client of the developer. 

Objectives  

1 Keeping a record of the number and details of the students boarding the bus using 

IR Sensors. 

2. Checking the counter details while the students' exit and the bus is parked to ensure 

that all the students have exited. 

3. Sending alerts to the parents before reaching the pick and drop location using android 

application. 

4. Drink and drive sensor and alerts. 

5. Speed control during the drive. 

6. Tracking the location of the bus using the GPS. 

7. Emergency alarms as SMS alert to parents/management. 

 

2 LITERATURE REVIEW: 

FMS-Tech. have designed the school buses with the vision of ensuring that the ride to 

and from the school is safe for every child. Their solution implements a dedicated mobile 

application for child’s data i.e, there attendance and location, notification and alerts for 

parents, communication with the school management, driver authentication, driving 

behavior detection, optimizing the route, live streaming videos from the bus to the school 

management authority etc. The techniques used have not been disclosed for trade 

reasons.  

Bhairvi et al., carried out some study on making enhancements in school transportation 

system and decreasing the incidents with the children because of bus accidents or 

because of the children being left alone in the bus. They have used devices like GPS, 

to send location information to parents & school management using GSM MODULE. 

They have used RFID tag reader. It will be fitted at entry point of school bus. It marks 

the attendance of children by scanning their ID cards with RFID reader. All those 

devices (GPS, GSM MODULE &RFID reader) will be encoded using Arduino. 
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Ahmed et al. have stated in their work tracking the bus through ordinary GPS, Assisted-

GPS (A-GPS). They proposed a system built using Raspberry Pi (3) with a 4G model 

shield and Representational state transfer (RESTful API). 

Ambedkar et al. have suggested a framework for the school bus using an embedded 

system that monitors and automates pick and drop of school children to ensure their 

safety for day to day commutation. They proposed a system which detects the child’s 

time and location of boarding the bus and leaving the bus using a biometric system to 

scan the palm of the child. There is a device on the bus which alerts the driver of an 

emergency situation on the bus. They suggested the use of Google, maps to track the 

bus. 

Arifa et al. suggested a framework for school buses in which they will use a counter to 

check them in and out of the children on the bus. They also suggested that RF technology 

can be used to slow down the speed of an overspeeding bus. 

Abhilash et al. have suggested a “Smart tracking system for School buses”, an android 

based application for remote tracking using Google apps and GPS and SMS for alerts. 

In case of accidents, they suggested the use of a sensor-based accelerometer to inform 

the management/parents about such conditions and also send an alert in case the bus is 

overspeeding.  

Ajit et al. suggested a framework for tracking the bus location by using GPS. The RFID 

tag will be used to record the entry/exit from the bus. GSM technology for sending 

messages to the parents/management.  It also provides a panic button in an emergency. 

Everyday data of the students is stored in logistic management and Parents can check 

this data any time. Their proposed system uses Arduino kit, RFID, sensors and android 

application. 

Maryam et al, in their work considering the case of Oman have suggested that the use of 

RFID numbers and tags will help in tracking the number of students that boarded and 

exited from the bus, the GPS/GPRS technology will be used to track the location of the 

bus, an emergency button which sends a voice message to the management/parents in 

case of emergency situations. The button can be used by the driver as well as the 

children. 

Studying all these frameworks in detail, I conclude that the fact there is not one system 

which can incorporate all these functionalities in one integrated system in the context of 

Sultanate of Oman. 
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3 OBJECTIVES 

1. Keeping a record of the number and details of the students boarding the bus using RFID 

tags. 

2. Checking the counter details while the students' exit and the bus is parked to ensure 

that all the students have exited. 

3. Sending alerts to the parents before reaching the pick and drop location using android 

application. 

4. Drink and drive sensor and alerts. 

5. Speed control using RF technology. 

6. Tracking the location of the bus using the GPS. 

7. Emergency alarms as SMS alert to parents/management. 

 

 

 

4 MATERIALS AND METHODS 

Materials Used: 

1. Speed Sensor+ GPS (GPS module): It is a satellite navigation device used to track/trace 

the location of the object on the ground. Used for providing input to Arduino. The 

device receives information from GNSS satellites to calculate the geographical location 

of the bus carrying the device. 

2. Arduino Kit: Microcontroller board with ATmega2560 based microcontroller module. 

It has 54 digital pins for input and output.14 pins used for PWM output and 16 analog 

pins. 16 MHz crystal oscillator and 4 UARTs are also on the board. 

3. Two Motion Sensors (PIR):  This is an electronic device for detecting motion. It receives 

radiation from the infrared. Change in infrared energy is detected on movement near 
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the sensor and signal is sent. Used for two things. First, for checking the motion while 

entering the bus. Second, for checking the motion after the engine is turned off. 

4. Two IR Sensors: One is used for counting the children at the time of entry and second 

one is used to decrease the count of children at the time of exit. 

5. Temperature Sensor: To check the temperature inside the bus. 

6. Gas Sensor: Used to check that there is no smoke inside the bus or nobody is smoking 

inside the bus. It will raise an alarm when smoke is detected inside the bus. It will serve 

for fire alarm as well. 

7. GSM Module: A hardware which uses GSM mobile phone technology using internet. It 

is a chip used to send the messages for communicating with the parents or the driver or 

the school management. For sending the message if there is motion detected inside the 

bus after the engine is turned off. 

8. Alcohol Detector: Detects that the driver is not drunk while driving. The output on 

alcohol detection will be the analog voltage signal. 

9. Ultrasonic Sensor: It is an electronic device to estimate the distance of the targeted 

object. It emits ultrasonic sound waves and converts the reflected sound into an 

electrical signal to detect the distance. 

10. Light Emitting Diode (LED): semiconductor light source.   

11. Switches: Buttons for on and off. 

The Ultrasonic sensors together with the PIR sensor have been used to detect any motion in the 

bus after the engine has been turned off. Immediately a message will be sent to the parents and 

the driver. The circuit has been constructed mainly using Ultrasonic sensors, GSM module and 

Arduino kit. A message is sent to parents immediately in this case. Parents can trace the location 

of the bus while it is on route to ad from the school. 
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Figure 1.Schematic Diagram 

 
Figure 2 Circuit Diagram 
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Figure 3 Block diagram 

 

 

 

 

 

Figure 4 Mega Arduino and GPS Module on Printed Circuit Board 
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Figure 5 Raspberry Pi 4 

 

 

 

Figure 6 All the sensors used in the prototype development 
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Figure 7 Ready Prototype 

 
 

 
Figure 8 User Interface 
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5 RESULTS AND DISCUSSIONS 

Limitations: 

The developed work has the following limitations: 

1. Limited range of the GSM module. 

2. Detection of an accident or unexpected situation is not implemented as of now. This 

can be implemented in the new version of the software as per the requirements of 

the school management.  

3. The sensors have a limitation in terms of the distance. Beyond that distance they 

cannot detect the incident/state. 

The modules used in smart buses project are very cost effective. The schools in Sultanate 

of Oman should implement this in their school transportation system. A survey was 

planned to be conducted for getting the views of the school management on this idea. 

The current COVID 19 pandemic situation prevented us from visiting the schools and 

getting their insight into this idea.  

The prototype is working and is ready for demonstration on request to any school who 

will be interested in implementing this idea. 

 

6 CONCLUSION 

The suggested prototype is good enough and achieves the objectives stated in the 

proposal. The design is ready to be implemented in any school. All the sensors are 

working very well. This work has helped us in getting an insight into the working of IOT 

based systems. We got to learn the intricacies of linking the Raspberry Pi and Arduino 

kit using different sensors. It was difficult as we have not been trained on IoT based 

system support. This gave us a practical hand to work on this complicated IDE and 

increase our knowledge. Hence it can be concluded that the implementation of this work 

will reduce number of fatal incidents in reference to the school children, leading to 

decrease in totality to the death of students happening due to road mishaps, which will 

support parents to believe on school authorities certainly and the stress on school 

authorities will decline. 

The future scope of the work can be further enhanced by knowing the requirements of a 

particular school management and providing them a new version of the prototype. 
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8 RECOMMENDATIONS 

The implementation of the proposal has been successfully achieved. This technology can 

be utilized in any transportation means to guarantee the safety of the travelers. Tracking 

of vehicle by the customers on the route can prevent long waiting queues. The IR sensors 

used to count the entry and exit of a passenger can also be used for e-ticketing. The other 

sensors being implemented can help in early detection of incidents and prevention on time. 

This can aid the public transportation authority to implement safer and more secure 

transport services in the “smart cities”.   
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1 EXECUTIVE SUMMARY 

IoT, short for Internet of Things is a revolutionary concept which is already being applied. The 

change to 5G network in future with network slicing architecture, is only going to drive IoT 

exponentially as more and more devices can get connected to internet. IoT is a concept where 

the network consists of ‘things’ – the physical devices such as sensors, home appliances, and 

other machineries, as well as software and other technologies, which are all connected to 

interact with each other. As a result, this connection mesh allows automation of complex, 

tedious and repeating tasks and allows user to manage them all.  

The project’s main objective was to create a system that enables the users to control 

appliances locally and remotely using Internet of Things (IoT) technology. Raspberry-Pi and 

Arduino are the main devices that were used in this project to develop and deploy the IoT 

system as they establish the connection between appliances and the users via an external 

device like a smartphone or a computer. This was made possible through this project using 

an application that provides a simple yet efficient interface with straightforward controls. The 

system proved to be efficient as the tests showed that the system responded to commands 

almost instantaneously to produce an effect onto real life appliances as well as showed 

promising results in conserving water usage in greenhouses as it stops the supply of water 

when the soil reaches its optimal moisture level for plant growth. 
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2 INTRODUCTION 

The way of living in this world keeps changing, new technologies are being researched on and 

created to improve the quality of life and make things easier, an elevator can be taken as 

example, many people do find climbing up the stairs is tiring and that the elevator helps in 

making lives easier. This world has developed a lot and covered many needs in our lives and 

made them accessible like computers. However, that does not mean that there are no more 

rooms for improvement and new technology. A technology can be extracted from other 

technologies or created by using other several technologies to create a specific purpose. 

Internet of things (IoT) is one of those technologies which can be used to make our lives much 

more stable and easier. 

Based on (Rouse (n.d.)), IoT is system which consists of interconnected devices such as 

computing devices, objects, mechanical and digital machines. It basically enables the data to 

be transmitted within a network without the interference of humans, either human-human 

interactions or human-computer interactions. 

IoT is being used and aimed for by many organizations for the sake of automating the daily 

tasks. It can help organizations to convert from the usual common way of hardware/software 

selling.  

 

 

The image above displays an instance of a smart house which its features are based of IoT 

technology. The person can control whatever he/she wants remotely without interacting with 

it, all you need is a network and its configuration. 

 

 

Smart Home Features 
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3 LITERATURE REVIEW 

Raising Awareness in Oman 

Humankind has been facing obstacles since the earliest of time. However, because of their 

strong mindset and determination to overcome the barriers, today we have reached an age of 

digital technology. Nevertheless, with exponentially growing population, and demand for 

resources along with various factors, problems only seem to be growing. One IT innovation 

that holds a great potential to help humankind is the Internet of Things (IoT). 

In the following review of literature, the benefits of IoT were analyzed, and how awareness 

about it can be raised. This is important because there were not many researches done about 

implementing IoT in Oman, pointing out to the fact that IoT is perhaps not widely recognized 

in Oman. Literature on past IoT projects were also reviewed, as shown below, to help 

determine feasibility of implementing IoT.  

 

Importance of IoT 

According to a study done by Kortuem and team (2010), combining internet with several 

electronic devices can make the objects smarter. For instance, a room temperature sensing 

device if attached to a refrigerator can signal the refrigerator to operate at cooler temperature 

when room temperature is hot. Kortuem’s team calls these objects ‘smart objects’ that can 

infer and react accordingly to their environment.  “Such objects” he and his team say, “are 

building blocks for the Internet of Things and enable novel computing applications.” 

“Adding communication functions to all the things, such as houses, cars, watches, and 

cameras, connects new values” (Kang et al. 2015). IoT can be implemented in homes, offices, 

farms, hospitals, schools, industries and several other places. According to Kang and team’s 

research, IoT technologies have proven beneficial to both end of the line, when implemented 

in few large industries. The market of IoT has a prediction of significantly high growth rate. 

According to Malavade and Akulwar (2016), to meet the global food demand farmers and 

agricultural companies need to turn to IoT to increase productivity, obtain huge global market 

and get access to other benefits. IoT can also help disabled people who face more challenges 

than a health person. According to Obe, Abe and Boyinbode (2018), IoT integrated system at 

home can help home owner/parent to know if their disabled child is safe at home. IoT can also 

help parents remotely monitor what their child is doing and even get feedback from sensors 

installed at home to monitor gas leaks, temperature etc.  

 

Overcoming the barriers 

Dutton (2014) states that, “IoT could undermine such core values as privacy, equality, trust 

and individual choice if not designed, implemented and governed in appropriate ways.” 

Additionaly, according to Trezana (2017), IoT will play a “dramatic role in crime and terror 

attacks in near future.” Trezana also believes that along with certa in facilities such as power 

plants, critical facility like hospital can be affected. Although low in probability, terrorist attacks 

can also be carried out with Internet of Things.  
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A recent study on adoption of IoT in agriculture (Jayshankar et al. 2018) showed a positive 

correlation between trust and perceived value, which in turn had a positive relation with 

adoption of IoT. However, since most farmers are concerned about how data is being handles, 

fewer farmers prefer IoT.  

General public needs to understand that IoT need not be as insecure as they might think. 

According to Farooq and his team (2015), there are achievements made through research in 

the field of security of IoT. Proper designing of IoT system can also greatly minimize possible 

security breach.  

Lack of awareness is also a great concern. Mikusz and his team (2018) believes that users 

can grow  mistrust and suspicion is the use of IoT if they are unaware of it. According to them, 

awareness among public can be raised by use of Pervasive Display which has the following 

advantages: “Shared visibility (better social acceptance for operating), situatedness (easier 

to-use localized controls) and distinct interaction patterns (less distractions, lower UI 

complexity, better support for ambient notifications). “ 

 

Feasibility of the plan 

One of the major problem world is facing today is from global warming due to burning of fossil 

fuels. Although it is not possible for every nation to live completely independent from using 

fossil fuels, there are precautions one can take to reduce carbon footprint. Reducing energy 

consumption is one way to do so. According to Chen, C.-H., Gao and Chen, J.-J. (2011), with 

simple electronic devices it is possible to create a smart home/office where devices can be 

controlled wirelessly. The concept of IoT means that devices such as lights can work on 

sensors to power on/off by determining the presence of people. This can greatly reduce energy 

wastage that happens when powering on/off depends on manual operation of humans solely. 

For instance, human might forget to power of their air conditioners before leaving home. The 

work of Chen and team showed the use of easy to use, simple interface, smartphone Android 

application to control the devices at home wirelessly.  

Similar research projects by other scholars also showed high feasibility in their work. A Wi-Fi 

based home automation system by ElShafee and Hamed (2012) promised high scalability and 

flexibility. Users and administrators could log in remotely (internet) or locally (LAN) with their 

User ID and Password to manage the system. Project by Al-Qutayri and Jeedella (2010), Liu 

(2013), Ramlee, Tang, and Ismail (2013), and Ramlee et al. (2013) had found mostly positive 

result.  

 

Preparing for Tomorrow 

IoT has the solution to numerous problems human face in day-to-day life, and it is the future 

of current internet. That means, it is mandatory for people to understand IoT, how it works, 

potential threat, safety measures they must take, and whether or not to accept it. Based on 

the literature reviewed, benefits of IoT are immeasurable. Study also showed potential threats 

in using IoT; however in contrast, research also showed emerging technological achievements 
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to implement stronger security and privacy in IoT. After analyzing, IoT seems to be more 

helpful to people as vulnerabilities are being patched.  

It is important to note that, there are very few researches conducted to draw any conclusion 

on whether or not people are aware of IoT in Oman, and if IoT is being implemented in 

business, hospitals, schools and other Omani sectors. This perhaps points out to the fact that 

Omani citizens are not very aware of emerging IoT. Based on reviewed literature, IoT can 

have many applications and even open new job sectors. Awareness can therefore be raised 

by deploying small IoT prototype to encourage young people and companies in this field. 

 

PROJECT’S IMPORTANCE 

 Enhance life quality 

 Reduces human effort 

 Reduces energy consumption 

 Reduces water wastage 

 Enables remote control 

 Secure local and remote connection 

 Scalable according to user needs 

 Enables wireless connectivity by using an application (ElShafee and Hamed 2012) 

 Automation features which does not require monitoring 

 

PROJECT’S SCOPE 

Oman is developing exponentially in terms of technology. However, the concept of IoT is 

relatively new in Oman and only very few people among general population is aware of it 

and/or using it. Thus, for this project, the population in general was considered. 

The project was built to raise awareness among people of Oman and helping them understand 

the vast positive implications it can have on society and the planet as a whole. 

In this project, IoT was implemented in three major sectors – home, office and greenhouse 

using easily available devices such as Arduino and Raspberry Pi. The devices were controlled 

by users using a Graphical User Interface. The primary purpose here was to demonstrate that 

the application is capable of turning on/off electronic devices and controlling the flow of water 

in homes and greenhouses on user’s will or based on conditions such as presence of any 

person in room, or dryness of soil. 

The project was however limited to prototype as it was not feasible to implement in a real 

office, home or green-house.  

4 GOALS 

The main goal of the project is to raise awareness among people of Oman by demonstrating 

the usefulness and wide applications possible by using IoT and encouraging them in the field 

of IT.This includes, showcasing IoT as a roadmap to greener Earth by conserving water and 
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electricity.and proving the significance of IoT in the lives of disabled people and people with 

busy schedule. 

5 OBJECTIVES 

 Develop an IoT system that can control the electronic appliance and water supply in 

home, office and in greenhouse as a step to automation. 

 Develop a desktop and a mobile application to manage the IoT system so that users 

can use commands to control the attached appliances and or automate task so that it 

can work without human intervention. 

 

6 MATERIALS AND METHODS 

The project was mainly based on electric components, the Arduino (Arduino UNO R3) was 

connected to Raspberry-Pi (Raspberry Pi 3 b+). The first phase was initiated by creating and 

testing several codes using the computer. (Strickland 2018) Technically, this phase was a 

testing phase to check whether the connectivity is fine or not. Based on the result, we decided 

to add more components to the system. 

 

The second phase focused on the sensors (PIR motion IR sensor). In this stage, the system 

receives the data which was collected from the sensors. To make sure of the sensors’ 

functionality, they were triggered to get the output out of them. Many preparations were made 

on the hardware components to connect them to the system. Once they were connected, 

complex programs were coded and developed and applied to Raspberry-Pi. Technically this 

stage was initiated to enable the user the access of the Arduino controls. 

Smart IoT System 
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By using Node.js, python, and C++, a program was created to control the devices which were 

attached to the used Arduino. Furthermore, to make things more efficient, network features 

were installed to enable the remote and local accesses. 

An application (using Unity) was created to access the Raspberry-Pi locally (using Ethernet 

cable) and remotely. The application itself technically was stored in a webpage instead of the 

computer. Using this method increased the security of the methods to access the information.  

To ensure everything worked how it is supposed to works, all current used software and 

hardware were put to the test. 

 

Project Materials 
 
The table below are the list of items that were used in the project. 

10W LED bulb 

2 sq. mm copper wire (two pins, 2 color) 

8 Channel DC 5V Relay Module 

Aluminum structure (for green house) 

Arduino power supply adapter 

Arduino UNO R3 KIT + USB cable 

Breadboard 

Carbon dioxide gas sensor 

CR1220 coin cell 

DS 1307 RTC (Real Time Clock) module 

Duct Tape 

Electric wire 16 Gauge 2-pin 2-color 50-ft 

Electrical wire 8 gauge 2-pin 2-color 20-ft 

Extension cord  

Greenhouse full spectrum LED grow lights 

Greenhouse ventilation fan 

HDMI cable for Raspberry Pi 

Light Intensity Detection Sensor Module 

Motorized water valve 

Philips LED Dimmable BR30 Soft White Light with Warm Glow Effect 

PIR motion IR sensor 

Plastic pots for plants 

Plastic water tank with outlet 

Potting compost 6 kg 
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PVC connector 90 degree elbow 

PVC Electric tape 

PVC equal cross 

PVC equal tee 

PVC female threaded adapter 

PVC glue/cement 

PVC male threaded adapter 

PVC pipe cap 

PVC water faucet (for garden – L shape) 

PVC water pipes 

Raspberry Pi 3 b+ + heat sink + case + power supply + card reader 

RJ 45 Ethernet Straight cable for Raspberry Pi 1.5-metres 

SanDisk 16GB Ultra MicroSDHC UHS-I 

Screw base bulb holder 

Soil moisture sensor 

SparkFun WiFi Shield 

Table fan portable 

Temperature and Humidity sensor (Greenhouse) 

Temperature sensor (Room) 

Terminal strip block 

Thread seal tapes (Teflon tape) 

Type C outlet plug for wires 

UCTRONICS 3.5 Inch HDMI TFT LCD Display with touch screen 

UPS for safe shutdown 

Zip ties 6-inches 50pcs 

 

Materials List 
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7 SYSTEM DIAGRAMS 

 
In order to understand the system and to help in development process, the following diagrams 
were created: 

1. Use-Case Diagram 

2. Entity-Relationship Diagram 

3. Data Flow Diagram Level 0 (Context Diagram) 

4. Data Flow Diagram Level 1 

5. Flowcharts 
 
 

Use Case Diagram 

A use case diagram shows the interactions that happen between the system’s user and the 
system. The use case diagram for the system is shown below.  



Automating Electronic Devices and Water Supply Control in Greenhouse, Homes and Offices Applying the 

Concept of Internet of Things (IoT) 

Hussain Ali Juma Al-Lawati  Page 14 of 33 
  
 

 



Automating Electronic Devices and Water Supply Control in Greenhouse, Homes and Offices Applying the 

Concept of Internet of Things (IoT) 

Hussain Ali Juma Al-Lawati  Page 15 of 33 
  
 

 

Entity-Relationship Diagram 

The relationship between the entities the system is shown using and ER diagram. The entities 
represent the tables in the database. The ER diagram for the system in shown below. 

 

 

 

 

Data Flow Diagram Level 0 (Context Diagram) 

The DFD Level 0 is also known as Context diagram and shows the flow of data/information 
between the system and the user. The DFD level 0 diagram for the system is as follows.  
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Data Flow Diagram Level 1 

The main system in Context Diagram is composed of several sub-processes. These 
processes and the data flow among them, the databases and the entities are shown in the 
DFD Level 1 diagram. The DFD level 1 diagram for the system is shown below.  
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Flowcharts 

A flowchart visually displays the flow of processes. The first phase in system is to log in. The 
flowchart for it is shown below. 
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Flowchart for the Login page 

 
 
Depending on the user and services they want, there four flowcharts presented for each of the 
service.  
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1. Flowchart for the “Security” 

2. Flowchart for “Manage Attached Devices” (Appliances) 

3. Flowchart for “Manage Commands” 

4. Flowchart for “Run Commands” 
 
 
Flowchart for the Security 
 
This page is only viewable/accessible to the admin. 
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Flowchart for the Manage Attached Devices (Appliances) 
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Flowchart for the Manage Commands 
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Flowchart for the Run Commands 
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8 RESULTS AND DISCUSSIONS 

The Application 

Two application has been developed for the IoT system. The first application is for desktop 

computers and or laptops. This is primarily for the use of administrator since only using this 

software the admin can manage security setting. Once the admin logs-in using username and 

password, he/she can add other users as authorized users and set password so that they can 

access through the same application with limited authorization or using mobile application for 

direct access to Raspberry Pi wirelessly.  

Unlike the mobile application, the desktop application cannot be used by connecting wirelessly 

with the system and requires direction connection with RJ45 cable.  

The Desktop Application 

The screenshots of the application are shown below: 

Log in screen of desktop application 

 

The admin or the authorized user can log in using the username and password set by the 

admin. The admin has the highest privilege and can add/remove other authorized users. 

Although the authorized users allowed by admin can log-in, very limited features are 

accessible to these users. The screenshots shown below are when and Admin logs into the 

system.  
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Mange devices page 

 

Here, the user can view all the devices currently added to the system, the Active devices 

(devices with ON status) and the total number of devices. The user can also select a device 

to view its current status and last time when the status was changed. Other description of the 

device is also shown here. The user can also view the device’s history and may clear all of 

them if desired. 

The page also contains an option to Add/Remove a device. When clicked, it takes the user to 

the below page. 
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The Add/Remove page contains option to add a new device and to remove an existing device. 

The Add Device option allows users to mention a unique device name, the room in which the 

device exists, and the Relay Pin. The Relay Pin number identifies the location of the attached 

device from the relay module connected to Arduino (the relay module consists of many pors 

for attaching the device). 

The Remove Device option is to select and remove an existing device from the system.  

Note that the system cannot turn ON/OFF any devices if the configuration on this page is not 

set correctly even if the physical connection to the system is made. This is because the system 

will not know which device to refer.  

 

Commands page 

 

The commands page is where the users can define their commands. Without commands the 

only way to turn on/off a device is to do it for each device. However, with commands, the user 

can define a command for one or many devices and set the status they should turn into when 

the command is executed. Additionally, the user can set schedule for the device so that it can 

be automatically turned on and off.  

The page contains four parts: View/Modify Command, Run Command, Create Command and 

lastly Remove Commands.  
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View/Modify Command allows the user to re-define the command for the same command 

name. The option shown here takes the user to another page where this can be done.  

The Run Command option allows user to type in or select a command to execute. 

The Create Command allows user to define commands. The command name should be 

unique and can be defined for changing status of multiple devices. Device Affected is the 

option to choose the device while Set Status is the option to define the status the device should 

change into when the command is run. The Schedule option allows automating the command 

for particular days. 

Remove Command is used by user to remove a defined command. Once the command is 

removed, the system cannot run the command as it doesn’t know the meaning of the 

command.  

 

 

Security Page 

 

The above page is exclusively for the admins and are not visible to other authorized users. 

The security settings are viewed and configured on this page. 

The admin can change username or password for admin role as well as for other users. The 

‘View Device Access Log’ option allows the admin to view number of times log in was 

attempted for a particular username and the password entered for it. The access, whether 

provided or denied by the system is also viewable here along with date and time. This will help 

admin to solve/investigate any security risks or breaches or similar issues. 

The ‘Currently Allowed Devices’ shows the MAC address of the devices (the devices used by 

the authorized users to access system) and the usernames that are allowed by the admin.  
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The ‘Add/Remove Users’ option takes the admin to another page where new user can be 

defined using Username, Password and device’s MAC address. If either of the details are 

incorrect when a user attempts log in, the user will be denied from accessing the system.  

 

The Mobile Application 

This is an Android mobile application for the purpose of accessing the system wirelessly with 

the wireless range (WLAN). The feature are mostly similar the desktop application but admins 

privileges are not provided and all users login as authorized users. This is for the security 

purpose. 

Login page 

 

 

Home page 

The home page shown below is the first screen displayed to users after logging into the 

system. It provides the option to run a user defined command. It also shows all the number of 

active and total devices registered in the system. The ‘All Devices’ lists displays the list of 

deices and their current status. The device can be tapped, and by confirming a message, 

status can be revered.  
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Devices Page 

Similar to desktop application, this page provides the user to add and remove a device from 

the system logically.  
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Commands Page 

The commands page allows user to view commands, modify commands, create commands, 

and remove commands similar the functions in desktop application. 
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Smart Network Responsiveness 

One of the most unique properties of IoT systems is its high responsivity speed and this 

property was put into the test by calculating the response speed of switching lights, fans, air 

conditioners, and other appliances in office/home networks. The results of the test are 

shown in the table below: 

Switch Response Time (in Seconds) 

Lights 2 

Air Conditioning 3 

Fan 2 

Switch Response Time 

These findings prove that the system is functioning at high performance and that is due to it 

following the edge computing approach. Edge computing minimizes response time because 
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it does not rely on accessing centralized servers to send and receive information for data 

processing and the processing is happening directly between the devices in the system 

(Raspberry-Pi and Arduino). (Edwards 2019)  

 

Autonomous Water Level System 

According to research, the optimal substrate volumetric water content to help maintain 

efficient growth of plants was found to be around 0.4 m3.m-3, which is rarely achieved 

naturally as temperatures, CO2 supply, and intensity of light the substrate (soil) is exposed 

to determines the substrate volumetric water content of the substrate at a given time, which 

also determines how much water is needed to be used to water plants efficiently. (Rhie, 

Kang, and Kim 2017) This means every season affects the substrate volumetric water 

content differently, that is why a soil moisture sensor was used to measure the average 

volumetric in different seasons. The findings showed that during the summer where the 

temperatures are high, the substrate volumetric water content averaged around 0.14 m3.m-

3, while it averaged around 0.26 m3.m-3 during the winter where temperatures are relatively 

low. This means that during different seasons the level of water needed to achieve efficient 

plant growth varies, where the level of water the soil needs during the summer is more than 

the level it needs during the winter. The Autonomous Water Level System relies on the soil 

moisture sensor to measure the substrate volumetric water content at the current time and 

turns on the water supply if the soil moisture level is below 0.4 m3.m-3 and turns off the 

water supply when the moisture level reaches 0.4 m3.m-3. 

 

9 LIMITATIONS AND RECOMMENDATIONS 

The project could be further enhanced by adding the remote access wireless feature, 

reading real-time sensor data via application and security shielding (protecting the device 

from possible security threats). More IoT features could also be added to further align the 

project with the smart vision. This system could be further used in all government institutions 

to reduce the cost and to inculcate energy conservation. 

The usefulness of the overall system can be further improved by adding additional features 

to the application so that it becomes easier and convenient for users to use.  

 

10 CONCLUSION 

In the end, Internet of Things is a very useful technology that can enhance the quality of life 

and the project proves that as the results showed that not only can energy and water be 

conserved using IoT but also basic everyday tasks like, switching lights and AC on and off, 

can be carried out more easily and effortlessly. 
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EXECUTIVE SUMMARY. 

Over the years since internet technology developed, engineers have tried to have the most 

reliable and efficient techniques for transmitting information. The best among the cable 

transmission has been underground cabling that involves putting the data cable underground. 

Although this method has proven to be reliable and durable as well as reduction of costs of 

maintenance, there are chances of occurring falts are also there. These faults are due to 

underground activities such as rodents, mechanical damage, or wear.. The biggest challenge 

is to detect the exact point where the underground cable has a fault in order to minimize the 

cost and time used during the process of detecting these faults (Estebsari et al 2018). This 

project seeks to come up with a more efficient and effective way of detecting the faults within 

the underground cables.  It is aimed at detecting the distance of the faults in cables that have 

been installed underground cable lines using the Internet of Things (IOT) and the results to be 

displayed on a webpage. 

 

The project is working on easing the process of fault detection in a cable by using graphical 

format, which is dedicated to a website in collaboration with an LCD for display making use of 

Wi-Fi module. The system will detect a fault with the assistance of a potential divider, which is 

placed across the cables, in case of a fault a specific voltage is created based on the resistors 

network combination. The microcontroller then senses the voltage then updates the user. 

Information is then delivered to the user; it is the same as the distance to which the voltage is 

related. The microcontroller the recovers the fault line data then present it in an LCD, the same 

data is conveyed over a network in a web browser. 

 

ATmage328p is linked to a circuit with a combination of resistance network. The 

microcontroller reads the voltage in the resistance network and decide where a fault is 

detected or not and display the result in an LCD and a webpage, it can detect faults in a 

underground cable up to 4 km in distance which helps in finding the fault location .the system 

is applicable to both overhead and underground cables. The system reduces the cost, time 

and power consumption by detecting the source location of the fault. It operates multi-channel 

aiming in minimizing interference of other equipment for the underground cable. The 

microcontroller successfully was able to detect the fault and send the data to the LCD and 

website that displays each line and the status of fault location in kilometers at the same time,  

The process of building this system was time consuming and expensive as a result it helps 

reducing the maintenance time and cost of an underground cable. 
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1 INTRODUCTION 

Underground cabling is a common practice in the urban centers, detecting faults has always 

been an issue since it is time-consuming to dig along where the cables have been placed in 

order to find where the fault is; these faults are due to underground activities such as rodents, 

mechanical damage, or wear. The biggest challenge has always been to try and detect the 

exact point where the underground cable has a fault in order to minimize the cost and time 

used during the process of detecting these faults (Estebsari et al 2018). Therefore this project 

is focused at making the detection of underground cables easy by using the internet of 

things(IOT) that used the network devices to collect data from the underground world then 

share the same data through the network to help come up with a solution to this problem. 

Underground cables are more dependable than overhead cables, although it is more difficult 

to detect a fault in underground cables. Other forms of cabling that have been used in the past 

include the use of overhead cables as well as other technologies. Other technologies of 

transmitting data include wireless that has a limited range and is very expensive as well as 

limitations that include bandwidth and reliability. Wireless transmissions are also prone to data 

loss and infiltration by malicious software and hackers. The need for easy detection of the fault 

has led to the development of approaches to deal with the issue.  

When these cable faults persevere, it may lead to more damages in a system due voltage 

break down (Singh, & Ansari). Therefore, cable fault detection is now made by the use of 

microcontroller programmed to display the fault through the digital value of a series of 

resistance voltage that has been converted by ADC. Since this method seems to be the most 

reliable and copes with the increasing demands of data transmissions. Its protection and 

security are paramount. Safety and reliability of underground cables involve detection of faults 

within a short time with reduced costs of doing so.  

 

Cable such as fiber has been used to transmit data from one continent to another. The fiber 

and other Ethernet cable le such as CAT 6 is known to transmit high volumes of sensitive 

data. And thus, their reliability is highly depended on. Most of the backup is usually the wireless 

alternatives that are slow, unreliable and have issues such as insecurity and unreliability. 

As other new types of technologies are reviewed and researched on, underground cabling 

remains to be one of the most reliable and effective transmissions of data technologies. In 

addition to its reliability, it is cheaper to set up, has capabilities of high bandwidth as well as 

reliability and high speeds of transmission.   

Methodology 

The work in this research was carried out in the proper phases as below:  

1) Literature Review: The previous studies and data were collected. 

2) Data Collection: the data necessary for the study were collected using data sheet and 

designed questionnaire.  

3) Hardware and software Requirements: Design requirements 

4) Design and Implementation:  

5) Analysis and Discussion: Validated the data and analyzed for further discussion 
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6) Testing and critical evaluation 

7) Writing the report 

Literature Review 

The Literature Review examines comparable existing projects, which were structured before 

and convey a similar abstract. Here discussed the common and significant features of some 

of the research and projects, which helps in developing and improving the work. 

“Underground cable fault detection by use of Arduino board” article is aimed at determining 

faults of underground cables using an Arduino board. The paper suggested the location of 

faults of underground cabling by making use of Arduino.The underground cable faults happen 

in two ways open and short based circuits. Short circuits faults are further subdivided into a 

symmetrical and asymmetrical fault. There is a new method that has come out to detect a fault 

in underground cabling without any efforts like digging up the ground to locate a fault. 

The block diagram of the system is composing the following: 

Resistor, it is an element in the circuit working indirectly to regulate currents within the circuit. 

Various resistors are utilized depending on the normal voltage of the gadget connected to the 

circuit. 

Light Emitting Diodes (LED) is the sources of semiconductor light. It emits rays areas. These 

rays work under low currents. It emits photons once electrons compile again with the pigpens 

of straight divergence. Its terminal is cathode and anode. Anode being the longest leg while 

the cathode is the shortest 

A power supply is a device responsible for converting available power to meet specific 

requirements. It encompasses transforming underdone input power into a current that has 

been steadied for the determination of operating current electronic equipment Power supplies 

uses electronics towards control the conversion of electric control. The projects the power 

supplies used were +5v and +12 v (Jaidka, et al 2016). 

Step down transformer: The main characteristic of a transformer ran by electricity. Modified to 

work at a low detection foundation at a solitary regularity and built with sufficient insulations 

Rectifier unit: It converts alternating currents into DC by pulses. There are two categories of 

the rectifier unit. A full wave rectifier and a half wave rectifier. 

The strainer circuit is mounted amid the rectifier and current controller. It removes AC that 

complies with loads from the loads. It has been used in the project as of its cost-effectiveness, 

less weight and smaller size. 

The current controller, an electronic control intended to sustain a continuous current degree 

automatically. For this project a current of 5V and 12V is needed. 

Relay works automatically to control by means of which a power-driven circuit is controlled by 

a variation within the similar circuit.  

In this project, fault can be detected in three phases. Each phase required large wires, not 

fitting in the system (Jaidka, et al 2016). The Arduino board needed the orientation opposition 

of the from the cable with fault. They have the following advantages: Low maintains of project, 

easy to handle, consumes less power and improved public safety. It also has the following 

limitations. It requires 5V DC supply, relays require 12V, a times network failure occurs in rural 

areas and angular value requires time to read. 

 



IoT based Underground Cable Fault Detector 

PI Name:  Sultan Ahmed Juma Al-Zadjali  Page 10 of 46 
  
 

“IOT Based Underground Cable Fault Detector”article aimed at locating faults in cables that 

are underground using a PIC16F877A controller (Sampathraja et al 2018). There exist three 

forms of errors in underground cabling: 

•    Open path-based error 

•    Short path-based error 

•    Earth-based error 

Sectionalizing: based on the physical errors in the cable, this fault reduces reliability. 

Thumping: This happens when the voltage of high degree is fed into a cable, as a result, it 

makes noise due to increase in currents this noise is loud enough to reach the ground above. 

It eliminates sectionalizing methods of cutting and splicing. 

Time-Domain Reflectometry: is an instrument using electricity to show characteristics and help 

to detect faults within metallic cables. It transmits signals of low energy and consequently no 

protection deprivation. The Arc Reflection Method: It is a large voltage radar method that 

overwhelmed the 200 Ohm limitation of low vlotage detector.  

Blavier Test: is used in locating a fault in a single cable. 

IOT enabled concealed cable liability recognition system. Based on the basic principle here is 

Ohms law. When a fault occurs in the cable, the voltage varies which is used to compute the 

liability remoteness. The system is made up of Wi-Fi module, Microcontroller, and Real-Time 

Clock (Sampathraja et al 2018). 

The prototype uses resistors to represent the cable length. The resistor RR1 to RR5 

represents the R phase of the cable. Similarly, RY1 to RY5 and RB1 to RB5 represent Y and 

B phase of the cable. RN1 to RN12 is used to represent the neutral lines. Switches are used 

to represent underground cables  

The liability recognition system is replicated using Proteus 8.5 specialized software together 

with error info is presented in the display section. This backs up the “IOT Grounded Concealed 

Cable Liability Sensor”. It is resourceful coordination since it decreases the period to identify 

the particular position where an error will be found. 

The short path liability at an exact remoteness in the concealed cable is positioned to rectify 

the fault efficiently using simple concepts of Ohms law. The work automatically displays the 

phase, distance and time of occurrence of fault with the help of PIC 16F877A and ESP8266. 

Wi-Fi module in a webpage. The prosperities of accurate whereabouts of an error are a priority 

to repair in order to resuscitate hindmost of power coordination, it improves the coordination 

presentation. 

“IOT Based Underground Wire Fault Detection Technique”This paper was based on  OHMs 

rule in which DC of low voltage is put on at the inlet and outlet by a sequence’s resistors. 

Currents differ dependent on the interval of the error found along the cable, in situations of 

short part there is a short path. The sequence resistors current fall variations therefore which 

are formerly nourished to be converted into ADC to advance detailed technological facts which 

the automatic microcontroller which would display the similar in Kilometers (Nichal et al 2016). 

The project is accumulated with a fixed of resistors on behalf of the length of the cable 

measured in KM and error formation is created buttons at each recognized KM to cross-check 

the accurateness of the comparable. The planned model of concealed cable error remoteness 

detector by means of a microcontroller. The situation is further categorized into portions –DC 

as the power source section, the cable section, supervisory section, presentation section.  

In the power source circuit entails of a phase-down. In this path, 4diodes are forming a bridge 

rectifier which distributes vivacious dc current & then served to capacitor clean the productivity 
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current from the rectifier is served to clean to eradicate any AC. elements existent even after 

refinement. A transformer is a fixed gadget which handovers electrical energy from one path 

to another path with the alteration in voltage or current without modification in incidence. The 

microcontroller is a small computer mounted with a small chip. The most common type of 

these chips available in the marketplace is the PIC16F877A. Has external memory based on 

data with a stated program kind of memory? It also contains chip amenities. The rectifier is 

served by the productivity of the rectifier. It changes A.C. into vivacious D.C.  

Displays based on liquid crystals are working together with the microcontroller that is known 

as LPC16F877A. Wi-Fi module being an SPI kind conducts of serial peripheral type border 

report. GSM module is used for mobile communication with the assistance of a GSM 

identification card made up of quantified 10 digit number (Nichal et al 2016). Through this 

project, we shortened the real difficulty of perceiving the error in the concealed area. We 

realize the scene or setting where the errors will happen and also discover the exact 

remoteness of roller position by software part we encode and transmit at regulating unit and 

real act will be operational with 

“Underground Cable Fault Distance Locator” paper, concealed cable error remoteness 

detector using microcontroller is anticipated for the project. It is categorized into four 

categories: a section of DC in the position of power supply, cable section, monitoring section, 

and exhibition part. The project makes use of the modest model of OHMs law which allows a 

low DC voltage is used as the inlet in the series of resistors. The Current that is available differ 

based on the length of the error of the cable in situations of the short path for instance 3L. This 

series of resistor current portrays variations consequently, which will intern allow to an ADC 

to advance precise technological data. After this automated microcontroller shall exhibit the 

equivalent in Kilometers. This project is accumulated with a group of resistors on behalf of 

cable length and consisting of a set of buttons at every known destination. (Westrom, & 

Larsen, 2015).   

The regulatory component makes up the microcontroller and makes essential computations 

concerning remoteness of this error. It impulses the available a relay driver that is then 

regulates swapping combinations of relays used inappropriate joining of the cable at within 

the system. These fault details are sending to an access plug through the internet. IOT Based 

Underground Wire Error Discovery Technique is fitted with Wi-Fi Module, GSM module, 

Microcontroller, Rectifier, PCB layout, and LCD Display. GSM segment is used for portable 

communication aided by a specialized GSM card (Westrom, & Larsen, 2015). Wi-Fi module 

enhances wireless communication. Rectifier helps in steadiness and upsurge modification, 

while LCD is used for the display of the activities and outcome in the detector. 

 

Table 1: Literature Review Summary 

 

No 

Title and year  Work carried out  Author name  Advantage & disadvantage   

1 Underground 

Cable Fault 

Detector Using 

Arduino (2016) 

- detecting 

location of fault  

Jaidka, P., 

Srivastava, S., 

Srivastava, S., & 

Raghuvanshi, S. 

P. 

Requires high amounts of 

power in determining the fault 

Detecting requires expertise 

and technical know how 
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- working 

operation of 

Arduino   

2 IOT Based 

Underground 

Cable Fault 

Detector  (2017) 

- open/ short 

circuit fault 

detection 

- earth fault 

detection 

Sampathraja N., 

Kumar A., 

Kirubalakshmi 

V., & Murthy K. 

Sometimes it’s hard to hear 

fault the loud arc of the volt 

High voltage power 

requirements 

3 IOT Based 

Underground Wire 

Fault Detection 

Technique  (2016) 

- IOT system 

- WiFi module  

- Iotgecko 

Website  

Nichal A., 

Bhosale S., 

Shirsavade V., 

Jadhav Y. 

Not all areas where  Tracer 

technique is applicable 

Requires online methods and 

most of the time a fault means 

the links are not online 

4 Underground 

Cable Fault 

Distance Locator  

(2015) 

- LCD display  

- Microcontroller  

Westrom, A. C., 

& Larsen, J. W. 

Impulse current methods does 

not apply when there are 

multiple faults 

 

As shown in the above literature reviews, there is not a particular method of fault detection for 

IOT underground cables that is perfect. Therefore, the fault detection requires the selection of 

the most appropriate method that will provide a solution with the most effective and efficient 

way possible. Depending on the environment that might be urban, remote, and muddy or lack 

of power will help the technical team in determining the particular fault detection method.  For 

example, where there is rain or the cables are covered with water, the use of power detection 

methods might lead to other damages due to short circuits including shocking the technicians 

thus detectors at that moment would be more appropriate, therefore the estimation of power 

consumption will be less moreover it will have different phases for each cable in addition an 

online system it will detect the location of fault which will accrue in the system.  

 

2 OBJECTIVES 

The project objectives were 

 Maintain the statue of underground cables 

 Measuring the voltage in different locations of the underground cable  

  Detecting the exact fault location of the underground cable  

 Displaying the exact fault location 

 Update the status of underground cable using a Wi-Fi module for a IOT based 

system 
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3 MATERIALS AND METHODS 

     System Block Diagram 

 

 
Figure 1: Block diagram 

Figure 1 is a representation of the system block diagram of the project. It shows in details how 

electronic components that include the regulators, rectifiers, transformer, switches, Wi-Fi 

modules among others and their relationship and interconnectivity in the whole system design. 

 

Explanation 

Fault switches: This block simulate the location of the cut in any of the cables used in the 

system. 

Current sensing circuit in the cable: This block reads the current passing through the ground 

cable. 

Microcontroller: It works as reader of the inputs and converts it to digital, and then selects the 

output. 

WIFI Module: It transfers the data to the internet and displays it on the Website. 

Website: It saves the data sent from the system via Wi-Fi. 

Relay driver: It controls the relays on the system via the output and input of the all circuit. 

LCD: It will show the data of the system. 
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Power supply: The power supply that delivers power to the entire system is 12 volts.  

 

System Flow chart 

Figure 2 below shows the systematic flow of event on the design of the cable fault distance 

finder over IOT project according to the proposed design. These are the steps that the 

system will undertake from the start to the end of the process.  

 

Figure 2 Flow Chart 
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Analyzing and Design 

- Microcontroller requires a fixed 5-volt power source therefore a regulator is used to 

provide the microcontroller that fixed volt the regulator selected is 7805 which will 

perform the needed voltage range. 

- A WIFI module operates on 3.3 volts which will require a linear regulator lm1117 that 

will reduce the voltage from 5 volts to 3.3v to provide the WIFI module a standard 

voltage  

- Relays requires 5 volts to function in addition of a relay driver to control the switching 

of the relay, uln2003 is a relay driver that also works with 5v and have the capability to 

control 7 relays. 

- Analog to digital ADC operation is required to read the line voltage that varies with the 

resistance connection, ATmega328p provides 10bit, 6 channels analog to digital 

converter. ADC readings are calculated by the following equation 

1023

𝑉𝐼𝑁
=

𝑥(𝐴𝐷𝐶 𝑉𝐴𝐿𝑈𝐸)

𝑉𝑂𝑈𝑇
     (1) 

- The resistance connection is the key element to verify the line distance, the value of 

resistance is calculated using series and parallel resistance connection   

    Series:  

 

            𝑅𝑇 = 𝑅1 + 𝑅2       (2) 

        Parallel: 

         𝑅𝑇 =
𝑅1∗𝑅2

𝑅1+𝑅2
                                  (3) 

- The website design will have three lines that represent the underground cables red, 

yellow and green as shown in the figure below  

 

 

Figure 3; Online System Design (iotgecko) 
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Integrated Test Plan: 

This point is considered one of the most important points in the project so that a plan can be 

made to work the system in addition to making an integrated test plan for the system and 

knowledge of the outputs.  

Here the microcontrollers are tested and connected to the power source: 

The system must be powered on by plugging the microcontrollers through the power adapter 

of 12 volts 1 A. Then the power is converted to 5 volts to start working the Arduino. 

 

 

Figure 4 : Power Source 

  

After configurations, the system through the Arduino Uno program using a USB connection to 

the computer and burning codes inside the microcontrollers. There LED it shows that the 

microcontrollers it has energy as shown in figure.5 
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Figure 5:Power Induction for the Microcontroller 

Secondly connected the system to the Wi-Fi model, in this stage it could be done automatically 

by connecting it to the phone hotspot, thirdly it gives an update in the website that it is 

connected and there isn’t any fault in the connection of the circuit.  

 

Figure 6: Connected the system to the Wi-Fi Model 
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Figure 7: Website 

  

Finally the microcontroller gives a signal to the relay driver, the relay driver will switch between 

the relay’s, the relay will check every line individually to check if any fault accrue  , with a 

different categories  of line which indicates  different color in the circuit and shows the distance 

between ( 1KM to 4KM ) . 

 

Figure 8 : Signal to the Relay Driver 

  

Technical Requirements 

The technical requirements on this project can be divided into two; the hardware requirements 

and the software requirements. 

 

Hardware components 

•    LCD display 
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(kimpe, 2006) 

Figure 9:LCD display 

An LCD is used to display data alphabetically, numerically and symbolically using the principle 

of blocking light. 

•   Ateml AVR series microcontroller 

(hussain and haque ,2011) 

 

Figure 10:Ateml AVR microcontroller 

 

They are used for program storage in chip flash memory. The Atmel ATmega328P will be 

used in this project. It is established under the AVR architecture. Instructions here are 

performed by a single cycle of the clock; they are designed to perform a specific task. It has 

the following characteristics it has 40 pins, accommodating analog devices, configurable to 

digital pins, inbuilt counters, a successive ADC and three data transfer modules used in 

communication, analog comparator, external interrupt, and flash memory but to mention a few. 

•    Relay driver.  
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(Paolo and Giorgio,2015) 

 

Figure 11: Relay driver 

Relay driver ULN 2003 is a high voltage and current transistor array. It is made up of 7 NPN 

Darlington pairs linked to high voltage output modified to handle high currents. It is 

characterized by simplified layout, input pinned opposite to the output 
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•    Electric Transformer 

(Makannawar, 2008) 

 

Figure 12: Transformers 

This is a device that converts electrical energy from one circuit to another without direct 

electrical connection this is made possible with the help from collaborative induction between 

windings. The conversion is done without interference with the frequency but alters with the 

voltage levels. This device is used to raise or lower the voltages and electric currents in an 

electric circuit. 

•    Resistors 

(Blom, 2016) 

Figure 13: Resistors 

They are an electrical two-terminal element working passively to implement electrical 

resistance in a circuit as an electrical element. They are used as elements of electric networks 

and circuits. Primarily resistors are denoted by its powers and the power it produces. They are 

implemented in integrated circuits 

•    The rectifier  

(sanguri,2018) 

Figure 14: Rectifier 
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This is an electronic device that transforms AC that reverses in its direction after a period of 

time to direct existing DC which moves in the same direction, this process is known as 

rectification. A rectifier can be made of a solid-state diode or even mercury valves. The output 

of the transformer is usually fed into the rectifiers in order to convert AC to DC. For the case 

of this project, a bridge rectifier will be used because of its stability and full wave rectification. 

A positive half cycle two diodes are able to conduct while in negative half cycle two diodes will 

also conduct although they will only be possible by forwarding bias. 

•    Capacitive Filter 

 
Figure 15: Capacitive filter 

It eliminates ripples available in an output rectifier then makes the D.C output smoother that 

has been received it is usually constant 

•    Voltage regulator (7805) 

 
Figure 16: Voltage Regulator 

This is modified to retain a constant voltage automatically; this is by generating a constant 

voltage output despite any changes in input loads or load conditions. The LM78XX/LM78XXA 

series is made up of three terminals all are positive with fixed output voltages, this makes it 

applicable in various fields. 

•    Relays 

 
 

Figure 17: Relays 
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These are an electric switch found in every device made up of an electromagnet and some 

contacts. They operate mechanically that is used to regulate a circuit by a different low signal 

power or in a situation where there are many circuits that need to be controlled. When a current 

is flowing via a coil of a relay, a magnetic field is created which intern attracts a lever and 

changes the contacts of the switch. Relays are used to regulate high voltage circuits, detect 

then isolate a fault during transmission and delay closing or closing of contacts. 

•    Wi-Fi module 

 
Figure 18: Wi-Fi module 

The ESP8266 module enables the Wi-Fi to function in other applications it has high storage 

and processing ability, that enable the integration with sensors and other applications on 

specific devices 

•    The capacitor  

 
Figure 19: Capacitor 

This is a two-terminal electric element that uses the electric field as storage for electrical 

energy. It stores the electrical charges separately using an insulator as the separator. Its 

properties determine the resonant frequency as well as the quality of this resonant frequency. 

An absolute capacitor is characterized by a single constant value measured in farads. 

•    The push buttons 
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Figure 20: Push button 

This is a simple button modified to accommodate a human finger to be pressed to carry out 

an operation. They are coded using colors to outline the difference in their functions. For 

instance, most red buttons are used to stop action. The relationships between them are 

portrayed when one button is pushed the other button is released, used where there are no 

electrical circuits 

 

•    Arduino 

 
Figure 21: Arduino 

This is a platform that established an easy to used hardware and software. They can read 

inputs with the aid of lights located in a sensor or a button used by a finger, by converting it 

into output through an activating motor. It is used because it is user-friendly and flexible runs 

in mac, windows, and Linux. 

Software components  

-  HTML this is a language used in creating Webpages. It gives an outline of Webpages 

with the aid of markup. Its components are the building backups of the HTML pages 

represented by tags. 

- Arduino IDE software open source software that eases the process of writing and 

uploading codes. In this case, it is written in Java 

-  Proteus 8 simulates the designed project and tests the outputs in addition of creating 

a PCB layout for the project  

Hardware and software co-design issues  

- Arduino IDE is a program that compiles and writes the code program that is then 

uploaded to the microcontroller using the upload functions, the program will first 

compile and check the codes for errors then. 
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- Proteus 8 is the simulation program that can be used to test and debug the system 

after compiling the code program before uploading it in to the microcontroller.   

Component Specifications 

Arduino: 

Operating Temperature: 

  The temperature of Arduino is between 40 C to 85 C 

Features Include: 

 Current 2 A 

 Voltage between 1.8 V to 5.5V  

 It is 20 digital input/output PINS 

 It has one USB port  

 27-inch-long by 53.34mm width and it has 48g weight  

WIFI Modem: 

Operating Temperature: 

 The temperature of WIFI Modem is between 40 C to 85 C  

Features Include: 

 Current less than 10mA  

 It has 5 v power supply  

 Output power +19.5dBm 

Relay: 

Operating Temperature: 

 The temperature of Relay is between 40 C to 85 C  

Features Include: 

 Trigger Current 70mA 

 It has 5 v power supply  

 Operating time 10m sec  

 Length 15.30mm 

 Width 12mm  

Relay driver: 

Operating Temperature: 
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 The temperature of Relay is between -20 C to 85 C  

Features Include: 

 Current 500mA 

 Maximum output voltage from 5V-50V  

 Could control 4 relays 

LCD: 

Operating Temperature: 

 The temperature of LCD is +50 C  

Features Include: 

 Current 1mA 

 Maximum output voltage from 4.7V – 5.3V  

 5x8 Pixel box  

Voltage regulator7805: 

Operating Temperature: 

 The temperature of Voltage regulator is from -20C to 150 C  

Features Include: 

 Maximum Current 800mA 

 Maximum 5.25V 

 Minimum output voltage from 4.75V  

 Output resistance 1KHz 

Voltage regulatorLM1117: 

Operating Temperature: 

 The temperature of Voltage regulator is from 0C to 125 C  

Features Include: 

 Maximum Current 800mA 

 Maximum 5 V 

 output voltage 1.8V  

 input voltage 5V 

Unit Testing 

- TEST ONE: POWER SUPPLY   
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The power at each component must meet the requirement of each individual part, the input 

voltage converted from AC power to DC is 12 v, 7805 should convert the 12v to 5 volts 

and distributes the output voltage to the microcontroller, LCD, relay driver and LM1117, 

The WIFI is supplied with a 3.3 v from LM1117.  

 

Figure 22: Test One: Power Supply 

  

- TEST TWO: RESISTANCE NETWORK VOLTAGE 

The network of resistance creates different voltage value at each resistance, the voltage 

readings creates a value that is then converted to digital using ADC; each reading gives a 

different ADC value, then the microcontroller decide if there is a fault or not depending on the 

number of resistances connected in the line, voltage value are calculated as following:  

𝑉𝐼𝑁 = 5, 𝑅1 = 1000       𝐼 = 𝑉/𝑅1  =  5/1000 = 5𝑚𝐴  

R1 is parallel with the line resistance; there are four cases of resistance network 

Case1: 2𝑘 ∥ 1𝑘 =
2𝐾∗1𝐾

2𝑘+1𝐾
= 666.66  there for the voltage is equal to 𝑉 = 666.66 ∗ 5𝑚 = 3.33𝑉 

Case2: 4𝑘 ∥ 1𝑘 =
4𝐾∗1𝐾

4𝑘+1𝐾
= 800  there for the voltage is equal to 𝑉 = 800 ∗ 5𝑚 = 4𝑉 

Case3: 6𝑘 ∥ 1𝑘 =
6𝐾∗1𝐾

6𝑘+1𝐾
= 857.14  there for the voltage is equal to 𝑉 = 857.14 ∗ 5𝑚 = 4.28𝑉 

Case4: 8𝑘 ∥ 1𝑘 =
8𝐾∗1𝐾

8𝑘+1𝐾
= 888.88  there for the voltage is equal to 𝑉 = 888.88 ∗ 5𝑚 = 4.44𝑉 

 

Figure 23:Test Two: Resistance Network Voltage 

 ADC value read the corresponding voltage value of the line and converts the analog 

reading to digital reading that is to determine the location of fault. 
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- TEST THREE: RELAY SWICHING  

The relay driver ULN2003 operates on 5 volts and is controlled by the microcontroller 

which controls the relays in the circuit, each relay is responsible for one line, it switches 

between lines to select the and check each line voltage. 

 

Figure 24:Test Three: Relay Switching 

  

- TEST FOUR: LCD OUTPUT 

The LCD display input voltage should vary from 4.7 to 5v, the microcontroller provides the 

LCD with the outputs depending on the input read, and the LCD should display each line 

and its status or the location of the fault 

 

Figure 25: Test Four: LCD Output 

- TEST FIVE: WIFI CONNECTION 

The WiFi module is power with 3.3 v power source from LM1117, the microcontroller 

provides the information of the ACCSESS POINT to the WIFI module such as AP name 

and password, after that the WIFI module should update the website linked to it.  

 

Figure 26:Test Five: Wi-Fi connection 
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4 RESULTS AND DISCUSSIONS 

Hardware and software test case scenarios 

Scenario 1: 

The first case scenario (test one) is the power supply, the output of power supply, 7805 and 

LM1117 are measured in simulation and hardwire using multimeter. 

 

Figure 27:Simulation of Power Supply 
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Table6.1 power IN/OUT 

 Software simulation Hardware simulation 

 input Output input output 

Power supply 220v 12v - 12v 

7805 12v 5v 12.25v 4.88v 

LM1117 5v 3.3v 4.88v 3.23v 

 

Scenario 2: 

The second test is resistance network voltage, the result of connecting different resisters 

change the value of voltage in the line; the switches are used to demonstrate the cut in the 

line, that result in grouping different resistance values which produce different voltage 

values. 

 

Figure 28: Resistance Network Voltage 
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Table 2: Resistance Network Voltage 

 software hardware 

Case1 3.33v 3.23v 

Case2 4v 3.9v 

Case3 4.28v 4.18 

Case4 4.44v 4.32v 

 

Scenario 3: 

The third case scenario is testing the relay switching, the relays are used to switch from line 

to line to measure the voltage in all three lines, and the LEDs indicate which relay is on. 

 

Figure 29:Relay Driver Testing 

Table 3: Relay Driver Testing 

 software hardware 

Relay voltage  5v 4.88v 

 

Scenario4:  

The fourth case Scenario is testing the LCD output, the LCD is poured with a 5V power supply 

and the output of the LCD is controlled by microcontroller the LCD uses 2*16 characters to 

provide the shape of all possible signals.  
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Figure 30: LCD Power Testing 

Table 4: LCD Power Testing 

Testing  software Hardware  

LCD voltage 5v 4.88v 

 

Scenario5:  

The last test is the WIFI module that should be provided with 3.3 volts and has the ability to 

connect to an Access point, the Wi-Fi is also programmed with the microcontroller that will 

provide the AP name (SSID) and password more over it provide it with connection to the 

Website.  

 

Figure 31: Wi-Fi Power Testing 

Table 5: Wi-Fi Power Testing 

Testing  Software  Hardware  

Wi-Fi voltage  3.3v 3.23v 
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Black box and white box testing 

Black box: 

Resistance network is the input of the system the value of the resistance changes according 

to the fault result in the line the system reads the following table shows the inputs of resistance 

and the output of the circuit. 

Table 6: Circuit Input and Output 

LCD website 

output 

Switch  Resistant 𝛀  Voltage  ADC value 

No fault (ok) - 1000 5v 1023 

Fault in 1KM Switch 1 𝟔𝟔𝟔. 𝟔𝟔𝟔  3.33V 647-715 

Fault in 2KM Switch 2 800 4V 770-860 

Fault in 3KM Switch 3 857.14 4.28V 870-921 

Fault in 4KM Switch 4 888.88 4.44V 930-953 

 

White box: 

Wi-Fi code: 

sendData("AT+CWAUTOCONN=0\r\n","OK",2000,1); 

  sendData("AT+RST\r\n","ready",2000,1);  

  sendData("AT+CIPMUX=1\r\n","OK",2000,1);  

  sendData("AT+CWMODE=3\r\n","OK",2000,1);  

  sendData("AT+CWJAP=\"iot\",\"project1234\"\r\n","OK",5000,1); 

sendData("AT+CIFSR\r\n","OK",1000,1);  

  sendData("AT+CIPSTART=4,\"TCP\",\"www.iotgecko.com\",80\r\n","OK",5000,1); 

 

The codes for the Wi-Fi module above are used to auto connect the Wi-Fi with the created 

access point, it also provides the Wi-Fi module with the SSID and password for the used AP, 

in addition of getting the IP address and connecting to the website linked to it. 
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Figure 32: Connecting Wi-Fi 

LCD codes: 

  lcd.clear(); 

  lcd.print("   IOT Cable    "); 

  lcd.setCursor(0,1); 

  lcd.print("Fault Detection"); 

  delay(2000); 

 

The microcontroller provides the LCD the required display needed, the microcontroller a 

command to clear LCD display 

 

Figure 33: IoT cable 
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ADC reading: 

The reading of ADC determined the output of the LCD and data on the website using the 

following code: 

int check_fault(int c, int r) 

{ 

  int km = 0; 

  adc = analogRead(cable_fault); 

  lcd.setCursor(c,r); 

  if(adc>1000) 

  { 

     lcd.print(" OK "); 

     km = 0; 

  } 

  else if((adc>647) && (adc<715)) 

  { 

     lcd.print("1 km"); 

     km = 1; 

  } 

  else if((adc>774) && (adc<859)) 

  { 

     lcd.print("2 km"); 

     km = 2; 

  } 

  else if((adc>870) && (adc<921)) 

  { 

     lcd.print("3 km"); 

     km = 3; 

  } 

  else if((adc>953) && (adc<930)) 

  { 

     lcd.print("4 km"); 

     km = 4; 

  } 

  return km;} 
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Figure 34: ADC Reading 

  

Relay driver: 

The microcontroller controls a relay driver by sending a signal to the relay driver to operate 

each line after 500 ms in the sequence of (R) red, (Y) yellow and (G) green that, then the 

microcontroller reads the ADC value of each line and stores it.  

Void loop() 

{     

 

    digitalWrite(Y,LOW); 

    digitalWrite(G,LOW); 

    digitalWrite(R,HIGH); 

    delay(500); 

    R_fault = check_fault(0,1); 

    delay(500); 

     

    digitalWrite(R,LOW); 

    digitalWrite(G,LOW); 

    digitalWrite(Y,HIGH); 

    delay(500); 

    Y_fault = check_fault(6,1); 

    delay(500); 

     

    digitalWrite(R,LOW); 

    digitalWrite(Y,LOW); 

    digitalWrite(G,HIGH); 

    delay(500); 

    G_fault = check_fault(12,1); 

    delay(500); 

   

    data = makedata(R_fault , Y_fault , G_fault); 
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Figure 35: Relay driver 

Integration Testing 

In first the power supply provides the volt regulator 7805 the voltage required to oprate and 

produces 5 volts for the microcontroller, LCD, relay driver, resistance network and linear 

regulator LM1117 that provides the Wi-Fi module 3.3volts, after conforming voltage reading 

,the Wi-Fi ability to connect to the access point is then tested the given AP SSID and password 

are IOT and project1234 from the microcontroller, after that the connection to the website 

needs to be confirmed by login to the website iotgecko.com using any device with the email 

and password linked to the project . 

After confirming wifi working operation, the microcontroller provides the LCD the information 

of the wifi status (connecting to wifi, connected, lost connection and connecting to 

iotgecko.com), then the microcontroller provides a signal to the relay driver that allows the 

underground lines to switch from red to yellow to green every 500ms after each other, the 

microcontroller then reads the ADC value depending on the line conditions, the conditions of 

the lines changes if the connection of resistance are changed the switches in the lines are to 

simulate a faulty connection in each case ,the cases of the resistors are a fault in 1,2,3,4 km 

the switches are distributed to simulate the faulty connection in each 1km, the microcontroller 

reads the voltage value and convert it to digital reading using ADC function , when the first 

switch is turned on the voltage value across the line becomes 3.3volts which results a ADC 

value of (647 to 715 ) on the other hand when the second switch is turned on the voltage 

readings becomes 4 volts which gives a ADC range of (779 to 859), moreover when the third 
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or the Furth switch are turned the voltage results becomes 4.28 or 4.44 with a ADC range 

value of (870 to 921) or (930-953) respectively, after that the microcontroller sends data to 

both LCD and Wi-Fi module depending on the ADC readings, when the voltage is 3.3, 4 ,4.28 

or 4.44 the LCD and website will show 1km, 2km, 3km or 4km correspondingly and when there 

is no fault the voltage value becomes 5 volts and shows ok in both LCD and website .  

System Validation 

Table 7: System Validation 

Element  Output Observation  Output outcomes  

Power supply  Power supply voltage: 12V 

7805: 5V 

LM1117: 3.3V 

Power supply: 12.25v 

7805: 4.88v 

LM1117: 3.23v 

Resistors network  Case 1: 3.3V 

Case 2: 4V 

Case 3: 4.28V 

Case 4: 4.44V 

 

 Case 1: 3.23v 

Case 2: 3.90v 

Case 3: 4.18v 

Case 4: 4.32v 

Relay driver  Relay driver power :5V Relay driver power: 4.88v 

LCD LCD power :5V 

LCD display:(IOT Cable fault 
detection, connecting to wifi, 
connected, connecting to 
iotgecko.com, conecction lost, 
R Y G, OK, 1KM, 2KM, 3KM, 
4KM  

LCD power :4.88V 

LCD display:(IOT Cable fault 
detection, connecting to wifi, 
connected, connecting to 
iotgecko.com, conecction lost, 
R Y G, OK, 1KM, 2KM, 3KM, 
4KM 

WiFi WiFi Power 3.3v 

WiFi connection status 

WiFi Power 3.23v 

WiFi connection status: 
connected  

 

The result of each unit being tested which meets with the requirement of the objective of this 

project, the result show Torrance in output that is accepted and won’t affect the objective 

results, this tolerance is because of the 5% tolerance in resistance in addition of multi loads 

connected simultaneously to the power source 
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Tabulating test results: 

Table 8: Test Results 

Scenario Description Time Voltage Current 

1 Power 

supply,7805 

and lm1117 

testing at output 

Less than 1 

second  

12.25v 

4.88v 

3.23v 

2 A 

0.8 A 

0.8 A 

2 Resistance 

network voltage 

measuring at 

output   

 

- 

4.88v 

Case 1: 3.33v 

Case 2: 3.9v 

Case 3: 4.18v 

Case 4: 4.32v 

4.88mA 

1.67mA 

1mA 

0.71mA 

0.56mA 

3 Relay driver  2 seconds  4.88v 0.5mA 

4 LCD testing - 4.88v 1mA 

5 Wifi 

connectivity 

testing  

10 seconds 3.23v 10mA 
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5 CONCLUSION 

The project demonstrates how the possibility of detecting a fault in an underground cable with 

the help of a combination of software and hardware in microcontroller. ATmage328p is linked 

to a circuit with a combination of resistance network. The microcontroller reads the voltage in 

the resistance network and based on that decides whether there is a fault is or not .Also it 

display the result in an LCD and a webpage. It can detect faults in a underground cable up to 

4km in distance which helps in finding the fault location .The system is applicable to both 

overhead and underground cables.  The system reduces the cost, time and power 

consumption by detecting the source location of the fault, the system operates multi-channel 

aiming in minimizing interference of other equipment for the underground cable. The 

microcontroller successfully was able to detect the fault and send the data to the LCD and 

website that displays each line and the status of fault location in kilometers at the same time. 

Hence we achieved all our project objectives The process of building such a system was time 

consuming and expensive as a result it helps reducing the maintenance time and cost of an 

underground cable. 

The system can be applied in different electric companies’ such as: 

- Muscat electricity distribution CO. 

- Mazoon eleticity company  

- Majan eleticity company 

Other companies with different application aspects such as: 

-  telecommunication company SAOG 

- Abraj energy serves SAOC 

- AWASR telecommunication company  
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7 RECOMMENDATIONS 

  The project helps in simplifying, the maintenance of cables located underground and speeds 

up the process of solving the problems that may occur, the system can be implemented to any 

cable applications that are mainly important and needs to be maintained properly, the project 

can also be improved to detect internet cables fault for telecommunication applications ,the 

system can be further enhanced by including a build-in internet system and including current 

sensing circuit to evaluate the condition of the underground cables.    



IoT based Underground Cable Fault Detector 

PI Name:  Sultan Ahmed Juma Al-Zadjali  Page 43 of 46 
  
 

APPENDIX A 

Code of Project
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Economical Evaluation of Energy Harvesting using Vertical 

Axis Wind Turbine from a Wind Turbulence Created by 

Moving Cars 

Abstract. In recent years, the world has witnessed a huge industrial boom in various fields 

which resulted in an increase in demand for energy. The Sultanate of Oman is one of the oil 

and gas producing countries, and the country's energy supply is mainly dependent on oil and 

gas. This makes the country vulnerable to future air pollution problems and run out of fossil 

fuels. To mitigate the problems, there is an increasing demand for research and investment in 

the field of renewable energy. This paper presents the electric energy that would be obtained 
from the wind energy generated from the cars’ movement turbulence along Muscat 

Expressway. For the study, the wind speed data was collected using Extech ADL310 Thermo-

Anemometer. Four different vertical axis wind turbines (VAWT) were identified to predict the 

output electric power and its viability. The electric power generated from the wind using the 

VAWT is presumed to supply power to the expressway streetlights. From the study, it is 

proved that the street light power demand can be supplied by the 4000 W VAWT with a 

payback period of 9.2, 3.4, and 0.9 years for a cost of 0.03 OMR/kWh at a wind speed of 5, 7, 

and 11 m/s respectively.  The payback period will be reduced to 4.6, 1.7, and 0.4 years if the 

government subsidy for the electric power is removed and its cost rises to 0.06 OMR/kWh. 

Keywords: Vertical axis wind turbine; wind energy; renewable energy; electric energy; Muscat expressway 

1. Introduction 

The demand for energy has increased at a high rate in recent years in Oman. The expansion of 

industrial areas has increased significantly, and as a result the annual growth rate of electricity demand 
has reached 8 to 10% [1]. Hence, the Government of the Sultanate of Oman has focusing towards 
renewable energy to meet the growing demand without harming the environment and minimizing the 
rate of depletion of the fossil fuels. Wind energy is one of the renewable energy sources option in 
Oman [2].  
The delay of programs and plans to develop and diversify energy sources has a negative impact on the 
energy sector in the country that will pose a greater challenge in the coming years. On the other hand, 

investing in the field of renewable energy requires an adequate database to clarify the feasibility of 
these projects and develop the energy sector further. In the road infrastructure development streetlights 
are part of the project that demands significant amount of electric power that would be considered as 
one challenge for Ministry of Transport [3].  

1.1. Renewable energy resources in Oman  

As a result of population growth and rapid industrial development in areas such as Duqm, Salalah and 
Sohar, the power infrastructure and hydrocarbon reserves of Oman are under pressure. In 2009 and 
2010 the country had experienced severe power disruptions and the requirement of addition of major 
power capacity became obvious. Almost 99% of Oman's energy production is dependent on gas [2]. 
Climate change, high fossil fuel prices, fears for energy security and the reduction in cost of renewable 
energy technologies in recent years have motivated the Government to focus on renewable energy 
sources. The National Program for Enhancing Economic Diversification (Tanfeedh) has planned the 



 
 
 
 

 
 

renewable energy contribution in electricity power generation to reach to 11% by 2023 [4]. Figure 1 
shows the electric demand of Oman and the amount of gas used in electric power generation.  

 
Figure 1. Oman’s electricity demand and fuel consumption. 

1.2. Obstacles and Incentives for Renewable Energy Oman 
Because renewable energy is not financially and economically competitive in the current market, its 

development in Oman is heavily dependent on political support and subsidy [5]. The Government 
subsidy for electric power makes development of renewable energy very challenging for the private 
sectors to recoup their investment in Oman [6]. Oman and the Gulf states lack accurate information 
and data on the potential uses of renewable energy. There have been no sufficient studies on the area 
to know the details of the benefits of renewable energy projects economically and environmentally [2]. 

1.3. Wind Energy 

Wind energy is a readily available renewable free and sustainable energy source. Because of the rapid 
growth of energy demand, and environmental degradation resulted from high fossil fuel consumption, 
the demand for wind energy is growing rapidly nowadays [7, 8]. The global  installed production 
capacity of onshore and offshore wind power has increased almost by a factor of 75 in the past two 
decades, from 7.5 GW in 1997 jump to 564 GW in 2018 [8, 9]. Because of the increase in demand for 
electricity, long-term strategies must be developed to include requirements for diversifying sources, 
increasing the efficiency, preservation of industrial and residential energy, expanding the oil and gas 

reserves, and improving the infrastructure [3]. This paper aims to present the electric power that can be 
obtained from the wind energy generated from the cars’ movement turbulence along Muscat 
Expressway.  
2. Methodology 

For the study Muscat expressway is selected and wind speed data was recorded in the morning time 
from 7 to 9 AM, afternoon from 1 to 3 PM, and evening from 8 to 9 pm. Extech ADL310 Thermo-
Anemometer with 2% accuracy was used for the recording of the wind speed at 2 m height from the 
ground level.  
The analysis for feasibility of the project was done by considering four types of VAWT, i.e., 300W, 
1000W, 2000W and 4000W. The study focuses on the possibility of providing electric power to the 

streetlights of Muscat Expressway, and hence the data was collected at a specific site of the 
expressway. The Expressway extends from Qurum in Muscat to the border of the United Arab 
Emirates which covers 320 km [10]. However, in this study the distance from Al-Qurum roundabout 
to Halban Bridge which covers about 53.5 km was considered. 

 
3. Results and Discussions 

3.1. Wind Speed Data 
The traffic is high in the morning time on the Muscat expressway as most of the government and 
privet sector employees are driving to workplace in between 7 to 9 AM.  However, due to the traffic 
congestion the speed of the cars is slow and as a result the wind speed generated from the movement 



 
 
 
 

 
 

of the cars would not be sufficiently high. In addition, as the temperature is low in the morning, the 
natural wind speed is also low. The wind speed data collected in the current research is March 2020 
where most activities in Muscat was down due to COVID-19 incident and the number of cars on the 
express way was lower compared to the normal time.  
The average car traffic during the reading period was 31.4 vehicles/minute. The second data was 
collected from 1 to 2 PM. During this time the reading of the wind speed was much better than the 

morning time. In the afternoon it was observed that the movement of tracks and lorries working on 
construction areas and delivering various goods had increased. As a result, the wind generated by the 
movements of these tracks and lorries had increased. In addition, due to the rise in temperature, the 
natural wind speed was also increased. The average traffic during data collection was 33.8 
vehicles/minutes. In the evening, the movement of vehicles on the Muscat Highway decreases 
compared to morning and afternoon time. As temperatures drop at night, the natural wind speed was 
also affected adversely. The average traffic was 12.62 vehicles/minute. Table 1 shows the summary of 
the average wind speed for morning, afternoon and evening time.    

Table 1. Average wind speed 
  Morning Time Afternoon Time evening Time 

Average wind speed m/s 3.12 6.25 1.58 

Minimum wind speed m/s 1.08 3.88 0.00 

Maximum wind speed m/s 6.67 9.63 4.96 

Similar research on feasibility of highway wind energy was conducted on King Fahad Bin Abdul Aziz 

highway in Kuwait, and the range of wind speeds obtained at different manometer hight were between 
3 and 10 m/s which is comparable with the current data [11].  

3.2. Electric Power Output from Wind Energy  
For conversion of the wind energy to electric power 300W, 1000W 2000W and 4000W VAWT were 
used. Table 2 shows the energy output of VAWT of different capacities at various wind speed [12].  

Table 2. Output Electric Power of VAWT 
 VAWT capacity Average wind 

speed (m/s) 

Air density 

(kg/m3) 

Sweep 

area (m2) 

Available wind 

power (W) 

Efficiency µ 

(%) 

Output 

power (W) 

300 w 3 1.225 0.6 9.92 0.463 4.59 

5 1.225 0.6 45.94 0.463 21.27 

7 1.225 0.6 126.05 0.463 58.36 

10 1.225 0.6 367.50 0.463 170.15 

1k w 3 1.225 3 49.61 0.463 22.97 

5 1.225 3 229.69 0.463 106.35 

7 1.225 3 630.26 0.463 291.81 

11 1.225 3 2445.71 0.463 1132.36 

2k w 3 1.225 3.9 64.50 0.463 29.86 

5 1.225 3.9 298.59 0.463 138.25 

7 1.225 3.9 819.34 0.463 379.35 

11 1.225 3.9 3179.43 0.463 1472.07 

4k w 3 1.225 8.48 140.24 0.463 64.93 

5 1.225 8.48 649.25 0.463 300.60 

7 1.225 8.48 1781.54 0.463 824.85 

11 1.225 8.48 6913.21 0.463 3200.82 

3.3. Cost of the VAWT system 

Table 3 shows the estimated price for 300 W, 1000 W, 2000 W and 4000 W of VAWT models based 
on the information obtained from various stores via the internet [13]. The total required number of 
wind turbines to supply enough electric power for the 540 streetlights found along 54 km on the 
expressway are 540 wind turbines. 

 



 
 
 
 

 
 

Table 3. VAWT system equipment’s cost 

VAWT Capacity Cost (OMR) Total Cost for 540 (OMR) 

300 W 445 240300 

1 kW 555 299700 

2 kW 610 329400 

4 kW 720 388800 

3.4. Electricity Cost of the Muscat Expressway Streetlight 

The Ministry of Transport has installed high-pressure sodium bulbs (HPS bulbs) for lighting column 
that consume 400 watts per lamp. Each column contains 4 lamps and the distance between each 
lighting column is 100 meters. In this study the part of the street from Al-Qurum roundabout to Halban 
Bridge that covers around 54 km distance was considered. The Ministry of Transport, like other 
government institutions pays 0.030 OMR per 1 kWh. The total power cost of these lumps per year 
reaches 111,000 OMR with 0.03 OMR per kWh. Whereas if these lamps are replaced with LED lights, 

the cost will reduce by half as a result of low power consumption of LED lights. 

3.5. Revenue from wind turbine power and payback period 
Table 4 shows the payback period for the four types of turbines considering 540 VAWT, one VAWT 
for one column streetlight. As shown in the table, for a wind speed of 3 m/s the payback period will 
take many years which would not be feasible to substitute the power supply of the streetlights with 

VAWT. For 2000 W and 4000 W wind turbines the payback period for the wind speed of 5 m/s are 8.5 
and 4.6 years respectively when the Government subsidy is removed. For 1000 W wind turbine the 
wind speed should be above 7 m/s to recover the investment in less than 10 years. For 300 W the wind 
speed should be significantly high, above 7 m/s to invest on it and use as a source of power for the 
streetlights. At 10 m/s the investment recovery time will drop to 5 years.  
As 5 to 7 m/s wind speed is attainable on Muscat expressway, 1000 2000 and 4000 W VAWT can be 
used if the payback period is not critical. On the other hand, since the data is collected during COVID-
19 lockdown time, the normal time wind speed is expected better since the movement of the cars 

increases. In addition, if the wind turbines are planned to be installed at the middle of the road, the 
output would be better since the wind created due to the turbulence of the cars movement on both 
sides increase.  

Table 4. Payback period for the VAWT project 
 VAWT 
capacity 

(W) 

Wind 
speed 

(m/s) 

Quantity 
of 

VAWT 

Initial Cost of 
for 540 VAWT 

(OMR) 

Revenue for 
0.03/kWh per 

year (OMR) 

Payback 
period 

(Year) 

Revenue for 
0.06/kWh 

(OMR) 

Payback 
period 

(Year) 

300 

3 540 240,300 643.0 373.7 1,296 185.4 

5 540 240,300 2,977.0 80.7 5,940 40.5 

7 540 240,300 8,168.9 29.4 16,362 14.7 

10 540 240,300 23,815.9 10.1 47,628 5.0 

1000 

3 540 299,700 3,215.1 93.2 6,426 46.6 

5 540 299,700 14,884.9 20.1 29,754 10.1 

7 540 299,700 40,844.3 7.3 81,702 3.7 

11 540 299,700 158,494.8 1.9 316,980 0.9 

2000 

3 540 329,400 4,179.7 78.8 8,370 39.4 

5 540 329,400 19,350.4 17.0 38,718 8.5 

7 540 329,400 53,097.6 6.2 106,218 3.1 

11 540 329,400 206,043.3 1.6 412,074 0.8 

4000 

3 540 388,800 9,088.1 42.8 18,198 21.4 

5 540 388,800 42,074.8 9.2 84,132 4.6 

7 540 388,800 115,453.2 3.4 230,904 1.7 

11 540 388,800 448,012.1 0.9 896,022 0.4 

 



 
 
 
 

 
 

4. Conclusion 

The current study was aimed at investigating the wind energy that would be generated by the 

movement of the cars on the Muscat expressway, and converting to electrical energy to supply the 
required power for the streetlights. For the study the speed of the wind on the roadside was collected 
and analysed. To predict the output electric energy four vertical axis wind turbine (VAWT) with 
different capacities (300W, 1000W, 2000W, 4000W) were used.  
For 2000 W and 4000 W wind turbines, the payback period for the wind speed of 5 m/s were found to 
be 8.5 and 4.6 years respectively when the Government electric power subsidy is removed. For 1000 
W wind turbine the wind speed should be above 7 m/s to recover the investment in less than 10 years. 

For 300 W the wind speed should be significantly high. At 7 m/s wind speed the payback period is 
14.7 years, and at 10 m/s the payback period drops to 5 years. Wind speed data used for the analysis 
were collected during COVID-19 lockdown time. Hence, the movement of the cars were restricted, 
and as a result the wind speed obtained from the cars is expected to be higher in normal times and 
electric power that can be generated would be improved.    
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EXECUTIVE SUMMARY 

In this project, an IOT based wearable device prototype that is capable of tracking the location 

and health status of Possibly Infected Persons (PIPs) and monitor their movement during 

quarantine period is designed and tested. The device is able to monitor the vital signs including 

major COVID 19 symptoms, such as skin temperature, heartbeat rate, oxygen saturation level in 

the blood and even detection of cough waves through a deep learning model and Edge Impulse 

platform. All the collected data is gathered and sent directly, without any third-party device such 

as mobiles, to the database in the front-end cloud system with the webpage. The project website, 

which could be used by medical and law enforcement authorities, is designed to display the 

related information, including all the patient’s vital signs, location, and even their health status.  

Moreover, it displays the total number of monitored cases (possibly infected, not infected), 

confirmed cases and closed cases. The website can smoothly and quickly monitor the cases and 

provide the medical authorities an overall view of the pandemic situation in specific region that 

can help them to be alert as well as monitor and control the spread of the infection.  Furthermore, 

the device provides an alert in case of   anyone is violating quarantine regulations. The software 

is compatible with android mobile apps making it possible to alert the PIP’s friends or relatives in 

case abnormal physical symptoms are detected.  

The prototype of the device, which is based on the vital sensors, machine learning modules and 

communication modules have been tested with an integrated website and mobile applications in 

a real time scenario continuously for two hours. The testing shows that the wearable device can 

measure vital signs, easily track the patient’s geographical information, and update the cloud 

within two seconds. Moreover, it can send out alerts in case of quarantine violation of less than 

100 meters.  The mobile app was successfully tested for this notification function. Deep learning 

models, which are used to detect the cough waves, show an accuracy of 97.5% with very low 

training loss of 0.17 differentiating between background noise and cough sounds.   

It is recommended that the device can be used by doctors and case managers in a specific area 

which has a moderate number of monitored people   to control the spread of the infection and 

quickly respond to the emergency cases. Also, the device can be used to study additional signs 

which can support the COVID-19 infection status such as type of human activities.    
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1 INTRODUCTION 

Wearable sensors act as potential indicators for COVID-19 virus. There are various sensors 

that are used as metrics to measure heart rate, respiration rate, motion activity, body 

temperature, oxygen saturation level, cough symptoms and stress. These quality metrics are 

hypothesized using wearable device which can help to detect and monitor COVID-19 

symptoms. Sensors send the physiological measurements to cloud where further processing 

and analysis is conducting to further Support the decision making. 

Through Aforementioned studies it is confirmed that IoT and Deep learning technique together 

can effectively help in monitoring and alerting the health status of human. The edge, fog and 

cloud computing of IoT collects the data and processes it based on the threshold conditions. 

The deep learning approach is effectively used in decision making. The multimodal recognition, 

monitoring and disease treatment can together help in meeting the real time requirements as 

shown in Table 1. 

 

 HR RR SPO2 Motion Activity Skin location RHR 

Accelerometer  X  X  X  

Temperature     X   

GPS      X  

ECG X X     X 

Oxygen rate   X     

PPG X X X X   X 

Table 1shows various sensors used as diagnostic equipment to monitor and detect of COVID-19 

 

There are several proposals which are aimed to sense physiological parameters from human 

body. Wireless Body Sensor Networks (WBSN) provides the best solution to monitor the 

infection of covid-19 and helps in stopping spreading the virus. Each sensor is connected to 

edge node in IoT cloud where the data is processed and analyzed to define the state of health 

condition. Wearable IoT sensor platform is capable to track the infected patient and monitor the 

status of COVID-19 patient in the isolated place.  The IoT design framework is surveyed with 

existing technologies to know the status of smart health care systems for COVID-19. 

The literature survey is carried out from reproducible work which mainly focusses on smart 

health care systems using Internet of things. The methodological framework adopted is 

followed in table 2 

The study included 39 articles published in the year 2019-2020 but however, the analysis 

includes the very close 10 papers as summarized in  
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AUTHORS 

PUBLISHER 

& YEAR 

OBJECTIVES DESIGN 

METHODS 
LIMITATIONS AND 

STRENGTHS 
OUTLOOK 

MEASURES 

(SESHADRI 

2020) 
COMMERCIAL 

DEVICES USED TO 

MEASURE 

PHYSIOLOGICAL 

METRICS TO 

MONITOR HEALTH 

STATUS. 

Digital Health 
platforms to 
manage the 
COVID-19 
pandemic 

Mitigating clinical 
trials in false 

positive diagnosis 

Commercial devices 
used in decision 

making 

 

CLINICAL 

PATHWAY AND 

ROLE OF 

WEARABLE 

SENSOR 

TECHNOLOGY 

AVAILABLE AS 

COMMERCIAL 

DEVICE FOR 

MONITORING 

COVID-19 

ISSUE OF DATA 

PRIVACY, DATA 

SHARING 

Design and develop 
an algorithm to 

accurately monitor 

(Nooruddin,2019) IOT BASED INVARIANT 

FALL DETECTION 

SYSTEM IN REAL 

TIME 

Alert system to 
rescue individuals 

and provide medical 
assistance 

Raspberry pi, 
Arduino, Node 

MCU, smartphones, 
Accelerometer, 

GPS, Buzzer, GSM. 

Custom Embedded 
system to use as 

client devices 

WORKFLOW MODEL 

USED IN 

DEVELOPMENT 

AND 

DEPLOYMENT 

STAGES AS DATA 

COLLECTION, 
PREPROCESSING, 

MODEL 

CREATION, 
TRAINING AND 

TESTING AND 

DEPLOYING 

MODEL IN THE 

SERVER 

Performance 
evaluation as 

precision, sensitivity, 
FI score and 

accuracy. In future 
threshold-based 

algorithm in case of 
network connectivity 

failure 

(Nora El-Rashidy 
2020.) 

Bridging the gap 
between the current 

context of 
technologies and 
health systems 

2. Patient x-ray 
scan information 
using CNN based 

deep learning 
model to predict 

state of art 

Framework with 
three layers as 

patient, cloud, and 
hospital. 

Deep learning 
classification model 

architecture with 
Dataset to pretrain 

and predict, 
evaluate new 

classifier 

Power consumption 
of wireless sensors, 
vital signs aggregate 

automatic 
transmission 

EARLY 

DETECTION AND 

ISOLATION OF 

INFECTED 

PATIENT, 
EFFECTIVENESS 

IN CLOUD 

MONITORING, X-
RAY DATASET 

AND TRANSFER 

LEARNING 

(Leonardo Acho 
2020) 

Patient pulmonary 
condition for 

monitor and detect 
healthy or unhealthy 

situation 

Illustration of 
Potential benefits 
using mechanical 

ventilator 

Intensive care units 
(ICU) use 
respiratory 

frequency, patient 
air volume and 

respiration cycle to 
define inhale and 

exhale. 

 

Fault is in equipment 
operation to classify 

2.Misinterpretation of 
signals collected 
from healthy and 

unhealthy patients 

NUMERICAL 

METHOD TO 

CLASSIFY AND 

CLEGG- 
INTEGRATOR 

PHILOSOPHY FOR 

LUNG 

MONITORING 

SYSTEM 
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(Aras R. 
Dagazany ,2019) 

Analyze and collect 
wearable big data 

Decision making 
process with 
recognition of 

spatial patterns 

Deep learning for 
CNS and brain, 

spinal cord for IoT 
and data transfer, 
peripheral nervous 

system to sense the 
skin to cloud 

servers 

Unlabeled big data, 
complexity, data 

reliability and 
computational 

bottlenecks 

MASSIVE DATA, 
HETEROGENOUS, 

FREQUENCY, 
SUPPORTING 

ELDERLY 

POPULATION, 
DECISION MAKI 

(Qureshi, 2020) Use of Internet of 
medical things to 
design wearable 

devices 

Front end API for 
Biomedical 
wearable 

Wearable PPG, 
Accelerometer, 

EMG sensors, Edge 
computing using 

Raspberry pi, 
Dashboard as 

physician 

Sample of 
Biomedical signals, 
design factors as 
economic cost, 

human precautions, 
characteristics, and 

environment 

ARDUINO, 
MICROPHONE 

AND CLOUD 

SPACE, SENSORS 

COST, 
COMPARATIVE 

STUDIES 

(AKM Jahangir 
2019) 

Body Area sensor 
IoT system to 
collect data in 
providing early 

warning of cardiac 
Arrest. 

Low power 
communication 

module to collect 
temperature and 

heart rates on smart 
phone 

System architecture 
with Arduino Uno, 

Bluetooth chip, 
pulse sensor, 

temperature sensor. 
The model data 
collection, data 

transmission, Data 
analysis and 

Emergency contact 
information. 

Prediction window 
algorithm with 50% 

threshold 

Power consumption 
rate for whole 
working cycle. 

Durability and long 
term feasibility 

HEALTHY AND 

UNHEALTHY TEST 

PERFORMANCE 

WITH ECG 

SIGNAL 

ANALYSIS. 
GALVANIC SKIN 

RESPONSE AND 

ACCELEROMETER 

(Petrovic,2020) IoT based solution 
to provide indoor 

safety through 
social distancing, 

mask detection and 
temperature 

sensing contact less 

Arduino uno, 
thermal camera, 

Raspberry pi, Open 
CV, MQTT, Mask 

detection algorithm, 
mobile Application 

Limitations in 
performance due to 

number of processed 
frames per second 

but opensource 
software reliable 

ACCURACY AND 

FRAME RATE FOR 

MASK 

DETECTION, 
SOCIAL DISTANCE 

AND 

TEMPERATURE 

SENSE 

Anto Arockia 
Rosaline R. 

(2020). 

Purpose Geo 
fencing and tracking 

of Covid zones to 
monitor the people 

and alerting on 
mobile 

Virtual perimeter 
monitoring system 

with wireless 
infrastructure. 

Bluetooth, wi-fi, 
GPS, Mobile 
application 

Bluetooth option to 
ensure data security 
but short distance 

and privacy are the 
concerns 

PROXIMITY 

RANGE 

ACCURACY AT 

DIFFERENT 

RANGE LEVELS. 
CENTRAL 

MONITORING 

SYSTEM 

THROUGH 

APPLICATION 
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(Hiba Asri ,2019). To predict patterns 
with wearable 

health sensors and 
interact with mobile 

phones 

Heart rate sensor, 
Temperature 

sensor, Activity 
sensor, IoT 

systems, Arduino, 
Raspberry pi, K 

means clustering 
algorithm. 

Clustering by 
means of Elbow 
and silhouette 

method, Apache 
spark data bricks 

Data collection from 
sensors Arduino uno 

and Raspberry pi, 
Android studio for 

coding and big data 
to analyze data 

mining, server for 
interaction with 
mobile phone 

PROCESSING 

TIME, 
EFFECTIVENESS 

AND K-MEANS 

ALGORITHM FOR 

CLUSTERING 

DATA, 
RELIABILITY OF 

PREDICTIVE 

RESULTS 

Table 2  survey of contributed articles in the study of wearable sensor using IoT 

 

       Moreover, the literature in (Ding,2020) demonstrate a quick survey with classifications of 

possible usage of sensors. 

        The contribution of this projects is by combining various types of sensors in one device, 

and send the data to the cloud for analysis and monitoring. The work will be associated 

with mobile apps that is used for notification. Hence it integrated system with all possible 

sensors that’s essential in detecting covid19 symptoms. In addition to the use of machine 

learning to detect symptoms more accurately 

2 OBJECTIVES 

The objective of this project is to design a lightweight IoT based wearable monitoring device that 

can be worn by Covid-19 Potentially Infected People (PIP). The device monitors the PIP health, 

provides PIP geographical information to concern authorities, to notify concerned people in case 

of emergency, violation of self-quarantine regulations. 

1- Build a deep learning (Neural Network) model that processes patient data gathered by 

sensors to detect COVID-19 symptoms such as coughing patterns and distinguish them from 

normal human life activities for PIP such as walking, working and physical exercise.  

2- Develop a cloud-based processing and data storage system that will store patient health and 

emergency data, send notifications to respondents and emergency contacts in case of need, 

and displays patient’s medical history or access violation data to authorities. 

3- Design and develop a web front end and/or mobile app that will notify respondents in case of 

emergency and displays alert data and patient history from the cloud to them in order to help 

diagnose and treat the patient efficiently. 

4- Design and develop a mobile app that will notify patient emergency contacts in case of an 

emergency, to allow them to respond to emergencies as fast as possible. 

5- Based on the stored health data in the cloud-based system, the system will calculate the 

probability of infection for every PIP  
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3 METHODS AND MATERIALS  

3.1 Covid19 parameters selection  

As per the WHO and national institute of health care organization and corona virous 

communication UK, there are three symptoms which are considered to be primary covid19 

symptoms (Ding 2020), these are Fever, Coughing, and Short of breathiness  

Therefore, the wearable device is designed to detect symptoms which   can play a vital role in 

determining the existence of covi19 infection, since physical testing and monitoring large number 

of people in parallel are not possible also rapid diagnose of community is acquired phenomena. 

Based on the previous discussion, the highest important feature which is selected to be monitored 

by this the project are 

• Temperature    

Studies have been reported that the main clinical presentation of covid19 are fever (90 % or 

above) while cough may appear on 75 % of possible infected persons. The above-mentioned 

symptoms are also considered are primary clinical feature. Hence, it is essential to monitor the 

temperature and cough for suspected person in non-medical entombment such as homes. Early 

detection of such symptoms can be done through the design of wearable design. Nowadays, 

temperature detection is mainly done through imaging techniques which are affected by ambient 

and other external factors. In this project, a direct temperature sensor is designed close to the 

skin to monitor the temperature  

• Cough Detection  

Dry cough is another medical symptom of covid19. 75 % of the infected person  has shown dry 

cough in the early stage of the infection(Ding,2020). The cough has a close relationship with 

shortness of breath. Technically, two types of sensors are normally used to detect the cough of 

possibly infected person. Either through using of mechanical sensors, or through the use of audio 

sensor using a very sensitive microphone. In our projects,  A machine learning algorithm based 

on audio processing  is used to detect the cough symptom.   

• Oxygen Saturation (SPO2) 

It represents the percentage of hemoglobin in the blood, which is indicative of   Respiratory Rate 

and the overall human medical conditions.  At covid19 developed case, a patient's body lung 

becomes filled of liquids and inflamed material. This restricts the lungs' ability to pass the Oxygen 

to the blood stream. For a healthy person, SPO2 Level range from 95% to 100 % is considered 

as healthy scale, while 94 % indicate a possible covid19 infection where the patient must be 

admitted to ICU for very close monitoring. SPO2 device are used to regularly monitor the oxygen 

level of possibly infected person and give support to give notification if there is any up normal 

recordings  
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• Heart Beats Per minute (BPM) 

it is very important to monitor the heart rate per minute, the main reason behind the observation 

is that there is a possibility that there is any infections without any fever or cough. Standard heart 

rate can be from 40-100 BPM. However, continuous observation is very recommendable when 

BPM can be from 100-110. If heart beat is more than 111 without having any additional activity, 

them it is strongly recommended to seek medical advice for covid19  

  3.2 WEARABLE DEVICE SENSORS AND MICROCONTROLLER   

3.2.1 SENSORS   

The project uses several sensors which are used to measure all the targeted parameters. 

In general, the prototype of the wearable system based on three microcontroller and sensor 

as per the following 

i. The Dallas Temperature Sensor (DS18B20 , waterproof version) consists of 3 pins , 

named as follows: Vcc, GND and Data. As the name suggests, the Vcc and GND 

pins are where the voltage is supplied to the device. The Data pin is where the output 

of the sensor is taken from. A 4.7K ohm resistor is placed between the Data pin and 

the Vcc pin of the sensor. Used to measure the Temperatures from -55°C to +125°C 

(-67°F to +257°F) • ±0.5°C Accuracy from -10°C to +85°C. 

 

ii. The SparkFun Pulse Oximeter and Het Rate Sensor :The sensor is based SparkFun 

Pulse Oximeter and Heart Rate Sensor, utilizing two chips from Maxim Integrated: 

the MAX32664 Biometric Sensor Hub and the MAX30101 Pulse Oximetry and Heart 

Rate Module. While the latter does all the sensing, the former is Cortex M4 that is 

responsible to do the all calculation such as filtering, advanced R detection. The 

chips is coming with 25.4mm x 12.7mm. The MAX30101 does all the sensing by 

utilizing its internal LEDs to bounce light off the arteries and arterioles in your finger's 

subcutaneous layer and sensing how much light is absorbed with its photodetectors. 

This is known as photoplethysmography. This data is passed onto and analysed by 

the MAX32664 which applies its algorithms to determine heart rate and blood 

oxygen saturation (SpO2). SpO2 results are reported as the percentage of 

haemoglobin that is saturated with oxygen. It also provides useful information such 

as the sensor's confidence in its reporting as well as a handy finger detection data 

point. Sensor data is captured through standard software for development [   ] 

 

 

https://en.wikipedia.org/wiki/Photoplethysmogram
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3.1.2 MICROCONTROLLERS 

 

 

i. Bluetooth Low Energy Arduino BLE 33 Sense: 

The Nano BLE is based on the Arduino Board, which is having various sensors such as 9 

Axis inertial sensors, humidity, temperature, barometric sensors, sensitive microphone, 

gesture, proximity, light color and other sensors. Its powered with 3.3 V and it suitable for 

Artificial Intelligence applications that is having very small dimension of 45x18mm. In this 

project, the sensor will be used for recording and analyzing the cough sound in each two 

seconds and give the predictions. The chips is using the accelerometer   which   gives the 

reading about patient location and orientation, which can be used also to build human 

activity detection system 

ii. Arduino MKR 1400 

The chips is form Arduino family powered with the 3.3 Volt.  It provides a secure connection to the 

internet and then to the cloud platform. In the projects, it has three functions  

o It connects the SPO2 sensor and Heartbeat sensor to the Cloud. 

o It holds the GPS sensor through connecting shield. And send the GPS data to the receiver 

side. 

o The BLE Sensor output port directly to the MKR digital input port, and hence, the later acts as 

bridge to communicate the BLE sensor with the cloud. 

 The Board is powered with the 3.3 V and it has built-in sim card low power chipset operating in the 

different bands of the cellular range (GSM 850 MHz, E-GSM 1900 MHz, DCS 1800 MHz, PCS 1900 

MHz).  

iii. ARDUINO MKR GPS SHIELD 

The MKR GPS shield Board is connected directly to the MKR 1400 Board, is based on the 

u-blox sSAM-M8Q GNSS (Global Navigation Satellite System) module. The main function 

of the GPS shield is to provide the system with the patient coordinates, and help to give 

indication case of any violation occurrence. The module is designed to operate with different 

positioning services concurrently. It receives and processes the signals 

from GPS, GLONASS, and Galileo. It connects to our board through serial communication 

through connecting the board shield is fixed on the top of MKR 1400  

 

3.3 INTEGRATED SYSTEM OPERATION DIAGRAM  

The implemented system consists of three layers:  

https://en.wikipedia.org/wiki/Global_Positioning_System
https://en.wikipedia.org/wiki/GLONASS
https://en.wikipedia.org/wiki/Galileo_satellite_navigation


16 

 

1. Wearable IOT Layer: Responsible for collecting two types of data; location-based data 

and health data related to COVID-19 symptoms (body temperature, heart rate .etc.).  

This layer consists of a microcontroller that reads data from connected sensor modules, 

driven by IoT based application in its core. The IoT application will analyses the 

geographical (GPS), and medical sensors to detect any abnormal medical or 

geofencing data and will communicate with the cloud system through Internet   

Sensor information such as GPS temperature, SPO2, and heartbeat are connected 

directly to the central microcontroller through measured by the respective sensors are 

sent  to the cloud through (Arduino MKR GSM 1400). While ARDUINO NANO 33 BLE 

is used to receive the cough sound and analyses it using machine learning technique. 

Figure 1 Indicate the wearable layer data flow diagram 

 

2. Cloud layer: Stores patients’ history, emergency contact, health and location data as well as 

device logs, and provides secure API endpoints to exchange data with authorized systems and 

users, in case of emergency in order to take proper actions. Cloudflare platform is used to 

receive the data, and display the information after patient registration, the front web includes 

data about the registered patient and even medical history to be used by each case manager. 

The system displays the current location of the registered patient with its current location. Once 

the location is determined. The registered patient will be located on the map and his status 

condition will be reflected using a specified colour. Cloudflare is a foundation to 

develop a web domain on the infrastructure and enable to keep connected over the 

internet. It is used to deploy our websites with cloud storage as web pages. Building 

cloud applications as enterprise to work as API, website, and applications 

 

3. Web frontend layer: The main function of this layer is to receive real time data from the cloud-

based system, notifies the respondents through their mobile in case of emergency, displays 

alerts and patient history data to respondents as well as emergency details to patient’s 

emergency contact person.  
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Figure 1 wearable device data flow 

 

Figure 2  summarize the overall integrated system operation diagram 
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3.4 SYSTEM DESIGN AND IMPLEMENTATIONS       

3.4.1 WEARABLE DEVICE CIRCUITS CONNECTIONS   

The circuit consists of the following components: Arduino MKR GSM 1400 , one Arduino Nano 33 

BLE Sense , Spark fun Pulse Oximeter and Heart rate Sensor (based on MAX30101 & MAX32664) 

, Dallas Temperature Sensor (DS18B20, waterproof version), External battery  (9V) and a 4.7 K 

resistor. 

o Connection of to Dallas Temperature Sensor to Main Controller (Arduino MKR GSM 1400) 

The Dallas Temperature Sensor (DS18B20 , waterproof version) consists of 3 pins , named as follows: Vcc, 

GND and Data. As the name suggests, the Vcc and GND pins are where the voltage is supplied to the 

device. The Data pin is where the output of the sensor is taken from. A 4.7K ohm resistor is placed between 

the Data pin and the Vcc pin of the sensor. The Data pin is also connected to Pin 8 of the Arduino MKR 

GSM 1400. 

 
Figure 3 Dallas Temperature Sensor connection with 4.7K Resistor and with MKR 1400 

 

Dallas Temperature Sensor 
(DS18B20) 

Arduino MKR GSM 1400 

 

GND- GND 

Vcc 5V 

Data- Pin 8 

 

              Table 3 Pin Connections of Dallas Temperature Sensor connection with 4.7K Resistor and with MKR 1400 
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o Connection of Sparkfun Pulse Oximeter and Heart rate to Main Controller (Arduino MKR GSM 

1400) 

The Sparkfun Pulse Oximeter and Heart rate Sensor consists of 4 pins which are connected to the Arduino 

MKR GSM 1400 via the QWIIC cable. These pins are as follows: Ground (GND) , Voltage (Vcc) ,Serial Data 

(SDA) and Serial Clock  (SCL). The Sparkfun Pulse Oximeter and Heart rate Sensor consists of 6 additional 

pins , 2 of which are connected to the Arduino MKR GSM 1400 via regular jumper wires. The 2 pins are as 

follows: MFIO and Reset (RST) 

 

 

 
 

 

Figure 4 Pin Connections of Dallas Temperature Sensor connection with 4.7K Resistor and with MKR 1400 

 

 

Spark fun Pulse Oximeter and 

Heart rate 

Arduino MKR GSM 1400 

GND GND 

 

Vcc 3.3V (Arduino BLE Sense) 

 

SDA Pin 11 

SCL Pin 12 

MIFO Pin 5 

RST Pin 4 

 

Table 4 Pin Connection of Sparkfun Pulse Oximeter and Heart rate to Main Controller (Arduino MKR GSM 1400) 
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o Connection of The Arduino Nano 33 BLE Sense (1) to Main Controller (Arduino 

MKR GSM 1400) 

The Arduino Nano 33 BLE Sense (1) is a microcontroller which is powered by the main Arduino 

MKR GSM 1400. The Vin and GND pins of the Arduino BLE sense 1 are connected to the 5v and 

GND pins of the main Arduino MKR GSM 1400. The output of the Arduino BLE sense(1) is taken 

from pin 12 of the BLE sense and is connected to Analog pin Ao of the Arduino MKR GSM 1400. 

 
Figure 5 Arduino MKR connection with BLE Nano Sense (1) 

 

                                                       

Arduino Nano 33 BLE 
Sense 

Arduino MKR GSM 1400 

GND- GND 

 

Vcc 5V 

Pin 12 A0 

Table 5 Pin Connection of Sparkfun Pulse Oximeter and Heart rate to Main Controller (Arduino MKR GSM 1400) 
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The main source of power in the circuit is the 9 volt . The Battery is connected to the Arduino MKR 1400 

GSM which in turn then powers all the other modules. The +ve pin of the battery is connected to the Vin pin 

of the Arduino MKR 1400 GSM and the -ve pin of the battery is connected to the Gnd pin of the Arduino 

MKR 1400 GSM. The overall schematic diagram is illustrated in Figure 6 

 

 

 

    
Figure 6  Overall wearable Circuit Connections 
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3.4.2 DESIGN OF DEEP LEARNING MODEL FOR COUGH DETECTION MODEL AND  

ITS DEPLOYMENT  

Cough is main symptoms for possibly infected patients, to distinguish between the surrounding 

sounds and other sound, A Cough detection system was implemented using edge impulse studio 

which provide a free platform to build machine learning (ML) system using artificial intelligence 

techniques. This platform provides interfacing capability with Arduino boards through wireless 

connectivity for data acquisition, feature extraction, training, testing and downloading the program 

required for standalone operation of the Arduino boards.  Arduino Nano BLE sense, which is 

connected with the MKR 1400 GSM is used as target board in this implementation due to the 

availability of different types of sensor like microphone and accelerometer.  

 

i. System Description 

Before making the prototype of cough detection, a machine learning system has to be built to 

identify cough and other noise signals. In this section design steps of machine learning system is 

given in detail. The cough detection system can be considered as having major blocks described 

in figure 7.  

 

 

 

 

 

 

Figure 7 Cough Detection algorithm based on AI 

 

ii. Signal Acquisition 

Edge impulse project was built with Built in microphone of Arduino nano BLE sense as sensor for 

data collection.  Cough sounds and noise sounds are captured with the sensor at a sampling 

frequency of 16000Hz for a duration of 2 seconds. Duration of sound was fixed at 2 seconds after 

experimental verification of cough sounds. If duration is kept more the system has a tendency to 

get trained with noise as well since cough is not lasting for long in practice and cough is not a 

continuous process. About 1200 samples are collected for cough signal, as the label for training 

the machine learning system files are saved in the project that the file name starts with ‘cough.’ 

followed by unique name for each signal. Cough signal of various type like long cough, short 

cough, dry cough etc. were captured at this stage to ensure identification of different cough types. 

About 1200 noise signal are also capture with same way but with file name starting with the word 

’noise.’ to form label for noise. Various types of noise signals like music, conversation, automobile, 

air conditioner noise, sound of pets and animals are also included in noise signal to train the model 

to a diverse classis of noises. Number of cough signals and noise signal are made almost equal 

Cough and noise 

signal acquisition 

Feature extraction 

through MFCC 
AI 

model 

Cough 

Noise 
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to make the training dataset balanced, this ensured no over fitting or under fitting for a given class 

during the training phase of ML network. 

 

 

Figure 8 A sample screen of data collected for training the network 

                                        . 

iii. Feature Extraction 

Mel-frequency cepstral coefficients (MFCCs) are used to extract features from the recorded audio 

signals. MFCC provide a cepstral representation of audio signals. These MFCC coefficients are 

fed as features for the ML network. 

In Edge impulse project following parameters are selected to calculate the MFCCs. 

Number of cepstral coefficients= 24, frame length in seconds=0.02, Step between successive 

frames in seconds=0.02, Number of filters in the filter bank =32, number of FFT points=256, size 

of sliding window=101, lowest band edge for MEL filters=300 Hz, Highest band edge of MEL 

filters= sampling frequency/2=8000Hz, pre-emphasizing coefficient=0.98, shift =1.  MFCC 

coefficients are calculated for all cough and noise signals recorded for training. A sample cough 

signal and its MFCC coefficients are shown in figure 9 and figure 10 respectively  

 

 

Figure 9 two second cough signal sample recording for analysis 
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Figure 10. MFCCs of cough signal shown on figure 9 

 

iv. Convolution Neural Network (CNN) Implementation 

The MFCC coefficients generated are passed through a sequential CNN network architecture consisting an 

input layer, followed by three layers of 1-Dimensional convolutional layers and Maxpooling. The layer uses 

Adams optimizer. The network is trained for two target classes ‘Cough’ and ‘Noise’.  

3.5 CONNECTION OF THE WEARABLE DEVICE TO THE CLOUD-BASED WEBSITE 

THROUGH API   

The follow steps indicate the design steps for the  wearable to the cloud based website through the API  

 

Step 1: 

The “ArduinoHttpClient.h” library was included in the program to establish connection and post 
requests to the required API. The library handles the outgoing requests and host header. The returned 
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status code is also parsed through the functions provided by the library. The library expects an object 
of type Client and is compatible with the class GSMClient which is declared in the “MKRGSM.h” library. 

Step 2: 

The URL of the Webserver, the path of the API and the Port are stored in variables.  

char server[] = "www.c19data.info";  

char path[] = "/index.php/api/biomedicaldata"; 

int port = 80; 

A instance of class HttpClient was created, the httpClient function uses the variables client , server and 
port as parameters to establish connection 

HttpClient httpClient = HttpClient(client, server, port); 

Step 3: 

The function client.connect(server, port) returns True if a connection has been established. An if 
Condition is used to detect when a successful connection is established. 

if (client.connect(server, port)) { 

Serial.println("connected"); 

} else { 

// if you didn't get a connection to the server: 

Serial.println("connection failed"); 

} 

Step 4: 

Once the connection to the webserver is established the next step is to make a post request to the API 
using the httpClient.post() function. The function requires the parameters path, contentType, data.  

httpClient.post(path,contentType, data); 

String contentType = "application/json"; 

Where the content type refers to the type of the post request which is Json in this case. And data refers 
to the body of the post request which is a combination of various string Concatenated with variables 
later further concatenated to one another to represent the body of the post request in Json format. 

 

String Str1="{\"temperature\": "; 

String Str2=",\"heart_rate\": "; 

String Str3=",\"oxygen_saturation_SPO2\": "; 

String Str4=",\"cough_count_sec\": "; 

Str1.concat(temp); 

Str2.concat(heart); 

Str3.concat(oxy); 

Str4.concat(cough); 

data=Str1 +Str2 +Str3 +Str4 +Str5 +Str6 +Str7 +Str8 +Str9; 

 

Step 5) Finally once the data is transmitted, a response from the webserver is received and parsed . The 
response being the status code of the request. 

int statusCode = httpClient.responseStatusCode(); 

Where status code 200 OK indicates that the request was a success and status code 500 Internal Server 
Error indicates an unexpected error while processing the request. 
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3.6 CLOUD BASED WEBSITE DESIGN DESCRIPTION    
 

3.6.1 PATIENTS  
This page is used to register the possible infected person. The page leads the case manager to feed all the 

necessary information related to the person under monitoring. Moreover, it records the PIP health history, 

initial locations, contact details of PIP relatives who wish to make him updated. The case manager webpage 

is having two options, one for creating new patient record and the second is for listing all the registered PIP. 

After registration, the page is giving the option to download a text file which are used to feed the wearable 

device for PIP registration in addition to the list of all PIPs. The page is used feed the databased which is 

already built. The Case manager web section provide the following features  

• New Patient Registration  

The page gives the case manager the option to register the new patient by feeding the system with 

all necessary information such as name, age, patient medical history and initial geographical 

location which will used later for tracking the patient. Patient registration is performed in five stages, 

where one the stage dedicates to indicate the health status of the possible infected person. If he 

will already infected, then the case manager can label this patient as directly infected or closed 

cases 

• Patient data; the Patient data page Provide a a list will all patient registration information, which 

can be used for documentation purpose, Also the case manager can change and edit the data of 

the patient at any time.   

 

3.6.2  BIOMEDICAL DATA WEB PAGE:  
        The biomedical data page is received the information directly from the wearable device at the adjusted 

synch time, the page create a table which is able to monitor the biomedical data of the patient such as 

Skin temperature, Spo2 ratio, and heartbeat importantly the number of cough waves, the cough can be 

detected to support the judgment, Cough is being detected using the designed Deep learning algorithm 

which is indicated in section 3,4 . Also, the dashboard indicates the current of location of the patient 

through the GPS. Moreover, it track the current location and where the patient is on the  and whether 

this location is with allowable area or not,  

3.6.3 SYSTEM DASHBOARD  
Based on the information obtained from the connected devices the system dashboard facility will provide a 

numerical and graphical representation of the whole cases under monitoring, any person which has a normal 

vital sign will indicate green colour, the green colour will be automatically changed to orange colour in case 
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of human temperature is changed above the normal values a confirmed case is colour with red while the in 

black cases is coloured with the black.  

The system-coloured counter gives the total overview of the patient count status, two major status are 

possible infected and confirmed infected cases  

The dashboard has a major advantage of tracking the person location, this data synchronized with database 

of biomedical data which is given in the database sheet. Moreover, the dashboard generalized the total 

number of confirmed cases, where the confirmed cases is labelled by the case manager. While the green 

and orange symbols  labels. Black Label indicate that the patient case has been closed   
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4 RESULTS AND DISCUSSIONS 

4.1 MODEL TESTING AND EVALUATION FOR COUGH DETECTION BASED ON DEEP LEARNING  

The model was tested by generating new test signal by recording signals (both cough and noise 

for 10 seconds) and predicting the cough from the newly recorded test signal. Figure  shows a 

sample test signal recorded for 10 seconds with a sampling frequency of 16 KHz. The model gives 

an output for every 2 second frame. The result shown in figure 6 shows that the model detects 

only one cough signal correctly (happening at around sample number 15000) and detect all other 

sounds as noise 

Figure 4 gives training and testing results. CNN provided an accuracy of 97.5% with very low 

training loss of 0.17.  Model shows excellent performance and the confusion matrix shows 96.9% 

score for True positive and 98% score for true negative cases showing that the model has trained 

very well absence of under or over training. Further the efficiency of model is confirmed by a near 

ideal F1 score of 0.97 and 0.98 for positive and negative cases. Here, it worth to mention that the 

sample tests have been performed based on available and licensed signal on public platform, 

however, the test can be tuned to detect the Covid19 dry cough which hugely impact the sound in 

the future.    

 

                  Figure 11Sample test signal with one cough happening around sample number 15000 
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Figure 12 Output for a given tests for multiple cough audio signal. 

 

 

Figure 13 testing result of cough audio signal using ML 
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After verification of simulation results, the model is deployed to Arduino Nano BLE Sense board 
connect to the computer through a serial port. The libraries and codes are downloaded to the BLE 
sense board to make a standalone system. The board is then disconnected from the computer 
and was powered by a power supply and integrated with other systems in the prototype. The model 
can be developed further by having a greater number of real samples of cough which are recorded 
by an infected person as well 

  

4.2 PROTOTYPE OF THE WEARABLE SENSOR DEVICE 

Wearable sensor device prototype is a 3D design including the hardware components such as 
Heart rate sensors, temperature sensor, spark fun pulse oximeter, Audio sensor, Arduino MKR 
1400 board GSM, Arduino Nano 33 BLE sense, External Li Battery. All the components are built 
as 3D wearable device in waterproof version to provide secure connection to API hosted in web 
domain. The 3D design involves a movable shape with three sections one with microcontroller, 
sensors, GPS, and other with Arduino Nano 33 BLE and battery supply. The figure 14 shows the 
details of the .STL file used in 3D printing design with proper structure and dimensions. The 3D 
model was designed using SketchUp software with. STL version before printing the model. The 
figure 2, 3 shows further shape, dimensions, size of the 3D model.  

 
Figure 14 3D design of the wearable device from SketchUp software 

 

The below figure 2 shows the layers encapsulated for automatic capturing of health data and 
avoiding discomfort to the patient. The 3D design is light weight, encapsulated in rigid manner, 
comfortable to ease and use, low cost, durable version.  
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 Figure 15 layers of the body that are used to connect the sensors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16shows the exact shape of major layers 
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4.3 TESTING RESULT OF THE DEVICE OUTPUT  

Device is connected to the human body and tested under different scenarios, all the testing has 
been conducted by wearing the device and measuring the data related to temperature, location, 
SPO2, Heartbeats. Moreover, cough detection. For temperature scenarios, an external source of 
heat has been used to test the operation of heat measurement. This is done due to expose 
limitation for Covid19 Patient. the following sections describe the tested scenario. The device 
operating duration is lasting duration is done with completely one hour successfully and with 
synchronization duration of 10 Minutes 

  

I. Monitoring of Person having normal signs 

The sensors reading including temperature, SPO2 and Heart Beat will be measured and send to 
the cloud immediately to be presented in the case manager website. Moreover, the device shall 
send the location data including latitude and longitude periodically to the website. Cough sound is 
recorded and analyzed by the Arduino BLE sense 33 on each to two seconds and send the count 
to the website to store and process.  The location of the person will be indicating immediately a 
green symbol on the dashboard (which will be discussed later) on the map to indicate a summary 
of person name, ID and Health status (Green), we would like to mention here that the system has 
been tested in Room temperature condition    

Table   indicate a sequence of reading from a person having normal signs which indicate clearly 
that the person has no potential signs of Covi19, where the temperature is on the normal range 
(T< 37), Oxygen saturation level is within normal range (SPO2 > 94), heartbeat  rate is on  the 
normal level < 120, and the patient does not suffer from any cough waves, Patient ID and device 
ID are assigned in the registration  stage which indicate the unique patient ID and serial number 
of the device which will be assigned for the patient. The location is indicating through longitude 
and latitude value which will not be given unless the device is allocated and start sending data to 
the website (Case manager website). 

All the sensors information is sent to the cloud-based system that compare the reading and decide 
the final status which indicates as active safe in our example through comparing the instantons 
values with the standard range.  

II. Monitoring of Person having possible infections signs 

As per the WHO (Ding 2020), the major COVID-19 sign is the temperature, any person having 
temperature more than 37.5 can have a possible infection. Table 2 indicate a report generated by 
the system which is suffering from high temperature. Additional signs can be also monitored such 
as cough and SPO2, Heartbeat. It is very important to mention that the cough count is based on 
the accumulated value of cough waves which helps the case manager to determine the severity 
of the symptoms and to avoid any false detecting.  



33 

 

The system will declare (active potential infection, not tested) if the following values are 
recognized by the system (Temperature > 38; SPO2 <94; Cough count is more than 10).  More 
importantly the system indicates red color on the map to alert the case manager that the tested 
person may start suffering from Possible Covid-19 infection. The person with the location will be 
located in system dashboard that counts the number of possibly infected person   

 

Table 6 report Generating from the system indicating normal signs (No covid19 signs) 
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Table 7 . system report indicating possible infection with low SPo2 Level 



37 

 

 



38 

 

Table 8 .sample system report indicating possible due to cough 

 

III. Alerting in case of self-quarantine violation  

The wearable devoice is supported by GPS Shield which sends an update about patient location 
longitude and latitude and   at regular time interval. The initial shall be provided by the patient and 
shall be uploaded to the device so the initial location shall be fixed. Once the location is uploaded 
then the PIP is appeared in the map with his/her location. A virtual moving area, in our case, it is 
5 KM) is used to test device functionality. Once the PIP start crosses the area, the device is start 
alerting indicating that the patient is out of the quarantine area. The advantage of such design are  

1- To make a gentle reminder and indicator that the person is out of the quarantine are  

2- To alert the surrounding people that such a case is close to them  

3- To help the case manager to allocate and support the PIP by indicating the location 
periodically 

  

Testing 
number 

Distance 
from the 

quarantine 
area(in M) 

Testing Result 

1 5000  Alerting 
Successfully 

2 3000 Alerting 
Successfully 

3 1000  Alerting 
Successfully 

4 500  Alerting 
Successfully 

5 100  Alerting 
Successfully 

6 50  Alerting 
Successfully 

7 30  Alerting 
Successfully 

Table 8 table indicating the device response vs distance with geofencing alarm 
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4.3 A CLOUD-BASED PROCESSING AND DATA STORAGE SYSTEM 

 Web based interface is a hardware software peripheral which is directly connected to the cloud to collect 

the information from the sensors to monitor, manage and notify the health-related data of potential infected 

patient in quarantine. This webpage uses Cloudflare infrastructure to provide content delivery network 

services using DNS. This webpage has three separate pages as dashboard, patients, and biomedical data. 

To understand further let us know about each webpage function individually / website design can is designed 

and published and can be easily accessed on http://www.c19data.info/  

 

4.3.1 PATIENT CASE MANAGER WEBPAGE  

In this web page the first step is to register the possible infected person (PIP) by clicking on new patient. 

This registration involves 5 sequential steps to list out all the requirements of patient in quarantine. In first 

step, patient identification is carried out where the necessary information such as name, age, National ID is 

included. The next step involves medical profile details of the potential infected patient. Further steps are 

simple enough to fill such as emergency contact and initial geographical location or predestined location of 

the quarantine to track the status of the patient. The patient information can be edited by case manager at 

any time and indicate the health status through a label.  

 
Figure 17New patient Registration on web page 

 

By using this page, the health status of the patient is indicated and identified with a Patient ID and Device 

ID. All the relevant details are stored, archived for monitoring, analysis, and documentation purpose. After 

registration, the patient details are downloaded in different text formats from the store database.  

 

 

http://www/
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Figure 18 Case manager patients’ database 

4.3.2 BIOMEDICAL DATA  

In this web page the wearable sensor information is collected and updated from hardware 

peripherals and adjusted with synch time. The biomedical data received from the patient wearable 

device are body temperature, SpO2 oxygen saturation, heartbeat, and cough detection. This 

dashboard is also responsible to collect the quarantine location of the patient through GPS sensor. 

The latitude and longitude location of the patient is also updated and shown in the figure 2.  

 
Figure 19 all patients Clinical data 
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4.3.3 DASHBOARD 

The dashboard continuously updates the information from the connected devices for every minute and 

represents the graphical representation of the situation as monitoring with no COVID-19 signs, potential 

COVID-19 signs, and confirmed COVID-19 signs. Each situation is shown in different colours  

o for normal vital sign it is indicated with green colour 

o if the health symptoms are abnormal then it is indicated as orange colour (in our projects we , 

confirmed cases as red and closed cases as black. The system is coloured counter gives the total 

overview of the patient count status, two major status are possible infected and confirmed infected 

cases. The dashboard has a major advantage of tracking the person location, this data synchronized 

with database of biomedical data which is given in the database sheet. Moreover, the dashboard 

generalized the total number of confirmed cases, closed cases as well.  

 
Figure 20Dashboard system with indicative colors for COVID-19 

4.4 ANDROID APPLICATION ON MOBILE 

Android studio provides an integrated environment to design and provide mobile 
application to potential infected patient family and support with the notification services of health 
symptoms. The android application further updates potential infected patient family about the 
health situation of the patient which acts as a home control to discuss with doctor on behalf of the 
patient. The Android based application designed is very simple which has three sections home, 
dashboard, and notifications. The first step is to register patient’s family respondent mobile number 
with respect to patient ID and after registration is complete then respondent can receive the alerts 
of patient based on his physiological vitals in notifications section. The basic functions of the 
android based application are defined below 
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• Successful Registration of mobile number with patient ID 

• Receive health symptoms of the patient in quarantine 

• Maintain the medical data record of the patient in consecutive time history 

• Communicate with health authorities in emergency  

Figure 1 shows the registered page of the patient with respect to his patient ID and figure 2 shows 
the notification dashboard use to update the health symptoms of the patient in real time.  

 

(a)                                                                                           (b)  

 

 

 

 

4.5 Development of theoretical framework for prediction of the infection status of COVID-19 Using 
AI model 

 

 

 

 

 

 

Figure 21 (a) Android Application representing registration page (b) Dashboard notifying the patient 
health symptoms to family responsible 
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5 DELIVERABLE  

 The deliverables of this system are as follows: 

1 Prototype of wearable device that 

can be used to track geographical 

data and health data of Possibly 

Infected Person and send an alert 

the concerned authorities in case of 

any violations of self-isolations or 

quarantine. The device will also  

detect any infection possibilities  

 

 

2 Web front end and/or mobile app 

that will notify respondents in case 

of emergency and displays alert 

data and patient history from the 

cloud to them in order to help 

diagnose and treat the patient 

efficiently. 

 
 

3 Research Publications: (One 

Journal Paper and One Conference 

Paper) 

 

Journal Paper 1: 

IoT Based Wearable 
Device to Monitor the 
Signs of Quarantined 
remote patients of 
COVID-19 

Submitted to  

Informatics in Medicine 
Unlocked (Under 
review) 

Journal Paper 2: 

Dataset for 
Assessing the 
infection status of 
COVID-19 patients 
in quarantine period 
from wearable 
prototype Submitted 
to  

Book Chapter: 

Wavelet Theory 
and Application 
in 
Communication 
& Signal 
Processing 

Published in 
Intechopen  
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 Data in Brief  (Under 
review) 

 

 

 

(Accepted for 
Publication) 
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6 CONCLUSION 

  
The Project aims to design a prototype of IOT wearable device which can be used to detect 

the well-defined Covid19 Systems such as Temperature, Cough, SPo2 heartbeat and send these 
vital signs to a case manager who is able to monitor the vital signs of potential infected patients. 
Wearable prototype design also involves three layers wearable body sensor, web API layer and 
mobile front-end layer for an automated health care system to reduce stress and provide means 
of communication between doctors, medical authorities, and family respondents. The system is 
provided with a case manage recommendation system  to detect  if the person has any infection 
through measuring health symptoms.  Moreover, the device is capable to track the geographical 
location of the PIP and perform two functions; first to update the case manager about the current 
location of the patient and give an alert in case the person crosses predefined area. This set up 
will alert the people in his/her surrounding to stay away from infected patient premises. The 
remote monitoring platform also helps to achieve improved healthy living and update timely about 
the patients of self-isolation to concerned authorities. 

Automated System is capable to generate several types of report including patient’s health 
status and total list of all patients with the current automatic update. The project is supporting by 
Mobile application which can be given to relatives to support the person under quarantine in case 
of any emergency. It has been designed in a view to support the use of wearable device as 
prototype for the passengers of the airport to quarantine during their entry and exit. There has 
been extensive study in this work to provide the best performance of the device by comparing the 
existing domains. The new features of this design are accomplished with different objectives to 
measure the health symptoms, track, and monitor the patient during quarantine, maintain the data 
to predict the situation and alert the authorities on timely basis for efficient monitoring and 
management to keep updated about the health status of the patient for family respondents. 
Furthermore, the work disseminates how digital platform can be used as monitoring device to 
manage this pandemic and discusses on various physiological metrics that are used to track the 
health and recovery of a COVID-19 patient.   
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8 RECOMMENDATIONS 

1- The device usage can be extended not for Covid-19; However, the usage can be extended 

to have applications such as patient monitoring inside the hospitals, worker in various 

industry sectors such as oil and gas, even it can be used for civil defence and military 

applications. Hence the device can be strategic in nature, which largely reduce the cost of 

monitoring, and diagnoses   

2- The system has stand a alone communication system which directly connecting the device 

to the severs. This will help patient privacy and security, especially if dedicated servers 

are used to monitor and protect patient’s data   

3- The system suggests to divide patients monitoring in medium size regions rather than 

centralizing, this ensures accurate monitoring, quick response. More fault tolerance which 

has great    

     

4- The design includes two different microcontroller, MKR 1400 GSM and Arduino BLE 33 

sensor, which uses various type of the sensors since its general-purpose microcontroller, 

hence more features can be added to the deceive such humidity, proximity sensors which 

can be added. Hence, the system can give a data about the  patent area environment in 

additional to the  medical signs 

5- The Overall design size and weight and even power consumption can be reduced if 

special designed microcenter is used for this purpose  

6- Cough detection can be tuned more precisely if much number of samples are used, hence 

a more precise result can be obtained if large number of cough licenced  samples are get 

trained and tested 

7- The BLE sense include the human activity-based model, due to website requirement, this 

can be  either by adding to the monitory dashboard or through mobile applications  

8- Material of the device can be changed from plastic to medically proof material  

9- The Website design security can be developed to contact multilevel monitoring and 

administrative privileges   

10- A power management software algorithm can be developed to maximize the battery life   

11- Data privacy and confidentially can be largely increased if dedicated servers are used to 

store health and patient information  
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