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ABSTRACT
The Sultanate of Oman is a fast growing region and has fifth largest economy in the Gulf
Cooperation Council (GCC) regions. The oil and gas sectors are the main promoters of Oman’s
economy. The reservoirs of natural resources are insufficient to satisfy for a continuation of the
current trends. The electricity sector of Oman mostly depends on natural gas: 97.5% and Diesel:
2.5%. Renewable energy has no major role in the country’s energy supply despite of having
valuable wind, hydropower and solar resources. This project tends to bring forward the renewable
energy sources and their potential to facilitate the Sultanate of Oman. Therefore the objectives of
this project are achieved by carrying out literature review of the importance of the renewable
energy sources and the factors controlling their applications according to the Oman environment.
The Analytical Hierarchy Process (AHP) using Expert Choice software and manual calculations
using Eigenvector methods have been used to select the best renewable energy source in Oman by
decision makers and experts in the field of renewable energy from several organizations in the
Sultanate, taking into consideration the controlling factors (criteria) such as Cost, Efficiency,
Environmental Impacts, Installed Capacity, Estimated Potential, Social Acceptance, Reliability,
and Safety, and the environment of Oman. The results indicated that Wind Energy is the ideal
source of renewable energy for Oman with a Priorety Vector (PVE) of 0.257, and is prioritized
over solar energy in terms of overall efficiency and selected criteria. The highly rated criterion
according to the experts is the efficiency of the renewable energy sources with a PVE of 0.343. In
conclusion, introducing renewable energy in Oman will not only diversify the economy and energy
sources but also it will cope with the energy demands as per the objectives of Vision 2020.
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CHAPTER 1 - INTRODUCTION
The Sultanate of Oman is a rapid growing country and is the fifth largest economical state in the GCC. The
oil and gas sectors are the primary source of charms to the economy of Oman. Whereas the fossil fuels
resources are found to be insufficient for a continuous period of time following the current trends. In recent
years Oman’s GDP growth has been between 4.5% – 5% annually. One of the biggest contributors to the
GDP is the industrial sector of Oman. In industrial sector several large scale industries like; fertilizers,
aluminum and cement are contributing greatly. But still the oil and the gas sector continuously dominate
the economy. In 2010 45% of GDP was contributed by the oil and gas sector. (IRENA, 2014). Oil
consumption has almost doubled over the past decade whereas the use of natural gas more than tripled in
the time period of 2000 – 2012. Natural gas is primarily consumed in the electricity generation, the
desalination of water and facilitating large scale industries. Whereas the electricity sector severely depends
on natural gas, which accounts about 97.5% of the total power production. (IRENA, 2014).

Figure 1 shows the electricity consumption

Source: (IRENA, 2014)
The table above shows the increasing electricity demand in the Muscat Interconnected System (MIS) the
rural areas of Oman and Salalah from the years 2012 – 2018. An increasing trend is observed and MIS is
observed to increase by 8% while Salalah’s demand is increasing by 10%. (Al Hatmi, et al., 2013). Thus
an increasing trend in the electricity demand is observed.
Oman has huge potential and unexploited renewable energy sources. In Oman till today there is no role of
renewable energy on a large scale since having valuable reservoirs of renewable energy sources. The solar
energy in Oman is known to be the highest in the world and the density of solar reservoirs are present
widely in all regions of Oman. Wind energy is also an auspicious energy source in the coastal and southern
parts of Oman. Wave energy potential is available at the Arabian Sea and it is considered the lowest in the
world, the geothermal energy does not have any potential use in the country, according to Petroleum
Development Oman the highest temperature is 174 C in the northern part of the Omani mountains. Biomass
energy resources are available mostly in the northern parts in the form of waste water and agriculture waste
9

and in the southern parts of Oman in the form of waste water and animal dung. (Renewable Energy in
Oman, 2015).
Oman’s considerable renewable energy sources offer an opportunity not only for the energy production and
modification but also economic diversification. High technology renewable energy sources can create new
job and business opportunities. If these renewable energy sources are implemented it can give the
dependence of oil and natural gas in Oman a reduction in the utilization.
Government Initiatives to promote Renewable Energy
The Renewable Readiness Assessment (RRA) process in Oman has developed a five steps action plan for
the stakeholders for ascending up the renewable energy in Oman. The steps are stated below: (IRENA,
2014)
1. Development of policy and Regulatory framework for all renewable energy applications.
2. Implementation Model, Targets and Market.
3. Institutional and Legal Framework.
4. Resource Mapping of Renewable Energy Sources & Research and Development.
5. Developing Capacity building for Renewable Energy.
Oman’s Strategic research and development program for renewable energy was established in 2012 and it
is monitored by PAEW along with the research council, whereas the steps taken by the government in order
to enhance and promote the Oman’s Renewable Energy plan are as follows: (IRENA, 2014)
1. To enhance country’s capability in the field of renewable energy and develop supportive programs
for them.
2. To fully utilize the platforms of international cooperation related to renewable energy.
3. To develop strategic researches programs and build mutual cooperation between academic and
industrial communities.
4.

To generate 10 percent of the total electricity in Oman by the means of renewable energy sources
according to vision 2020. (World Finance Review, 2016).

1.1. Problem Statement
1.1.1. Lack of availability on the data of renewable energy sources and their potential in Sultanate
of Oman.
Oman is a developing country and it is not simple to get information on any particular topic. Similarly the
data on the renewable energy in Oman is not widely available. Therefore this project aims to provide a
10

detailed study on the possible renewable energy sources and the potential of renewable energy sources in
Oman according to the division of regions and areas. The data on the renewable energy sources is done by
carrying out Literature Review.
1.1.2. Excess consumption of natural resources.
Since the energy and electricity necessities in Oman are fulfilled by oil and gas, there is a possibility that
these natural resources might fall short. For this reason renewable energy sources should be presented to
fulfill the necessities. This problem can be solved by analyzing the ideal choice of renewable energy in
Oman according to the conditions of Oman and implementing it to satisfy the energy and electricity needs.
This projects aims to present one ideal renewable energy source for Sultanate of Oman bases on the criteria
by using Multi Criteria Decision Analysis.

1.2. Objectives
1. To review of renewable energy sources that can be generated or applied in Oman
2. To determine the factors controlling the selection of renewable energy sources in Oman
3. To determine the best renewable energy source in Oman on the basis of multi criteria decision
analysis
All these objectives are achieved by reading books, research papers, internet and journals on the same topic
and carrying out literature review in order to attain the review of renewable energy sources and the
identification of the factors which are preferred according to the conditions of Oman. The third objective
is completed by carrying out interviews and questionnaires from the experts and decision makers from
several government sectors and professors in Oman with the help of Analytical Hierarchy Process (AHP).
By achieving all these objectives an ideal and preferred choice of renewable energy source for Sultanate of
Oman is brought forward.
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CHAPTER 2 – LITERATURE REVIEW
2.1. Introduction:
In this chapter the renewable energy sources including Biomass Energy, Wave Energy, Solar Energy,
Geothermal Energy, Hydropower and Wind Energy are discussed along with their advantages,
disadvantages, working process and application. The application of renewable sources must be applied in
order to conserve the natural sources. In this chapter the renewable energy sources in Oman are also
discussed. The criteria selected in order to analyze the alternatives using AHP application are also
discussed.

2.2. Renewable Energy in Sultanate of Oman
Sultanate of Oman is situated at the South – Eastern corner of the Arabian Peninsula and shares its border
with Saudi Arabia United Arab Emirates (UAE) and Yemen. The population of Oman is growing with
constant rate as in the year 2003 it was 2.34 million and in the year 2010 it reached till 2.77 million and
which includes 0.7 million expatriates. (Ministry of National Economy, 2010). The total primary energy
needs in Oman are fulfilled by natural gas and oil. In the year 2011the total consumption of natural gas to
produce energy was recorded as 71% while the remaining 29% energy supply was provided by oil. (IRENA,
2014)

2.2.1 The Oil sector
Oman has proven reserves of 5.5 billion barrels of oil. Oman’s oil reservoirs are mainly found in the North
and Central onshore areas and are composed of many small collections of smaller fields. Oman consumes
15% of its oil production currently; the refineries are used to meet internal requirements of oil products that
previously imported. In 2010 Oman had a refining capacity of 222,000 bbl/day. (IRENA, 2014)

2.2.2 The Natural Gas sector
Oman has significant proven reservoirs of Natural gas about 30 trillion cubic feet as of January 1, 2011.
Oman produced a total of 937 billion cubic feet of natural gas in 2011. Liquid Natural gas (LNG) has
contributed to the variation to the economy of Oman and has reduced the dependency of oil. The LNG
sector is the second major income source and contributes 12 – 15% to Oman’s GDP. Natural gas
consumption rose more than 200% from 2000 to 2012. (IRENA, 2014)

2.2.3 The Electricity sector
The electricity sector of Oman mostly depends on natural gas: 97.5% and Diesel: 2.5%. Continued growth
in demand in electricity requires building new power plants and so far the power plants are gas based, hence
12

there are vast opportunities to invest in renewable energy plants. Renewable energy can ease the restrictions
on gas supply and free more gas for export purposes. Power peak demand in Oman is recorded in the months
June and July with highest summer temperatures. In 2013 the peak power demand reached 4.7 GW and
which recorded an 89% increase compared to 2004. (IRENA, 2014)

2.2.4 Solar energy in Oman
The average daily sunshine duration and solar radiations have been studied for 25 locations in Oman.
Marmul is considered to receive the highest amount of solar radiation followed by Fahud and Sohar. The
ramining cities in Oman also have the same solar radiation amount except Masirah Island, Salalah and Sur
which have the lowest values due to rainy seasons in Salalah and fog in Sur. Oman has excellent potential
for their large scale solar exploitation. (IRENA, 2014)

2.2.5 Wind energy in Oman
Studies confirm that wind energy is a promising source of renewable energy in Oman, especially in the
coastal and southern parts of Oman. Qairoon Hairiti a place in Oman, have same wind speeds similar to
European sites where commercial wind power plants are already installed. Oman has unexploited potential
for wind power.
Some of the renewable energy plants to be implemented in Oman are:


4,700 KW wind power project in Masirah.



2000 KW of solar projects in Shofar and Al – Wusta Regions.



4,200 KW wind projects in Wilayat of Thamrait.

Some of the implemented renewable plants in Oman are:


303 KW solar project in Al – Mazyonah



In 2010 a 6 KW a concentrated system was installed in Knowledge Oasis Muscat.



In 1996 Oman’s first 10 KW wind powered water pumping station was installed.

(IRENA, 2014)
Major renewable Energy sources are discussed in detail below:

2.3 Biomass Energy
Biomass energy is in fact all the organic materials which are originated from plants, trees, algae, crops and
animals waste, while biological residues are straws, matured forest, sewage sludge and biological parts of
Municipal Solid Waste. This energy is the collection and storage of sunlight through the process of
13

photosynthesis. Biomass is a renewable energy because not only the source of energy comes from sun but
also the crops and plants can re grow in a shorter period of time. In the process of photosynthesis,
Chlorophyll present in plants collects the sunlight by converting carbon dioxide from the air and water in
the ground in to carbohydrates which is basically a complex compound of water, carbon dioxide and
Oxygen. Therefore when these carbohydrates are burnt they turn back into the form of Carbon dioxide and
water and the energy captured from the sun is thus released which are useful forms of energy such as heat
electricity and liquid fuels. Biomass has environmental hazards such as if not managed carefully biomass
for energy can be collected at inappropriate rates, it may damage the ecosystem, produce harmful air
pollution and increase net global warming emissions. Biomass is the oldest source of renewable energy.
(Union of Concerned Scientists, 2016).

Source: (Overend, R.P., 2000)
Figure 2 shows the biomass and bio energy flow chart

Since wood has being our primary source of energy since ages it was being replaced as the world’s primary
source of energy, due to the development of efficient techniques in which fossil fuels are extracted and
burnt including other sources like coal, natural gages and oil. Today about 40 to 55 exajoules (EJ = 1018)
of biomass energy is used per year. A variety of technologies can convert solid biomass into clean and
convenient energy like gases, liquids and gases which are being implemented and utilized daily on different
scales from villages to large industries. (Union of Concerned Scientists, 2016)

2.3.1 Advantages of Biomass Energy
No Harmful emissions: Many energy sources being used now a days have an adverse effect to the
environment as these sources emit dangerous carbon dioxide emissions which damages the ozone layer,
theoretically warming the planet, whereas Biomass energy creates no harmful emissions and is completely
natural and has no side effects in its use. (Conserve Energy Future – Biomass Energy, 2016)
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Clean Energy: Biomass energy when used in commercial business such as airlines, receives tax from the
government. Biomass energy does release Carbon dioxide but also captures carbon dioxide for its growth
again, whereas the carbon dioxide which is released from the fossil fuels to the environment is dangerous
to the environment. (Conserve Energy Future – Biomass Energy, 2016)
Reduces Landfills: One of the other merits of this renewable energy is that it can utilize any waste which
is harmful to the environment and produce something useful out of it. Such as, garbage present in a landfill
site can be burned to produce useable biomass energy. (Conserve Energy Future – Biomass Energy, 2016)
Abundant source: Biomass products are abundant and renewable because they originate from living
sources like plants and crops, so as long as there is something living on the Earth and there is someone to
convert the waste products and living organisms into energy this energy source cannot run out. (Conserve
Energy Future – Biomass Energy, 2016)
Production of different products: Biomass energy is also very versatile as different organic materials are
used to produce different products. For example recycled chicken droppings are used for the production of
biomass fuels, Ethanol and similar fuels can be obtained from corn and other crops. (Conserve Energy
Future – Biomass Energy, 2016)

2.3.2 Disadvantages of Biomass Energy
Cost: initially, it is expensive. Since biomass is obtained from living organisms therefore it is expensive to
maintain and care about all these organisms to get the waste and convert it to useful energy or fuels to use.
(Conserve Energy Future – Biomass Energy, 2016)
Ineffective when compared to fossil fuels: when Ethanol is obtained as a biomass, it is very inefficient
when compared with gasoline and mostly it is mixed with different gasoline to get the proper outcome out
of the Ethanol.
Harmful to the environment: Using animal and human wastes to power engines may reduce the carbon
dioxide emissions to the environment but it also produces Methane emissions which also affect the Ozone
layer. Secondly dealing with the waste products, it creates unpleasant smell and atmosphere which attracts
unwanted and dangerous pests, infections and bacteria. (Conserve Energy Future – Biomass Energy, 2016)
Consumes more fuel: using trees and plants in order to power engines and machines also unproductive. It
not only takes a lot more fuel than normal conventional fuel but also affects the environment, because in
order to produce fuel in large amount a large number of trees have to be cut down and convert into biomass.

15

It will cause major tropical changes and the living conditions of numerous animals. (Conserve Energy
Future – Biomass Energy, 2016)
Requires more land: While carrying out the combustion process of Biomass energy a large area of land is
required, where all the wastes and organic compounds can easily be burnt. When the wastes are being burnt
it produces gases like methane which are not suitable for human heath, therefore this should be done quiet
far from residential areas. (Conserve Energy Future – Biomass Energy, 2016)

2.3.3 Biomass Energy Conversions Techniques
Combustion: Combustion is the process of burning something and it is the oldest and most common
technique to derive energy from biomass for useful energy purposes like hot air, hot water, steam and
electricity. Globally biomass meets 14% of the world’s energy needs. For solid biomass it has to undergo
combustion in order to get useful heat energy. The principle for biomass combustion is almost same for
each other since there are many different combustion techniques available. (Sadaka, T. et al, 2016)
Therefore the three main stages to the combustion process are as follows:
1. Drying: All biomass contains moisture and this moisture should be compelled off before the combustion
process can take place. The heat for the purpose of drying is provided from radiations from flame and also
from the stored heat in the body of the combustion unit. (Sadaka, T. et al, 2016)
2. Pyrolysis: When the temperature reaches from 200 to 350 C of the dry biomass samples, volatile gases
are released. The gases included in pyrolysis are Carbon monoxide, Carbon dioxide, Methane and tar. These
gases mix with oxygen and present in air and burn with a yellow flame. The heat from the burning gases is
used to dry the fresh fuel and releases further volatile gases therefore this process is self –sustaining.
(Sadaka, T. et al, 2016)
3. Oxidation: at the temperature of about 800 C, char oxidizes or burns. Long dwelling time for fuel in a
combustor allows the fuel to be completely consumed. Combustion gets completed when 100% of the
energy in the fuel has been extracted. It is important to attempt to complete combustion to preserve fuel
and improves the cost efficiency of the combustion process. (Sadaka, T. et al, 2016)
The amount of heat energy produced by combustion depends on the type of fuel and combustion efficiency
of the equipment used. The total quantity of heat produced by a complete combustion of a material at
standard temperature and pressure is called the material’s heating value (HV). (Sadaka, T. et al, 2016)
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Figure 3 shows fuel type and the heating value produced

Source: (Sadaka, T. et al, 2016)
Gasification: Gasification is the high temperature thermochemical conversion without sufficient air for
full combustion process, but with enough air to convert solid biomass into gaseous fuel. Biomass
gasification results in the production of combustible gases Carbon monoxide, Hydrogen and Methane.
These gases are called producer gages and these gases are used to run internal combustion engines, they
can be used as substitute for furnace oil. It also produces methanol which is chemical used as a fuel for heat
engines and chemical feedstock for industries. Since any biomass material can undergo gasification process
it is much more useful than biogas where only selected materials can produce the fuel. (Rajvanshi, 2014)
Anaerobic Digestion: Combustible gases are also produced from biomass through low temperature
biological process called anaerobic digestion. It is the type of combustion in which no air is involved. The
gas obtained from anaerobic digestion is called Biogas which is obtained by capturing naturally produced
methane. Biogas is about 60% methane and 40% carbon dioxide. Almost any biomass (animal and human
wastes, sewage, sludge and landfill materials) except Lignin which is a major component of wood can be
converted into biogas. Anaerobic digesters are widely applied commercially with success in many
countries; India and China are using small scale digesters. About 1.85 million cattle – dung digesters were
mounted in India by the mid 1990’s. Whereas in 1970’s 7 million house hold digesters were installed in
China using pig manure and human wastes. Similarly several thousands of biogas digesters are being
implemented and installed in developing countries like South Korea, Brazil and Nepal. Many digesters at
industrial and municipal sectors are used mainly for environmental merits rather than fuel production.
(Herzog et al. 2001)
Liquid Biofuels: Bioenergy is derived from biofuels, while biofuel is the fuel produced directly or
indirectly from the biomass. There is a specific interest of converting solid biomass in liquids which is done
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in order to replace petroleum based fuels used in transportation sector. Several oil producing plants such as
soya bean, palm oil trees, rape seeds can also produce compounds similar to hydrocarbon petroleum
products, and can be used to replace small amount of diesel. (Herzog et al. 2001)
Biofuels are originated from agricultural crops, conventional foods, plants, forestry, fishery products,
municipal wastes and crops. Bio energy is mainly used in homes (80%), to a lesser extent in industries (8%)
while liquid biofuels in transportation (2%) is used. (Green Facts, 2016) There are two types of biofuels:
1. Primary biofuels: These include fuel wood, wood chips and pellets. Organic materials are used in the
unprocessed form and this type of fuel is used for heating, cooking and electricity generation. (Green Facts,
2016)
2. Secondary biofuels: This fuel is obtained from the processing of the biomass and it includes Ethanol and
biodiesel that are used by the transportation industry mainly. (Green Facts, 2016)

2.3.4 Biomass Energy Application and Utilization
Biomass Energy in India: Biomass contributes over a third of primary energy in India. Bio fuels contribute
in rural households for cooking and water heating including traditional industries and craftsperson Biomass
provides 90% of energy to the rural areas and 40% to the urban areas in India. (Shukla, 1999) The biomass
produced in India from Combustion, Gasification and bagasse cogeneration is 4,831.33 MW, while the
waste to energy produced in India is 115.08 MW. (Ministry of New and Renewable Energy – India, 2015)
Supply of biomass energy is estimated as fuel wood for domestic sector 218.5 million ton, crop residue 96
million ton and cattle dunk 37 million ton. (Shukla, 1999)

Biomass Energy in Germany: Biomass is making substantial contribution to the renewable energy supply
in Germany and provides about 5.5% of the total electricity supply by renewable sources. Germany is also
Europe’s biggest biogas producer. Last year around 7,600 systems with an increasing capacity of 3,200
MW generated 21.9 million KWh in the country. (Bio Energy Consult, 2015)

2.4. Solar Energy
Solar energy is the most important and the most essential form of energy source that tolerates all kinds of
lives on Earth such as plants, animals and human beings, such as plants use direct sunlight for
photosynthesis, heated air masses cause winds to blow and rain which is the result of the evaporation of
oceans which forms river later and promotes Hydropower. Solar energy is produced as a result of nuclear
exchanges that occur at the core of the sun, where the energy is produced from the conversions of Hydrogen
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into Helium. Sunlight is a natural process and phenomena and therefore it causes no damage to the
environment and Global climate systems. Solar energy is transmitted to Earth through electromagnetic
waves which can also be represented as Photons. Sunlight is also the largest carbon free energy source to
the Earth. Sunlight strikes about (4.3 x 1020 J) in 1 hour to the Earth which is in fact higher than all the
energy consumed by Earth in 1 year (4.1 x 1020 J). (Foster et al., 2010)
These factors should be looked at while selecting a location or installing solar panels:


Geographic Location



Time of the day



Season



Local landscape



Local weather

(Foster et al., 2010)
There are basically two major technologies that convert sunlight into useful forms of energy; first, Solar
Photovoltaic (PV) these convert sunlight directly into electricity and the second technology is Solar
Thermal Power System it converts solar radiation into stream which is further utilized in a turbine to
produce electricity. (Foster et al., 2010)

2.4.1. Advantages of Solar Energy
Renewable Energy Source: Solar energy is totally a renewable energy source and it will be available as
long as sun is available. In the remote areas where electric cables cannot be taken solar energy or solar
panels can be implemented. Similarly we cannot run out of solar energy just like some other sources of
energy. (Green Match, 2016)
Reduces Electricity Bills: How much can be saved from the solar energy mainly depends upon the size of
the solar panels and amount of the electricity being used. If more electricity is generated than the amount
of usage the surplus electricity is stored and it can be used at evening or night when there is no sunlight.
(Green Match, 2016)
Low Maintenance Costs: Solar panels usually don’t require much maintenance and repairing as mostly
these panels come with a warranty of 20 – 25 years. Inside a panel there are no moving parts also just an
inverter which converts sunlight into electricity and the inverter can be changed after 5 – 10 years thus
making it cheap to maintain. (Green Match, 2016)
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Diverse Applications: Solar energy can be used and applied in a vast range of applications, we can generate
electricity, heat water, provide electricity to the areas where cables and energy grids cannot be installed, to
power satellites in space and transparent solar energy windows. (Green Match, 2016)

2.4.2 Disadvantages of solar energy
Cost: The initial cost to buy a solar system is quiet high. The reason for its high cost is the solar panels,
batteries, inverters, wiring and installation of the panels; therefore due to the constant improvement in the
technology it is very possible to assume that these prices will go down in near future. (Green Match, 2016)
Expensive Solar energy storage: Normally in solar panels the heat provides energy during day time while
for the night time energy is stored in the grids of the panels which is to be attached separately, and which
will be expensive. Therefore it is a plus point that our energy demand is higher at the day times and it can
be fulfilled using solar panels. (Green Match, 2016)
Weather dependent: since solar energy can also be collected during cloudy or rainy days also, but it greatly
affects the efficiency of the solar panels. It should also be noticed that the panels should get enough amount
of sunlight as it has to provide the energy at night also, therefore few rainy days would affect the energy
system. (Green Match, 2016)
Uses a lot of space: The more electricity we want to produce the more numbers of panels we should install
in order to collect as much energy as possible. Solar panels are big in size and some of the roofs are not
big enough to fit the panels within themselves, therefore small panels can e installed in the yard but they
should have direct contact with sunlight. (Green Match, 2016)
Associated with pollution: Even though the pollution related with solar energy system is far less when
compared with other energy sources, factors like transportation and installation of the panels are linked
with the emission of the greenhouse gases. Still, solar energy pollutes far less than other alternatives. (Green
Match, 2016)

2.4.3. Solar Energy System
In 1839, Edmond Becquerel a French scientist discovered that some materials produce sparks of electricity
when they meet with sunlight, some researchers soon discovered that this process is known as the
photoelectric effect. A photovoltaic Cell (PV) is a specific semiconductor diode which converts observable
light into Direct Current (DC). Large sets of combined PV cells can be used to form Panels or Solar
modules. (What Is, 2016).
Components of a PV cell:
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The most vital components of a PV cell are basically two layers of semiconductor material composed of
silicon crystals. Although crystallized silicon is not a good conductor of electricity but when it intentionally
gets add up with impurities it creates a source or a stage to create electric current. This process is called the
doping process. (Union of Concerned Scientists, 2016)
The doping process takes place when the bottom layer of the PV cell is doped with Boron which sets a bond
with silicon to create a positive charge (P) and the top layer is also doped with Phosphorus which creates a
negative charge (N). When electrons flow between the surface of P type and N type it produces an electric
field, therefore when sunlight enters the cell the energy knocks electrons loose in both layers. The electrons
want to flow from N type to P type but the electric field prevents this from happening. The presence of
external circuit provides a path for the electrons to flow from N type to P type layer, the electrons flowing
through this circuit provides the owner of the cell with a supply of electricity. At present annual PV cells
production is about 150MW which costs about 1 billion USD annually. (Union of Concerned Scientists,
2016)

Figure 4 shows the production of electricity from photovoltaic cells worldwide

Source: (PV News, 1998)
Energy Storage:

21

Energy storage is one of the most important factors in a solar panel as it has to provide with energy in the
absence of sunlight, therefore following are the ways to store energy within solar panels. (Union of
Concerned Scientists, 2016)
Thermal Storage: thermal storage is used to provide energy even when the sun is not shining, solar plants
capture heat from the sun and store it in water, molten salts or some other fluids. Later on this stored energy
is used to generate electricity when the sun is not present. One other method is to freeze the water at night
with the help of off peak electricity and then releasing the stored cold energy from the ice to help with air
conditioning during the day time. (Union of Concerned Scientists, 2016)
Batteries: As batteries can be located anywhere so they are widely used as storage for distribution of energy
such as flashlights, mobile phones and cars. While on a large scale different types of batteries are also used
for storage potential which includes; Sodium Sulfur, Metal air, Lithium ion and Lead ion batteries, in solar
panels batteries can be connected to the grids and being used for different purposes. (Union of Concerned
Scientists, 2016)

2.4.4. Solar Energy application and Utilization
Solar energy in China: China basically has a coal based energy production and consumption. In 1998
China’s primary energy production was accounted for 75.6%. China stared constructing PV cells in the late
70’s and within 30 years these PV cells were widely known and used. In 2007 the total installed PV cells
produced about 10 million kilowatts of electricity which increased to 200 million kilowatts in the year 2008.
Even China’s solar water heating industry took a rise in the year 2008, with an output of 43 billion the
exports were amounted 100 million USD. Later in the year 2009 China stared the concept of Solar Roofs.
(Jingcheng, 2010)
Solar Energy in Poland: The heat demand in Poland is very high because of the high winter weather over
there, the total solar fraction accounts about 65%. Poland’s main source of energy is coal and solar panels
are only used in small applications like, parking meters, traffic signals and emergency phones. Secondly
solar energy is also found attractive in agriculture department in Poland for hot water supplies, space heating
in greenhouses and drying purposes. (Chwieduk, 1997)

2.5. Wind Energy
Wind is caused by the irregular heating of the atmosphere by the sun, variations in the surface of the Earth
and rotation of the Earth. Other factors like mountains, bodies of water, cooling effects of the ocean,
temperature gradient between land and sea and vegetation all influence and affect the pattern of the wind.
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Wind energy is a form of solar energy. This type of renewable energy uses wind to generate mechanical
energy and electricity. (OpenEI, N.D.)
The major types of wind power are:
Utility Scale Wind: A Wind turbine larger than 100 kilowatts are developed with electricity delivered to
the power grid and is then distributed to users by power system operators. (AWEA, 2013)
Distributed or Small Wind: A wind turbine which uses turbines of 100 kilowatts or smaller amount to
directly power a home, farm or any small business.(AWEA, 2013)
Offshore Wind: A wind turbine that is erected in the bodies of water around the world. (AWEA, 2013)
Wind turbines are used to convert the kinetic energy present in the wind into mechanical energy using
turbines and generators. A turbine is a machine that moves around and catches some of the energy passing
by it. All sorts of machines use turbines from jet engines, hydroelectric power plant, diesel railroad
locomotive and windmills. (OpenEI, N.D.)
Wind is free, clean inexhaustible and indigenous source of energy. Wind turbines do not use any type of
fuel which makes them environmentally safe and do not require any degradation from the investigation,
extraction, transportation, shipment or disposal of fuel. A wind turbine generates electricity with zero
emissions from carbon dioxide and doesn’t even release toxic pollutants or hazardous air pollutants. Wind
energy projects must be planned according to the regional and municipal plans. (Jaber, 2014)

2.5.1. Advantages of Wind Energy
Renewable and Sustainable source: Wind energy is a renewable source of energy because it will never
run out unlike any other natural source like coal, natural gas and oil. Unlike other forms of electrical
generation where fuel is required this source does not require any fuel and is completely free. Wind is a
form of energy that does not need to be mined or transported. (Clean Energy Ideas, 2016)
Environment friendly: Wind energy is the most environmental renewable energy sources available today.
Installation and manufacturing of wind turbines no pollution is generated as no fuel is needed, secondly
wind turbines produce no greenhouse gases such as carbon dioxide and Methane. The only pollution type
wind turbine creates are visual and noise pollution and these both does not affect the water table or quality
of the air we breathe in. (Clean Energy Ideas, 2016)
Increases Energy Security: By utilizing wind energy to generate electricity we reduce our dependency
on fossil fuel which includes Coal, oil and gas. This helps in conserving the supplies of natural resources
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and thus allowing them to last longer. By using a renewable source a country helps itself to reduce the
dependency on the global market and thus the energy security of a country is increased. (Clean Energy
Ideas, 2016)
Small Footprint: Wind turbines have relatively small land footprints, the turbines are long towers above
the ground and the impact on the land at the base area is minimal. The area around the base of the wind
turbine can be utilized for agriculture purposes, crop production and land gazing. Wind turbines are
installed without interfering with people, livestock and production operations. (Clean Energy Ideas, 2016)
Huge Potential: Wind turbines have huge potential as they are renewable and sustainable and it can be
found in a variety of places, the technology used in wind turbines are not just limited to some locations
which is the case in geothermal power stations. Wind turbine offer very low maintenance cost as wind
energy is free the running costs are also considered to be low. (Clean Energy Ideas, 2016)

2.5.2. Disadvantages of Wind Energy
Fluctuation of wind: Just like solar Energy wind energy also has a drawback that it is not constant energy
source. Even though wind energy is sustainable any will never run out but the wind is also not blowing
every time. This creates serious problems for the developers of wind turbines. Therefore the place where
wind turbine is to build needs to have an adequate supply of wind. This is the reasons that wind turbines
are often seen at hill tops or near seas and the areas where there is less land obstacles which may reduce the
intensity of wind energy. (Windustry, 2015)
Biological Resource Impacts: Wind turbine brings threat to the wildlife and especially birds and bats.
Depending on the sensitivity of the area wind energy impacts plants and animals loss of wildlife habitat
and vegetation are the primarily wildlife concerns linked with wind energy. Extensive environmental
impact study must be before any wind energy turbine project is to be carried out. (Windustry, 2015)
Noise Pollution: Wind turbines are not silent and one of the most important disadvantages of wind energy
is the sound produced by the turbines which promotes noise pollution. A single wind turbine can be heard
from hundreds of meters away. The noise of wind turbines has ruined the life of the people living near to
them. New technologies are being implemented to reduce the amount of noise. (Windustry, 2015)
Expensive Installation: wind turbines involves huge installation costs, initially a site survey needs to be
done. After that the rate of wind is to be measured at the selected area, including measuring the speed of
wind blowing for any period of time. The wind turbine needs to be manufactured, transported and then
erected over a pre – built foundation which is to be constructed separately. The turbines also requires huge
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amount of concrete and steel as they are very tall in size. All these process contributes to the high installation
cost of wind energy. (Windustry, 2015)
Visual Pollution: Another disadvantage of wind turbines is the visual pollution. Shadow flicker is the
impression that occurs when the blades of the turbines shadow as they move. Some people see the turbines
as economic and environmental progress while others see them as industrial invasion. There are many ways
to minimize the visual impacts of wind turbines which includes, painting the turbines with a neutral color,
arranging them in a visually pleasing manner and designing each turbine uniformly. (Windustry, 2015)

2.5.3. How does a wind turbine works
A wind turbine just like aircraft propeller blades consists of many components, a turbine is one of the parts
inside the whole mechanism and another key part is the gearbox which manages the speed of the spinning
blades. The generator is one of the most essential parts; the huge rotor blades present at the front of the
wind turbine along with the tower are also present in a wind turbine. The towers ranges from 60 to 80
meters of length but frequently 100 m towers are used. The rotor blades have a special curved shape and
when wind blows past them the blades spin. The longer the rotor blades the more energy a wind turbine
will generate. Wind turbine falls into two groups; the horizontal – axis variety which is the traditional farm
windmill type and have 2 or 3 blades and the second type is the vertical – axis design which is like an
eggbeater design type. (Wind Energy Development, N.D.) The detailed working of a wind turbine is
discussed below:
1. Wind containing kinetic energy blows toward the turbine’s rotor blades.
2. The rotors spin around by capturing the kinetic energy present in the wind due to which the central
device that supports the blades called shaft starts turning.
3. Inside the nacelle which is the main body of the turbine present at the top of the tower and behind
the blades is a gearbox which converts the low speed rotation of the shaft into high speed rotation
to drive the generator resourcefully.
4. The generator which is present behind the nacelle consumes kinetic energy from the spinning shaft
and turns it into electrical energy. A regular 2 MW turbine generator can produce 2 million watts of
power at about 700 volts.
5. Automatic speed measuring devices called Anemometer present at the back of the nacelle provides
with the measurements of the speed of the wind and direction also.
6. Using these measurements the top part of the turbine which consists of rotor blades and nacelle can
be rotated, using yaw motor so it faces directly into the direction of the oncoming wind direction
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and captures maximum amount of energy. If the wind is too turbulent the rotor blades are stopped
by applying brakes for safety reasons.
7. The electric current which is produced by the generator further flows through a cable which runs
down inside the turbine tower.
8. A step up transformer then converts the electricity to 50 times higher voltage so that it can be
transmitted to the power grid.
9. From the power grid the green and clean electricity is provided to homes, buildings and communities
nearby.
10. The wind continues to flow past the turbine but with low speed and turbulent nature as the turbine
has interrupted its flow.
(Explain That Stuff, 2007)

Figure 5 shows a labeled wind turbine

Source: (Encyclopedia Britannica, 2011)
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2.5.4. Wind Energy Application and Utilization
Wind Energy in South Africa: South Africa produces just more than 4GWh annually. The Klipheuwel
wind farm has a capacity of 3.2 MW; this wind farm consists of three units that is two Danish turbines of
660 KW and 1,750 KW respectively and a French turbine of 750 KW. The blade spans of these units are
47 m, 66 m and 48 m respectively. The wind turbines at the Klipheuwel wind turbine generates energy at
wind speeds 11 – 50 km/h. (Renewable Energy, 2012)
Wind Energy in Pakistan: The Jhimpir Power plant is a wind farm located in the Sindh province of
Pakistan. This plant produces about 49.6 MW of electricity. The auxiliary consumption of this plant is 300
KW. The number of units installed in this plant is 31 and the size of each unit is 1.6 MW each. Each unit
has three blades and each blade is 82.5 meters long. 45 wind projects capable of producing 3200 MW
capacity are under process in Pakistan. (Jhimpir Power (Private) Limited, 2014)

2.6. Hydropower
Hydropower is referred to as water power, it the renewable energy source that uses force or energy of
moving water to generate electricity or power. The water used to generate power is the rain or melted snow
which is generated from the hills and mountains in the form of rivers and canals running to the ocean.
Hydropower is the cheapest way to generate electricity now a days because after a dam has been built and
the equipment have been installed, the energy can be produced by flowing water yearly by renewable water
source emerging from rain and snow. (National Geographic, 2015) Hydropower is clean and it prevents the
burning of 22 billion gallons of oil and 120 million tons of coal per year. It also doesn’t produce any
greenhouse gases and doesn’t promote air pollution. (Wisconsin Valley Improvement Company, 2016)
Hydropower generates about one fifth of the total world’s electricity. Canada, Brazil, The USA and china
were the largest producers of hydropower in 2004. (National Geographic, 2015) Norway produces about
99% of its electricity from Hydropower. (Wisconsin Valley Improvement Company, 2016). In the 19th
century hydropower became a source for generation of electricity. In 1879 the first hydroelectric power
plant was built in Niagara Falls and after two years in 1881 the street lamps in the city of Niagara were
powered by Hydropower. Hydropower is very reliable renewable energy source with very god efficiency
and hydropower plants lasts for a long time period. (National Geographic, 2015)
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Figure 6 shows top Hydroelectric Generating Countries

Source: (Wisconsin Valley Improvement Company, 2016)

2.6.1. Advantages of Hydropower
Renewable Energy Source: Since hydropower uses water in order to produce electricity it is a renewable
source. The water that is evaporated from the surface of Earth falls back to the Earth in the form of rains
and snow, therefore it will never run short and will be available. (Connect US, 2015)
Clean Energy: Hydropower is a very clean and green source of energy since it does not produce any
harmful emissions or contamination. It even does not produce any greenhouse gases or toxins that pollute
the environment. (Connect US, 2015)
Stable and Reliable: This source of energy is considered dependable as there are no issues faced till now
for producing the electricity; the countries with abundant source of water still utilize and meet their
electricity usage by hydropower plants. (Connect US, 2015)
Low operating cost: Discussing the cost issue, hydropower requires very less or low maintenance and
operating costs. Due to the few parts present in a hydropower plant the scale of replacement is also
decreased. The dams are also built in such a way that they will last for a large period of time. Therefore
hydropower is a cheap source of renewable energy. (Connect US, 2015)
Flexible source: Hydropower is very flexible as it keeps on adjusting the water flow and output of
electricity. When the power consumption is low the flow of the water is reduced whereas the water is
conserved for the times when the power consumption is high. (Connect US, 2015)
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2.6.2. Disadvantages of Hydropower
Causes Environmental Damage: Due to the interruptions in the natural flow of water the marine life and
the environment is disturbed. The movement of fishes is affected as they travel or move, factors like speed
spots, water level and water speed an important role in the interruptions of the ecosystem. (Connect US,
2015)
Cost of Building: Installing or setting up a power plant is expensive. Even though the hydroelectric plants
are not that difficult to build but will still require a large amount of money to get started with, but it does
not require a large number of workers and the maintenance costs are also less. (Connect US, 2015)
May cause Droughts: One of the biggest possibilities while building a hydroelectric plant is the occurrence
of local drought. The amount of energy and power is identified according to the availability of water. This
can be greatly influenced by a dry spell and thus the people of the particular area receiving energy from the
plant will be affected. (Connect US, 2015)
Floods: The people living in low lying locations can become a victim of the flood due to the strong water
currents that are released from the dam. It also affects the living style of the people living in these areas and
more people are forced to move out of the premises where dam is to be constructed for the sake of
hydroelectricity. (Connect US, 2015)
Shortage of water supply: Huge dams are built across rivers in some countries and it affects the flow of
the natural flow of water from one place to the other. Similarly when one location does not require too
much water it will be redirected to the other location so that those looking forward to build dams can utilize
this water. It can cause a conflict in long terms when the water supply and flow of water in any particular
direction will be disturbed or stopped.

(Connect US, 2015).

2.6.3. How hydropower plants work
To generate electricity from moving water, the water has to move with constant speed and volume to a
spinning propeller like device called turbine which further rotates a generator to generate electricity. For
example one gallon of water per second falling from a distance of one hundred feet can generate electricity
of one kilowatt. In order to increase the volume of moving water dams are used to collect the water. An
opening in the dam utilizes gravity to drop water down a pipe called a penstock. The moving water again
causes the turbine to spin and which causes the magnets inside the generator to rotate and produce
electricity. (Union of Concerned Scientists, 2016).
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There are a variety of turbines at the hydropower plant and their use depends upon the amount of hydraulic
head which is basically the vertical distance between the dam and the turbine. The most common turbines
are the Kaplan, Francis and the Pelton wheel designs.
The Kaplan turbine is a similar one to the boat propeller along with a runner which is the turning part of a
turbine which has a total of three to six blades. This turbine can provide up to 400 MW of power. (Kaplan
Turbines, 2015)
The Francis turbine has a runner with nine or more fixed plates; in this turbine the runner blades direct the
water so that it moves in an axial flow. This turbine type can provide up to 800 MW of power. (Bright Hub
Engineering, 2016)
The Pelton turbine consists of a set of specially designed bucket type blades that are attached on the outside
of the circular disc thus making it similar to a water wheel. This turbine is used in high hydraulic sites and
can produce energy up to 200 MW. (Pelton Turbine, 2013)
Hydropower can also be generated without a dam with a process known as the run of the river. In this
process the volume and speed of the water flow is not controlled by a dam. Instead in a run of river project
the turbine blades spin by capturing the kinetic energy of the moving water within a river. Therefore these
projects can choose to generate the power when it is needed and most valued. This process has much less
ability to control the amount and timing of electricity generation because they do not store water. (Union
of Concerned Scientists, 2016)
One other type of hydropower technology is pumped storage. In this technology the water is pumped from
a lower reservoir to a higher reservoir during off peak timings using energy from other types of energy
sources. When the water is pumped uphill it creates the potential to create hydropower and when the
hydropower is needed the water is pumped back to the lower reservoir using turbines. This process is 80%
effective even though some power is lost. Currently more than 90 GW of pumped storage is generated
worldwide. (Union of Concerned Scientists, 2016)

2.6.4. Hydropower application and utilization
Hydropower in Venezuela: The bulk of electricity in Venezuela is provided by Hydropower. The 8,900
MW Guri Hydroelectric power plant located on the Caroni is one of the largest hydroelectric dams in the
world and provides majority of the Venezuela’s electricity. Venezuela produces about 14,622 GW of
electricity yearly. Hydroelectric output in 2008 was 86.7 TWh whereas the hydropower produced in the
year 2009 was 14,627 MW. (World Energy Council, 2016)
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Hydropower in China: Hydropower accounts a total of 20% of China’s Power production. China has the
world’s biggest dam Three Gorges Dam in terms of energy production and it produces 22,000 MW of
energy. In 2015 China added 19,370 MW of new hydropower projects including 1,230 MW of pumped
storage projects. While in the year 2015 China produced a total of 1,126,000 GWh of energy from
Hydropower. (International Hydropower Association, 2016)

2.7. Geothermal Energy
The word Geothermal originates from two Greek words Geo which mean Earth and the word thermal which
means the heat from the earth. Geothermal energy is the energy which is derived from the heat of the Earth.
(Geothermal Energy, 2009). Geothermal energy is a renewable source of energy and its biggest advantage
is that it is constantly available. Heat has been radiating from the center of the Earth for about some 4.5
billion years. At a distance of about 6437.4 km the center of the Earth has the same temperature present at
the surface of the sun which is 5,500 C and according to the scientists 42 million MW of power flow can
be utilized by the principle of conduction.(Geo Energy Association, 2003) For about thousand years people
have been consuming geothermal energy in the form of hot springs and steams for bathing cooking and
eating purposes. With the passage of time and advancements in the technology amendments have been
made to use the heat directly for space heating, aquaculture, heat buildings, de-ice the roads, raising plants
in greenhouses, industrial processes and also to convert this heat into electricity. (Herzog et al., 2001)

Figure 7 shows temperatures of Earth

Source: (Geo Energy Association, 2003)
According to the scientists just 1% of the heat limited in the uppermost 10 km of the Earth’s crust is
equivalent to 500 times the energy contained in all of the Earth’s oil and gas resources. (Herzog et al.,
2001). The heat from the center of the Earth behaves in an outwards manner and heats up the outer layer of
the rock called the magma. Rainwater sometimes leaks or seeps down through geological faults and cracks
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and become super-heated once they meet the hot rocks below. Some of this water emerges back to the
surface of the Earth as hot springs and if the hot water gets trapped below the surface it acts as a geothermal
reservoir. (Geo Energy Association, 2003) Geothermal energy has been utilized rapidly during the years
1975 – 1995 for electricity generation which was about 9% per year. By the year 1997 geothermal energy
was introduced in about 80 countries. (Herzog et al., 2001).

2.7.1. Advantages of Geothermal Energy
Environmental Friendly: Geothermal energy is considered environmental friendly renewable energy
because the carbon footprint of a geothermal power plant is observed to be very minimal. An average
geothermal power plant generates about 122 kg of CO2 for every MWh of electricity generated, which is
one eight of the carbon emissions produced in an average coal plant. (Planet Save, 2014)
Renewable Source: Geothermal reservoirs are naturally refilled and it is believed that the energy present
in the geothermal reservoirs will last for billions of years, while fossil fuels may expire after sometime
geothermal energy may not expire anytime soon. Similarly it does not require sun or wind for its application
the source of application used in a geothermal plant is constant. (Planet Save, 2014)
High efficient and low maintenance: Geothermal heat pumps consume 25% to 50% less electricity as
conventional systems utilize for normal heating and cooling purposes. Since geothermal plants have very
few moving parts and all those parts are protected inside a building, the life span of the geothermal heat
pump system becomes high. These systems are not only durable but very convenient and easily accessible.
(Green Match, 2016)
Significant Saving: A large number of people use geothermal energy for heating and cooling purposes
since it can save up to 30 – 60% on heating purposes and 25 – 50% on cooling purposes for homes and
offices. (Planet Save, 2014)

2.7.2. Disadvantages of Geothermal Energy
Potential Emissions: Greenhouse gases present below Earth’s surface can wander to the surface and to the
atmosphere. These emissions tend to be high near a geothermal power plant, gases like Sulfur dioxide and
silica are emitted and traces of heavy toxic metals Boron, Mercury and Arsenic are also present. (Planet
Save, 2014)
Surface Instability: The area where geothermal plant is to be built affects the stability of the land. In the
year 1997 in Switzerland an earthquake was caused with a magnitude of 3.4 on the rector scale. (Planet
Save, 2014)
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High Investment cost and requirements of installation: Installing a geothermal plant requires a large
area to setup the plant similarly installation of geothermal pumps costs about 10,000 – 20,000 $ for an
average house and can last for 5 – 10 years and total cost ends up around 3 – 7 million $ for a 1 MW
geothermal plant. (Green Match, 2016)
Possibility of Depletion: Even though geothermal energy is considered as sustainable and energy source,
there are some chances that specific locations might cool down and making it unable to use in the near
future in some time to harvest geothermal energy. (Green Match, 2016)

2.7.3. How geothermal plants work
Geothermal energy is accessed by drilling water or hot steam wells in the same process drilling of oil is
done. Geothermal plants use turbines, generators, transformers and other power generating equipment. It is
much similar to the traditional power generating stations or plants. (Energy Gov, N.D.) The energy can be
derived from the Earth through these mediums:
Volcanic Areas: Several types of rock contain radioactive materials such as Uranium, when these rocks
decay they release heat energy which warms up the rocks. In volcanic areas the rocks heat the water and
rises to the surface naturally as hot water and steam. Therefore this steam is then used to drive turbines and
electricity generators. Such types of geothermal plants are mostly found in Iceland, Italy and California.
(BBC, 2014)
Hot Rocks: In some of the places the rocks are hot but hot water and steam does not rise up to the surface.
In this situation deep wells are drilled down to the hot rocks area and cold water is pumped down. In this
way the way water travels down the fractures and is heated up and returns to the surface as hot water and
steam and then this steam is used to drive turbines and generate electricity. (BBC, 2014)
Geothermal plants however use steam produced from the reservoirs of hot water and steam which is found
about 2 miles below the Earth’s surface. There are three types of geothermal power plants discussed as
follows:
1. Dry Steam: Dry steam is the oldest geothermal power plant type. It is named dry steam because in it the
water is extracted from the underground reservoirs in the gaseous form also known as water vapor.
Geothermal steam is of at least 150 C is extracted from the reservoirs with the help of production wells and
is sent directly to the turbines then. The first dry steam geothermal plant was set up in Italy in the year 1904.
(Energy Informative, 2016)

33

2. Flash Steam: In a flash steam geothermal plant the water at the temperature of 182 C is used. Flash
steam refers to the steam in which high pressure hot water is flashed or vaporized in to a steam present
inside a flask tank by lowering the pressure, this hot water flows up through the wells under its own
pressure, as it flows upwards the pressure decreases and some of the water boils to form steam. This steam
is then further used to derive the turbines. It is the most common geothermal plant used now days. The first
flash steam plant was built in New Zealand in the year 1958. (Energy Informative, 2016)
3. Binary Cycle: Binary cycle geothermal plant has an advantage over dry and flash steam power plants,
which is that the water temperature used in this plant can be as low as 57 C. the process includes a binary
fluid which has a much lower boiling point than water. The thermal energy in the water reservoir flashes
the water working fluid in to the steam which is then used to generate electricity using turbine. The water
coming from the geothermal reservoir through the production well is never in contact with the binary fluid.
After some of its thermal energy is transferred to the binary fluid with the help of a heat exchanger, the
water is then sent back to the reservoir through the injection wells where it attains its thermal energy again.
Binary cycle geothermal plant enables to harness geothermal energy by lowering the temperature which
cannot be done by using dry or flash steam power plants. First binary cycle plant was built in Russia in the
year 1967. (Energy Informative, 2016)

2.7.4. Geothermal Energy Application and Utilization
Geothermal Energy in Italy: World’s first geothermal plant was built in Landerello, Italy in the year 1911.
In the year 1913 a 250 KW power station had been built which was used to power electric railway system.
In the year 2009 this geothermal plant produced about 594.5 MW of energy; in the year 2013 with an
installed capacity of 875.5 MW the gross electricity generation reached 5.7 billion KWh. In the year 2014
after addition of one more unit the capacity was increased to 914.5 MW. (Razzano, et al, 2015).
Geothermal Energy in Iceland: The Hellishedi power plant in Iceland is the third largest geothermal plant
in the world and the largest in the Iceland. The total output of this plant is 303 MW. It uses 6 high pressure
45 MW steam turbines and a single low pressure 33 MW steam turbine. This plant uses 500 kg of 180 C
geothermal steam for the production of electricity. This energy is extracted from 30 wells from a depth of
2000 – 3000 meters. (Extreme Iceland, 2016)

2.8. Wave Energy
Wave energy is the power basically drawn from the waves. Oceans cover approximately 75% of our world
and the waves contain powerful energy. When wind blows across the surface of the water, it transfers the
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energy to the waves. When wind blows across the surface of the water strongly enough is creates waves, it
is mostly seen at the oceans because of the reason of lack of land to resist the power of the wind. (Conserve
Energy Future – Wave Energy, 2016) Solar power that is consumed either by land surface or water bodies
are the origin of the renewable energy source of wave energy. Air above warm water moves upward and
squeezes cold and heavy air down. Even though there is a general air circulation in the atmosphere, where
warm air present above the equator goes up and moves towards Polar Regions, where it gets cooled then
goes down and streams back. (Vissarionov, 2011)
Waves are a powerful source of energy; the energy output is measured by the means of wave height, wave
speed, wave length and water density. Stronger the waves, more they have the capacity to produce power.
The captured energy can be used to generate electricity, powering plants, desalination and pumping of
water. It is not easy and simple to harness energy from the waves and this is the reason there are very few
wave generator plants around the world. (Conserve Energy Future – Wave Energy)
Waves can be classified into two types as follows:
Onshore waves: Onshore waves are those which are formed out in the ocean and towards the beach or
land. It happens when the wind presses down on the back of the wave and causing it to crumble early. It
makes the waves to break quickly and messily which causes the waves to form with no shape or back off.
(Surf, 2010)
Offshore waves: Offshore waves are those which are formed from the beach or land and towards the ocean.
It happens when the wind tends to hold up the waves as it blows upfront of them. It makes the waves to
break more slowly and clean and thus making them well formed. (Surf Terms, 2012).

2.8.1. Advantages of Wind Energy
Renewable Energy source: The best thing about wave energy is that it will never run out. The waves will
always be crashing upon the shores near the coastal regions. Unlike fossil fuels which are running out, even
Ethanol produced from the corn, unlike waves which are not limited by a season requires no input from the
mankind to make the power. (Conserve Energy Future – Wave Energy, 2016)
Abundant and widely available: Another benefit of wave energy is that the nearness of the water to the
coastal places or the places that can use it. Many cities and harbors are near to the coastal areas and oceans
and can utilize the wave energy for their use. In this way the areas near oceans can get their supply of
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electricity and energy through waves. Wave energy has a potential of producing 2 terawatts energy
worldwide. (Conserve Energy Future – Wave Energy, 2016)
No damage to the land: Unlike any other sources like fossil fuels or geothermal energy which damages
the land waves energy causes no damage to the Earth. Since large holes are formed while extracting energy
from other sources of energy. Wave energy is safe, clean and one of the preferred method to extract energy
from the oceans. (Conserve Energy Future – Wave Energy, 2016)
Variety of ways to harness energy: There are a variety of ways to gather energy from waves. Current
gathering methods range from installed power plant with hydro turbines to seafaring vessels equipped with
massive structures that are laid into the seas to gather and generate wave energy. (Conserve Energy Future
– Wave Energy, 2016)
Easily Predictable: Wave energy is easily predictable and can be used to calculate the amount of energy
that can be utilized from the waves. The wave energy is consistent and proves much better electricity which
is dependent on sun and wind. According to the scientists it is found out that wave energy is 100 times
greater than the wind energy. (Conserve Energy Future – Wave Energy, 2016)

2.8.2. Disadvantages of wave energy
Suitable to certain locations: One of the disadvantages of the wave energy is that only the places near
coastal areas can benefit from the wave power plant. Because of this reason wave energy is not a practicable
energy source for everyone and the places at some distance from the seas have to find some alternative
power source. (Conserve Energy Future – Wave Energy, 2016)
Effect on Marine Ecosystem: Wave energy is a clean form of energy even though it creates some hazards
for the sea creatures near the plant. Large machines and plant have to be set in water bodies to gather and
generate energy from the waves. These machines and plants disturb the seafloor, the habitats like star fishes
and crabs and also create noise that affects the environment of sea life. Even the toxic chemicals used and
produced by the machines disturb the marine life. (Conserve Energy Future – Wave Energy, 2016)
Wavelength: Wind power mainly depends on the wave length of the waves which is the speed, wavelength
and water density. Wave energy requires a consistent flow of powerful waves to generate significant amount
of wave power. Some areas show unreliable wave behavior and it becomes very difficult to forecast and
predict accurate wave power which also shows a non-reliable behavior of wave energy. (Conserve Energy
Future – Wave Energy, 2016)
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Source of disturbance for private and commercial vessels: One of the other disadvantages of wave
energy is that it disturbs the private and commercial sectors linked with the water. The wave power plants
are placed inside the coastline to generate electricity and they should be placed near populated area situated
near oceans. Therefore the cargo ships and other recreational boats get disrupted by the wave power plant.
Therefore government officials should take some steps to consider the disturbance that can be caused by
any source before installing wave energy plant. (Conserve Energy Future – Wave Energy, 2016)
Noise and Visual Pollution: Wave energy generators create an unpleasant view for the people who live
near coastal areas because these large generators are present in the middle of the water and destroy the
beauty of the sea. These generators also produce noise but it is covered by the noise of waves which is
infact more than that the sound of wave generators. (Conserve Energy Future – Wave Energy, 2016)

2.8.3. Technologies to utilize wave energy
A diversity of technologies has been offered to capture the energy from the waves. Each of the technology
is in its early stages of development to predict which technology or mix of technologies would be most
widespread in future commercialization. While wave technologies are continuing to develop there are four
basic applications that are being implemented to capture and generate electricity from the waves.
(Technology White Paper, 2006)
1. Terminators: Terminator devices are extended perpendicular to the direction of the waves and capture
or reflect the power of the wave. These terminators are mostly installed onshore, whereas floating versions
are introduced for offshore applications. (Technology White Paper, 2006) The Oscillating Water Column
(OWC) is a form of terminator. An OWC is partially lowered into water; it is open below the surface line
with a hollow upper part filled with air. The water level within the water column increases and decreases
with waves entering in with the principle of compression and decompression of air. Well turbines are ideal
for converting this into energy later on a generator converts this mechanical energy into electricity. (Energy
Informative, 2016)
2. Attenuators: These are long multi segment floating structures oriented parallel to the direction of the
waves. They are placed at the surface of the water like ships and extract the energy by using restrains at the
bow of the device and along its length. The difference in the height of the waves along with the length of
the device causes flexing where the segments are connected. The segments are connected to hydraulic
pumps or other convertors to generate power as the waves pass across. Power is fed down an umbilical
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cable to a junction box in the seabed which connects it and other machines using a common subsea cable
to the shore. (Bureau of Ocean Energy Management, 2007)
3. Point Absorbers: Point absorbers have a small horizontal dimension compared with the vertical
dimension. It is floating structure with components that move relative to each other due to a wave action.
Point absorbers look like floating oceanographic buoys. They utilize the rise and fall of the of the wave
height at a single point for energy conversion. The relative up and down motion caused by the waves passing
is used to drive electromechanical or hydraulic energy convertors to generate power. (Bureau of Ocean
Energy Management, 2007)
4. Overtopping Devices: These have a reservoir that gets filled with incoming waves which causes a slight
buildup of water pressure like a dam. The water is then released and then allowed to flow back to the ocean
under the force of gravity. This energy of the falling water is then utilized to turn hydro turbines to generate
power. These specially built floating platforms can also create electricity by channeling waves through
internal turbines and then back to the sea. (Bureau of Ocean Energy Management, 2007)

2.8.4. Wave Energy Application and Utilization
Wave energy in Spain: Construction of the Mutriku wave power plant began in 2006 in Spain. This power
station implements OWC technology and has a front opening which is submerged under water and opening
at the top. The hollow structure contains 16 air chambers which hold 16 turbines and each turbine is 1,200
kg. This plant produces a total 296 KW of energy. (Power – Technology, 2016)
Wave energy in Portugal: The Egucadoura wave farm in Portugal is the world’s first wave farm. It is
located 5 km offshore; the farm is designed to use three wave energy convertors to convert the motion of
ocean waves into electricity. This farm produced a total of 2.3 MW of energy in the year 2008. Due to some
technical reasons the generators had been towed away after four months of its operation. This plant was
expected to meet the average electricity demand for more than 15,000 houses. (Power – Technology, 2016)

2.9. Criteria Related with Renewable Energy
The parameters and criteria involved in order to select the best renewable energy using Multi Criteria
Decision Making Method for Sultanate of Oman are as follows:

2.9.1 Cost: The term cost consists of cost associated factors like capital cost, operation and maintenance
cost. The term capital cost is related with expenditures like installment, land, equipment and inventories.
While the operation and maintenance cost is related to the repetitive costs of maintenance of energy power
plants, work maintenance cost and insurance costs. (Daniel et al, 2010) (Balkwaste, 2011)
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2.9.2 Efficiency: The parameter efficiency covers the elements like efficiency of a power plant,
efficiency of a generator, heat rate and conversion of any fuel into heat and electricity and how efficiently
this process is done. Net generation is also a factor of efficiency and it is the amount of electricity a power
plant supplies to the transmission line. (Daniel et al, 2010)

2.9.3 Environmental Impacts: Environmental considerations are important and always taken in
considerations before starting any project or power plant. The term environmental impact further covers
the following factors: greenhouse emissions, emissions to the air, production of hazardous residues and
hazardous waste, noise and visual pollution. (Daniel et al, 2010) (Balkwaste, 2011)

2.9.4 Installed Capacity: Installed capacity is the factor which discusses the maximum capacity at
which suitable installation of any power plant could be operated for sustained period, without damaging
the power plant. For example installed capacity relates mainly to calculate the cost of solar panels on
discussing how many watts an hour can be produced by using how many solar panels. (Stojanovic, 2013)

2.9.5 Estimated potential: A renewable energy power plant which includes Solar, Hydropower,
Geothermal, Wind, biomass and wave energy should predict a sustainable and enough power supply to
fulfill the demands of any particular area where they are installed. The energy output should be sufficient
enough that easily meets the requirements. (Stojanovic, 2013)

2.9.6 Reliability: The factor reliability is the existing experience from the application of the similar
technology and management system. It reflects on the reliability of the behavior of any particular power
plant that up to what extends it can be relied upon. (Stojanovic, 2013)

2.9.7 Social Acceptance: The criteria social acceptance covers factors like existing renewable power
plants under operation, the prevention of environmental consequences, acceptance level of citizens, the
education system, and any additional tax that will be introduced after the installation of any renewable
power plant. (Daniel et al, 2010) (Balkwaste, 2011)

2.9.8 Safety: All the technologies must undergo regular safety checkups that could affect human health
and the environment, regardless of the years these they have been in service or commercial scale. These
power plants should be checked for any kind of malfunctions and if found any should be removed because
it could risk the safety of the agents linked with it. (Stojanovic, 2013) (Balkwaste, 2011)
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2.10. Multi -Criteria Decision Analysis (MCDA)
MCDA is basically concerned with structuring and solving decision planning problems using multiple
criteria. (Majumder, 2015). It is a valuable tool that can be used to solve multipart problems. It is being
applied when it is most applicable to solve problems that are characterized as a choice among alternatives.
However there is no exceptional or optimal solution for problems and then it becomes necessary to use
decision maker’s preferences to differentiate between solutions. (Majumder, 2015)
Steps involved in Decision making:
A decision making process includes the following steps that need to be followed:
1. Initially the goal of the decision making process should be identified.
2. Criteria/Parameters/factors are selected.
3. Selection of alternatives.
4. In order to know the importance the weighing methods should be selected.
5. Method of Aggregation.
6. Based on the Aggregation results decision is made.
(Majumder, 2015)
The selected criteria must be independent of each other, measurable and not unrelated with the other
alternatives. The criteria or parameter selected should also be coherent with the decision. While selecting
the alternatives it should be noted that the alternatives are available, real, practical and comparable.
Selection of the weighing methods is done to represent the importance and can be either compensatory or
out rankable. Analytical Hierarchy Process (AHP) and Fuzzy MCDM (FDM) falls under compensatory
method while Elimination and Choice Expressing Reality (ELECTRE) falls under out rankable method.
Method of aggregation can be a product, an average or a function and the aggregation result differentiates
best alternatives from available options. (Majumder, 2015)
AHP and FDM are the most popular example of compensatory MCDM which are used to solve complex
decisions and are widely used in various decision support systems worldwide. In this research to select the
best renewable energy source for Sultanate of Oman AHP method is used. (Majumder, 2015)

2.10.1. Analytical Hierarchy Process (AHP)
The Analytical Hierarchy Process is a powerful and effective tool for dealing with complex decision making
problems with the aid of mathematics and psychology. It was invented by Thomas Saaty in the year 1970
to help the decision makers to set priorities and make best decision. AHP helps in reducing complex
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decisions to a series of pairwise comparisons and then synthesizing the results. It captures subjective and
objective characteristics of a decision and features a useful technique for checking the consistency of
decision maker’s evaluation and reduces the unfairness in decision making criteria. (Saaty, 1980)

2.10.2. How AHP works
AHP users first decompose the decision problem into a hierarchy of easily comprehended sub – problems
which can be analyzed independently. The elements in the hierarchy are relatable to any aspect of the
decision like is the problem physical or non-physical, well or poorly understood and carefully measured or
roughly estimated. (Majumder, 2015). Once the hierarchy is built, the decision makers systematically
evaluate various elements by comparing them to one another at a time also considering their effect on the
elements above them in the hierarchy. AHP assigns a score to each option according to the decision maker
comparisons of the options based on that criterion. The higher the score the better the performance of the
options with respect to the considered criterion, AHP uses human decisions and underlying information in
performing the evaluations. (Majumder, 2015)
The AHP converts these evaluations into numerical values and these values can be processed and compared
over the entire range of problem. A numerical weight or also known as priority is resultant for each element
of the hierarchy. This quality distinguishes AHP from other decision making applications. In the final step
the numerical priorities are calculated for each decision alternatives. These numbers represents alternatives
ability to achieve the decision goal and to implement various courses of accomplishment. (Majumder, 2015)

2.10.3. Implementation of the AHP
The AHP can be implemented in four basic steps:
1. Computing the vector of criteria weights.
2. Computing the matrix of options scores.
3. Ranking the options.
4. Checking the consistency.
(Saaty, 1980)

2.10.4. Application of AHP
The AHP method of decision making for complex situations has been functional in Overall quality
assessment of:


Overall assessment of Simple Knowledge Organization System (SKOS) thesauri: An AHP based
approach (Quraiti et al. 2016)
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Evaluation of key driving categories influencing sustainable waste management development with
AHP process (Tot et al. 2016)



Ranking of government websites of India by an Integrated method of Integration of AHP (Mahalik,
2012)



A simulation study integrated with AHP process in an automotive manufacturing system (Xu et al.
2011)



Applying the Analytical Hierarchy Process (AHP) approach to convention site selection (Chen,
2006)



Model for measuring Korean Administrative Corruption: Focusing on the application of AHP
method (Yun, 2004)



Multi Criteria decision making for selection of Renewable Energy System (Stojanovic, 2013)



Incorporating Community Objectives in Improved Wetland Management: The Use Of The Analytic
Hierarchy Process (Herath, 2004)



Decision making with Analytical Hierarchy Process (Saaty, 2008)



Applying the Analytical Hierarchy Process in healthcare research (Schmidt et al. 2015)
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CHAPTER 3 – METHODOLOGY
3.1 Introduction:
This chapter discusses the methods and the procedures adapted in order to complete the objectives of this
report .The methodology adapted in order to fulfill the objectives of this paper includes Multi criteria
Decision Analysis method (MCDA). MCDA further consists of a decision analysis process namely
Analytical Hierarchy Process (AHP).
The Analytical Hierarchy Process (AHP) is basically based on these principles:

3.2. Structural Hierarchy
A Structural Hierarchy provides an overall view of the complex relationships being inherited in the
problem, a complex problem is to be decomposed into a hierarchy which descends with a goal at the top;
the goal is the statement in which the subject of the problem is stated. Then below the goal, criteria which
also include sub criteria with them are present at the intermediate level which contributes in the decision,
the criteria or sub criteria can be subjective or objective depending on the needs of evaluating the elements
below them. In the end the alternatives are present at the last level of the hierarchy; the alternatives should
be small in number because it may raise a problem in improving the consistency of the results, it is preferred
to keep the number of the alternatives less than seven. (Kousalya, P., et al., 2012)

3.3. The Prioritization Procedure
The elements in each row are compared pairwise with respect to their importance to other element at each
level. The pairwise comparisons are made in terms of how much element A is important than element B on
the basis of the criteria. The types of pairwise comparisons made in the AHP methodology are, the
comparison between the alternatives with respect to the criteria, the comparison between all the criteria
with respect to the goal of the structure. The judgments of the preferences are made on the basis of the
elements in the structure which is called “The fundamental scale of AHP” developed by Saaty. (Kousalya,
P., et al., 2012) (Bahurmoz, A. M. A., 2006).

Table 1 shows the fundamental scale of AHP

AHP scale of importance for Numerical Rating

Reciprocal Rating

comparison pair
Extremely Important

9

1/9

43

Very strong to extremely

8

1/8

Very Strong Importance

7

1/7

Strongly to very Strong

6

1/6

Strong Importance

5

1/5

Moderately to Strong

4

¼

Moderate Importance

3

1/3

Equally to Moderate

2

½

Equal Importance

1

1

Source: (Saaty, T., 2008)

This scale permits the decision maker to prioritize the elements and it is insensitive to the small changes in
the preference of a decision maker and thus minimizes the effect of uncertainty in the evaluations. (Saaty,
T., 2008) One column contains the preferences values while the other column contains the reciprocal values.
The ratings represent the importance also present in the first column.
Whereas the priority procedure can be done within a table if Expert choice is used or it can be done in the
form of a matrix if manual calculation are being done. (Kousalya, P., et al., 2012) The table of pairwise
comparisons for criteria n can be presented as follows:
Table 2 shows the prioritization process in tabular form

A1

A1

A2

W1/W1

W1/W2

…

A2

An
W1/WN
W2/W1

.
.
.
An

WN/W1

WN/W1

WN/W1

In the table above the A1, A2 and An represent the elements to be compared with respect to criteria n whereas
W1/W2 are the relative weights of the two elements made on the basis of the fundamental scale of AHP.
The matrix A of pairwise comparisons for criteria n can be presented as follows:
𝑎11 𝑎12 … . 𝑎1𝑛
A = [𝑎21 𝑎22 … . 𝑎2𝑛 ]
𝑎𝑛1 𝑎𝑛2 … . 𝑎𝑛𝑛
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While solving manual calculations the ratings are entered in the matrix and then all the entries in the ratings
are multiplied with each other (a11 x a12 x a1n). After that the nth root of the Priority Vector is determined
where n is the number of the elements present in a row. For example if a 5x5 matrix is calculated the value
of n will be 5. In order to find the eigenvector later, the sum of the entire Priority vector of the complete
matrix is divided with individual values of the Priority Vectors present in each row. The overall sum of the
Eigenvectors should be equal to 1, if the total sum exceeds 1 the calculations need to be repeated.
(International Hellinic University, N.D.)

3.4. Measurement of consistency
AHP provides a useful way to the user to improve and check the consistency of the problem. The matrix
involving human decisions hold that the human judgments are inconsistent to a lesser or higher degree,
(Bahurmoz, A. M. A., 2006) therefore small perturbations in the entries indicates similar perturbations in the

eigenvalues, the consistency is calculated by finding the eigenvalue and the value of λ

max

of each matrix

of order n after that the consistency index is found of each matrix of order n in the end the consistency ratio
is calculated hence the eigenvalue equation for the inconsistency is given by: (Bahurmoz, A. M. A., 2006).
Aw = λ max w,
Where λ max will be close to n which can be greater than or equal to n, while the other eigenvalues will be
close to zero, therefore by obtaining the principal eigenvalue (λ

max)

the consistency Index (C.I.) can be

found. (International Hellinic University, N.D.)
The consistency Index is given by: C.I. = (λ max – n) / (n – 1), where n is the order of the comparison matrix
The ratio of the consistency is calculated by the formula CR = CI / RI, where R is a known random
consistency index obtained from a large number of simulations and fluctuate upon the order of the matrix.
(Kousalya, P., et al., 2012)
Table 3 shows the Random Consistency Index table

Size of

1

2

3

4

5

6

7

8

9

10

0.00

0.00

0.58

0.90

1.12

1.24

1.32

1.41

1.45

1.49

Matrix (n)
Random
Consistency
Index (RI)
Source: (Saaty, T., 2008)
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The acceptable value of CR varies according to the size of the matrix. If the value of CR is less than or
equal to 0.1 then it is represented as good level of consistency, and if the value of CR is greater than the
accepted value, it refers to the inconsistency and the whole evaluation process should be reviewed or
repeated. (International Hellinic University, N.D.)

3.5. Synthesis of priorities
The third step consists of deriving weights for the various elements. The weighs of the decision alternatives
are determined by aggregating the weights throughout the hierarchy. The process includes following the
path from the top to each alternative in the hierarchy and then multiplying the weighs along each element
in the path. The outcome of the aggregation is a normalized vector of overall weights. The relative weighs
of the elements in each level with respect to the elements of higher level are calculated as the components
of the normalized eigenvector connected with largest eigenvector of the comparison matrix. (Adamcsek, E.,
2008).

The Eigenvector method is that if we have ‘n’ number of objects in pairs along with their weights ‘w’ and
they are being compared with the objects, A1, A2, An, then the pairwise comparisons may be represented
in the form of a matrix. (Adamcsek, E., 2008).

Where, w1, w2, w3… wn are the vector of weights. The non-zero eigenvalue has a value of n, the size of
the matrix. W is the consistent matrix. Since Ww = nw, w is the eigenvector of W corresponding to the
maximum eigenvalue n. (Adamcsek, E., 2008).
After all Alternatives and criteria, sub criteria are selected and pairwise comparisons are made of all the
criteria and alternatives in the form of tables and questionnaires, and they are presented to several decision
makers, experts and environmentalists to get there expert advice. The experts approached for this paper
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includes professors and experts from Middle East College, Caledonian College, GUtech, Sultan Qaboos
University and government Sectors like Haya Water and Be’ah. After getting the feedback from the experts
the data will be inputted for the selection of the best renewable Energy for Sultanate of Oman. This research
is done by using software Expert Choice which follows the same principles of AHP. In expert choice the
ratings are entered, the inconsistency is measured and the synthesis of the results is also done. One of the
advancement of the Expert choice offers is sensitivity analysis in which the priorities of the criteria can be
changed, increased or decreased and the change in trends of the results can be known in the form of different
graphs. In this paper the calculations are performed in Expert Choice as well as manual calculation
explained above are also done. The functions of Expert Choice are as follows:

3.6. Expert Choice and AHP
In this paper software Expert Choice is being implemented in order to select the ideal renewable energy for
Sultanate of Oman. Expert Choice is multi objective decision support tool based on the principles of AHP.
Expert Choice has a unique way of pairwise comparisons to derive priorities more accurately. By utilizing
the option “what if” and sensitive analysis it can be determined how the importance of an objective will
affect the alternatives of choice. Expert Choice is also preferred for forecasting, uncertainty, assessing risks
and probability distributions. (Barford, M. B., 2014).
It assesses the same principles of AHP with little advancement such as:

3.6.1. Assessments / Pair wise Comparisons: Once the model or hierarchy is built the next step is
to evaluate the elements by pairwise comparisons. A pairwise comparison is the process of comparing the
preferences or likelihood of two criteria with respect to the other element. Expert Choice has three modes
of comparison assessments and in the pair wise comparison the inconsistency can also be seen after all the
ratings are entered. (Barford, M. B., 2014)
Verbal Judgment: The verbal judgment window is divided into two sections, the first section contains
Extreme, Very Strong, Strong, Moderate and equal options and same options are present in the second
section which starts from the bottom in the window. Judgment can be made by dragging the mouse and
clicking on the option. (Barford, M. B., 2014)
Numerical Judgment: The Numeric judgment window is also divided into two sections, the first section
contains numbers from 9 till 2 and the second section contains numbers from2 till 9 in the window.
Judgment can be made by dragging the mouse and clicking on the option. (Barford, M. B., 2014)
Graphical Judgment: The graphical judgment window is also divided into two sections; two elements are
compared with respect to their parent in a bar graph. The length of the bar represents the relative dominance
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of the particular element. If the length of both bars is equal then both of the elements are of equal
importance. (Barford, M. B., 2014)
Inconsistency: The inconsistency judgment measure is useful for identifying possible errors in judgment
as well as actual inconsistencies in the judgment themselves. In general the inconsistency ratio should be
less than 0.1.

3.6.2. Entering Ratings: in the option ‘Data Grid’ by using the function ‘Ratings’ intensities can be
set provided by the experts that can be assigned to the alternatives under criteria.

3.6.3. Synthesis of results: A synthesis can be performed on either the entire model or any small part
of the model. From the option ‘model View’ the ‘Synthesize, with respect to goal’ is selected. The synthesis
window shows the results. Two options ideal and distributive also appear in the window. (Barford, M. B.,
2014)
The ideal synthesis mode assigns the full weight of each objective to the best alternative for each objective.
While in the distributive synthesis mode the weight of each objective is distributed to the alternatives in
direct proportion to the alternative priorities under each objective. (Barford, M. B., 2014)

3.6.4. Sensitivity Analysis / Graphs: Sensitivity Analysis will show the sensitivity of the
alternatives with respect to all the objectives below the goal. While performing the sensitivity analysis it is
possible to differentiate the priorities of the objectives and observe the change in the priorities of the
alternatives. Expert Choice contains five type of sensitivity Analysis. (Barford, M. B., 2014)
Dynamic Sensitivity: It is used to dynamically change the priorities of the objectives to determine how
these changes affect the priorities of the alternatives.
Performance Sensitivity: It shows that how the alternatives were prioritized relative to other alternative
with respect of each objective.
Gradient Sensitivity Graph: It shows alternatives priorities with respect to one objective at a time.
Head to Head graph: It compares two alternatives with each other against the objectives in a decision.
One alternative is on the left side of the graph and it is fixed while the other alternative is on the right side
of the graph and it can be varied. If the right sided alternative is better a horizontal bar will be displayed on
the right side or vice versa. If both are equal no bar will be displayed. (Barford, M. B., 2014)
Two Dimensional Graphs: It shows the alternatives priorities with respect to two objectives at a time. The
area of the 2D plot graph is divided into four quadrants. The favorable alternatives will be shown in the
48

upper right quadrant, while the least favorable are shown in the lower left quadrant. Alternatives in the
upper left and lower right quadrant indicates that there is a conflict between the two selected objectives.
(Barford, M. B., 2014)
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CHAPTER 4 – RESULTS & DISCUSSIONS
4.1. Introduction:
This chapter discusses the results and the discussion of the results calculated using Expert Choice and
manual calculations. The prioritization processes along with Synthesis of results are also done. The data
to be calculated consists of criteria Cost, Efficiency, Environmental Impacts (EI), Installed Capacity (IC),
Estimated Potential (EP), Reliability, Social Acceptance (SA) and Safety. Numeric ratings are given to the
comparison of each criterion with the others. The ratings are given by a number of experts from Oman, the
experts includes decision makers, experts and professors from Middle East College, Caledonian College,
Sultan Qaboos University, GUtech, Oman Environmental Societies (Be’ah) and Haya Water. The data used
for the analysis of results is the average of the ratings attained from the experts after solving questionnaire
related to the topic. The alternatives of renewable energy to be examined are Biomass Energy, Solar Energy,
Wind Energy, Hydropower, Geothermal Energy and Wave Energy.

4.2. Structural Hierarchy
Below is shown a hierarchy showing the goal, criteria, alternatives and their relation with each other.
(Daniel, J., et al., 2010) The structural AHP hierarchy of the selection of Renewable Energy is as follows:

Figure 8 Shows the Hierarchy
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4.3. Prioritization Process
4.3.1. Criteria to Criteria:
The prioritization process which includes ratings obtained from the experts. Below are the ratings of the
criteria with all other criteria. The calculations are also performed manually in order to check the
consistency with the calculations performed in Expert Choice.
(Daniel, J., et al., 2010)
Table 4 shows the criteria to criteria combination

Selection of
Renewable
Energy

Cost
Efficiency
Environmental
Impacts
Installed
Capacity
Estimated
Potential
Reliability
Social
Acceptance
Safety

Cost

Efficiency

Environmental
Impacts

Installed
Capacity

Estimated
Potential

Reliability

Social
Acceptance

Safety

1
9
7

1/9
1
1/3

1/7
3
1

1
9
7

1/7
3
1

1/3
7
3

1/5
4
3

1/5
3
2

1

1/9

1/7

1

1/7

1

1/3

1/5

7

1/3

1

7

1

5

3

2

3
5

1/7
1/4

1/3
1/3

1
3

1/5
1/3

1
3

1/3
1

1/3
1

5

1/3

1/2
5
1/2
Consistency Ratio = 0.03

3

1

1

The above table is filled in Expert Choice on the basis of the ratings from the experts. When a criterion is
compared with itself it is assigned with number 1 and the light blue boxes below the diagonal boxes are the
reciprocal values. It can be seen that among all the criteria Efficiency of the renewable energy is rated as
the highest priority followed by Estimated Potential, Environmental Impacts, Safety, Social Acceptance,
Installed Capacity and Cost. Cost is the least priority among the criteria as the performance and safety
aspects are preferred more by the Experts. The overall Consistence Ratio of the ratings has come up as 0.03
which is less than 0.1 therefore these ratings are considered consistent and upright.
51

The leading criteria is Efficiency (34.8 %) followed by Estimated Potential (18.6 %), Environmental
Impacts (17.6 %), Safety (10.7 %), Social Acceptance (8.9 %), Reliability (4.3 %), Installed Capacity (2.9
%) and the least rated priority is Cost (2.4 %).
Whereas the manual calculations are done below:
By using the same ratings in table 4 as used in Expert Choice the manual calculations are performed. The
ratings are entered in an (8x8) matrix. Initially the entries in all rows of the matrix are multiplied with each
other and then the nth root of the product is taken. The value of n is 8 since it is an 8x8 matrix. Eigenvector
is the priority weight of each row of the matrix which is calculated by adding all the n th root values and
dividing each individual nth root value with the sum of the nth root values. (Daniel, J., et al., 2010)
(International Hellinic University, N.D.).
1
9
7
1
7
3
5
[5

1/9
1
1/3
1/9
1/3
1/7
1/4
1/3

1/7
3
1
1/7
1
1/3
1/3
1/2

1
9
7
1
7
1
3
5

1/7 1/3 1/5
3
7
4
1
3
3
1/7
1
1/3
1
5
3
1/5
1
1/3
1/3
3
1
1/2
3
1

1/5
3
2
1/5
2
1/3
1
1 ]

Now the ratings of the first row are multiplied with each other ( 1 x 1/9 x 1/7 x 1 x 1/7 x 1/3 x 1/5 x 1/5) =
3.023 x 10-5. 8th (nth) root of the product (3.023 x 10-5) of the first row is taken since the total elements are
8. The 8th root value for the first row is 0.272. The sum of all the root product of the values comes up as
11.547 which further is divided by 0.272 to the get the first eigenvector. The same step is repeated to find
the eigenvector values of all criteria respectively. The sum of all the eigenvector should be equal to 1. If it
exceeds 1 there must be some error in the calculation and the calculations needs to be repeated.
(International Hellinic University, N.D.)
Table 5 shows the Manual PVE values

Criteria
Cost
Efficiency
Environmental Impacts
Installed Capacity
Estimated Potential
Reliability
Social Acceptance

Nth root product of the
values
0.272
3.966
2.035
0.333
2.169
0.487
1.028

Eigenvector
0.024
0.343
0.176
0.029
0.188
0.042
0.089
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Safety
Total

1.257
11.547

0.109
1.000

The priority and eigenvector values of each criterion is observed and compared with the eigenvector values
obtained from Expert Choice.
Table 6 shows the comparison of Expert choice and Manual PVE

Criteria
Cost
Efficiency
Environmental Impacts
Installed Capacity
Estimated Potential
Reliability
Social Acceptance
Safety
Total

Expert Choice Eigenvector
0.024
0.348
0.176
0.029
0.186
0.043
0.089
0.107
1.000

Manual Eigenvector
0.024
0.343
0.176
0.029
0.188
0.042
0.089
0.109
1.000

It can be seen that the eigenvector values of both cases are almost same and the priority of the criterion is
also same as the priority of the criterion in the Expert Choice. The manual priority can also be rated as
Efficiency (34.3 %) followed by Estimated Potential (18.8 %), Environmental Impacts (17.6 %), Safety
(10.9 %), Social Acceptance (8.9 %), Reliability (4.2 %), Installed Capacity (2.9 %) and the least rated
priority is Cost (2.4 %). The next stage is to calculate λ

max

which leads to the calculations of the

Consistency Index and Consistency Ratio.

1
9
7
1
7
3
5
[5

1/9
1
1/3
1/9
1/3
1/7
1/4
1/3

1/7
3
1
1/7
1
1/3
1/3
1/2

1
9
7
1
7
1
3
5

1/7 1/3
3
7
1
3
1/7
1
1
5
1/5
1
1/3
3
1/2
3

1/5
4
3
1/3
3
1/3
1
1

1/5
3
2
1/5
2
1/3
1
1 ]

x

0.024
0.343
0.176
0.029
=
0.188
0.042
0.089
[0.109]

0.197
2.889
1.46
0.237
1.544
0.354
0.738
[0.885]

The ratings are multiplied with the manual Eigenvector values (Aw). According to the theory of AHP
method Aw = λ

max

w, therefore λ

max

can be determined by dividing each element of the product to the

corresponding eigenvector values. This gives us 0.197 / 0.024 = 8.21. The value of λ max should not be less
than the nth value which is 8. If they fall less than 8 there is an occurrence of error in the calculations.
(International Hellinic University, N.D.) The values of λ max are as follows:
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0.197
0.024
2.889
0.343
1.46
0.176
0.237
0.029
= λ max
1.544
0.188
0.354
0.042
0.738
0.089
[0.885]
[0.109]

Therefore the values of λ max are:
8.21
8.42
8.3
8.17
Therefore, λ max (avg) = 8.27
8.21
8.43
8.3
[8.12]
The λ max value should not be less than n (8). It should be equal to or greater than the value of n. if the value
is less than n, the calcinations need to be done again.

The Consistency Index can be found out by using: CI =
CI =

λ max −n
𝑛−1

CI =

8.27 −8
8−1

λ max −n
𝑛−1

CI = 0.0385

The consistency Ratio can be found out by using CR = CI / RI (Daniel, J., et al., 2010)
CR =

0.0385
1.41

= 0.027

Where the value of RI is selected from the table 3 for n = 8
Since the CR (0.027) is less than 0.1 the calculations are considered consistent and the CR of the Expert
Choice calculations are 0.03 which falls in accordance to the manual calculations. If the judgments were
inconsistent than the experts and Decision Makers need to revise the decisions until they are consistent.
4.3.2 Criterion to Alternatives:
Now the comparisons of each criterion with the Alternatives are done. Below the criterion Cost is compared
with all the alternatives using Expert Choice. The decisions are made on the basis of expensive energy
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source getting higher rating. For example when biomass is compared with Solar Energy a rating of 7 is
provided which means that biomass is 7 times more expensive than Solar Energy.
Table 7 shows the comparison of Cost to the alternatives

Cost
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass
1
1/7
1/7
1/3
¼
1/3

Solar
7
1
1
5
3
5

Wind
Hydropower
7
3
1
1/5
1
1/5
5
1
3
1/2
5
1
Consistency Ratio = 0.02

Geothermal
4
1/3
1/3
2
1
3

Wave
3
1/5
1/5
1
1/3
1

From the results above it is observed that the Biomass Energy is the most expensive energy source, followed
by Wave Energy, Hydropower and Geothermal Energy. Whereas solar and Wind energy are prioritized as
of same financial importance, whereas the Consistency Ratio is 0.02 which is acceptable.
The next criterion is Efficiency which is compared with all the Alternatives. Efficiency is the most
prioritized criterion and according to the experts the efficiency of the renewable Energy sources matters the
most. The most efficient energy source gets higher ratings.
Table 8 shows the comparison of Efficiency to the alternatives

Efficiency
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass
1
1/3
3
1
1/3
¼

Solar
3
1
5
3
1
2

Wind
Hydropower
1/3
1
1/5
1/3
1
4
1/4
1
1/5
1/2
1/7
1/3
Consistency Ratio = 0.03

Geothermal
3
1
5
2
1
1/2

Wave
4
1/2
7
3
2
1
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From the results above it is observed that the wind Energy is the most efficient source of Renewable Energy
followed by Biomass Energy, Hydropower, Geothermal Energy, Solar Energy and Wave Energy. The
consistency Ratio is also acceptable.
The next criterion is Environmental Impacts. Before installing any energy source its impacts to the
environment must be considered. Therefore all the alternatives are compared with Environmental Impacts.
The most Environmental Polluting Energy source gets higher rating.
Table 9 shows the comparison of Environmental Impacts to the alternatives

Environmental
Impacts
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass

Solar

1
¼
1/5
1/3
1
1/3

4
1
1/2
2
3
2

Wind

Hydropower

5
3
2
1/2
1
1/2
2
1
4
2
2
1
Consistency Ratio = 0.01

Geothermal

Wave

1
1/3
1/4
1/2
1
1/3

3
1/2
1/2
1
3
1

It can be seen that Biomass Energy pollutes the environment mainly, since the biomass substances are burnt
in the process to get energy. Geothermal Energy is the second most environment polluting Energy source
followed by Hydropower, Wave energy, Solar and Wind Energy.
The criterion Installed Capacity refers to the full load output of any energy plant installed. All the
alternatives are compared with Installed Capacity to know about the ideal full load output generating
Renewable Energy Source. The Higher output generating power source gets higher rating.
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Table 10 shows the comparison of Installed Capacity to the alternatives

Installed
Capacity
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass

Solar

1
7
5
6
1
1

1/7
1
1/3
1
1/7
1/7

Wind

Hydropower

1/5
1/6
3
1
1
1/2
2
1
1/5
1/6
1/5
1/6
Consistency Ratio = 0.01

Geothermal

Wave

1
7
5
6
1
1

1
7
5
6
1
1

The most ideal Energy source on the basis of energy output is Solar Energy, followed by Hydropower and
Wind Energy, while Wave energy, geothermal energy and Biomass Energy are considered almost the same
on the basis of sustained energy output. Consistency Ratio is within the acceptable limit.
The criterion Estimated Potential refers to the capability of the energy source to fulfill the necessities where
installed and to know up to what potential the energy can be estimated. It is also compared to all the energy
sources and the higher potential gets higher rating.

Table 11 shows the comparison of Estimated Potential to the alternatives

Estimated
Potential
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass

Solar

1
7
½
1
1/3
1/3

1/7
1
1/7
1/7
1/6
1/7

Wind

Hydropower

2
1
7
7
1
1/2
2
1
1/2
1/3
1
1/3
Consistency Ratio = 0.04

Geothermal

Wave

3
6
2
3
1
1

3
7
1
3
1
1
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From the results generated by Expert Choice it is observed that Solar Energy has the highest Estimated
Energy potential followed by Biomass and Hydropower showing almost same results followed by wind
energy, wave energy and Geothermal Energy. The overall consistency ratio is also within the acceptable
limit.
Reliability criterion is now compared with all alternatives to know which Energy source is more reliable in
terms of utilizing it. The more reliable energy source gets higher rating.
Table 12 shows the comparison of Reliability to the alternatives

Reliability
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass
1
5
4
1
1/3
1/3

Solar
1/5
1
1
1/4
1/6
1/8

Wind
Hydropower
1/4
1
1
4
1
5
1/5
1
1/5
1/3
1/6
1/3
Consistency Ratio = 0.03

Geothermal
3
6
5
3
1
1

Wave
3
8
6
3
1
1

The most reliable energy sources from the above results can be seen as Solar and Wind Energy. Followed
by Biomass energy, Hydropower, geothermal and Wave energy and the consistency ratio is also within the
limits.
Next criterion is Social Acceptance, it determines that will the energy sources be socially accepted if they
are installed anywhere according to their requirements. Ideally socially accepted energy source gets higher
rating.
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Table 13 shows the comparison of Social Acceptance to the alternatives

Social
Acceptance
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass

Solar

1
7
4
3
1
3

1/7
1
1/3
1/4
1/7
1/4

Wind

Hydropower

1/4
1/3
3
4
1
3
1/3
1
1/5
1/4
1/3
1
Consistency Ratio = 0.03

Geothermal

Wave

1
7
5
4
1
4

1/3
4
3
1
1/4
1

From the results above it is seen that Solar Energy is highly accepted socially according to the experts and
decision makers, followed by wind energy, hydropower, wave energy, biomass and geothermal Energy.
The consistency ratio 0.03 is also less than 0.1 which is acceptable.
The last criterion Safety is compared with all the alternative of energy sources. This criterion determines
the safest energy on the terms of its utilization. The safest energy source gets higher ratings.
Table 14 shows the comparison of safety to the alternatives

Safety
Biomass
Solar
Wind
Hydropower
Geothermal
Wave

Biomass
1
7
7
4
1/3
1

Solar
1/7
1
1
1/3
1/9
1/7

Wind
Hydropower
1/7
1/4
1
3
1
3
1/3
1
1/9
1/5
1/7
1/4
Consistency Ratio = 0.02

Geothermal
3
9
9
5
1
1

Wave
1
7
7
4
1
1
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From the results generated from Expert Choice it is observed that the safety level of Wind and Solar Energy
is the safe and they are considered the safest energy sources. After them the safest energy source comes up
as hydropower followed by biomass, wave energy and geothermal Energy.

4.4. Synthesizing Results
The result synthesis includes priorities for the competing criteria as well as the overall priorities of the
alternatives. By synthesizing the results, they are made mathematically sound because of the method and
of measurement and structuring used in Expert Choice. (International Hellinic University, N.D.). The
results are synthesized manually as well as by using Expert Choice. The synthesis result on the basis of the
above data in Expert Choice is as follows:

Figure 9 shows the synthesis of results in Expert Choice

From the results obtained from Expert Choice, the Wind Energy has come up to be the ideal source of
Renewable Energy in Oman. It can be seen that wind Energy and Solar energy are the most preferred
renewable energy sources in Sultanate of Oman. Wind Energy is prioritized as the most promising
renewable energy source as it dominates by (25.7 %) priority among all other alternatives followed by Solar
Energy (22.8 %), Biomass Energy (17.9 %), Hydropower (14.7 %), Geothermal Energy (11 %) and the
least prioritized Renewable energy is Wave Energy (7.9 %) according to the conditions of Oman. The
overall inconsistency is 0.03 which is less than 0.1; therefore the results obtained are trustworthy, consistent
and feasible.
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The manual syntheses of results are as follows:
The PVE of all the criteria comparison with alternatives are determined initially and then multiplied with
the eigenvector values of the criteria to criteria comparison calculated above. The product obtained is the
manual priority calculation of the alternatives. (Daniel, J., et al., 2010) (International Hellinic University,
N.D.).

0.423
0.042
0.042
0.188
0.101
[0.205

0.188
0.061
0.449
0.159
0.080
0.062

0.326
0.083
0.059
0.129
0.282
0.121

0.046
0.363
0.190
0.309
0.046
0.046

0.128
0.568
0.07
0.128
0.052
0.055

0.102
0.364
0.343
0.102
0.046
0.042

0.047
0.437
0.239
0.118
0.041
0.118

0.056
0.355
0.355
0.156
0.034
0.045]

0.024
0.343
0.176
0.029
x
0.188
0.042
0.089
[0.109]

𝟎. 𝟏𝟕𝟐
𝟎. 𝟐𝟑𝟔
𝟎. 𝟐𝟓𝟗
=
𝟎. 𝟏𝟒𝟔
𝟎. 𝟏𝟏
[𝟎. 𝟎𝟕𝟓]

From the manual results it can be seen that the top priority renewable energy source is Wind Energy (25.9
%) followed by Solar Energy (23.6 %), Biomass Energy (17.2 %), Hydropower (14.6 %), Geothermal
Energy (11 %) and Wave Energy (7.5%). It can be seen that both of the results show consistent results and
comply with each other.
On the basis of the decision made by AHP process, it is necessary to determine the reservoirs and potential
of wind and solar energy present in Oman. Based on several studies on the renewable energy sources in
Oman Wind and Solar have shown technical feasibility and suitability to be used in Oman. These both
sources have the ability to produce electricity and to meet the power requirements.
The level of solar energy density is among the highest densities in the world and according to Charabi Y.,
et al. the majority of the land in Oman receives solar radiation ranging between 5500 – 6000 Wh/m2/day in
July and 2500 – 3000 Wh/m2/day in the month of January. Al – Yahyai, S., et al., estimated the potential,
turbulence level and air density of wind energy from twenty nine weather stations for five years. According
to the results all the stations in the Northern region have an annual wind speed less than 4 m/s, while due
to high elevation of Jabal Shams the annual wind speed in Jabal Shams is 4.6 m/s. On the other hand the
regions below Sur (except Fahud, Adam and Salalah) have an annual wind speed above 4 m/s. Annual wind
speed reaches 5.8 m/s in Thamrait and Qayroon Hyriti which are the high wind intensity areas of Oman.
Summer mean wind speeds are much higher than the mean wind speed in all stations. During summer the
mean speed reaches above 6 m/s in Sur, Joba, Duqm and 6.5 m/s in Qayroon Hyriti. In Thamrait it reaches
up to 7.5 m/s. The location of the stations and wind intensities are shown below. (Al Hatmi, Y,. et al., 2013).
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Figure 10 shows the Wind Stations and Wind Intensities in Oman

Source: (Charabi, Y,. et al., 2011)

Some of the advantages of Wind Energy over Solar Energy include critical environmental risks and mainly
related to mineral dust deposition. The movement of mineral dust particles of specific size, speed and shape
is an erodible agent that can affect the efficiency of any solar energy system. Thus it requires frequent
cleaning using fresh water. (Al Hatmi, Y,. et al., 2013) Secondly wind Energy is more effective power source
since it releases less CO2 to the atmosphere, produces more energy and consumes less energy overall.
Similarly one wind turbine of average capacity can produce the same amount of energy per KWh as about
48,704 solar panels. (Charabi, Y,. et al., 2011)

4.5. Sensitivity Analysis
A Sensitivity Analysis is performed in order to observe the change and the trends in the alternatives if the
criteria are differentiated. A dynamic sensitivity analysis is performed to know that how dynamically the
change in the priorities in the criteria can change the final alternative selection. (Barford, M. B., 2014).
Current priorities of the criteria as shown below are Efficiency (34.8 %) followed by Estimated Potential
(18.6 %), Environmental Impacts (17.6 %), Safety (10.7 %), Social Acceptance (8.9 %), Reliability (4.3
%), Installed Capacity (2.9 %) and Cost (2.4 %).
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If the criterion Cost is raised to an overall priority of 20 % it can be seen below that the Biomass Energy is
the preferred choice among all the renewable Energy Alternatives. Since Biomass energy is the most
expensive Renewable Energy Source according to the Experts.

If the criterion Social Acceptance is raised to an overall priority of 25 % it can be seen below that Solar
Energy is the preferred choice among all the renewable energy alternatives, since it is highly accepted
socially.

The criterion reliability is raised to 25 % and it can be seen below that the most preferred priority is Wind
energy and Wind energy is rated the most reliable sources of Renewable Energy source by the experts.
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CHAPTER 5 - CONCLUSION & RECOMMENDATIONS
5.1. Introduction:
This chapter discusses the conclusion of this research project. It discusses the main findings and how the
problem statements of the research are solved. It suggests the best renewable energy source for Oman while
considering some criteria. This chapter also discusses recommendations provided to consider while
continuing or enhancing the current study.

5.2. Conclusion
Renewable energy generally refers to the source of energies that do not pollute the environment and are
generated and recycled by the nature. Oman has untouched reservoirs of renewable energies. Renewable
energy can be introduced in the country to assist the current production scenarios. Now days the renewable
energy is categorized as either traditional energy or new renewable energy sources. The traditional method
refers to the large hydropower projects and biomass being burnt directly, whereas the new renewable energy
sources consists of small hydropower projects, solar energy, wind energy, biomass, geothermal energy and
wave energy. The criteria considered to select the best renewable energy source includes: Cost, Installed
Capacity, Efficiency, Social Acceptance, Safety, Estimated Potential, Reliability and Environmental
Impacts.
The problem statement of this paper is the lack of availability of renewable energy sources in Oman and
excess utilization of natural resources. Therefore by the help of this research paper these problems can be
overcome by suggesting one ideal and best source of renewable energy for Oman, while Literature Review
is also conducted to know more about the renewable energy sources, their advantages and disadvantages.
In this paper among these new renewable energy sources the ideal renewable energy source is selected for
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Sultanate of Oman on the basis of selected criteria. In this paper AHP methodology is adapted to fulfill the
objectives. AHP helps in solving complex problem situations and creating an ease in taking decisions and
it falls under the Multi Criteria Decision Analysis. Questionnaires were presented to a number of experts,
professors and decision makers from various fields and priorities were made by them to the energy sources
and criteria relationship.
Oman has unexploited reservoirs of renewable energy which can contribute to the country’s electricity and
power demands. Wind Energy has come up as the ideal source of renewable energy for Oman. The highly
rated criterion according to the experts is efficiency of the Renewable Energy sources with a PVE of
(0.343). Introducing renewable energy in Oman will not only diversify the economy and energy sources
but also it will cope up with the objectives of Vision 2020. Renewable energy sources will also help Oman
establish an international position in the renewable energy sector and to transmit onward the expansion of
related technologies.

5.3. Recommendations


AHP method can further be used to ease the complexity in the decision making process of each
renewable energy source individually also. Depending on the size and the specifications AHP can
be an ideal choice to select on the basis of the criteria.



A study can solely be done on wind intensities in different regions of Oman. Based on several
criteria, cost analysis and energy output of wind turbines according to the conditions of different
region of Oman a suitable wind turbine can be selected based on energy estimation and requirement.



This study can be further enhanced by considering sub criteria under one main criteria heading. For
example Technical Criteria and sub criteria can be energy production capacity and technological
maturity of the plant. Investment cost, expense cost and maintenance cost can come under the
criteria cost and impacts on the ecosystem, CO2 emissions and Social Acceptability can come under
Environment criteria. This can be done to know more specifically about the renewable sources.
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Appendix
This is the questionnaire given to the experts for their feedback, in this questionnaire the experts had to
make ratings on the basis on priorities with respect to the criteria.

Objective: This questionnaire is to get expert advice for the assistance of research project “Evaluation of
The Significant Renewable Energy Resources in Oman Using Multi-Criteria Decision Analysis”. I really

acknowledge your assistance.
1. Compare the relative preferences with respect to Criteria “Cost”.
Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are Intermediate values
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2. Compare the relative preferences with respect to criteria “Efficiency”.
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Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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3. Compare the relative preferences with respect to criteria “Environmental Impacts”.
Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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4. Compare the relative preferences with respect to criteria “Installed Capacity”.
Circle one number per row below using the scale:
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1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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5. Compare the relative preferences with respect to criteria “Estimated Potential”.
Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
Biomass
Biomass
Biomass
Biomass
Biomass
Solar
Solar
Solar
Solar
Wind
Wind
Wind
Hydropower
Hydropower
Geothermal

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

Solar
Wind
Hydropower
Geothermal
Wave
Wind
Hydropower
Geothermal
Wave
Hydropower
Geothermal
Wave
Geothermal
Wave
Wave

73

6. Compare the relative preferences with respect to criteria “Reliability”.
Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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7. Compare the relative preferences with respect to criteria “Social Acceptance”.
Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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8. Compare the relative preferences with respect to criteria “Safety”.
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Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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9. Compare the relative preferences of criteria with respect to the goal: ‘“Evaluation of The Significant
Renewable Energy Resources in Oman Using Multi-Criteria Decision Analysis’.
Circle one number per row below using the scale:
1= Equal 3= Moderate 5= Strong 7= Very Strong 9= Extreme and 2,4,6,8 are intermediate values
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Abstract- The Sultanate of Oman is a fast growing region and is the fifth largest economy in the Gulf Cooperation Council
(GCC) regions. The oil and gas sectors are the main promoters of Oman’s economy. The reservoirs of natural resources are
insufficient for the future needs. The electricity sector of Oman mostly depends on natural gas and diesel. Renewable energy
has no major role in the country’s energy supply despite having valuable wind, hydropower and solar resources. This paper
recommends the use of the available renewable energy sources and exploits their potential to facilitate the Sultanate of Oman, to
aid the future plans of Oman in implementing renewable energy by 2020. The objectives of this paper are achieved by carrying
out literature review of the importance of the renewable energy sources according to the conditions of Oman, and by utilizing
Analytical Hierarchy Process (AHP) functioning software Expert Choice and manual calculations to select the best renewable
energy source according to the conditions of Oman and the decision-makers. It can be stated that Oman has untouched potential
of Renewable Energy sources and Wind Energy is identified as the potential renewable energy source for Sultanate of Oman.
Keywords Renewable Energy, analytical hierarchy process, expert choice, solar energy, wind energy, multi criteria decision
analysis.
1. Introduction
Many countries around the world face electricity
shortages and excess usage of the natural resources and fossil
fuels. With the increase in population, the consumption of
electricity and other daily products also increase due to which
the natural resources and fossil fuels are depleted further to
satisfy the needs of the civilians[1]. Similarly the population
of Oman is also increasing constantly and the demand in usage
of electricity is also increasing. Al Hatmi and Tan [2]
determined and deduced the electricity demand in Oman for
Muscat Interconnected System (MIS) and Salalah region from
2012 - 2018, pointing out that an increasing trend is observed
in MIS by 8% while in Salalah by 10%. Thus an increasing
trend in the electricity demand is observed. Therefore the ever-

increasing trend in the consumption of electricity can be
tackled by introducing some alternative source to fulfill the
quota of electricity and it is clear that the use of renewable
energy source is the best available option.
Oman has huge potential and unexploited renewable
energy sources. In Oman till today there is no history of
tapping the renewable energy sources on a large scale despite
having valuable reservoirs of renewable energy sources. The
solar energy in Oman is known to be the highest in the world
and the density of solar reservoirs are present widely in all
regions of Oman [3]. Oman receives solar radiation ranging
between 5500 – 6000 Wh/m2/day in July and 2500 – 3000
Wh/m2/day in the month of January [2]. Wind energy is also
an auspicious energy source in the coastal and Southern parts
of Oman [4]. Annual wind speed reaches 5.8 m/s in Thamrait
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and Qayroon Hyriti which are the high wind intensity areas of
Oman [2]. The geothermal energy does not have any potential
use in the country, according to Petroleum Development
Oman the highest temperature is 174˚C in the Northern part of
the Omani mountains [3]. Biomass energy sources are
available mostly in the Northern parts in the form of
wastewater and agriculture waste and in the Southern parts of
Oman in the form of wastewater and animal dung [5].
The selection of the ideal renewable energy source for
Oman can be conducted by the implementation of Multi
Criteria Decision Analysis (MCDA). The MCDA is a
powerful tool to solve and ease complex decisions by
prioritization process. It further consists of Analytical
Hierarchy Process (AHP) that decomposes the problem into a
large system of framework by considering series of activities
in order to select the best solution. It composes hieratical
structure of objectives, criteria, sub criteria and alternatives
[6]. The appropriate data for the calculation are attained from
making pairwise comparisons which provide weights of
importance to the criteria decision, if the decisions are not
consistent further amendments are made to make them
consistent. The AHP reflects the human way of thinking which
makes the solution feasible [6]. It considers factors related to
the economy, environment, social and political nature. It has
attracted the interest of many researchers and it is used to
make decisions in various fields like: AHP application in the
evaluation and selection of an information system engineering
projects [7], in the flexibility measurements of power system
generation for real time applications [8], application of AHP
to decide on the latest smartphone [9], the application of AHP
to measure Earthquake disaster risk map in East Java,
Indonesia [10], and evaluation of Renewable Energy sources
at remote regions, Greece using multi criteria analysis [11].
This research paper intends to select an ideal renewable
energy source for Sultanate of Oman with the assistance of
AHP methodology. Since no studies on the same context are
being carried out, therefore this research has a vibrant role to
play by selecting the best renewable energy source for Oman.
The renewable energy sources considered in this paper are
Biomass Energy, Wave Energy, Solar Energy, Geothermal
Energy, Hydropower and Wind Energy, amongst which an
ideal renewable energy is selected. The factors related to the
selection procedure consists of economic, safety, reliability,
environmental impacts, installed capacity, estimated potential,
efficiency and social acceptance. The selection of renewable
energy source brings forward an ideal choice for the
government to focus on alternative sources to generate
electricity and it also promotes vision 2020 to generate 10%
electricity by renewable energy sources [4].
2.

Material and Methods

AHP was first developed by Thomas Saaty in 1970 to
solve complex decisions using the principles of philosophy
and mathematics. Following steps are developed by Saaty for
the application of AHP [12]:
 Initially the goal of the complex problem is decided
and the criteria selection that affects the selection of
the goal is identified.




The problem is structured in the form a structural
hierarchy that consists of the goal followed by
criteria, sub criteria and alternatives at the end.
The next step is the prioritization process in which
pairwise comparisons of all the criteria with respect
to each other and each criterion’s comparison with all
the alternatives are made in (n x n) matrix. The
ratings are given according to the Saaty’s scale
shown in Table 1 [13]:

Table 1. Saaty's Scale
AHP
scale
of
importance
for
comparison pair
Extremely Important
Very
strong
to
extremely
Very Strong Importance
Strongly to very Strong
Strong Importance
Moderately to Strong
Moderate Importance
Equally to Moderate
Equal Importance


Numerical
Rating

Reciprocal
Rating

9
8

1/9
1/8

7
6
5
4
3
2
1

1/7
1/6
1/5
¼
1/3
½
1

The next step is the measurement of consistency in
which the consistency is calculated by founding the
principal eigenvalue λmax of each matrix of order n
using Eq. (1):
Aw = λmax w

(1)

Where A is the vector with priorities values and w is the
eigenvalues of the vector A, λmax is the principal eigenvalue
and will be close to n (size of the matrix) which can be greater
than or equal to n. After that the consistency index (CI) is
determined using Eq. (2), and the consistency ratio (CR) is
calculated using Eq. (3):
CI = (λmax-n)/(n-1)
CR = CI / RI

(2)
(3)

The values of RI can be determined by the Random
Consistency Index table as shown in Table 2 [13]:
Table 15. Random consistency index
Size of
1
2
3
4
5
6
7
8
9 10
Matrix
(n)
Random 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49
Consisten
cy Index
(RI)


The local priorities values in the hierarchy over all
the alternatives are synthesize
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3. Results and Discussion
3.1. Application of AHP and Model Development
The data to be taken under consideration consists of
criteria Cost [14], Efficiency [15], Installed Capacity (IC)
[17], Environmental Impacts (EI) [16], Estimated Potential
(EP) [17], Reliability [18], Safety [14] and Social Acceptance
(SA) [18]. These criteria are selected after referring to experts
and carrying out a literature review. Numeric ratings are given
to the comparison of each criterion with the others. The ratings
are given by a number of experts from Oman, the experts
includes decision makers, experts and professors from Middle
East College, Caledonian College, Sultan Qaboos University,
German University of Technology, Oman Environmental
Societies (Be’ah) and Haya Water. The data used for the
analysis of the results is the ratings attained from the experts
after solving questionnaire related to the topic. The
alternatives of renewable energy to be examined are Biomass
Energy, Solar Energy, Wind Energy, Hydropower,
Geothermal Energy and Wave Energy. Figure 1 shows the
structural Hierarchy consisting of the Goal at the top, with the
criteria below the goal and the alternatives at the end of the
hierarchy are shown.

Fig. 1. Structural hierarchy for the selection of significant
renewable energy source
The ratings for the criteria to criteria relation is entered in
Expert Choice shown in Table 3. From the ratings it can be
seen in Fig. 2 that Efficiency is the most preferred criterion
amongst all. The values in Table 3 are the result of the expert’s
priority ratings while Expert Choice generated a visual graph
Fig. 2 to visualize the ratings and ranking of each criterion.
This prioritization model specifies that Efficiency, Estimated
Potential, Environmental Impacts and safety are the top four
prioritized criteria for the selection of the renewable energy
source. The overall Consistency Ratio in Table 3 is 0.03 which
is considered correct since it is under 0.09. The overall
Efficiency of the power plant is considered the most important
criteria and ranked more than all other criterion because if a
renewable energy plant is being implemented, the most
important factor to be considered is that how well this plant
will perform and how efficiently it will overcome the power
requirements and shortcomings. Estimated Potential is the
measure of how well a particular plant is capable of fulfilling
the power output required and how much potential it has, to
produce efficiently. The third important criterion is
Environmental

Impacts, which also has huge importance because the
environment shouldn’t be affected by the implementation of
any renewable energy source. It is also a measure of how much
amount of harmful emissions is emitted from any renewable
energy plant being brought forward for implementation.
Criteria

Ranking
8
1
3
7
2
6
5
4

Fig. 2. Rankings of criteria generated in expert choice
Table 16. Comparison of criteria to criteria
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Consistency Ratio = 0.03
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Referring to the priority ratings in Table 3, manual
calculations are performed below. The ratings of Table 3 are
entered in 8x8 matrix. Initially the entries in all rows of the
matrix are multiplied with each other and then the nth root of
the product is taken. The value of n is 8 since it is 8x8 matrix.
Eigenvector is the priority weight of each row of the matrix
which is calculated by adding all the nth root values of the
concerned row, then dividing the sum with each individual nth
root value [17,18,19]. Calculation of the first row is shown
below in Eq. (4):
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4
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3
1/3
1
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1/5
3
2
1/5
2
1/3
1
1 ]

Now the ratings of the first row are multiplied with each
other ( 1 x 1/9 x 1/7 x 1 x 1/7 x 1/3 x 1/5 x 1/5) whereas the
product comes up as 3.023 x 10-5. The 8th root value of the
product (3.023 x 10-5) is taken since the total elements are 8.
The 8th root value for the first row (Cost) is 0.272. The sum of
all the root product of the criteria comes up as 11.547 as shown
in table 4 which further is divided by 0.272 to the get the first
eigenvector. The same step is repeated to find the eigenvector
values of all criteria respectively. The sum of all the
eigenvector should be equal to 1 as shown in Table 4. If it
exceeds 1 there must be some error in the calculation and the
calculations need to be repeated [19].
Table 17. Manual PVE values
Criteria
Cost
Efficiency
Environmental
Impacts
Installed Capacity
Estimated
Potential
Reliability
Social Acceptance
Safety
Total

Nth root product of
the values
0.272
3.966
2.035

Eigenvector

0.333
2.169

0.029
0.188

0.487
1.028
1.257
11.547

0.042
0.089
0.109
1.000

0.024
0.343
0.176

In Table 5 below the priority and eigenvector values of
each criterion obtained from Table 4 is observed and
compared with the eigenvector values obtained from Expert
Choice.
Table 18. Shows the comparison of expert choice and
manual PVE
Criteria
Cost
Efficiency
Environmental
Impacts
Installed Capacity
Estimated Potential
Reliability
Social Acceptance
Safety
Total

Expert Choice
Eigenvector
0.024
0.348
0.176

Manual
Eigenvector
0.024
0.343
0.176

0.029
0.186
0.043
0.089
0.107
1.000

0.029
0.188
0.042
0.089
0.109
1.000

It can be seen in Table 5 that the eigenvector values of
both cases are almost the same and the priority of the criterion
is also same as the priority of the criterion in the Expert
Choice. The manual priority can also be rated as Efficiency
(34.3 %) followed by Estimated Potential (18.8 %),
Environmental Impacts (17.6 %), Safety (10.9 %), Social
Acceptance (8.9 %), Reliability (4.2 %), Installed Capacity
(2.9 %) and the least rated priority is Cost (2.4 %). The next
stage is to calculate λmax which leads to the calculations of the
Consistency Index and Consistency Ratio. The ratings from
Eq. (4) are multiplied with the manual Eigenvector values
(Aw) as given in Eq. (5).

1 1/9 1/7 1
9
1
3
9
7 1/3
1
7
1 1/9 1/7 1
7 1/3
1
7
3 1/7 1/3 1
5 1/4 1/3 3
[5 1/3 1/2 5
0.024
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2.889
0.176
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0.237
=
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1.544
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0.354
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0.738
[0.109] [0.885]

1/7 1/3
3
7
1
3
1/7
1
1
5
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1
1/3
3
1/2
3

1/5
4
3
1/3
3
1/3
1
1

1/5
3
2
1/5
x
2
1/3
1
1 ]

(5)

According to the theory of AHP method Aw = λmax w,
therefore λmax can be determined by dividing each element of
the product to the corresponding eigenvector values. This
gives 0.197 / 0.024 = 8.21. The value of λmax should not be less
than the nth value which is 8. If they fall less than 8 there is an
occurrence of error in the calculations [19]. The values of λmax
as given in Eq. 1 are as follows:

0.197
0.024
2.889
0.343
1.46
0.176
0.237
0.029
= λmax
1.544
0.188
0.354
0.042
0.738
0.089
[0.885]
[0.109]
Therefore the values of λmax as shown in Eq. (6) below are:
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8.21
8.42
8.3
8.17
Therefore, λmax (avg) = 8.27
8.21
8.43
8.3
[8.12]

(6)

The λmax value should not be less than n (8). It should be
equal to or greater than the value of n. If the value is less than
n, the calcinations need to be done again.
The Consistency Index can be found out by using Eq. (2):
CI = (λmax-n)/(n-1) = (8.27-8)/(8-1) = 0.0385
The consistency ratio can be found out by using Eq. (3) [17]:
CR = 0.0385/1.41 = 0.027
Where the value of RI is selected from Table 2 for n = 8. Since
the CR (0.027) is less than 0.1 the calculations are considered
consistent and the CR of the Expert Choice calculations are
0.03 which falls in accordance to the manual calculations. If
the judgments were inconsistent, then the experts and decision
makers need to revise the decisions until they are consistent.
Table 6 shows the pairwise comparisons results of each
criterion with respect to all the alternatives. Table 6 shows the
Priority Vector (PVE) of each criteria alternative comparison.
The PVE values are attained from Expert Choice. However,
Fig. 3 presents the ranking of renewable energy options based
on the influence of all criteria.
Table 19. Priority of weights for criteria to alternative
comparison
Alterna
tives
/Criteri
a
Bioma
ss
Solar
Wind
Hydro
power
Geothe
rmal
Wave

Cost Effici EI
ency

IC

EP

Relia SA
bility

Safet
y

0.423 0.188 0.326 0.046 0.128 0.102 0.047 0.056
0.042 0.061 0.083 0.363 0.568 0.364 0.437 0.355
0.042 0.449 0.059 0.190 0.070 0.343 0.239 0.355
0.188 0.159 0.129 0.309 0.128 0.102 0.118 0.156
0.101 0.080 0.282 0.046 0.052 0.046 0.041 0.034
0.205 0.062 0.121 0.046 0.055 0.042 0.118 0.045

Fig. 3. Ranking of renewable energy alternatives considering
all criteria
As presented earlier in Fig. 2, Efficiency was the most
prioritized criterion and Wind Energy has the highest
efficiency (0.449) amongst all the alternatives. Solar Energy
has the highest Estimated Potential (0.568) and also widely
accepted socially. Biomass is considered to have the highest
Environmental impacts (0.326) along with geothermal energy.
Solar and Wind energies are rated equally safe (0.355),
Biomass energy is rated the most expensive renewable energy
(0.423), considering maintenance and capital cost.
Hydropower has the highest Installed capacity (0.309), since
its installation requires large area to set up the plant. Solar
energy is also considered the most reliable source of
renewable energy followed by Wind energy. The decision
makers and experts performed pairwise comparisons to
develop relative importance of the variable present in the
hierarchy. They performed a pairwise comparison of all the
alternatives (renewable energy sources) with all the criteria.
The pairwise comparison comforts to select the best
alternative present in the lowest step of the hierarchy. The
experts also have the consistency check which can figure out
the inconsistent judgments which aids in rating the judgments
accurately. Figure 3 further simplifies that wind energy and
solar energy are the two most prioritized renewable energy
sources. Wind energy is the most efficient source of energy as
it has good ratings in the SA, Reliability and safety. While
solar energy also has worthy prioritization ratings in the
criteria IC, EP, Reliability and Safety. Secondly, both of these
renewable energies don’t affect the environment since they
don’t emit harmful gases unlike other renewable sources.
Furthermore the Consistency Ratio of all the criteria to
alternative comparison are acceptable and under the limit.
3.2. Synthesizing Judgments
The result synthesis includes priority ratings for the
competing criteria as well as the overall priorities of the
alternatives. By synthesizing the results, they are made
mathematically sound because of the method, measurement
and structuring used in Expert Choice [17]. The results are
synthesized manually as well as by using Expert Choice. The
result synthesis of this structure accomplished from Expert
Choice is shown below in Fig. 4.
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On the basis of the decision made by AHP process, it is
necessary to determine the reservoirs and potential of wind
and solar energy present in Oman. Based on several studies on
the renewable energy sources in Oman Wind and Solar have
shown technical feasibility and suitability to be used in Oman
[2,3]. These both sources have the ability to produce
electricity and to meet the power requirements.
4. Conclusion
Fig. 4. Synthesis of results in expert choice
From the results obtained from Expert Choice, Wind
Energy is recommended as the ideal source of Renewable
Energy in Oman. It can be seen that wind Energy and Solar
energy are the most preferred renewable energy sources in
Sultanate of Oman. Wind energy is viewed as a valuable
energy source that can mitigate climate [20] while, solar
energy is considered as a promising technology for heating
and cooling purposes[21]. Wind Energy is prioritized as the
most promising renewable energy source as it dominates by
(25.7 %) priority among all other alternatives followed by
Solar Energy (22.8 %), Biomass Energy (17.9 %),
Hydropower (14.7 %), Geothermal Energy (11 %) and the
least prioritized Renewable energy is Wave Energy (7.9 %)
according to the conditions of Oman. The overall
inconsistency is 0.03 which is less than 0.1; therefore the
results obtained are trustworthy, consistent and feasible.
The manual syntheses of results are as follows:
The PVE of all the criteria comparison with alternatives
are determined initially and then multiplied with the
eigenvector values of the criteria to criteria comparison
calculated above. The product obtained shown below in Eq.
(6) is the manual priority calculation of the alternatives
[17,19].

0.423 0.188 0.326
0.042 0.061 0.083
0.042 0.449 0.059
0.188 0.159 0.129
0.101 0.080 0.282
[0.205 0.062 0.121
0.024
0.172
0.343
0.176
0.236
0.029
0.259
x
=
0.146
0.188
0.11
0.042
[
0.089
0.075]
[0.109]

0.046
0.363
0.190
0.309
0.046
0.046

0.128
0.568
0.07
0.128
0.052
0.055

0.102
0.364
0.343
0.102
0.046
0.042

(6)

From the manual results it can be seen that the top priority
renewable energy source is Wind Energy (25.9 %) followed
by Solar Energy (23.6 %), Biomass Energy (17.2 %),
Hydropower (14.6 %), Geothermal Energy (11 %) and Wave
Energy (7.5%). It can be seen that both the results show
consistency and comply with each other.

Oman has unexploited reservoirs of renewable energy
which can contribute to the country’s electricity and power
demands. Analytical Hierarchy Process methodology is
adapted in this research to select an ideal renewable energy
source for Sultanate of Oman. Wind Energy is identified as
the ideal source of renewable energy for Oman with a PVE of
(0.257). The highly rated criterion according to the experts is
the efficiency of the Renewable Energy sources with a PVE of
(0.343). Introducing renewable energy in Oman will not only
diversify the economy and energy sources but also it will cope
with the energy demands as per the objectives of Vision 2020.
The level of solar energy density is among the highest
densities in the world. Oman also recieves an ideal amount of
wind speed in the areas of Thamrait and Qayroon Hyriti.
According to the results of this research wind energy is
prioritized over Solar energy in terms of overall effeciency.
Solar energy is already being implemented in Oman in a lot of
projects but due to bad maintenance propoerties it does not
show the same effeicinecy propoerties as effecient wind
energy has proved to be. Therefore, the results of this study
completly falls in accordance to the conditions of Oman. Thus
it is proved that both Wind and Solar Energy have huge
potential as Renewable energy sources and will also help
Oman establish an international position in the renewable
energy sector and transmit onward the expansion of related
technologies.
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Abstract:
Recycling is a process of reuse the old products to make new products. In addition, it is very
important and necessary because it has many benefits for the economy, environment, and society
in general such as reduce the landfill areas by reducing the amount of wastes, save the energy,
reduce the pollution, and make new jobs in recycling factories. Reverse Vending Machine (RVM)
is one of the solutions to be used to increase quantity and quality of recyclable wastes. This study
aimed to improve the recycling system (quality and quantity) in MEC campus through
implementing RVM as a sustainable solution to promote recycling activities by both staff and
students. The methods which has been followed to complete and analyze the data of this project
are conducting a survey which distributed in many organization and institution such as Middle
East College (MEC), Sultan Qaboos University, Ministry of environment and climate affair, Oman
environmental Services Holding Company (Be’ah) and Seeb Municipality. In addition, an
interview was conducted in Oman environmental Services Holding Company (Be’ah) and Ministry
of Environment and Climate Affair. Furthermore, secondary data from previous research in waste
management and recycling were collected from different sources and used in this study. It was
calculated that the use of the RVM machine at MEC will attract revenue up to 800 OMR/semester
for customers (students & staff) which can be donated to Health, Safety, and Environment (HSE)
Society in the college to be used in various society activities. However, this technique also provides
revenue up to 800 OMR/semester for the retailer (canteen) which can be used to cover the expenses
of electricity and maintenance.
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CHAPTER 1
INTRODUCTION:
1.1. Background:
Recycling is a process of reuse the old products to make new products. In addition, it is very
important and necessary because it has many benefits for the economy, environment, and society
in general such as reduce the landfill areas by reducing the amount of wastes, save the energy,
reduce the pollution, and make new jobs in recycling factories. Recycling process has been known
in the 20th century because of decreasing and unavailability of sources of the products. Currently,
modem methods of recycling are use such as modern machines and recycling bins method. In
Oman there are no huge factories for recycling except some individual recycling practice. Reverse
Vending Machine (RVM) is a recycling machine used as a solution to increase the quality and
quantity of a recyclable waste. In addition, it invented in 1972 by Tomra Company and it used in
many countries as, US, UK, Germany, Sweden, etc., but it not used and reported in Oman till now.
Furthermore, Reverse Vending Machine accept the plastic bottle and the aluminum cans only, and
it designed to cash back money to the users who deposit the waste at it.
1.2. Problem Statement
The aim of this report is to improve the recycling system (quality and quantity) in MEC campus,
purpose of the recycling is to limit Pollution in environment. We discovered machine facilitates
the recycling process, a machine called: reverse vending machine (RVM), Because of the problems
be faced with in the environment; because there is not enough waste recycling satisfactorily, the
resulting lack of awareness of the problems produced by the waste on the environment and its
effect on the nature.
Incineration of the waste can lead to air pollution, affects human health and spread of diseases.
This project is presenting a solution to the process (recycling) easily for the society, so that to
accept the idea all positive and seeks to initiative every person. Through study specifications
implementing on this machine (RVM) is the overall search for about finding a solution to promote
recycling activities by both staff and students. The proposed machine will only focus on plastic
bottles and metal cans as the main recyclable materials produced in the college. These materials
are the world most favorable beverage material. The objectives are to ease the process (recycling)
by explaining the mechanism of the machine with the entire positive and to get the good results of

the study. Therefore, we will conduct an interview with a company, specialized in the environment
and in how dispose of waste in Oman in order to collect information that would and strengthen the
completion of the study on the issue of recycling

1.3. Objectives
1. To improve the recycling system (quality and quantity) at MEC through implementing reverse
vending machine (RVM)
2. To compare between RVM and current recycling system in the college
3. To determine the benefits of implementing the RVM for staff and student at MEC
1.4. Significant of Study
This study facilitates the recycling process in Oman and creates awareness among students and
staff on the important of recycling and waste minimization. The use of RVM will significantly
reduce the amount of waste disposing into landfill, therefore helps to reduce pollution and thermal
retention. The study also is important to achieve sustainable development and to preserve the
environment for future generations.

1.5. Project structure
Table 1.1: The structure of the project.
Chapter

Task

Chapter 1

Introduction
-Background of the project
-Problem statement
-Objectives of the project
-Study the significance
Project structure

Chapter 2

Literature review
-Importance of the study.
-Recycling.
-Reverse Vending machine & its use.
-Benefit of Reverse Vending Machine.
-The solid waste management in Oman.

Chapter 3

The method of writing the project is
questionnaire.

Chapter 4

Analysis the data and discuss the result of
the questionnaire and interview

Chapter 5

Conclusion and recommendation

Chapter 6

References

CHAPTER 2
LITRATURE REVIEW
2.1. Environmental protection
The environment is a common term. Its meaning is related to the type of relationship between it
and its user as well as it is a mirror that reflects the reality of the living with its pros and cons. The
clean environment is the title of civilized society. Cleanliness is an important element in the life
of the individual and society. The purpose is cleanliness of the environment and devoid it from
any impurities. It is important to express love and belonging to the earth and translate this sense
of inevitability in order to make this environment bright and fresh to look beautiful in our eyes
before the eyes of others. Among the concerns of His Majesty Sultan Qaboos bin Said, His Majesty
and His Highness the High Commissioner, is that the country's natural resources and diverse rich
environment are the property of all generations, which requires the need to preserve and rationalize
their use so that the development plans are balanced with plans to preserve the environment. Also
to achieve the objectives of this development and its noble goals to provide a decent life for the
members of society and secure the future of future generations as well (Ministry of environment
and climate affair, 2015)

Figure 2.1: Saltanate of Oman (be’ah, 2016)
In addition, his Majesty's high pronouncement on this cultural vision (efforts and consideration of
environmental protection considerations in the planning of development projects and the further
development on order to links with relevant regional and international organizations as well as the
performance of each citizen's duties should be made of the importance of protecting the natural

resources and public health. The Sultanate of Oman celebrates the Omani Environment Day which
falls on 8 January each year (Ministry of environment and climate affair, 2015).

2.2. Recycling

Figure 2.2: containers use for recycling.
Recycling is one of the most active ways of the individual because they have thorough effect on
the world. Because the recycling processes help to improve the natural environment in which we
live. In order to right steps in decline the rate of consumption and the use of waste in a positive
way and used again. At the recycling is the individual process must anyone throwing waste in
appropriate containers, used this is container to separate waste such as: metal, plastic and paper
each material is separated for its alone. The study of these important mechanism because
increasing population rate it leads to increases the environment waste, so it is very important to
play an important role in the reduction of waste and the existence of a solution (Malissa,
2017).Whereas recycling has many environmental benefits. Recycling can save energy. Also,
keeps all the natural resources and reduce the risk of pollution, this supports the sectors of the
economy. There are some statistics of the Environmental Protection Agency in America, there are
industry specific groups the resources that explain the understanding of the importance of
recycling. Think of how this mechanism is (recycling) it will positively affect the environment in
which we live (Brennan, 2017). In 2003, America did recycling in order to save energy by
collection of 54 billion aluminum cans and converted them to equivalent energy and all this for 15
million barrels of oil. Where there is other way for recycling, the recycling once can equal three
hours’ energy to use television. As in 2003, America converts enough of the energy by the
recycling cans and by operating 162 billion hours of TV, all over the mandate of the United

Nations. Also, environmental technology center discovered industry that glass can be used 50
percent less energy to produce glass from recycled glass from raw material. In 2005, America did
the recycling for a large amount from plastic the quantity was (5 billion) where was the quantity
equality (60 trillion) from energy. For recycling the plastic bottles (SODA) and plastic (PET),
when the plastic recycling provides 12,000 heat unit of energy, but in Britain talked about heat
unit: (the amount of energy required to raise the gallons of water equivalent to 1°C (Fahrenheit).
On the other hand, recycling help to conserve Natural Resources for example, plastic has 4% a
large effect on the use of oil, because it goes in the manufacture of barrels of oil. In 1997, America
has the recycling of iron ore, used for the car industry. Also, aluminum can be recycled because it
is used in several areas in life. In addition, it helps to Limit the Pollution for instance, recycling
waste home can help to reduce the amount of CO2. Also, America was founded solution for drain
of the waste cans at a rate of 270 million so it helps to prevent increasing the growth of rodents
and mosquitoes. Recycling also play a role to stimulate the economy. The recycling it will provide
many jobs in the country. Whereas, recycling includes wide skills in several areas such as,
entrepreneurship, manufacturing and engineering. Also, the United States proven that the recycling
may increase 1.1 million jobs for this process then will achieve yearly profits back to the State.
From Advantages for the recycling it make a green environment free from pollution, prevail
security and health and increase from the rate of economy in the country. Furthermore, recycling
is the way to reduce, reuse and recycle. New aluminum which started from zero requires more than
95% of energy, from recycled aluminum cans. Also, the glowing light bulb produces 10% of the
energy used, where is given the remaining light from the heat. There is another type of bulb called
electric lamps where is replaced one out of four they are bulbs fluorescents; this has led to save
50% on the lighting bill. In addition to that the emptying of 16 of the glowing bulbs into to
fluorescents bulbs, this has led to save emissions for a year. Besides, replacing one bulb with a
fluorescent light bulb produces energy reserved for more than a year, and saved light estimated at
more than 2.5 million. Reduce the electricity bills for the home by 40% to 60% that by using solar
energy as main resource.

2.2.1. The importance of recycling
Recycling is necessary in environment and the world to protect and safe this planet to our future
generations (CEF Conserve Energy Future, 2013). Recycling is one of the good ways to have a

best and good effects in the world. This process is very necessary for us and environment. By using
recycling, a new product is made and it is different than the original products which is not
important for using. Recycling starts from home, for example, reuse, minimize and recycle. This
kind of study is very important to help the people to know the way for dealing with the earth. Also
it importance to change the way of thinking and act quickly as the rubbish rises all the time.

Figure 2.3: The waste or trash
The recycling process is done for some materials such as: cans, plastic, paper and glass, etc. and
changed or reused to another forms with no wasted. The recycling should be done for many reasons
like to make the environment very clear from pollution, maintenance of materials, save energy and
minimize or decrease Garbage in Landfills. We are using the waste and original products and then,
convert or change them to same modern products and they lock new. By saving and sending a few
trash or waste to the landfills will help to minimize water and air pollution. Providing and saving
the energy is necessary if we want to decrease the future impacts of global warming. For example,
we can save suitable energy for running television around three hours by doing recycle for one can
of aluminum. This is depending on using and consumption of energy in television and in the same
time it gives us an idea about the amount of energy that can be saved and protected during recycling
products process. On more interesting thing, Conservation is necessary part for recycling. To
illustrate, when you produce few rubbish it helps in minimizing the landfills and helps the land to
return to the nature.
The amount of wastes is increasing due to:

 Rising wealth (when people are buying much materials that means there are increasing in
the amount of wastes).
 Rising population (that is means there are huge number of people to create more wastes in
the earth).
 Now, there are development for packaging and technological products, the most of these
products consist of non-biodegradable materials.
 Changes in lifestyle for example, when the people are eating fast food will be more of nonbiodegradable wastes.

Figure 2.4: kind of container.
For all previous things, the people should do many things for saving planet but unfortunately, there
are a few things that we could do for saving and protecting planet for instance, throwing all garbage
or rubbish in the home that is not useful for using. If there are no available boxes, there is container
for every recyclable materials or product such as plastic, glass and paper. After that, taking these
containers to local recycling center. Also reducing the use of plastic paper and plastic bag because
it pollutes the land and helps the landfills to be filled. In addition, looking for the products which
have few packaging when shopping. Millions of dollars spent for packaging of these materials
which finally go to rubbish places.

2.2.2. The importance of recycling to the environment
Recycling process is very necessary and the rubbish has a big negative effects on environment.

The waste releases greenhouse gasses and Harmful chemicals in the landfills places. Recycling
process help to minimize pollution. In addition, recycling process decrease the needs of raw
materials so the rainforests will be protected. Also, there are many uses of energy to make products
of raw materials. Recycling process help for protecting natural resources because it requires less
amount of energy (Theguardiam, 2015).
2.2.3.The importance of recycling to human
Recycling process is very essential in every places in the world and the people who live in them.
There is no spaces to rubbish and wastes are increasing too so the landfills are filling quickly.
Moreover, recycling help to decrease financial expenditure. The costs of products that are making
of raw materials are more than the products that made of recycled products. Also it helps to protect
the natural resources and using recycling process decrease the need of raw materials with using
few energies so, the natural resources will be preserved for future (Guides networks, 2016).
2.3. Reverse vending machine
Revers vending machine is a developed machine that allow the consumer to put the empty plastic
bottle and metal cans into it as well as the machine will cash back money to them. In addition, it
designed to accept clean empty bottle and cans that is not contaminated. Revers vending machine
is coming with a barcode. The function of this barcode is to determine and measure the weight of
bottle and according to this the machine will decide whether to accept the beverage or not.
Furthermore, this process allowed the machine to determine if the bottle is assigned in database
and indicate its weight profile. Then after this process the machine will open the place where the
beverage must put in. It is important to separate the cap of the bottle before inserting it to the
machine and there is a separate hole to enter the cap into it and the bottle in bottle chamber. After
the process of deposition there will be a comparison between the weight of bottle and bottle profiles
database. The comparison is done to find out if the weight of the given bottle matches the one in
the database, the container will be definitely accepted. In case the bottle profile has not found in
the database or in another word the bottle weight does not match the stored profile, then reverse
vending machine will not allow the bottle to enter inside the machine or it will reject it totally.
However, if the beverage is accepted by the machine the machine will compact the beverage into
tiny pieces to reduce their volume and put them into storage chamber for the collection process
later on. After that it will cash out money to the consumer. The cash amount is depending on the
weight of beverage as well as market prices of the recycles container and beverage. Figure 2.5 is

shows the reverse vending machine and indicate that the profile weight is preventing the customer
from putting the contaminated beverage as well as the bottle cap into the machine. In addition,
there is process of updating the data permanently and automatically from the machine its self. The
most important part is that the machine is connected with Wi-Fi network which allow the machine
to update the database of the container. Moreover, the Wi-Fi connection help the RVM to return
the collected bottle and statistics back to the machine server. The statistics will help the machine
to improve and provide perspicacity to costumer about the behaviors of waste disposal.
(Tiyarattanachai,2015)

Figure 2.5: Reverse vending machine
In Japan there are three companies that make reverse vending machine and they are Tomra Japan,
Envipco Japan and STEC. The technologies and rules are almost same. However, these companies
do not have the same market planning and strategies. Tomra is stablished in 2008. It has large
experiences and well performance in the field of mechanics, chemical products and building
construction. Tomra is cooperated with company called Sumitomo to produce RVM product in
whole Japan. In addition, Tomra company is producing machines for recycling cans and glass
bottles. Furthermore, there are more than 300 reverse vending machine that distributed in whole
over Japan. The company has three types of container refund point card, lottery, and cash coupon.

(Tang Fu-Lun, 2011)

Figure 2.6: Tomra RVM

It is very important for the retailer to recycle the container and beverage and this is according to
the law of containers and recycling packaging. As it is known the daily shopping has been done in
supermarket. In addition, in one month almost about 17 tons of aluminum cans about 870,000
aluminums and 13 tons of PET bottles (about 270,000 PET bottles) were gathered from
supermarkets. (Tang Fu-Lun, 2011)
2.3.1. Reverse vending machine work
Reverse Vending machine (RVM) is very easy to use, start with touch the screen to start, select
the language, select the method of reward if it is by card or by voucher, then the plastic bottles or
aluminium cans can insert into the slot, after that the customer can press the green button to reward
and scan the card or collect his/ her voucher. If the customer has enough points he/ she can use the
points in the canteen or donate them.

Figure 2.7: Shows the prototype of Reverse Vending Machine)
Modern Reverse Vending Machines have the capability to identify the type of deposit material,
for example if the customer inserts a glass bottle, the machine will be reject the bottle and return
it to the users because it accepts the plastic bottles and aluminium cans only. Also, the modern
RVM can sorted the items and then crush them to around tenth of items original size. G.P(Thomas,
2013)
2.3.2. The presence of Reverse vending machine (RVM)
Furthermore, there are more than 100,000 reverse vending machines around the world and it is
very common in the mandatory recycling places. RVM is very popular in US, UK; Sweden,
Germany and it is commonly placed in the canteens, supermarkets, and stores for example WalMart stores and IKEA stores in Europe. Also, Reverse Vending Machine can be found at schools
such as school in Peterborough in UK in 2010. Joseph Kennedy (2014)

2.3.3. Benefits of reverse vending machine
Reverse vending machine is very essential because it accepts post-consumer containers and backs
out of money depending on the size of the deposit. It has an opposite operation of a traditional
vending machine. In addition, reverse vending machines have many benefits for example, Reverse
Vending Machine is an automated machine to collect, handle, sortie and return of used beverage
containers for reusing or recycling. Around 45 years, these system reaches to succeed and benefits

for businesses, customers and the environment (TOMRA, 2017). Reverse Vending Machine is one
of the modern system for years. The demonstrated of reverse returns rates from (70%) percentage
to (100%) percentage of sold beverage containers (G.P. Thomas, 2012).
This kind of machines introduces to decline the supermarket retailers' burden of manually
redeeming and to calculate empty beverage containers. In the same time, some of the Beverage
industry studies show that reverse vending machine is less expensive than the cost of manual due
to space and labor savings (Hanna, 2017). Furthermore, Reverse vending machine is very helpful
because it reduces problems of sewage that related to storage of empty containers in open storage
boxes. Empty containers should be distributed by store personnel and accounted directly by
machine. Also it provides convenience to customers and builds traffic. Retail customers are the
most people tend to shop at supermarkets with recycling centers Reverse vending machine consist
of equipped with a laser scanner to see UPC codes. The machines should include a microprocessor
to track number of containers and brand. This kind of system is created to record the brand and
package kind (glass or plastic) as it shown in figure 2.8. Also, this system designed to count each
category of the containers. Reverse vending machine is a necessary equipment for eco-marketing
for encouraging ecosystem protection programs and promoting environmental friendly programs.
(Stierli and Bieger, 2015).

Figure 2.8: Reverse Vending Machine

2.3.4. Material recognition
There is a system in reverse vending machine that allow it to recognize the type of material and
separate each material according to its type and this help to increase the value of the materials.
After the materials recognized then each material is separated according to its type and this will
lead to increase the value of gathered material as well as reducing the volume thus, logistics costs
are reduced. In addition, rewarding the customer will promote and increases participation and
activity of recycling. In some modern machines there is a touch screen menu. The function of this
touch screen is to help the customer to select whether reward or donate option to the charity (Steve,
2014)

Figure 2.9: Voluntary recycling rotes (Steve, 2014)

2.4. Solid waste management in Oman
In sultanate of Oman, solid waste management is a challenge to the government because of the
limited of landfill areas and the effects of those solid wastes on the environment, health, and public.
In addition, the population of sultanate of Oman almost 4.23 million inhabitants and the amount
of solid waste which generates each year is more than 1.7 million tons. Furthermore, more than
1.2 Kg per day is the average per capita waste generation. Zafar (2016).

Figure 2.10 (Shows the Internal estimates 2014, does not include industrial waste, health waste,
ELT, C&D, WEEE)
Solid wastes in Oman such as plastics (20.9%), metals (1.8%), glass (4%), primary paper and
cardboard (15%) characterized by very high rate of recyclable. Be'ah, 2013, but Oman is yet to
realize the advantages of the recycling process of those waste. Before 2009 most of the solid wastes
are sent to the dumpsites both it is authorized or unauthorized dumpsites for the disposing and that
due to many environment and health issues especially that the locations of those dumpsites are
located near to the residential areas, and catchment areas. In Oman there are 350 dumpsites
managed by the Ministry of regional municipalities and water recourses.

Figure 2.11: (Shows the dumpsites in Oman) Be'ah (2014)

In 2009, Royal Decree No.46/2009 granted Oman Environmental Services Holding Company
"be'ah" the responsibility of solid waste management in Oman. Oman Environmental Services
Holding Company "be'ah" was established in 2007 in Oman, Muscat, and it work to reduce the
environmental damage caused by traditional waste disposal processes, manage the waste sector
and related environmental services in a sustainable manner, and develop the industry and
supporting

the

economy.

Be'ah

2014

Furthermore, Oman government with Be'ah Company make a robust strategy to reduce the impacts
of waste management problems by strives to establish many engineering landfills and waste
transfer stations in each region in Oman and that will eventually to close the authorized and
unauthorized dumpsites around the country.

Figure 2.12: (Shows the waste management plan by Be'ah Company to 2020)
Oman Environmental Services Holding Company is the responsible for waste management in
Oman currently, and there are many strategies for waste management and numerous tenders which
work on it. In addition, 317 dumpsites have been replaced to 8 engineering landfills in 2017 in all
governorates except Alwusta and Musandam.

CHAPTER 3:
METHODOLOGY:
3.1. Introduction:
As already stated the purpose of this study is to improve the recycling system (quality and quantity)
in MEC campus through implementing RVM as a sustainable solution to promote recycling
activities by both staff and students. To achieve this qualitative data from a variety of primary and
secondary data will be used during the research.
3.2. Type of designing the research:
There are two kind of design for the research for example, research design and methodology
design. Research design is a types of design focuses on the final things or final product, what is
the type of research or study and what is the type of results that want to reach such as: comparative
study, exploratory study, interpretive approach, Historical study, deductive and inductive. Also, it
focuses on the logic of research like: the main evidence for addressing the question completely.
Methodology design is a kind of research focuses on process of research, tools and procedures like
survey methods, analysis of existing, statistics, document analysis etc. Furthermore, it focuses on
the individual steps, procedures and the main purposes in research process (Brian van, 2016). In
addition, there are many several kind of research design that depend on the aim of the study and
the natural of the problem such as: explanatory research design, descriptive research design,
diagnostic research design and experimental research design (Umar Farooq, 2013).
3.3. Primary and secondary sources:
Primary and secondary sources of information data and information can be categorized into
primary and secondary sources. A primary source can be defined as the first hand information
about a specific topic such as survey, interview, autobiographies, diary, and speeches. Whereas
secondary data include second hand information and explain, interpret and analyze primary
sources such as books, articles, newspaper and internet websites.

3.3.1. Questionnaire
It means a group of questions to obtain and find information statistically or personal from
individuals and a large number of respondents. Also, it is usually written or printed with spaces to
answer. Furthermore, it is like a survey made by using questionnaire (Merriam Webster, 2017).
Information were collected from this sources including conducting a survey which is a set of
questions distributed among student and staff at MEC. In this project two types of questionnaire
were conducted. One type was conducted at MEC for students and staff and another type was
conducted on people who has experience and specialist in the environmental field for example,
faculty in Sultan Qaboos university(SQU), Ministry of environment and climate affair, Oman
environmental Services Holding Company (Be’ah) and Seeb Municipality. The total number of
participants were 100 distributed among the above mentioned organization and educational
institution. (refer to appendix to see a copy of the questionnaire) From the data reviewed the
participates were interested about environment and recycling process. They showed enough
concerns about the topic and the participants were confirming on:
 The importance of environment.
 More awareness of recycling.
 The importance of reverse vending machine.
 Waste collection process.
 Reverse vending machine (RVM) and traditional recycling method.
 The impact of solid waste material on the environment and human.
3.3.2. Interview
It means a make meeting between a few numbers of people for saying questions and take their
answered. The person how reply for the questions in interview called as interviewer. It is better to
do a meeting consist of two people to the objective of getting an opinion of each other. There are
three main necessary kind of interviews such as: interview answer, interview tips and the job
interview (Dinesh, 2015). An interview was conducted in be’ah company and Sultan Qaboos
University

The interview was conducted in Sultan Qaboos University with professor Awni Shaaban in civil
engineering college (department of civil engineering). In addition, another interview was

conducted in Ministry of environment and climate affair in department of education and financial
control with head of waste management Mr. Ahmed Juma Al-Zidjali. Also an interview was
conducted in Oman environmental Services Holding Company (Be’ah) with Ms. Marwa Alfaliti,
Community outreach officer (refer to appendix to see a picture of the interview) and the following
questions were asked:
1. How the process of waste collection is done in Oman?
2. What are the process of disposing the waste?
3. How much is the number of dumpers in Oman?
4. What are the impacts of solid waste materials on environment and human and what are the
strategies and plans in order to mitigate these problems?
5. Is there any recycling process in Oman?
6. Are there any future plans strategies about recycling in Oman?
7. What are the waste management challenges?
8. What is Integrated municipal solid waste Management Strategy?

3.3.3. Secondary sources
The process of searching data from secondary sources depended on literature review which
founded from journal articles and books as well as information from different internet website.
3.4. Calculations from MEC canteen
Number of calculations has been done at MEC canteen to calculate the total number of plastic
bottles and aluminum cans that sold in canteen every day. Also the weight of each empty bottle
and can were measured to calculate the total weight of bottles and cans sold per day. This will help
to calculate the total prize of recyclable materials at MEC. In addition, the stakeholders of the
college were identified and the revenue from RVM were clarified too.

CHAPTER 4:
DATA Analysis and discussion
4.1. Introduction:
This chapter will include the analysing of the questionnaires which was distributed to 100 students,
stuffs at Middle East College, and employees from Ministry of Environment and Climate affair,
Oman Environmental Services Holding Company (be'ah), and Seeb municipality. Also, this
chapter will discuss the interviews which were done, and clarify the Benefits and Budget of the
Reverse Vending Machine at Middle East College with calculations, and show the result of the
searching about the waste in Oman.
4.2. Analysing the multiple choice questions
4.2.1. The mechanism of recycling processes in Oman:

Knowing the mechanism of recycling
processes in Oman
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Graph 4.1: (Idea of people about the mechanism of recycling process in Oman)

Graph 4.1.1 covers the opinion of 100 staffs, students in Middle East College, and employees from
Ministry of Environment and climate affair, Oman Environmental Services Holding Company
(be'ah), and Seeb municipality about the mechanism of recycling process in Oman. This graph

shows that is most of staffs, students, and employees have no idea about how the recycling process
is done in Oman, while 45% of them said that they have an idea about how the recycling process
is done in Oman. In addition, this questionnaire reach to that most of the people don’t know how
the recycling process is done in Oman clearly.
4.2.2. Hearing about Reverse Vending Machine
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Graph 4.2 (Idea of people about Reverse Vending Machine)
Graph 4.1.2 shows the idea of 100 students, staffs from Middle East College, and employees from
ministry of environment and climate affair, Oman Environmental Services Holding Company
(be'ah), and Seeb municipality about the Reverse Vending Machine. A considerable number of
students, staffs, and employees said they have not heard about Reverse Vending Machine (RVM)
and it is new for them, and only 27% of them said that they heard about it.

4.2.3. Reverse Vending Machine is a solution to the waste collection process through the cost,
quality, and quantity of recyclable waste:

Improvement the waste collection process through
the cost, quality, and quantity of recycable waste by
brining RVM

22%
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Graph 4.3(Reverse Vending Machine is a solution to the waste collection process through
the cost, quality, and quantity of recyclable waste)

Graph 4.1.3 shows the opinion of 100 students, stuffs at MEC, and employees from ministry of
environment and climate affair, Oman Environmental Services Holding Company (be'ah), and
Seeb municipality about improvement of waste collection process through the cost, quality, and
quantity of recyclable waste by bringing Reverse Vending Machine as a solution. The majority of
students, stuffs, and employees are think that bringing Reverse Vending Machine will improve the
waste collection process through the cost, quality, and quantity of recyclable waste. However,
insignificant numbers of students, stuffs, employees think that bringing Reverse Vending Machine
will not improve the waste collection process through the cost, quality, and quantity of recyclable
waste.

4.2.4. Reverse Vending Machine is an alternative solution to the current traditional waste
collection process and solid waste dumping problems:

RVM is an alternative solution to the
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Graph 4.4: (RVM is a solution to traditional waste collection process and solid waste dumping
problems)
Graph 4.1.4 shows the students, staffs, and employees' opinion about reverse vending machine
(RVM). A considerable number of them said that reverse vending machine can be an alternative
solution to the current waste collection process especially for plastic bottle and aluminum cans in
sultanate of Oman. An insignificant number of students and staff agreed that Reverse vending
machine cannot be solution to the traditional recycling process in Oman.

4.2.5. The processes after solid waste collection step:
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Graph 4.5: (Next steps after waste collection steps)
Graph 4.1.5 shows the answers of students, stuffs, and employees about the next step after the
collection of solid waste step is done. 46% of them said that the waste will be dumped after the
collection processes either it is in the traditional dumpsites or in engineering landfills. 33% of the
students, staffs, and employees think that the solid waste will be recycled after the collection
processes, and some of them said that the solid waste will be burned. In addition, 4% of them have
another answers, two of them said that the solid waste may be transferred to another countries, and
two of them are don't have any idea.

4.2.6. Number of soft drink and bottles water consuming per day:
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Graph 4.6: (Number of soft drink and bottles water consuming per day)

Graph 4.1.6 shows the number of soft drink bottles and bottles water consuming per day by the
students, stuffs at Middle East College and employees from ministry of environment and climate
affair employees, Oman Environmental Services Holding Company (be'ah) employees, and Seeb
municipality. Most of them are consuming more than 3 aluminum cans and plastic bottles per day
and that shows the benefits of the using Reverse Vending Machine at those institutions. However,
34% of students, stuffs, and employees are consume 3 bottles, 14% to 7% of them are consume 1
to 2 soft drink and bottles water, and only three of them said that they are not consume soft drink
and bottle water per day.

4.2.7. The participation in recycling process by using Reverse Vending Machine:
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Graph 4.7: (participation of people in recycling process by using Reverse Vending Machine)

Graph 4.1.3 shows the opinion of 100 students, stuffs in MEC, and employees from ministry of
environment and climate affair employees, Oman Environmental Services Holding Company
(be'ah) employees, and Seeb municipality about the participation in recycling process by using
Reverse Vending Machine. Indeed, the majority of students, stuffs, and employees are definitely
will participate in using Reverse Vending Machine in recycling process, when some of them are
probably and not sure to participate in this recycling process, however, none of the students, stuffs,
and employees said that they are probably not and definitely not will participate in recycling
process by using Reverse Vending Machine.

4.2.8 The importance of Reverse Vending Machine as a tool to educate the public the value
of recycling behavior:

RVM is a tool to educate the public the value
of recycling behavior
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Graph 4.8: (The importance of the machine)

Graph 4.1.8 shows students, staffs, and employee's opinion about the importance of reverse
vending machine (RVM) to the society and college campus as well. The majority of students were
surveyed agree that reverse vending machine could be a tool to educate the public the value of
recycling behavior. However, almost none of students and staffs disagree the importance of the
machine to educate and spread out the awareness of recycling behavior among student, staff and
public.

4.2.9. Rating the cost and quality of traditional recycling process in Oman:
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Graph 4.9: (cost and quality of traditional recycling process in Oman)
Graph 4.1.9 shows the rating of the cost and quality of traditional recycling process in Oman by
100 students and stuffs in Middle East College. Many of students and stuffs are don't have an
idea about the cost and quality of traditional recycling process while only 19 students and stuffs
are unsatisfactory about the cost and quality of traditional recycling process in Oman. An equal
number of students and stuffs in MEC are neutral and strongly unsatisfactory about the cost and
quality of traditional recycling process in Oman.

4.2.10. The importance of brining Reverse Vending Machine at Middle East College
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Graph 4.10: (Bringing Reverse Vending Machine at Middle East College

Graph 4.1.10 shows the opinion of 100 students and stuffs at Middle East College about the
importance of bringing Reverse Vending Machine at MEC. Most of the students and stuffs are
agree that bringing Reverse Vending Machine is important at MEC. However, only 4% of students
and stuffs are disagree that bringing Reverse Vending Machine is important at Middle East
College.

4.2.11. The importance of recycling process at Middle East College:
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Graph 4.11: (Recycling process at MEC)

Graph shows the opinion of 100 students and stuffs in Middle East College about the importance
of recycling process at MEC. The opinions of the students and stuffs are convergent, where 42%
of students and stuffs said that recycling process at MEC is very important, and 21% to 27% of
students and stuffs think the recycling process at MEC is somewhat and not very important. 10%
of students and stuffs said the recycling process at MEC is important and almost none of them said
the recycling process is not at all important at MEC.

4.3 Analyzing of open end questions:
4.3.1 The impacts of solid waste materials dumping on the environment and human.
The most of the students, staffs, and employees are said that there are much hazard results from
these processes in the future even if now there are no causes. The hazard will pear after many

years. Many answers were gotten of the impact from the staff and student that means there are
many negative impacts from dumping of solid waste materials. It is a great health hazards and
causes more and more problem in future. It cusses some kind of illness to the people who are living
near of these land. Those people are first people will expose to these diseases. The land will be un
useful for using after 10 years or more. So every organization that related to this aspect should
create a new methods that safe both environment and human. This solution for few years but in
the same time it creates a huge impacts for many years.
4.3.2 In few words, give you your opinion about reverse vending machine and traditional
recycling?
After studying the question, different opinions were founded about the reverse vending machine
and the traditional way of recycling. The people welcomed the idea that this is the machine, the
machine will facilitate waste collection and reduce the volume of waste, and In addition the
community will seek the initiative to clean the environmental. Also the community will benefit
from the amount to facilitate their requirements. This machine will contribute significantly to
maintaining invaluable countries clean. In addition important notes were founded from one of the
people who submitted the questionnaire because he said that this machine is recyclable but part of
the recycling process. Where wrote his opinion for this machine (RVM) is not recycling, but is a
collection system for a particular type of waste, which is only a step in the recycling project.

4.4. Interview:
4.4.1 Interview in Ministry of environment and climate affair in department of education
and financial control
Interview was conducted in Ministry of environment and climate affair in department of education
and financial control with head of waste management Mr. Ahmed Juma Al-Zidjali.

There are two royal decree announced for solid waste management. Royal decree 17/93 for
hazardous solid waste management and royal decree 18/93 for non-hazardous solid waste
management. Muscat municipal is responsible for waste collection and disposal whereas, in other
municipal the responsible is Ministry of Regional Municipalities and water resources. Nowadays,
Oman environmental Services Holding Company (Be’ah) is holding the waste management.
4.4.2 Interview in Oman environmental Services Holding Company (Be’ah) with Ms.
Marwa Alfaliti, Community outreach officer.
Be'ah Company established in 2009 and it is specialized in waste management in Oman for both
municipal solid waste and industrial waste. In addition, applying Circular Economy in Oman and
recycling. Also, it looking forward to convert waste to energy application. Moreover, it aimed in
environmental Center of Excellence and community outreach. The main challenge is to reduce the
amount of landfill dumpers and mitigate its impact on human health and environment as well.
There were almost 270 dumpsites and the amount reduced to only eight engineering dumpsites.
The first engineering dumpsite was in Al-Aamirat. Then a number of engineering dumpsite were
opened in Barka, Sur and Al-Kamil. In addition, there is 35 transfer station which is the place
where the collection of waste is done from many places and one big truck collect it and transfer it
to the main engineering dumpsites. There are recycling processes in Oman but in small scale.
There is plastic recycling in Oman which the companies are holding and they sell it to companies
which are doing the recycling. In some cases, the collection of plastic is done and they export it to
another country such as china and India. There is internal waste material recycling for the industry
waste only like Al-Flaij company and Al-Russail company. Recentlt there were two aluminum
industrial companies approved in Oman but still under construction. In addition, there are future
plans for recycling. The government will be involved with private companies for recycling. In
order to mitigate the damage caused by the waste, there is a plan to utilize the gas generated by
these wastes in vehicle motors and lighting in the future. In addition, Oman environmental Services
Holding Company (Be’ah) has plans and strategies for recycling with the future vision.
4.4.3 Interview in SQU with Professor Dr. Awni Shaaban
Professor Dr. Awni said the idea of Reverse Vending Machine is to improve the cleanliness of the
environment instead of throwing the waste in landfill and burning. Where this will be a healthier
for environment because the throwing of waste in the landfill will not get any benefits contribute

to the development of society or environment. Also, he said that produce an unfertilized soil for
agriculture. And it will be affected by future groundwater.
He added his opinion that instead of the losses that the state receives in transfer the waste to other
countries for recycling the problems and financial losses in the transfer to other countries as well
losses caused by the corruption of the soil in the burning and waste disposal, it is better to provide
a special institution for recycling And provide this system because it will contribute to get the
amount of the rising of the state economy and reduce the proportion of the unemployed, which
will significantly affect the economy of the State and the proof about that the United States opened
a special ministry for recycling.
Finally, he said Oman should create suitable methods for recycling that safe environment and
human in safe time. In SQU, there is four kind of containers (plastic, paper, cans and trash) for
putting the wastes and then, they send these containers for special company to export these wastes
out of Oman.
4.5 Benefits and Budget
The table 4.4.1 shows the stakeholders will be involved in the project and the proposed
practice with the responsibilities and benefits of each stakeholder.
Table4.1: (Cost and benefits between stakeholders):
Stakeholders
Target
companiesa
(beverage
manufactures)
includes Soft
Drinks,
Mineral water,
etc.
Retailer
(restaurant or
canteen)

Cost
Capital Cost

Benefits
 Reduce cost of recycling
 Reduce cost of transportation (less
volume)
 Improve quality of recycling

 Daily maintenance
 Electricity expense
 Refund to customer

 Facilitate recycling process
 Less effort of collection
 Less labor
 Less pollution due to accumulation
 Not require space

a

MEC

None

Staff, Students,
and Society

None

 The technique is never been used
previously in Oman, and thus, MEC
will take the initiative as a leader in
implementing the first sustainable
recycling technique among all Higher
Education Institutes (HEIs) in Oman
 Provide sustainable and green
campus with less pollution
 Provide relatively income to MEC
through the donations, which can be
used for more development of the
campus
 Enhance recycling and reveres
logistics
 Building awareness and environment
education between students
Cash benefits 
Reduce energy usage 
Reduce the consumption of fresh raw 
materials
Reduce landfill size 
Reduces greenhouse gases emissions

Cooperate with industry to create win-win situation

4.6. Calculations:
 Total No. of water plastic bottles sold in the college’s canteen = 2000/day (data collected
from the responsible person in the canteen)
 Total No. of cans sold in the college’s canteen = 650/day (data collected from the
responsible person in the canteen)
 Weight of an empty drinking water bottle = 12.8 grams
 Weight of an empty soft drink cans = 15 grams
 Weight of total cans sold per day = 15 grams × 650 = 10 kg
 Weight of total plastic bottles sold per day = 12.8 grams × 2000 = 26 kg
 Total recyclable weight generated per day = 10 + 26 = 36 kg
 Price of 1 kg recyclable materials in Oman = 0.5 OMR (data collected from be’ah company)

Proposed Recycling Practice:
Expected Recycling Percentage with the new technology: 100% (According to previous
studies)
Weight of materials will be recycled in the college: 100% × 36 = 36 kg/day
 Total revenue from the proposed recycling technology: 36 × 0.5 OMR = 18 OMR/day
 Revenue to retailer (canteen) = 50% of Total revenue = 9 OMR/day
 Rewards & donation = 50% of Total revenue = 0.5 × 18 = 9 OMR/day
Rewards and Donation:
A. If 100% rewards and zero donation: customer revenue = 9 OMR/day, and HSE revenue
= zero
B. If 50% rewards and 50% donation: customer revenue = 4.5 OMR/day, and HSE
revenue = 4.5 OMR/day

Table4.2: (Summary of revenue from current and proposed recycling practice)
Stakeholder

Revenue

Revenue from the proposed practice

from
current
practice
Target

0%

companies

recycling

100% recycling

(beverage
companies)
Retailer

0

9 OMR/day = 800 OMR/ semester

(canteen)
MEC (Return
to HSE)

0

9 OMR/day (If 100% donation to HSE) 
= 800 OMR /semester

4.5 OMR/day (If 50% donation to HSE) 
= 400 OMR /semester
Students

&

0

9 OMR/day (If 100% rewards & zero 

staff

donation)
4.5 OMR/day (If 50% rewards & 50% 
donation)

4.7. Results of the searching about the waste in Oman:
4.7.1 The amount of waste in Oman:

Figure 4.12: (The amount of municipal waste produced in the sultanate of Oman in million tons)
(be’ah, 2016)
The bar graph 4.6.1 shows the amount of municipal waste produced in the sultanate of Oman in
million tons during the period 2010 to 2040. It is clear from the chart that the number of waste in
2010 was the lowest among all the years about 1.19 million tons. In 2012 there was a gradual
increase in the number of municipal waste material, it rose dramatically from 1.46 million tons in
2010 to 1.85 million tons in 2015. The number of municipal waste increase steadily from 2016 to

2017. It is accepted that the amount of municipal waste will rise from the year 2018 to 2040
approximately to 2.04 million tons or more.

4.7.2 Result of solid waste generation according to population in Oman:

Figure 4.13: (Oman Municipal Solid Waste Generation) (be’ah, 2015)

The chart gives information about the numbers of waste generated in each municipal and
their population. The graph shows that the highest number of waste generated in Muscat
because of the high amount of population and urbanities as well. In the second place North
AL. Batinah comes in the highest number of population with highest number of waste
generated and the amount of dumpsites were 53. The population of al-Dakhilliya and Dofar
were almost the same although the amount of waste generated in Dofar was the highest.

However, the least amount of waste generated was in Al-Wusta municipal. Overall the
amount of municipal waste generated in Oman is 1.85 million tons in 2015.

4.7.3 Municipal Waste Composition

Figure 4.14: percentage of waste composition. (be’ah,2013)
The above doughnut pie chart illustrates the percentage of composition of waste according
to the type of waste. It is clear that the highest amount of waste is from food waste and this
because of the increasing of the population. The amount of waste plastic was 20% which
means it is high amount of waste. Whereas the percentage of glass and metal is 9%.
Municipal Waste Composition which has the highest percentage to lowest:
 Food waste
 Plastic
 Cardboard
 Glass and metals
 Fabric
 Gardens waste
 Paper waste

 Wood waste
 Others

4.7.4 Waste Management Challenges
Waste management in Oman:
 Done in reactive basis leading to isolated solutions
 Lack of coordination among stakeholders
Concerns:
•

Absence of policy and strategic master plan

•

Lack of a single responsible entity

•

Lack of an integrated waste management system, resources, and infrastructure

•

Inadequate data and records of waste

•

Inadequate laws and regulations

•

Inadequate numbers of waste management experienced workforce

CHAPTER 5:
CONCLUSION AND RECOMMENDATION:

5. Conclusion:
The main objectives of this report are improve the recycling system (quality and quantity) at
MEC through implementing reverse vending machine (RVM), compare between reverse vending
machine and traditional recycling ways, and study the benefits of RVM. In addition, after the
search, the questionnaires, and the interviews, the objectives have been achieved.
5.1 Finding
The recycling process in Oman is very poor till today and most of the wastes include the plastic
bottles and aluminum cans are collected and dumped in engineering landfills, or in traditional
dumping sites, and very lake amount of those wastes are recycled. Furthermore, there are a
companies in Oman in Alburimi, Alrisil, and, alflig are do some process to cutting the plastic
bottles, and aluminum cans to decrease its size and then transferred it to Dubai, China, and India
and that is very costly especially when transferred the plastic bottles and aluminum cans from the
dumpsites to the factory with its normal size, and those wastes for sure will be dirty because it
will take it from the dumpsites.
Our suggestion for this problem is bringing Reverse Vending Machine as a solution to improve
the quality and quantity of recyclable waste. The idea of Reverse Vending Machine is to decrease the
volume of used plastic bottles and cans to save transportation expenditure/logistic cost, and that how it

will be improve the quantity of recyclable wastes. Also, the items (plastic bottles and cans) when
insert into the machine will be clean so that no need to do some cleaning process after the
collection and that how it will improve the quality of recyclable wastes.
In addition, the second objective has been achieved when comparing the work of Reverse
Vending Machine to the current waste collection processes in Oman. Reverse Vending Machine
helps the recycling process and make it more easy and fast with high quality and quantity of
recyclable waste and that what the other collection methods are missed.

Moreover, the third objective which is study the benefit of Reverse Vending Machine has been
achieved by using different methods when searching as questionnaires, and interviews. Bringing
Reverse Vending Machine at Middle East College will be very useful for students, stuffs,
employees, environment, and health. Students, stuffs, and employees when will be participate in
this recycling process by using Reverse Vending Machine will educate the value of recycling
behavior and they can use the points in the college canteen. Also, Reverse Vending Machine is
very environmentally and healthy machine because the collected waste will be in a clean and in a
close area into the machine and that for sure will prevent the bad smells and the insects on the
garbage.
5.2 Recommendation
There are some recommendations to reduce the impacts of waste on environment and health:
1. Encourage to make a scientific studies, environmental researches, and statistical resources,
because the information banks in Sultanate of Oman still very scarce.
2. Attract the private companies to use the waste material for recycling, and that will dispose the
environmental damages. Also, waste is a raw material for a promising industry and it does not
require a lot of money, but on the contrary it has an environmental, health, and economic return
especially for the young investors in Oman.
3. Taking the advantages and elements of success of countries who have succeeded in the
environmental aspect especially in the waste management field to reduce the impacts of wastes
4. Intensify the supervision of violators who dump the healthcare wastes or Hazardous wastes in
the dumpsites without declaration.
5. Bringing modern machines of collection the waste to avoid the problems of traditional waste
collection.
6. Organize awareness campaigns about self-commitment in collect the waste in the right places
7. Plant some shrubs and weeds on the engineering landfills.
8. Making a plan and future studies about the amount of future wastes and how will deal with it.
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APPENDIX:

Improve waste recycling towards sustainable campus in Middle East (MEC) College
by using Reverse Vending Machine (RVM)
Name:

Age:

Gender:

Career:

Purpose: To collect data and information about Reverse Machine (RVM) and its availability and
importance at Middle East College.
Reverse vending machine is a recycling machine which considered one of the solutions to be used
to increase quantity and quality of recyclable wastes. In general, RVMs are designed to cash back
money to users who deposit wastes at the machines. The first RVM was invented in 1972 by Tomra
Company. It has been widely used in the US for recycling beverage countries (California Against
Waste,2012). It is also being used in different European countries such as Germany, UK, Sweden,
etc; the use of this method is also popular in Australia. However, the use RVM in Oman is not
reported and totally new.
1. Have you ever heard about reverse vending machine (RVM)?
o Yes
o No
If yes mention some information
…………………………………………………………………………………………………
………………………………………………………………………………………………….
2.
o
o
o
o
o
o

How do you rate the cost and quality of traditional recycling process in Oman?
Highly satisfactory
Satisfactory
Neutral
Unsatisfactory
Strongly unsatisfactory
Don’t know

3. How many bottle water and Aluminum cans (soft drinks) do you use per day?
o
o
o
o
o

Zero
1
2
3
More than 3

4. Do you agree bringing reverse vending machine (RVM) at Middle East College is
important?
o Yes
o No
5.
o
o
o
o
o

Recycling in MEC is:
Extremely important
very important
Somewhat important
Not very important
Not at all important

6. Do you have any idea about how the process recycling is done in Oman?
o Yes
o No
7. If reverse vending machine is brought at MEC will you participate in this recycling
process?
o Definitely
o Not sure
o Probably
o Definitely not
o Probably not
8.
o
o
o
o

(RVM) could be a tool to educate student the value of recycling behavior
Strongly agree
agree
strongly disagree
disagree

9. In few words, give your opinion about Reverse Vending Machine and traditional ways of
collection the waste
………………………………………………………………………………………………………
………………………………………………………………………………………………………
……………………………………………………………………………………………………

10. What are the impacts of solid waste material on environment and human
............................................................................................................................................................
..........................................................................................................................................................

Improvement waste recycling towards sustainable campus in Middle East College
(MEC) by using Reverse Vending Machine (RVM)
Name:

Age:

Gender:

Career:

Purpose: To collect data and information about Reverse Vending Machine (RVM) and its
availability and importance.
Reverse vending machine is a recycling machine which considered one of the solutions to be used
to increase quantity and quality of recyclable wastes. In general, RVMs are designed to cash back
money to users who deposit wastes at the machines. The first RVM was invented in 1972 by Tomra
Company. It has been widely used in the US for recycling beverage countries (California Against
Waste,2012). It is also being used in different European countries such as Germany, UK, Sweden,
etc; the use of this method is also popular in Australia. However, the use of RVM in Oman is not
reported and totally new.
1. Do you have any idea about how the process of recycling is done in Oman?
o Yes
o No
التدويرفي عمان؟
هللديك أيفكرة عن كيفتتم عمليات إعادة. 1
2. Have you ever heard about reverse vending machine (RVM)?
كسية ؟
بق لكأن سمعتبآلةالبيعالع
 هل س. 2
o Yes نعم
o No
ال
If yes mention some information
إذا كانالجوابنعم اذكربعضالمعلومات عنآلله

…………………………………………………………………………………………………
………………………………………………………………………………………………….
3. Do you think bringing reverse vending machine in Oman will improve the waste
collection process through the cost, quality and quantity of recyclable waste?

, كلفة
لفاتالحالي ة من حيثالت
عكسيةفيسلطنة عمانسوفيحسن من عملياتتجميعالمخ
تقد أن جلبآلةالبيعال
 هلتع.3
بلة إلعادةالتدوير؟
لقا
نفايات ا
نوعية وكميةال

o
o

Yes
No

نعم
ال

If yes mention your opinion
إذا كانالجوابنعم اذكر رأيك

………………………………………………………………………………………………
………………………………………………………………………………………………
4. Reverse Vending Machine can be the alternative to the current solid waste dumping
problem (plastic bottle and aluminum) in Oman
صلبة (علبالالستك و األلمنيوم)الحاليةفي عمان
مخلفات ال
مشكلة ردمال
كسية ممكن أنتكونالحلل
آلةالبيعالع.4
o Strongly agree
بشدة
افق
أو
o Agree
افق
أو
o Neutral
محايد
o Disagree
افق
ال أو
o Strongly disagree
بشدة
فق
ال أوا
5. After the solid waste (plastic bottles, aluminum cans) collection is done
)لب األلمنيوم,صلبة (علبالالستيك
المخلفاتال
بعدتجميع.5
o The wastes will burned
فات
تم حرقالمخل
ي
المخلفات
إعاد تدوير
يتم ة
o The wastes will recycled
o Another answer
إجابة أخرى
………………………………………………………………………………………………
………………………………………………………………………………………………
6. How many bottle water and Aluminum cans (soft drinks) you are consuming per day?
o
o
o
o
o

Zero
1
2
3
More than 3

لك هافياليومالواحد؟
تيتسته
كم عدد علب المياه و علبأللومنيوم (المشروباتالغازية)ال.6

صفر
1
2
3
3 كثر من
أ

7. If reverse vending machine is brought in Oman, will you participate in this recycling
process?
التدوير هذه؟
 هل سوفتشاركفيعملية إعادة,كسةي في عمان
إذاتم جلب آلةالبيعالع.7
o Definitely
كيد
بالتأ
o Not sure
لستمتأكدا
o Probably
ربما
o Definitely not
بالتأكيد ال
o Probably not
ربما ال
8. Reverse Vending Machine could be a tool to educate the public the value of recycling
behavior

كسية ممكن انتكون أداة لتثقيفالعا مة قيمة عمليات إعادةالتدوير
.8آلةالبيعالع
بشدة
افق
أو
افق
أو
بشدة
افق
ال أو
افق
ال أو

Strongly agree
Agree
strongly disagree
disagree

o
o
o
o

9. In few words, give your opinion about reverse vending machine and traditional recycling
تقليديةلعملية إعادةالتدوير
عكسية والطرقال
بضع كلمات ،اعط رأيك حول آلةالبيعال
.9في

………………………………………………………………………………………………………
………………………………………………………………………………………………………
……………………………………………………………………………………………………
?10. What are the impacts of solid waste materials dumping on the environment and human
نسان؟
صلبه علىالبيئه و اال
مخلفات ال
. 10ما هي آثارردمال
....................................................................................................................................................
....................................................................................................................................................
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THE USE OF REVERSE VENDING MACHINE IN MIDDLE EAST COLLEGE TO
IMPROVE WASTE RECYCLING TOWARDS SUSTAINABLE CAMPUS
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Abstract. Reverse Vending Machine (RVM) is one of the solutions to be used to increase quantity
and quality of recyclable wastes. This study aimed to improve the recycling system (quality and
quantity) in MEC campus through implementing RVM as a sustainable solution to promote
recycling activities by both staff and students. It was calculated that the use of the RVM machine
in MEC will attract revenue up to 800 OMR/semester for customers (students & staff) which can
be donated to Health, Safety, and Environment (HSE) society to be used in various society
activities. However, this technique also provide revenue up to 800 OMR/semester for the retailer
(canteen) which can be used to cover the expenses of electricity and maintenance.
Keyword. Recycling, waste management, Oman waste, plastic bottles, sustainability
INTRODUCTION
Recycling is a process of using old or waste products into new products. Currently, there is no recycling
practice conducted in the college for various materials, except the collection of waste papers to be sent to
Muscat Daily for recycling. Traditional waste recycling using recycling bins method is relatively inefficient
and can lead to poor quality of raw materials due to nonhomogeneous waste (mix materials) resulted from
poorly-sorted recycled plastics [1].
Therefore, reliable and efficient pre-process sorting methods play an important role in throughput and cost
of recycling process. Reverse Vending Machine (RVM) is probably one of the solutions to be used to
increase quantity and quality of recyclable wastes. In general, RVMs are designed to cash back money to
users who deposit wastes at the machines. The first RVM was invented in 1972 by Tomra Company. It has
been widely used in the US for recycling beverage containers [2]. It is also being used in different European
countries such as Germany, UK, Sweden, etc. The use of this method is also popular in Australia. However,
the use of RVM in Oman is not reported and totally new.
This paper aimed to improve the recycling system (quality and quantity) in MEC campus through
implementing RVM as a sustainable solution to promote recycling activities by both staff and students. The
proposed machine will only focus on plastic bottles and metal cans as the main recyclable materials
produced in the college. These materials are the world most favorable beverage material.

METHODOLOGY
Rewards you for recycling
A reverse vending machine works the opposite way to a vending machine – you put in an empty drink
container and you get to choose a reward for your recycling efforts or donation option. This machine
accepts only items that can be recycled and reject anything else. The machine also identifies the type
of recyclable container either plastic or metallic cans and separate each material by type, this increases
the value of the material collected. The capacity of RVM is up to 3,000 recyclable items [3]. Figure 1
shows a prototype of the proposed RVM.

RECYCLE & REWARD
LCD Screen

Instructions:
1. …………………….
2. …………………….

Card scan
Voucher
collection

Insert Item

Reward
Donate to
HSE

PLASTIC BOTTLES & CANS
ONLY
Figure 1. A prototype
of proposed RVM.
The idea of RVM is to decrease the volume of used plastic bottles and cans to save transportation
expenditure/logistic cost (Fig. 2).
The RVM is very easy to use. Simply touch the screen to start; select the language; select the method your
reward (card or voucher); insert your empty plastic bottles or cans into the slot; press the green button to
reward and scan your card or collect your voucher. If customer have enough points, then can redeem and
use them in the canteen for purchasing. The machine also provides the option to user to either collect

his/her recycling effort points or donate these points to MEC Health, Safety, and Environmental Society
(HSE) by pressing the blue button as in Fig. 1.

Figure 2. Volume reduction

RESULTS AND DISCUSSION
Benefits and Budget
The table below (Table 1) shows the stakeholders will be involved in the project and the proposed
practice with the responsibilities and benefits of each stakeholder.
Stakeholders
Target
companiesa
(beverage
manufactures)
includes Soft
Drinks, Mineral
water, etc.
Retailer
(restaurant or
canteen)

MEC

Table 1. Cost and benefits between stakeholders
Cost
Benefits
Capital Cost
 Reduce cost of recycling
 Reduce cost of transportation (less
volume)
 Improve quality of recycling
 Increase quantity of recycling
 Daily maintenance
 Electricity expense
 Refund to customers
None

Facilitate recycling process
Less effort of collection
Less labor
Less pollution due to accumulation
Not requires space
The technique is never been used
previously in Oman, and thus, MEC
will take the initiative as a leader in
implementing the first sustainable
recycling technique among all Higher
Education Institutes (HEIs) in Oman
 Provide sustainable and green campus
with less pollution
 Provide relatively income to MEC
through the donations, which can be
used for more development of the
campus
 Enhance recycling and reveres logistics







 Building awareness and environment
education between students
Staff, Students,
and Society

a

None

Cooperate with industry to create win-win situation

 Cash benefits
 Reduce energy usage
 Reduce the consumption of fresh raw
materials
 Reduce landfill size
 Reduces greenhouse gases emissions

Calculations:
 Total No. of water plastic bottles sold in the college’s canteen = 2000/day (data collected from the
responsible person in the canteen)
 Total No. of cans sold in the college’s canteen = 650/day (data collected from the responsible person
in the canteen)
 Weight of an empty drinking water bottle = 12.8 grams
 Weight of an empty soft drink cans = 15 grams
 Weight of total cans sold per day = 15 grams × 650 = 10 kg
 Weight of total plastic bottles sold per day = 12.8 grams × 2000 = 26 kg
 Total recyclable weight generated per day = 10 + 26 = 36 kg
 Price of 1 kg recyclable materials in Oman = 0.5 OMR (data collected from be’ah company)
Proposed Recycling Practice:
Expected Recycling Percentage with the new technology: 100% (According to previous studies)
Weight of materials will be recycled in the college: 100% × 36 = 36 kg/day
 Total revenue from the proposed recycling technology: 36 × 0.5 OMR = 18 OMR/day
 Revenue to retailer (canteen) = 50% of Total revenue = 9 OMR/day
 Rewards & donation = 50% of Total revenue = 0.5 × 18 = 9 OMR/day
Rewards and Donation:
C. If 100% rewards and zero donation: customer revenue = 9 OMR/day, and HSE revenue = zero
D. If 50% rewards and 50% donation: customer revenue = 4.5 OMR/day, and HSE revenue = 4.5
OMR/day
Table 2. Summary of revenue from current and proposed recycling practice
Stakeholder
Revenue
Revenue from the proposed practice
from current
practice
Target
0% recycling
100% recycling
companies
(beverage
companies)
Retailer
0
9 OMR/day = 800 OMR/ semester
(canteen)
MEC (Return
0
 9 OMR/day (If 100% donation to HSE)
to HSE)
= 800 OMR /semester
 4.5 OMR/day (If 50% donation to HSE)
= 400 OMR /semester

Students
staff

&

0

 9 OMR/day (If 100% rewards & zero donation)
 4.5 OMR/day (If 50% rewards & 50% donation)

CONCLUSION
The use of RVM could affect the recycling activities of students and staff in the college. Also it will attract
revenue up to 800 OMR/semester for customers (students & staff) which can be donated to HSE society to
be used in various society activities. However, this technique will also provide revenue up to 800
OMR/semester for the canteen which can be used to cover the expenses of electricity and maintenance. In
order to increase the utility rate of RVM, it is recommended to place it in highly accessible place such as
the Panorama area.
In conclusion, the MEC is care about social responsibility. Therefore, RVM could be a tool for arouse the
public’s attention, and it is also a good practice to educate students the value of recycling behavior
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ABSTRACT
The project called “Smart Suitcase with Security System and Automatic Weight
Management” is an innovative and creative gadget intended to be a traveler’s friendly
companion particularly when traveling by air. The gadget which shall become a built-in
component of a suitcase, provides a powerful capability to measure the weight of the
suitcase so that the traveler will become safe and confident that he/she will not exceed the
allowable luggage weight fixed the different airline companies. In addition, the gadget is
capable of providing the owner a tracking message via the owner’s mobile phone when the
luggage had been misplaced or lost, or when an unauthorized person takes out the gadget
from the suitcase. These functions will become possible by installing in the gadget such
technical components as the Arduino mega, GSM module, GPS module and weight sensor.

Careful study and analysis of the available data and information had been done which
were used in the conceptualization and in planning for the completion of the project. Some
alternative models for carrying out the project had been considered. In the end, it was
decided that the V-model should be used because it is easy to understand and easy to use.
The inherent social benefit of the project is high. At the same time, there are apparent risks
associated with the implementation of the project. However, these were studied carefully
and the author’s confidence level is high that these risks successfully mitigated. Given this
situation, this project has materialized and with a great assurance that the potential
commercialization of the gadget can be done with certainty. This project work has
developed a smart suitcase capable of providing the owner a tracking message via the
owner’s mobile phone when the luggage had been misplaced or lost, or when an
unauthorized person takes out the gadget from the suitcase. These functions are made
become possible by installing in the gadget such technical components as the Arduino
mega, GSM module, GPS module and weight sensor.

1. INTRODUCTION
This chapter briefly introduces the project concepts.

Specifically, it will include the

background of the study, project objectives, project limitations and the overview of the
project report.
Traveling is something that people cannot live without in the 21st century. It has always
been a crucial part of our lives. Whenever someone decides to travel there is always a
concern about making sure that the luggage arrive safety to the correct destination. A
suitcase is one of the most indispensable requirements for traveling via flight or any other
mode of transportation. The importance of the suitcase is more emphasized when you are
traveling by air. That is why, suitcases are coming in varied sizes and colors, in varied
brands, and in different qualities. Regardless of whatever kind of suitcase one has, at the
airport, there are inconveniences when suitcases are lost or misplaced. Sometimes, it takes
time and effort to locate those suitcases. Sometimes, they are not recovered at all. Still,
there are other unfortunate and embarrassing cases at the airports. For instance, one must
unload the suitcases because the passenger failed to observe the airline restrictions on the
allowed weight of both hand-carried and checked-in luggage. Losing or misplacing
something personal, precious and getting embarrassed in front of a crowd are undesirable
nerve wracking experiences. But, these can be avoided. Be glad! A friendly and smart
suitcase gadget is arriving! Briefly, the objective of this project is to provide a gadget that
will allow easy preparation for packing the luggage and of recovering the same if they get
misplaced during travel.
The proposed project is called a “Smart Suitcase.” It is a gadget installed into the suitcase
itself. It contains an LCD and a keypad used for encoding numbers. A microcontroller and
memory card containing information about allowed baggage weight for different flights,
such as Oman Air, Emirates Air, JFT Airways, etc., and class e.g. business class, economy,
etc, need to be selected depending on the flight preference of the traveler. Once the
passenger selects the flight, then the microcontroller shows the luggage weight in kilogram
(kg) allowed for that specific flight per passenger in a specific class. And here is an added
feature! While packing the luggage, the sensor will be activated. Once the suitcase starts
filling-up, signal begins to appear. When the suitcase fills-up to 50% of the allowed
weight, the green light appears. When it is at 70%, the yellow signal appears, and when at
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90% and above, it turns red. When it reaches 100%, then the buzzer makes an alarm which
tells that the suitcase is fully packed.
Yet another added feature of the “Smart Suitcase” gadget is the tracker. The gadget
contains a tracking system that allows the owner to trace where the suitcase is located. Just
imagine that your suitcase is inside a car parked in a wide parking area. Using your car key
system, you press a button and your car sends the alarm as it switches the lights on, at the
same time. However, when the suitcase gets lost, the owner activates the tracking system
via the mobile phone. Activation from the owner’s end is no longer necessary, as the
gadget needs to be turned on when the suitcase is checked-in. When locating the misplaced
or lost luggage using the mobile phone, the system does the work. A signal is sent to the
mobile phone detailing the exact GPS location. Detailed data bases can be included in the
signal display just to provide accurate description of the suitcase. Meanwhile, when
someone turns off the switch or takes out the gadget from inside the suitcase, the SMS
messaging feature will automatically be activated. The gadget sends an SMS to the
owner’s mobile phone about the GPS location. This project will be completed using the Vmodel methodology.

1.1

Background of the Project

The proposed “Smart Suitcase with Security System and Automatic Weight Management”
system involves the production of a gadget which can be installed inside the suitcase. This
project was chosen due to its relevance and practical application and usage. Specifically, as
to project relevance, the gadget can provide peace of mind for the travelers by not
worrying about locating their suitcases once they arrive at the airport of destination.
Travelers will not worry about losing their important and valuable belongings the gadget
provides the travelers the capability to locate their suitcases at a click of a button. On the
first place, the gadget provides an assurance that the travelers can avoid embarrassment by
ensuring that they have not exceeded the allowable luggage weight allowance as specified
by the airline companies.
As to practical application and use, the gadget is traveler-friendly. First, it does not require
any complicated process for installing into the suitcases. Second, determining the luggage
weight comes easily because of the color coding and the built-in alarm system. Finally, the
tracker-capability feature of the gadget can be easily activated by a click of a button. Once
2

the suitcase is missed or someone has stolen it and switched the switch off, the gadget will
send an SMS to the owner’s mobile phone with the GPS location.
Indeed, the project cannot be under-estimated terms of its functionality. The application of
modern technology in making the gadget functional conforms to the call of time.

1.2

Project Objectives

The project’s over-all objective is to design a gadget called “Smart Suitcase with Security
System and Automatic Weight Management” that will become a friendly and trusted
companion of a traveler allowing an easy and convenient way of effectively and efficiently
packing the luggage and ensuring safety and almost full-proof recovery of suitcases. The
project aims to achieve the following specific objectives:

1.3

i.

To design a travel gadget with built-in database system for allowable weight
of luggage per person for different airline companies.

ii.

To design a travel gadget with built-in weighting system featuring weight
measurement.

iii.

To design a travel gadget with built-in tracking system including suitcase
locator and mobile phone signaling feature once the suitcase is lost or
misplaced.

iv.

To design a travel gadget with built-in alert system, which automatically
sends SMS with GPS location to the owner’s mobile phone in the event of
an authorized shutting down or dismantling of the gadget from the suitcase.

Project Limitations

Technology will always have some limitations. Since the gadget is designed to be ITbased, its inherent limitations include the following:
i.

Its activation may cause a concern from the airline companies. Generally,

the air safety policy does not allow passengers to activate electronic gadget
when inside the aircraft. Therefore, the owner of the suitcase gadget needs to be
wary about this limitation. On the first place, there may be a need to clear this
kind of issue with the Civil and Aeronautic Board (CAB).
ii.

The activation of the gadget using the owner’s mobile phone may be

affected by the network restrictions being imposed by a country. It is therefore
3

possible that the gadget may not be fully functioning in some airports where
activation is restricted due to network-imposed limitations.

1.4

Overview of the Project Report
This project report will contain six chapters as following:
1. Introduction (Chapter 1). This chapter discusses the introduction about the
project and its background and the project objectives and limitations.
2. Methodology (Chapter 2). This chapter discusses the different methods or
approaches and choose the one that will fit my project and go according to that
approach until I am done with it. For this project, I chose the V-model.
3. Literature review (Chapter 3). This chapter presents the various write-ups about
the salient concepts regarding the project which are coming from different
sources such as journals as well as on-line materials about the selected topic.
This will include searching for similar projects and analyze them based on the
various methods selected. The discussion in this chapter will be complete with
in-text referencing.
4. Budgeting and project management (Chapter 4). This chapter discusses the
approximate total cost of the project. In addition, the Gantt chart is included. As
well, this chapter discusses the identified project management risks associated
with it.
5. Design and analysis (Chapter 5). This chapter discusses the work of the project
and the circuit diagram.
6. Conclusion (Chapter 6). This chapter shows the conclusion based on the
analysis of the research findings.

2. METHODOLOGY
The gadget, “Smart Suitcase with Security System and Automatic Weight Management”,
was designed to possess the functional features. These include: (1) built-in database system
for allowable luggage weight, (2) built-in weighting system with weight measurement,
light signals and buzzer alarm, (3) built-in tracking system with suitcase locator and mobile
4

phone signaling feature and (4) built-in alert system which automatically sends SMS with
GPS location to the owner’s mobile phone in the event of an authorized shutting down or
dismantling of the gadget from the suitcase. With these features in mind, the project
conceptualization, planning and implementation adopted the V-model.
There are other alternatives to the V-model. For instance, it called linear-sequential life
cycle model because the process and progress in the software development can be seen like
a waterfall flowing steadily downwards like a waterfall starting from the conception phase,
to the initiation, analysis, design, construction, testing, production or implementation and
finally to the maintenance. The waterfall model as shown in Figure 2. 1is primarily used
for small projects where uncertainties in the requirements are non-existent. More
importantly, this model requires that each phase must be completed in full before moving
to the next phase. A phase-by-phase review must take place to see is the project is on the
right track. Good thing is, the model allows, as early as possible, to determine if the project
can be continued or can be discarded after each end-of-phase review. Diagrammatically,
the waterfall model appears as follows:

Figure 2. 1 Waterfall Model (help, 2017)

However, the waterfall model has a very distinct feature that discouraged the author to use.
That is, once an application is in testing stage, it is very difficult to go back and change
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something that was not well planned in the concept stage. Hence, the V-model was
preferred over the waterfall model.
Specifically, the author adopted the V-model as shown in Figure 2. 2 due to the following
reasons: Firstly, the V-model offers some flexibility. For instance, when issues were met at
the unit testing stage, using the V-model, the author can readily can go back to the function
stage and do the necessary adjustments without significantly affecting or altering the other
stages. The same is true if project weaknesses were discovered at the testing stage where
the author can still have the chance to go back to the requirement analysis stage and then
do the necessary adjustments and proceed with project completion without affecting the
other stages. This situation is unlikely to happen had the author chose the waterfall model.
Secondly, while the author can adopt the DSDM model. For this project, the V-model will
be opted to considering that the former will require the author to go back in forth to the
intended users of the gadget in order to make perfect the project concept, functionality and
other .Whereas, considering that the project needs to beat the time constraint, the DSDM
model will not fit into the timeline, and therefore, the V-model is good enough because it
reduces the amount of time to provide the output since it is easy to understand and simple
to use.
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Figure 2. 2 V -model (WICIMEDIA COMMONS, 2017)

The details of the components of the V-model are discussed below:
1. Requirement analysis.
In this stage, the first things are to check the possibility to achieve the project objectives.
Then, all datasheet for the project components should be collected. Also, the documents for
the scope, scheduling and engineering approach of the project should be prepared. At the
end of this stage, some related work must be searched and summarized.

2. System design.
After the requirement stage, the next part is to review the work and collect all the
items and components required to achieve the project. Then, the last part in this stage
is to design the project. The project planning followed immediately after the
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conceptualization stage.

This includes two parts, namely: (1) brainstorming and

visualizing the finished product, and (2) determining and eventually finalizing the
activities involved in completing the project. The first part is concerned about the
hardware and the software. The hardware refers particularly to the physical aspect of
the gadget – make (materials to be used), size, color, design, weight, and other aspects.
Technically, the hardware components will include the microcontroller. The software
pertains to the aspect of electronically carrying out the functionality of the gadget.
Among others, this may include the MPLABX software programing and the ISIS
Proteus.
In the second part, the following activities had been planned out towards completion
of the project:(1) data gathering and analysis on the theories related to the gadget, (2)
designing and preparing the blueprint of the gadget, (3) prototyping, (4) first project
testing, (5) project revisions, and (6) second project testing and revisions.
As a beginner in the field, referrals will be made from those who are experts in
designing and fabricating electronic gadgets. At the same time, library and on-line
research will be conducted to gather and analyze theories related to the project. The
research will also include gathering of information relative to sourcing out of materials
for use in the fabrication of the gadget. Pencil pushing shall become necessary for
putting down into a comprehensive blueprint the result of data gathering and analysis.
Specifically, a printout of the design shall be prepared complete with the necessary
technical description of the individual components and the processes involved in
completing the prototype gadget.
3. Function of design
The design and simulation of the project by using some software such as (ISIS)
proteus and Multisim is very important. And for the programming we will use
MPLABX software. Also, it is required to collect all the items and component
required for the proposed prototype.
4. Implementation
In this stage, all the components should be connected on the PCB board step by step as
discussed in the project design.
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5. Unit testing.
In general, all the hardware designs contain different modules, which must undergo
functionality testing individually and verify the objective for each one. This phase
involves the first alpha testing of the assembled functional design of the gadget. Every
single unit of hardware design will undergo testing. Any observed flaws in the system
will be noted for eventual adjustments in functional design. It should be noted that the
unit testing dovetails directly with the function design phase.
6. Integration testing.
In this level, all the modules should be connected as the circuit diagram and test the
output. This phase relates directly with the system design phase. The integration
testing is necessary because this is where the identification of the issues and
shortcomings committed in the previous phases should be made. Specifically, this is
where the necessary improvements on the hardware design should be identified.
7. System testing.
This phase is directly associated with the requirement analysis phase. This is the stage
when the determination of whether the goals of the project are met. That means, this
phase should do the testing of the complete system which must provide an assurance
that the entire functional and non-functional requirements including the software and
hardware are in place. When the system passed the test, this will ensure that the final
product confirms with the requirements and the expectations of the potential users on
the usefulness and practicality of use of the gadget.
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3. LITERATURE REVIEW
This chapter explain previous works which are similar to this project. It contains
explanation about the technologies that are used in this project and evaluates them by
identifying the drawbacks and suggesting improvement.

3.1

Previous Related works

This section discusses some of previous work, which are related to this project.

3.1.1 SMART HANDBAG SYSTEM WITH LOCATION TRACKING
According to Muhamad Syazwan and Nabihah Ahmad (Syazwan Rosdi & Ahmad, 2016)
system block diagram shown in Figure 3. 1, RF transmit and receive circuit are used to be
communicate between the user and the smart handbag where the transmit circuit is placed
in user’s pocket and the receiver in the handbag. The RF signal will be covered within 50
meters. If the receiver fails to receive a signal from the transmitter, the system will turn ON
and the buzzer will be triggered. Also, the GSM module send a SMS to the user which
contain the coordinate location from the GPS module to guide the user to track the
handbag. This approach is rigid, because the system can’t be used in airport. The system
will turn ON when the user waits his handbag to be arrive from the cargo. Also, the system
concern to track the handbag only. The Smart Suitcase with Security System and
Automatic Weight Management project will develop the tracking method, there will be
two ways to locate the suitcase location, first is by sending SMS to the system and the
replay SMS will contain the suitcase coordinate, second there will be a sensor fit in system
cover and if anyone tried to break or damage the cover, the system will send SMS to the
user and inform him about the state and the message will contain the coordinate.
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Figure 3. 1 Smart handbag system with location tracking (Syazwan Rosdi & Ahmad, 2016)
.

3.1.2 Automated Luggage Carrying System
According to the Imran, Saad, elc (Md. Imran Khan, Saad Bin Siddique, & Nazmul
Hassan, 2013) system is shown in Figure 3. 2, an automated trolley is designed to carry a
passenger luggage at the airport. The user will carry a smart card in his pocket so; the
automated trolley will track the user through the smart card. This approach is rigid,
because it could be used only at the airport to help the passenger to carry his luggage only
and the system will work within 50 meters only. In addition, the tracking system is fitting
in the trolley and the card can be lost for any reason. The Smart Suitcase with Security
System and Automatic Weight Management project will not be going to use this type of
tracking which has a limitation of used.
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Figure 3. 2 Automated Luggage Carrying System (Md. Imran Khan, Saad Bin Siddique, &
Nazmul Hassan, 2013)

3.1.3 Smart School Bag
According to the Athul P Anand, Deepesh Srivastava, elc (Athul, et al., 2016) system
block diagram shown in Figure 3. 3, a smart school bag is designed to help the student to
carry the necessary books for each day according to the timetable. The timetable is the
database for the system and if there is any change in the timetable, the data can be change
manually. The student can call his/ her parents for any serious situation by pressing panic
button so, the system will take a picture for the situation and will send SMS with the
coordinate location to the parents through RFID. This approach is rigid, because it is
unsecure, anyone can update which can be false. The Smart Suitcase with Security System
and Automatic Weight Management project will use the same technic of data base but in
other way by storage the full information for different aviation. Also, the emergency
technic but there will not be using any press button, there will be a sensor to protect the
system from the saboteurs or the thieves.
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Figure 3. 3 Smart School Bag (Athul, et al., 2016)

3.1.4 Multipurpose Smart Bag
According to the Shweta, Tanvi, elc (Shweta, P, Poonam, & M, 2016) system block
diagram shown in Figure 3. 4, a multipurpose smart bag is designed for multi-function.
The first one, is to charge the devices from the attachment solar. Second, is to read the
subject, which should be in the bag by using RFID (Radio frequency identification) to
solve forgetfulness issue. There is a push bottom for emergency state, which can send a
SMS to call for help. A Bluetooth is used track the bag from any theft. This approach
contains some idea, which are going to be used for the Smart Suitcase project. For
example, instead of reading the subject, the system will read the weight and instead of
press button to call for emergency, the system from itself will sense for any danger.
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Figure 3. 4 Multipurpose Smart Bag (Shweta, P, Poonam, & M, 2016)
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Table 3. 1 Comparator between literature review and the smart suit case project
No Project tittle

Component are

Drawback

technically used
1

Smart

handbag

system

with Arduino, RF

location tracking

Cannot be used on

transceiver,

travelling because

GSM module

the system design

and GPS

to be within 50
meters closed to
user

2

Automated luggage carrying

Trolley,

RFID The system design

system

and smart card

to be used inside
the airport only

3

Smart school bag

Raspberry,
camera,

The data base can

RFID be change by any

reader
4

Multipurpose smart bag

one

Microcontroller, The
Bluetooth,
RFID

system

is

specifying for the

module, student

RFID

tage,

Solar, GSM and
GPS module
5

Smart Suitcase

Arduino,
and

GPS The gadget should
GSM be work all times,

module, keypad

so

it

will

battery power.
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cost

4. BUDGETING AND PROJECT MANAGEMENT
This chapter discusses the budget of the project, the work breakdown structure and risk
management.
4.1.

Project Budget

The budget for this project is approximately in OMR as shown in Table 4.1. The budget
includes all the requirement to finalize the project.
Table 4. 1 The Budget
Date

Bill No.

Particulars

Bill

Approved

Amount
27-5-2018

84

Equipment

151.000 138.200

03-1-2018

927

Equipment

46.800

27.800

03-1-2018

928

Equipment

73.200

73.200

03-1-2018

929

Equipment

80.000

80.000

4-6-2018

841

Equipment

111.400 111.400

14-5-2018

11592224503

Purchasing of Literature 41.500

41.500

2-7-2018

1512253

Purchasing of Literature 24.980

18.500

Training

80.000

70.000

27-11-2018
27-11-2018
3-1-2018

927

Miscellaneous

19.000

19.000

27-5-2018

84

Miscellaneous

12.800

10.400

16-5-2018

840

Miscellaneous

66.800

35.000

30-5-2018

Fuel

13.100

13.100

29-5-2018

Fuel

13.300

11.900

Total

733.880 650.000
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4.2 Project Schedule
The project is planned to be complete within two semesters as shown in Table 4.2

4.2.1 Work Breakdown Structure (WBS).
Table 4. 2 WBS
S No
1
2
3
4
5

4.3

Description
Literature collection
Buying of components
Programming
skill
development
Design and simulation
Testing
and
report
writing

Duration
3 Months
1 Month
2 Months
4 Months
2 Months

Risk Management

Risks are part and parcel of the successful implementation of a project. Without
considering these risks and planning the solutions to avoid or combat the ill-effects of the
risks, project implementer must not expect smooth and easy realization of the purpose for
which the project is being carried out. For this project on the production of “smart
suitcase,” the possible risks include (1) risk on compliance to Civil and Aeronautic Board’s
(CAB) regulations, (2) risk on commercialization of the gadget, (3) risk on choice of
component parts may not fit exactly the requirements of the project, and (4) technology
risk. Each type of risk is explained in detail in the next table.
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Table 4. 3 Risk Management
Risk Type

Specific Type of Risk

Impact of Risk

Level

Solution of Risk

of
Risk

1.

Management
Risk

Poor management of The possibility that High

It is necessary

internal

that the student

factors the project will not

affecting
completion

of

the be completed on time

must

devote

the is high if the student

time

for

project. This includes will not pay attention

studying

management

the

technical

and

the

of

the to the details that will

student’s own time and require
her preparedness,
terms

of

her

to

in personally put her

knowledge time,

mind

and

both

operational
areas

of

the

and skills, in taking up industriousness from

project planning

the

and

project

related start to the end of the

tasks.

project.

implementation
to ensure that
she knows what
needs

to

be

done at the very
particular stages
of the project
completion.
2.

Technology

Choice of component The likelihood that Low

There is a need

risk

parts

to

may

not

exactly
requirements
project

of

fit the

sourced-out

study

the component part may

thoroughly

the not

the

component parts

requirement of the

of the gadget.

gadget

Only

fit

into
is

low.

the

the

However, any unfit

original

component parts will

authentic

not allow the gadget

component parts

to

should be used
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function

and

or

therefore, will not

in

make any value to

manufacture of

the project.

the gadget.

Such

the

being the case, the
failure to identify the
correct
parts

component
will

likely

cause a delay in the
completion

of

the

project.
3.

Time Risk

Time management

Due to the sheer High

Ensure that time

volume of academic

is

load, the student may

managed

not have all the time

drawing out a

necessary

be

schedule

of

the

activities

and

devoted

to
to

properly
by

project. If not given

identifying

attention,

those that need

this

problem will cause

to

the project to be

more

delayed

and those that

or

implanted at all.

not

be

given
priority

should not. As
time is short, it
is a must that
the
should

student
not

waste her time.
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5. DESIGN AND ANALYSIS
This chapter includes details and explanations about system block diagram, system flow
chart, technical requirements. Also, it describes the logical parts of the system.

5.1

System Initial Design

The project is designed as shown in Figure 5. 1 and the operation is explained as shown on
Figure 5.2.

5.1.1 System Block Diagram

Figure 5. 1 System Block Diagram

5.1.2 System Flow chart
The description of the system flow is illustrated in three steps, weight sensor as shown in
Figure 5. 2, GSM user shown in Figure 5. 3 and Suitcase shown in Figure 5. 4.
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Figure 5. 2 weight sensor flowchart

When the system is start, the list of the aircraft will be display on the screen. If the aircraft
is not available the user will ask to press “skip” and enter the weight manually whereas if
the aircraft is available, the user select the aircraft and then select the class. The system
will sense the weight sensor which will be measure the value average and display it in the
screen. If the weight reaches 50% of the maximum weight, the Green LED will turn ON. If
the weight reaches 75% of the maximum weight, the yellow LED will turn ON. If the
weight reaches 100% of the maximum weight, the Green LED will turn ON and If the
weight is 100% the Buzzer will turn ON.
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Figure 5. 3 GSM user flowchart

The tracking part will be activated by sending SMS from the system to GSM user if not the
system will be lopping until receive the SMS.
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Figure 5. 4 flowchart for power disconnection
The system will be able to get the suitcase coordinate. When the system starts, the system
can receive the SMS and it will replay with the coordinate.

5.2

Technical Requirements

The hardware and software technical requirement for this project are listed below:

5.2.1 Hardware Components
The hardware components consist of Arduino mega, Wight sensor, GSM module, GPS
module, Keypad, Battery 12v and LCD.

1. Arduino mega 2650
Arduino mega 2650 as shown in Figure 5. 5 is a microcontroller ATmega2650. It has 16
pin analog input and 4 UARTs. The input voltage is from 7 to 9 voltages while the
operating voltage is 5 volts. It has a memory of 256 KB.

Figure 5. 5 Arduino mega (Arduino, 2017)
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2. GSM module
GSM module as shown in Figure 5. 6 is a simulating of mobile phone and its used to send
and receive SMS. The operating voltage is 34 to 45 volts and it consume a current around
1A. it is working in different frequency band (850, 900, 1800, 1900MHz).

Figure 5. 6 GSM module (Open electronic, 2017)

3. GPS module
GPS module as shown in Figure 5. 7 is working under National Marine Electronics
Association (NMEA) protocol. The operating voltage is 5 v. It is used to detect the location
coordinate from the satellite.

Figure 5. 7 GPS module (skylab, 2017)

4. Weight sensor
Weight sensor as shown in Figure 5. 8 is a transducer. It is transform the force or pressure to
electrical output. It is operating voltage is 12v. for this project is used to measure luggage
weight within 50kg.
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Figure 5. 8 weight sensor (instructable, 2017)

5. Keypad
Keypad as shown in (SOUQ.com, 2017) has maximum rating voltage for 24 vdc and for
current rating is 30mA. It is 4x4 size. For this project is used to choose the aircraft and the
class.

Figure 5. 9 Keypad (SOUQ.com, 2017)

6. LCD
It is used to display the list of the aircraft and the measurement of the weight sensor.

Figure 5. 10 LCD (Anon., 2017)

5.2.2 Software tools:
1. Programming languages
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Embedded C, ALP (Assembly Language)
2. Software Development environment:
Arduino

3. Simulation tools:
Proteus ISIS is used for simulation

5.3

Schematic Diagram

Figure 5. 11 Schematic Diagram

5.3.1 Operation of the system:
There will be a data base storage in the Arduino mega for different flight company and the
allowed weight for each one. When the system is turn ON, will ask the user to choose the
aircraft from the list and then select the class. According to the data base, the system will
display the allowed luggage weight. Then, the system will be allowed the user to start
luggage the suitcase. If the luggage reaches 50%, the green LED will indicate and when
the luggage reaches 75% the yellow LED will indicate. If the luggage become 100%, the
buzzer will turn ON.
The system has a feature to track the suitcase by using GSM and GPS module. The user
will be able to track his suitcase by sending SMS from any phone number to the system.
When the GSM module receive the SMS, the system will reply by SMS which will contain
a coordinate location from the GPS module to locate the suitcase location.
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8. LEGAL, SOCIAL, ETHICAL AND
SUSTAINABILITY ASPECTS RELATED TO THE
PROJECT

The project is planned to develop a smart suitcase using modern technology. The smart
suitcase will provide multiple features such as tracking and auto weight measurement
system. Considering that the project is intended to respond to the need of the public
consumers and users, there is a need to examine its legal, social, ethical and sustainability
aspects.
Legal Aspect. The suitcase shall be made smart by installing an automated weight
measurement and a tracking system device. The device shall be battery operated. For the
tracking system to work 24/7 while the suitcase user is on travel, the device’s power
system must be turned-on either manually or remotely. Without this feature, the device
shall not serve its purpose.
Meanwhile, the Civil Aeronautics Board may have some security and safety issues
regarding the use of electronically operated device while the aircraft is in the air.
Therefore, this is one aspect that must be cleared before the proposed project can be
commercialized. Securing an advice from the Civil Aeronautics Board is in order.
Social Aspect. The social issues concerning the device are critical. The use of smart
suitcase is enticing due to the convenience, safety and security that it will offer to every
27

user. As an important feature of the gadget, it will not make use of a sound alarm system,
rather, it will use a lighting alert system. This is to avoid a possible irresponsible use of it
which may be harmful and disturbing specifically if the user turns on the alarm while the
luggage is still inside the aircraft as the device will create an unnecessary noise. It is
unnecessary in the sense that it is unimaginable to assume that the suitcase is missing while
the aircraft had not unloaded it yet. Therefore, any attempt to locate a suitcase in that stage
of travel is an irresponsible act of a person. Hence, to avoid this incident to happen, a
lighting alert system shall be installed in addition to the GPS. It is expected that this
feature will be adequate to provide the necessary capability for the gadget to serve as an
efficient and effective locator of a missing or lost luggage.

However, a commercial

distribution of the smart suitcase device will require adequate information dissemination
and of proper education of the public. On the one hand, it is perhaps very necessary that
whenever the device is installed in the suitcase, a label must be conspicuously attached to
the luggage indicating that such luggage is installed with a tracking device. In this way, the
airport staff will have a clue that the luggage can possibly make a signal light for alerting
the owner as to where the luggage maybe located. This feature is an added advantage not
only for the suitcase owner but for the airport staff and the airline companies as this will
reduce, if not eliminate, the occurrence of disputes and court cases concerning lost
valuable luggage.
Sustainability Aspect. There are no serious sustainability issues associated with the
commercialization of the gadget. It is just necessary that the manufacturer must set up a
quality standard that should be adhered consistently. First, it is necessary that the gadget be
produced using materials that is not harmful to the users and will not engender the aircraft.
The use of Lithium battery may fit into the quality standards; however, the lighting alert
system must ensure that no combustible materials are used and the technical aspect of it is
adequately observed in order to ensure that the gadget will be 100% fire-free. Second,
while sustainability is a function of profitability in business, the manufacturer must ensure
that it uses no sub-standard raw materials for the sole purpose of making the production
cost at the minimum.

Again, while profitability is very important, it should be

subordinated by the objective of making the gadget 100% safe for use. Third, the
manufacturer should ensure that not only the technical function and the safety are
considered for the commercialization of the gadget. Also, the aesthetic value of the product
should be taken care of.

This is considering that the target users of the gadget will be
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coming from the high-end market. Black, red and white can be the preferred colors of the
product. Black for male, red for ladies, while white is a neutral color for all types of
travelers. This is for the purposes of responding to the finicky type end-users with
sophisticated taste for every kind of gadget that they use. Further, it should be light-weight
and slim. It should be easy to install into the luggage ensuring that the light alert is so
powerful that the light effect penetrates the luggage. It is therefore not usable in luggage
made of solid heavy plastic or metal because it will make the locator system useless.
Finally, the gadget should be priced high consistent with the cost of the quality raw
materials to be used. The high-priced product with definitely create a psychological
impact on the buyers’ perception on the quality, usability and durability of the product. As
the product is pricey, its advantage can be seen on the more responsive usage of it. As the
expected owners are high-end users, they will be using the product more responsibly in
high-value travels. Attaching the gadget into a luggage containing unimportant stuff may
less likely to occur. Therefore, when the lighting alarm system is on, it gives a signal to
the airport staff that that luggage is of most important value to the owner which requires
that the same must be given utmost security. This is a distinct advantage of the smart
suitcase.
Given all the considerations, the patronage of the product from among the high-end
customers will be ensured, thus, the sustainability of the production and commercialization
of the product would most likely happen.
Ethical Aspect.

The discussions presented in the earlier three aspects had already

dovetailed on the issues concerning ethics. Mention had already been made on the issue
regarding the use of lighting alarm system rather than the sound alarm system which will
make way for a more responsible use of the gadget. Next, the discussion on the
sustainability aspects of the gadget mentioned the use of appropriate non-combustible raw
materials to ensure the creation of a quality and safe product which is accident-free.
Further, it is being emphasized that the product quality should be given more importance
than the profitability. This is equivalent to ethically giving more importance to the lives of
the aircraft passengers rather than to the money that the business can bring to the pockets
of the owners. Finally, the discussion on the legal aspect made mention of the need for
adequate information campaign on the responsible use of the product which is just a very
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ethical action coming from the manufacturer to ensure the avoidance of any inappropriate
use of the product.
Over-all, the advantages and the benefits of this product to the individual users and to the
society, in general, cannot be underestimated. Environmentally, this durable high-end
product will never have a disturbing effect on the environment since the turn-over of
damaged or fully-used unit will far in between, and therefore, limited number of units can
go to the garbage disposal area. Socially, the product is something that is not addictive as
this will not be for everyday usage. It is not something that people will find negative
attachment rather it boosts the traveler’s confidence for secured and safety trips.
Politically, the product is not something that anyone can use as a treat to security and
safety of a country and property, hence, this is not something that government could have
an issue with. Economically, as people travels safely and peacefully, his mind is at peace at
thinking of something that is good for people and society, hence, the individual’s
productively will not in any way negatively affected using the product.
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9. CONCLUSIONS
The “smart suitcase” project aims to design, develop and create a gadget that can be used
by travelers in order not to experience loading more luggage more than the allowable limit
given by the different airline companies. It is, as well, intended to allow the traveler to
easily locate the suitcase if is misplaced during travel.
The design of the gadget will require the use of well selected electronic components and
installation of software that will provide it the capability to send light signals during the
loading of the items into the suitcase to signify the weightage at various levels. The gadget
will have the capability to send alarm when the weight limit has been achieved and when it
is remotely activated using mobile phone, just in case the luggage is lost or misplaced. I
will also have the capability to automatically send a message to the mobile phone owner if
anybody would try to disassociate or take out the gadget from the suitcase. The capabilities
had been studied carefully and described in detail in the paper. Notably, the project uses
the V-design for practicable reasons and for easy implementation of the same.
The author had already made some research on the project and found out that the same can
be done. There are, however, some risks associated with it but the author is confident that
those risks can be mitigated successfully as described in the paper.

Meanwhile, the

planned time-line for this project is being observed. As the project is being on time, the
author does not see any reason for its non-completion within the targeted period.
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IoT TECHNIQUE USED TO CONTROL THE CORROSION OF A METAL
STRUCTURE
Abstract
Nowadays, the term Internet of Things (IoT) is expected to turn out to be a most
promising paradigm shift in terms of technological growth and communication changes
in

recent

years. Machine-to-machine

and

machine-to-human

communication

technology emerge rapidly with IoT, it allows physical objects and users to interact with
each other over the internet anywhere any time over a common platform. As this
technological paradigm shift continues to grow, it also changes the functionality of the
devices that are being attached over internet communication. This gives an opportunity
to the field of embedded systems for innovating new things over the internet and for
further development of communication and control over the internet.
The main objective of this innovative research study is to develop a Supervisory
Control and Data Acquisition (SCADA) system over IoT communication using Raspberry
Pi 3 module device and to engage this device in the impressed current Cathodic
Protection (CP) of the underground pipeline system to Prevent Corrosion. Corrosion
farming in Gas and Oil underground pipeline is based on the soil environment is one of
the major issues in terms of both economic and safety aspect. The Cathodic protection
technique is an electrochemical method used to control the underground corrosion of
the steel structure. In an impressed current CP, the controlled Direct Current (DC) is
impressed on the surface of the steel structure of the pipeline for polarized in the
cathodic direction and also it maintained a corrosion free potential. At the same time, in
order to monitor the CP performance, the polarized pipe potential is monitored at the
interval of 500m along the pipeline pathway.
The main components of this research study are built on IoT based SCADA
system and IoT based CP Monitoring system using Raspberry Pi 3 and implemented to
control the pipeline corrosion and also to monitor the level of corrosion protection on
the surface of the pipeline.
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CHAPTER I
INTRODUCTION
1.1 Background
In Oman economy, oil has been the driving force from the time when Oman
establish commercial production in 1967. Oman’s oil company backings modern and
wide infrastructure, including electrical services, public education, roads, and medical
services. In adding to modest oil resource, Oman has natural gas reserves, which may
play an important role in fueling the Sultanate’s business growth. However, gas is
virtually drained, and about 44% of Oman’s available LNG is occupied in long-term
export contracts, with about 22% powering oil extraction, and 34% expended locally for
services and industry, which is undergoing increasing high unmet requirement. Available
remaining gas is required very deep exploration and more expensive costly to extract.

Oman has nearly 18 trillion cubic meters of confirmed natural gas assets, and the
government is profoundly capitalizing in liquefied natural gas. A substantial increase in
the need for gas has also led to an increase in the pipelines infrastructure and relevant
equipment and valve stations for Gas Transportation System (GTS). As per CIA World
Facebook report in November 2015, the total length of the pipeline was 8,185 km in
Oman in which Gas pipeline was 4224km and remaining length was another pipeline
such as oil pipeline and LPG pipeline.

1.2 Rationale of the Research
Pipelines 4.0 is a combined approach to the engineering, supply and life cycle
optimization of pipeline properties, custom-made to meet the growing needs of
midstream operators globally. With a significant increase in demand for pipeline
infrastructure, maximizing efficiency and driving down costs have become more
2

relevant. Today’s operators must contend with a host of emerging challenges as well:
effectively managing large amounts of data, cybersecurity threats and tightening
legislation.

1.3 Statement of the Problem
Pipelines show a very important role all over the world as a way of transporting
gases and liquids over long distances from their sources to the eventual end-users. From
the effects of external and internal corrosion, steel pipe and pipeline infrastructure must
be protected. The corrosion protection required for pipelines is recommended by NACE
standards MR01-76, RP200, and RP572. Underground and submerged pipeline is
endangered by galvanic actions and cathodic actions and above the ground level
pipelines are exposed to atmospheric corrosion.

Iron and other related materials develop an electrical potential due to
electromotive force in an electrolyte such as soil, water etc. In the expected
development of transforming metals to their native stable state or back to their ore, the
ionic transmission will take place under conduction. Unprotected steel pipe shows a
positive charge (Anode) and also it transfers material by means of electrons to the
negative charge (Cathode) material, which is in a surrounding electrolyte medium.
Between the anode and cathode, the pipe metal exactly flows away by means of the
electric current. Moisture present in the soils and other media helps current flow to
support the electron transfer. To control the cathodic actions, pipes are protected with
anticorrosive coating provisions and complement with cathodic protection systems that
are applied to the pipeline. The pipe coating behaves an effective “insulation barrier” in
contrast to the corrosive medium but must be tough enough to sustain its operating
temperatures to be unaffected to the soil, and tolerate physical handling. Three main
criteria of operation of the oil and gas pipelines are ensuring the safety of persons and
material, reliability of service and economically cost-effective.

3

1.4 Objectives of the Study
Based on the previous history, Cathodic Protection data has been collected in
the pipeline field manually which is needed for the compliance and operational
purposes as required. At the same time, the pipeline maintenance team have given
training to their technical members to handle various needed data and in order to
record and report the data, data management schemes are implemented. It extends to
the enhancement of the pipeline networks, the measurement scale of this monitoring
activity has enhanced the pipeline life for so many years. T/Rs are normally placed at 15
km distance along with the pipeline structure. However, the difficulties are, in remote
locations it is difficult to access where vehicle access may not be possible in remote
locations. At the same time, vehicle transport cost and time are involved and also it is
not viable for a technician to spend more time for roving to a remote T/R location.
Considering these factors and with enormous stress on all establishments to maximize
their productivity and decrease the cost, they considered data gathering through the
manual process which is increasingly observed as a poor operation and utilization of
manpower resources. So by implementing remote monitoring system, it ensures
continuous effectiveness CP by identifying the difference in received signal and
reporting problems immediately when they occur, which in turn extends the lifetime of
a pipeline for efficient operating performance. In developed countries like USA and UK,
it has been revealed to be more economical, with less than two years of time for typical
payback. At the same time, it increases reliable and secure and at the same time, it
excludes the requirement for measurements of pipeline route at roadside areas and
unreachable locations, also by eliminating electrical vulnerabilities to technical team
members. Furthermore, it may help establishments to progress their ecological
performance.

4

1.5 Scope of the Project
Generally, the Cathodic Protection (CP) systems techniques are the fundamental
phenomena to pipeline routing integrity and maintenance management that are
extensively used during transmission under intermediate pressure of pipelines
distribution in petrochemical, gas and oil industries In order to meet the terms with the
regulations of safety and security standards, repetitive measurements of different CP
levels are needed. The remote monitoring system of CP is a new innovation that
systematizes the data collection process and provides the technical operators with a
hands-on observation system. In order to confirm that the exact level of CP is applied
over the surface of the pipeline, this system monitors the current and the output
voltage received from the transformer rectifiers (T/R). Also, the AC voltage supplied to
the T/R is also monitored frequently so that it prevents the power outages and can be
reported instantly.

1.6 Proposed System
Supervisory Control and Data Acquisition [SCADA] systems were employed for
the control and monitoring of the pipeline operations by use of that provide thousands
of data to pipeline controllers and operators. Originally, SCADA system was used to
monitor the product pressure, flow rate, gas constituents, and equipment condition as
shown in Figure.1.

5

Figure 1 Wireless SCADA system of Oil and Gas industry

In this research project study, an attempt is made to develop a device with the
expertise of SCADA based on remote monitoring system with the innovative technology
of IoT based platform.
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CHAPTER II
REVIEW OF LITERATURE
2.1

Introduction IoT
Evaluation of digital electronics and communication technology arise a newer

area in the field of the internet for data sharing between machines to machine. Internet
of Things [IoT] is moving down the road which is flourishing as a universal global
computing network where everyone and everything will be connected to the Internet.
IoT is constantly surfacing and is a most important research topic. In this field, dreams
are boundless which have made it on the edge of redesigning the current form of the
internet into a reformed and integrated account. Many more devices using internet
services is growing day by day and having all of them linked by wire or wireless will
provide a prevailing source of data at our fingertips. A cutting-edge technology is
enabling interaction between intelligent machines in the IoT. However, a technology
constituting the IoT was already employed in the year of 1982 for connected coke
machine to the internet which accesses the condition of the drinks in cold and other
parameters [6, 7].

Globally, IoT represents a general theory for the ability of network devices to
monitor and gather data from around the world. These data are shared via the Internet
where it can be analyzed and employed for various applications. The IoT device is
consists of intelligent machines intermingling and communicating with other machines,
items, environments, and structures. Nowadays every human is connected with each
other by lots of communication method. Among the most common communication
protocol is the internet and we can say the internet connect peoples around the world.

In cloud network architecture, there are numerous ways to interconnect cloud
network and its devices that need to be connected together. To appreciate the
7

development of cloud network architecture related to our research study in the area of
corrosion control of buried pipelines.

2.2

Cloud over Ethernet to Sensor Network
Before the development of radio links in network communication, the simplest

form of wired cloud network was evolved in the late 1970s and 1980s. This network
integrates sensors and a processor which is employed to organize the data that are to
be sent to the cloud storage over the wired network. The entire technology was an
Ethernet based connection that connects to the wired Internet network service. The
main application of the this wired network is, in some places due to geographical in
nature it’s very difficult to construct wired Internet network and at the same time, the
installed processor does not have the choice to modify or to update the programming
operations of the connected sensor as shown in Figure 2.

Figure 2: Cloud over Ethernet to Sensor Network

2.3

Mobile-Phone Network over Cloud to Sensor Network
In the early 1980s, there is a major change in the wireless network

communication, cellular network through mobile phone began to develop its technology
for data communication. Thus the early developed cellular networks were widely used
in the initial radio link network for networking sensors to the cloud network. At the
same time the major disadvantage is, since the sensors are not wireless it needs a wired
connection to the mobile phone which in turn connects to the cellular network tower;
8

and the uplink part of the transmitter needs a minimum quantity of electric power to
send the signal to the tower; also the mobile phone user needs to pay the service
charge to the mobile network service provider for utilizing their network service as
shown in Figure 3.

Figure 3: Mobile-Phone Network over Cloud to Sensor Network

2.4 Network Topology
2.4.1 Using Long-Range Radio link that connects Sensor to the Cloud
Network
Many regulatory acts were established worldwide to release several license-free
radio bands, two of such free bands are at the range of between 902 to 928 MHz and
2400 to 2483 MHz, which are the frequencies mostly used in the IEEE standard of
802.15.4 which generated in 2003 for wireless communication.

Thus by using these free band ranges gives an opportunity for more changes in
wireless network communication that uses these free bands through different network
topologies, using one such topology in the name of mesh many small low-power radio
antennas are linked to each other to communicate from remote sensors data to a
common collection point which can be accessed to the common cloud. In this way the
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conception of wide-area network usage was established by using sensors that are
connected to very low-power radio frequencies as shown in Figure 4.

Figure 4: Using Long-Range Radio link that connects Sensor to the Cloud Network

2.4.2 Wi-Fi Router to Cloud over Sensor Network
The existing popular technology so called Wireless Fidelity (Wi-Fi) emerges in the
internet market as it changes the internet world into ease of use communication, the
license free bands 2400-2483 MHz band and 5130 to 5835 MHz are the unique
frequency bands used in the wireless routers as IEEE 802.11 Wi-Fi standard released in
the year 1997. These frequencies are used predominantly in all wireless access points,
which spread across everywhere in the current internet world. Major application users
of these wireless routers are an educational institution, industry, homes, and businesses
and also in public meeting places.

At the same time, custom built network design routers in the name of
preprogrammed routers are used in large industries and in corporate communication
10

infrastructures. Today’s internet world is mainly depending on these kinds of routers to
connect mobile devices to the cloud network. In fact, most of the applications running in
the smartphones are coupled to the cloud mainly via Wi-Fi routers and at the other end,
the same router is linked to the cloud network with the Ethernet cable. At the places
where routers are unable to implement then the mobile phone networks are used to
the cloud through the cellular network system as shown in Figure 5.

Figure 5: Wi-Fi Router to Cloud over Sensor Network

Recently, Wi-Fi enabled phones in the name of smartphones that are capable of
connecting remote sensors that can connect directly to the cloud network. Using these
technologies, all the small wireless sensors with some low power Wi-Fi network radio
frequencies that can be used within the range of a Wi-Fi router and it can be connected
to the Internet.

This research study employs the sensor that is connected through Wi-Fi Router
to Cloud connection for both SCADA system for CP and also CP monitoring system.
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CHAPTER III
METHODOLOGY
3.1

Basic Aspects of Corrosion
“Rust never sleeps,” says V. Ashworth quoting a popular song. All metals are

being extracted from their steady state of ores such as oxides, carbonates, sulphides etc.
by applying the huge amount of energy. These metals have a natural tendency to revert
to their original state. Corrosion is a normal phenomenon concerning the deterioration
from metallic to compound state. Corrosion cannot be completely stopped on the other
hand it can be controlled to a greater degree.

Corrosion is a chemical or electrochemical reaction of metal by with its
environment. Some of the paradigms of the corrosion are the reddish brown rust
occurring on a steel surface, tarnishing copper and silver, white product formation on
zinc, etc. Similarly, non-metallic materials are also subjected to deterioration like
swelling of plastics, decompose of wood, erosion of granite or leaching away of Portland
cement. However, degradation of these materials is not considered in the classification
of corrosion. “Rusting” refers explicitly to the corrosion of iron and iron base alloys.
Metals corrode due to their thermodynamic instability. Most of the metals are stable in
their oxidized form. There is a decrease in free energy (G) during the corrosion process
of metals. For example,
Mg+H2O+½O2(g) Mg(OH)2
Cu+H2O+½O2(g) Cu(OH)2(S)

Go=-1,42.600 Cal
Go=-28.600 Cal

This type of free energy change occurs for all metals except gold
All + 3/2 H2O +¾O2 (g) Au (OH) 3 Go=+15.700 Cal

Hence gold is free from corrosion.
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3.2 Underground Corrosion
The corrosion is classified into different form due to an environmental condition.
They are uniform corrosion, pitting corrosion, stress corrosion cracking, etc. The Soil is a
more corrosive environment when the moisture and oxygen were present. Also, soil
contains chloride, sulfate, carbonate that are corrosive ions accelerate the corrosion of
the metals. Hence metallic pipeline buried in soils or in contact with soil environment
has undergone corrosion named as ‘underground corrosion’ that consequence a serious
engineering and economic problem. Oil and gas transporting, underground storage
tanks, rail tracks, water pipelines, buried communication, and power cable systems and
a lot of other structures are a good example of undergoing this "Underground
corrosion".

Soils corrosion can be categorized according to the soil resistivity. It is defined as the
ability to conduct current and it depends mainly on the moisture level and the
concentration of the corrosive ions. Table 3.1 illustrates the severity of corrosion with
respect to soil resistivity.
Resistivity Range

Corrosion activity

(Ohm-cm)
0 to 1,000

Probably it is Severe

1,000 to 10,000

Moderate

10,000 to 1,00,000

Mild

>1,00,000

Probably not a corrosive
Table 1: Soil Resistivity vs Corrosivity

Soil resistance is varying from place to place. Corrosion of steel in soil is electrochemical
phenomena. Metal forms macro galvanic cell (anode, cathode, metallic conductor and
electrolyte) due to inhomogeneous nature of the soil or heterogeneity of the impurities
present in the metal surface. Corrosion will occur on the anodic area of the metal and
electron released from the Fe atom go to the cathodic area of the metal surface and
13

combine with moisture/water and oxygen form hydroxyl ions(OH-). Fe2+ ions at the
anodic site combine with hydroxyl ion to form iron hydroxide which further reacts with
oxygen to form iron oxide Fe3O4.

3.3

Prevention of Underground Corrosion
Underground Corrosion can be prevented by nullifying the anodic or cathodic

area or to isolate these areas in contact with an electrolyte, soil. All organic coatings are
very high resistance hence coating is act as a main corrosion protection measures for a
pipeline. In case of a pipeline buried in soil is subject to corrosion due to a wet
environment, coating the pipeline act as a physical barrier and isolate it from this
corrosive environment. However, coating undergoes defect due to mechanical damage
while in transporting or during installation at site, degradation due to aging, etc. As no
coating system is defect free, additional protection scheme is necessary for avoiding
underground corrosion. The other method is called cathodic protection which nullifies
the potential difference between an anodic and cathodic region on the same metal
surface and makes the entire metal become cathode.

3.4

Fundamentals of Cathodic Protection
Cathodic protection technique is one of the more economical and effective ways

of mitigating pipeline corrosion of underground and submerged steel structures. Our
study reveals that the formation of corrosion takes place on the pipeline surface is due
to the presence of micro level galvanic cells on the similar metallic surface. This
identifies that there are areas with dissimilar electrode potentials. As a result of this
study, we have identified some areas are positive with respect to the others which can
be considered negative towards corrosion.
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Thus we identified that if corrosion is formed due to the difference in metal
potentials, the possibility is also there to elude corrosion forming by eliminating them in
the form of attaining a uniform potential. This mechanism is obtained by cathodic
protection and in this method, the metal that needs to be protected is made completely
a cathode by implementing an auxiliary electrode reaction which itself can function as
an electron source or in other terms can also be used by forming an impress current
from an external D.C. device. Voltage and current requirements are depending on a
number of causes including the soil resistivity and coating efficiency or
properties. Larger areas of bare structure require more cathodic protection current.

Under these conditions, the seat of corrosion or oxidation (anode) is shifted to
the auxiliary electrode and the entire structure to be protected becomes the cathode,
the site of the reduction reaction.

Cathodic protection can be applied either by using galvanic anodes (sacrificial
anode system) or by impressing an external e.m.f using an auxiliary anode (impressed
current system) as shown in the following Figure 6,7,8,9 and Figure 10.

15

Figure 6: Sacrificial Anode System
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Figure 7: Example of Sacrificial Anode Testbed (Real System1)
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Figure 8: Example of Sacrificial Anode Testbed (Real System2)
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Figure 9: Anode Testbed (Real System 3)
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Figure 10: Block Diagram of Impressed Current System
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3.5 Requirement Analysis on impressed current IoT-SCADA system
The Sensors namely Cu/CuSO4 was engaged for measuring the polarized
potential voltage of pipe under CP envisaged condition. The solid state relay device was
installed between positive terminal DC power supply and ICCP anode (Graphite anode)
device. The impressed current IoT-SCADA system schematic diagram is shown in Figure
11.

Figure 11: IoT-SCADA System-Schematic Diagram
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CHAPTER IV
HARDWARE SYSTEM
4.1 Introduction
In this project, there were two hardware systems namely IoT-SCADA and IoTCPM were developed for cathodic protection control and cathodic protection
monitoring. To validate developed systems, the efficacy of the CP system over the
surface of the pipeline, the following point should be considered:


Drain points of T/Rs, DC output voltage and current



Pipe potential at drain point is to be monitored for the control of the current
output from the DC source



Isolation joints and Critical bonds



Mid-way of CP system for more than two anode bed or at the remote end of a
pipeline



To understand the level of protection at the far end



compressor stations Down streaming (elevated temperatures)



AC voltage susceptibility areas (e.g., close to overhead power lines)



Foreign pipeline interference from other sources or any other Pipeline crossings

In the above six points, IoT-SCADA is concerned with the first point. Remaining
five points were monitored with help of IoT-CPM. SCADA system was installed nearer to
the anode bed location whereas the monitoring system was installed at the test station.

4.2 Hardware Selection
A large variety of IoT boards are available on the market and all differing greatly
between one another. The conducted hardware examination focused on several
characteristics, such as possibility of a dynamic configuration, power consumption,
22

available storage, memory size, and types and numbers of connections for peripherals.
The following devices were examined: Nordic Semiconductor. The comparison of the
boards and the features required in the project is presented in Table 4.1[6], STM Nucleo
L476RG [7], Arduino UNO and Pro Mini, and Raspberry PI 3. It was determined that only
Raspberry PI 3 could accomplish the fundamental functionality of the system designed
in the project.

Table 2: Comparison of the Boards and the Features

4.3 Raspberry Pi 3
Model B Raspberry Pi 3 processor is ARMv8 with 1GB RAM and has Quad Core
Broadcom BCM2837 64-bit ARMv8 processor operating at the rate of 1.2GHz. It has
BCM43143 WiFi onboard chip for wireless communication without additional
peripherals. Also, RPi 3 has an onboard Bluetooth Low Energy (BLE) for excellent IoT
solution. The Pi 3 starts booting when power is applied and it has no separate power
23

button. In order to power off the RPi 3, shut down the system through software control
and then remove power. Figure 12 shows Raspberry Pi 3 board. RPi has serial
communication interface such as the UART, I2C, SPI interface, 27 GPIO, 3.3 and 5V
sources through onboard 40-pin GPIO header.

Figure 12: Raspberry Pi 3 Board Details

4.4 Support device
A support device is an analog to digital converter having a minimum of 4 channel
for the measurement of analog voltage. This expansion board offers an eight channel
24bits high precision ADC with the help of ADS1256 and a two channel 16 bit high

24

precision DAC – DAC8532. Figure 13 shows the AD/DA Expansion Board compatible with
Raspberry Pi.

Figure 113: AD/DA High-Precision Expansion Board.

4.4.1 Raspberry-Pi3 Expansion Board Features:
ADS1256 - 24bit high-precision ADC (8 channel single ended or 4 channel variance inputs)
@ 30ksps sample rate
DAC8532 - 2ch 16bit high-precision DAC
Pin-headers for connecting analog signal
Pin out companionable for easy to connect different analog sensor modules
I/O connection via screw terminals, for interfacing analog/digital signal

4.5

IoT based SCADA System
The SCADA-CP system that has automatic control system consists of three

modules, they are:
25



The Remote Terminal Unit [RTU] or Control Unit



Monitoring Unit



The Communication Network system

The Remote Terminal Unit

The main function unit of the RTU consists of many components; they are
microprocessor unit, memory module, buffer element, decoder, clock component, an
analog to digital converter (ADC) unit and a communication unit with a transceiver
suitable for data communication. The below Figure 14 shows the block diagram of the
typical SCADA system for CP.

Figure 14: RTU Control Unit Block Diagram

The function of the CPU is to execute the program that is stored in the memory
unit and creates the suitable signals to their input and output ports. The function of an
ADC module is to convert the analog voltage of the sensor output and it stores in the
memory module. The CPU calculates the difference between the measured sensor data
and a pre-defined set voltage, based on the result the clock pulse with a necessary duty
cycle is generated at the output port as shown in the figure. Figure 15 shows the wave
form of the generated control signal.
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Figure 125: Typical clock Pulse with Control Signal of the RTU Schematic Representation

The output signal is fed with pulses of energy to the phase controlled CP rectifier
device as shown in Figure 16. At the same time, the filter component placed at the
output section of the circuit cleans up these pulses quite well when the duty cycle (on
time) is high. At the same time however, when the duty cycle is low, the filter cannot do
a good job of cleaning up the pulses into a pure DC voltage. As a result, it generates a
high amount of AC voltage (or ripple) superimposed on the desired DC output. This high
value of AC generated creates an instability in the feedback control system and as a
result, this type of rectifier cannot properly control current and voltage at low output
values. Also, for this reason, this type of rectifier cannot be used for accurate off
potential control at low output levels. By the definition of CP system criteria, the control
system is activated based on a true polarized potential of the pipeline with free of IRdrop voltage. Thus the IR drop error arises from the resistance of the electrolyte across
the reference electrode bottom contact area and buried metallic structure/pipeline. It is
a voltage granted due to the flow of (ionic) current through this electrolyte process. At
the same time, the IR drop error can be eliminated by interrupting the current
instantaneously during a measurement of sensor data generated by the sensor device.
27

Figure 136: CP Rectifier
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As shown in the output module block diagram Fig. 4.6, the SCR device is replaced
with a solid state relay (SSR). Solid state relay is an optoisolator which comprises of light
emitting diode operating in infra-red wavelength and light sensitive device like LDR.
Both components are assembled in a single enclosure. The optoisolator electrically
isolates the control signal from the output signal.

.
Figure 14: Output Module of RTU Block diagram

The SCADA device was designed over the Raspberry Pi3 module which is
integrated with the ADS1256 system, the 8ch, and 24bit high-precision ADC, 30ksps
sampling rate, interfaced through SPI protocol as shown in Figure 17. The Raspberry Pi 3
consists of Broadcom BCM2837 system inbuilt on a chip (SoC), which includes a quadcore ARM Cortex-A53 at the rate of 1.4 GHz 64-bit processor component with shared L2
cache buffer of 512 KB. It uses an SD-Card as a primary storage gadget for both booting
and storage device. Also it has a 40-pin GPIO pin out for interfacing the peripheral
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components connection. The basic operating system of the device provides rasbian
Linux OS and Arch Linux ARM distributions as main operating system of the whole
device. In addition, it has as a prominent attribute with dual-band IEEE standard of
802.11 b/g/n/a of WiFi, Bluetooth 4.2, and Gigabit Ethernet network module.

Figure 15: IoT-SCADA system (Raspberry Pi3 module which is integrated with ADS1256 system)

The Sensors namely Cu/CuSO4 was engaged for measuring the polarized
potential voltage of pipe under CP envisaged condition. The solid state relay device was
installed between positive terminal DC power supply and ICCP anode (Graphite anode)
device. The impressed current IoT-SCADA system schematic diagram is shown in Figure
19.
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Figure 169: IoT-SCADA Proposed System

IoT based SCADA obtained by the pipeline potential from Cu/CuSO4 sensor
components and it controls the current output received from the dc power supply
through the SSR. Further the SCADA measures the voltage between pipeline to the
anode, current out from the power supply using shunt resistance device connected in
series and it stores the data temporarily in a file inside the SD-card. The Wi-Fi module
present in the raspberry pi device sends the stored data file to the Dropbox cloud
connection through the GPRS wireless modem component.

4.6

IoT based CPM
The CPM is the raspberry pi monitoring station device installed along the surface

of the pipeline route at a distance of every 500m interval. The main function of the
device is to measure pipe potential with the help of permanent Cu/CuSO4 sensor
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component and uploaded the data periodically to the IoT based cloud storage network
as shown in Figure 20 and Figure 21.

Figure 2017: Block Diagram of Monitoring Station
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Figure 181: IoT based CPM
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CHAPTER V
SOFTWARE DEVELOPMENT
5.1 Operating System
Raspberry Pi OS is the called Raspbian that is a version of GNU/Linux, designed
particularly to work well with the Raspberry Pi. The recommended Linux distribution
Raspbian, comes bundled with many programming languages and IDEs. Python is one of
the most accepted languages in the computer programming and has been used for
more than two decades. The newer version of the Raspbian OS includes with both
Python 3.3 and Python 2.x tools. Python 3.6 is the current edition of the Python
programming language and is also suggested by the Raspberry Pi Foundation.

5.2 Dropbox Account (Cloud)
To create APP on Dropbox account the following step should be follows:
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Configure the Add-On

In a different tab go to the Forms > Settings > Dropbox page of your sites
WordPress admin.
Enter the App Key from the Dropbox control panel for your app.
Enter the App Secret from the Dropbox control panel for your app.
Click the Click here to authenticate with Dropbox button.

5.3 Software for IOT-SCADA
In order to control the AD/DA board and solid state relay WiringPi component
should be installed on Raspberry Pi. It is a group of functions for accessing the Raspberry
Pi GPIO for numerous languages. The WiringPi is a C library at core; however it’s
accessible to C, Q, C++ and Python languages as shown in Figure 22.
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Figure 192: IoT-SCADA- AD/DA Board and Solid State Relay WiringPi

5.4 Software for IOT-CPM
Generally, to measure the analog voltage in ADC, initialization of ADC function
should be called that will configure channel, reference voltage etc. Flowchart of the
software programme for IoT-SCADA and IoT-CPM is illustrated in Figure 23 and Figure 24
respectively. Rectifier Voltage, current and pipe to soil potential were measured from
the AD0, AD1, and AD2 channel. The channel value obtained from the Cu/CuO4 sensor
estimate the ton time. GPIO21 I/O pin was configured as an output port which activates
the solid state relay. The Pipe potential was measured during the off condition of the
SSR that will eliminate IR-drop error.
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Figure 203: Flow chart of IoT-SCADA
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Figure 214: Flow chart of IoT-CPM
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5.5 Critical Evaluation
This research study insights the unprotected pipelines that are susceptible to
corrosion by nature, at the same time it educates an awareness that corrosion can
deteriorate the underground pipeline structural integrity which are mainly deployed in
the oil-gas industry of Sultanate of Oman. The significance of the research is to prevent
the formation of corrosion in the underground gas and oil pipelines that has the
impending to cause a major disastrous happening in the atmosphere that not only cost
millions of dollars in damages but also it leads to human lives at risk as underground
pipelines are traveling through human existing.

Based on our research study, a

prototype model of IoT based SCADA was designed for impressed current cathodic
protection of the underground pipeline and is described in detail about how to prevent
and monitor corrosion. IoT based CPM monitoring system is used for continues
monitoring of the pipe potential at every test station and it can be viewed at anywhere
using IoT. Hope our research study contributes a significant impact on the oil and gas
industry to prevent corrosion for our Nation.

5.6 Social, Ethical and Regal Issues
Oil and Gas pipeline serves as the lifeline of worldwide demand in many
industries based on their needs. Working in oil and gas industries is a social and
technical intricate issue. As we understand that safety and protection is the vital need
for any beings, business, communities and the government has the main responsibility
to stimulate and shield every human and constitutional rights, keeping this in our
commitment to act in a consistent manner with the laws of countries and applicable
international standards, we promote this project study.
In order to obtain the oil and gas energy resources of our country, we need to
consider the activities of local communities to recognize and build trust with society
needs without causing any irreversible damage to the environment. By facilitating the
transfer of knowledge and Technology we can minimize the risk to protect the
environment and to maximize the value of Oman’s natural resources.
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CHAPTER VI
RESULTS & DISCUSSION
Based on the study, the designed IoT based SCADA system was implemented on
a test bed of a pipeline segment of size 8” diameter and 20 feet length, which is coated
with coal tar and buried at the depth of 5 feet in the soil.

The nature of the soil

content has the soil resistivity was around 12000 ohm-cm and chloride content was
around 400 ppm with a negligible amount of sulfate ions. Also, the soil contains very low
level of sulfate reducing bacterial [SRB] count. Hence the control voltage was set at -900
mV vs CSE in the RTU system. A Titanium Substrate Insoluble Anode (TSIA) was engaged
to impress the current in the order of 110mA. Two test stations were installed at both
the ends of the pipeline in which IoT based SCADA was installed at one end and IoT
based CPN was installed on the other end. At the interval of every 3 seconds, the
collected data in the form of the file was uploaded to the Dropbox cloud through TPLink wireless modem device.
The snapshot of the uploaded the file lists in the Dropbox account is shown in Figure 25
and Figure 26. The name of the file was automatically generated using current system
date and time in the form of string format as “yy mm dd:mm:ss.csv”.

6.1 Cathodic Protection Data on Dropbox Cloud
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Figure 225: Uploaded Files in the Dropbox Cloud - Snapshot view 1

Figure 236: Dropbox Cloud- Snapshot View 2

Each and every file contains the information such as test station number, location, and
the pipe potential along with the time stamp was uploaded to the Dropbox cloud. The
monitoring team members have the rights to download the file from Dropbox by using
the authentication with the login username and password for further analysis as shown
in Figure 27 and Figure 28.
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6.2 Survey Results: Testing By Mentor

Figure 247: CP IoT Demo in Real Time -Tested by Mentor - Research Centre-CSIR-CECRI

Figure 258: CP IoT SCADA System successfully uploaded the CP-data file to the Cloud system
Real Time Testing - Verified by Mentor: Ms. Indrani Palanisamy
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CHAPTER VII
CONCLUSION
This research study enlightens an awareness to the oil and gas industry to
prevent the formation of corrosion in the underground gas and oil pipelines that have
the impending to cause a major disastrous happening that not only cost millions of
dollars in damages but also it leads to human lives at risk. The prototype model of IoT
based SCADA designed based on our research study for impressed current cathodic
protection of the underground pipeline was described in detail about how to prevent
and monitor corrosion. The Hardware system designed based on our study was
developed using a raspberry pi module system. Also, solid state relay was engaged as a
current controller that operated in clock pulse with modulation. IoT based CPM
monitoring system is used for continues monitoring of the pipe potential at every test
station. All the data measured at the respective test stations were uploaded to Dropbox
cloud and it can be viewed at anywhere using secured password login. Hope our
research study contributes a significant impact on the oil and gas industry to prevent
corrosion.
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APPENDIX A
LIST OF ABBREVIATIONS
Abbreviation
Description
IoT

Internet of Things

SCADA

Supervisory Control and Data Acquisition system

CP

Cathodic Protection

DC

Direct Current

RPi3

Raspberry Pi 3

GTS

Gas Transportation System

LPG

Liquid Petroleum Gas

LNG

Liquefied Natural Gas

CIA

Central Intelligence Agency

NACE

National Association of Corrosion Engineers.

MR

Metallic material Requirements

RP

Report

T/R

Transformer/Rectifiers

UAS

Unmanned Aircraft Systems

UK

United Kingdom

MHz

Megahertz (106 Hz)

IEEE

Institute of Electrical and Electronics Engineers

Wi-Fi

Wireless Fidelity
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Mg

Magnesium

H2O

Water

O2

Oxygen

OH

Hydroxide

Cu

Copper

S

Solid

Fe2+

Ferrous ion

Fe3O4

Iron Oxide

e.m.f

Electromotive force

IoT –CPM

Internet of Things-Cathodic Protection Monitoring

RAM

Random Access Memory

BLE

Bluetooth Low Energy

GB

Giga Byte

ARM

Advanced RISC Machine originally Acorn RISC Machine

BCM

Broadcom

UART

Universal Asynchronous Receiver-Transmitter

GPIO

General Purpose Input Output

ADC

Analog to Digital Converter

DAC

Digital-to-Analog Converter

AD/DA

Analog to Digital/ Digital-to-Analog

I/O

Input/ Output

SCADA-CP

Supervisory Control and Data Acquisition system-Cathodic
Protection
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RTU

Remote Terminal Unit

SSR

Solid State Relay

PPI

Programmable Peripheral Interface

CPU

Central Processing Unit

IR

Infrared radiation

SCR

Silicon-Controlled Rectifier

LDR

Light Dependent Resistor

SoC

System on Chip

SD

Secure Digital

OS

Operating System

CuSO4

Copper Sulphate

ICCP

Impressed Current Cathodic Protection

SPI

Serial Peripheral Interface

GPRS

General Packet Radio Service

GNU

GNU's not Unix

AD

Analog to Digital

SRB

Sulfate Reducing Bacterial

TSIA

Titanium Substrate Insoluble Anode

TP

Twisted Pair

dd:mm:ss

date:month:seconds
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APPENDIX B
LIST OF SYMBOLS
o

G

Delta
Gibbs free energy
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APPENDIX C

BUDGET BREAK-UP
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Abstract
One of the best qualities of plastics is their durability. Their conspicuous limitation is that they are
mostly used for short-lived purposes such as drinking bottles, shopping bags, etc., and then thrown
away as litter and last long in the environment. So it would be a wise decision to exploit their
inherent good quality by recycling. Recycling is the process of producing new product from a
product that has served its initial purpose. The term “plastics” refers to materials containing various
elements including carbon, hydrogen, oxygen, nitrogen, chlorine, and sulfur. Plastics (also called
polymers) typically have high molecular weight, meaning each molecule can have thousands of
atoms bound together. Plastics of two types – thermoplastics and thermostats. For this particular
study thermostatic materials such as shopping bags were collected. This plastics were mixed with
bitumen of 60/70 grade in different proportions. Penetration, viscosity and softening point tests
were conducted. The results appear to suggest that blending of about 2% pf plastic waste with
bitumen of 60/70 grade without affecting the original properties.

1. Project Description
One of the best qualities of plastics is their durability. Their conspicuous limitation is that they
are mostly used for short-lived purposes such as drinking bottles, shopping bags, etc., and then
thrown away as litter and last long in the environment. So it would be a wise decision to exploit
their inherent good quality by recycling. Recycling is the process of producing new product from
a product that has served its initial purpose (SARCAN recycling n.d.).
Review of relevant literature reveals that waste management is a challenging issue for the
Sultanate of Oman due to its high waste generation rates and scarcity of disposal sites (e.g., Ithraa,
Public Authority for Investment Promotion & Export Development, 2016; Zafar, 2014). Zafar
further reported that, in year 2010 alone, Sultanate of Oman produced about 1.6 million tons of
solid waste. For this same year, the per capita waste generation could be calculated as being more
than 1.5 kg per day, which was among the highest worldwide. In 2016, solid waste in Oman is
characterized by considerable percentage of recyclable waste materials such as paper and
cardboard (15%), plastics (20.9%), metals (1.8%) and glass (4%) among others (Ithraa, 2016).
According to this study the per capita waste generation has reduced to 1.2 kg per day, which is still
considered among the highest in the world.
In early 2011, Oman started its first engineered sanitary landfill in Al Amerat landfill (Zafar,
2014). The landfill site, spread over an area of 9.6 hectares, consists of 5 cells with a total capacity
of 10 million m3 of solid waste and spread over an area of over 9.6 hectares. The project is part of
the government’s initiatives to tackle solid waste in a scientific and environment-friendly manner.
It was expected that being the first of its kind, Al Amerat sanitary landfill would be an example
for the future solid waste management projects in the country.
Oman Environment Services Holding Company (OESHCO) is a state-owned entity responsible
for waste management in the Sultanate of Oman. Solid waste management is among the top
priorities of Oman government which has planned a robust strategy to resolve waste management
problem in the Sultanate. It was planned to establish engineered landfills and other waste
management facilities in different parts of the country by 2015 (Zafar, 2014).
Today, anywhere in the world, it is hardly possible to look around and fail to spot some item
that is made entirely from plastics or has some plastic ingredient. Limited information available in

public view highlights that Sultanate of Oman is yet to realize the recyclability of its municipal
waste stream. In this regard, exploring the available options for recycling plastic waste for road
construction would be a timely call to be answered by civil engineers in Oman.

2. Objectives
Specific objectives of the current study are:
i)

To highlight plastic waste production in Muscat, Oman

ii) To suggest possible options of converting the waste to good use such as in roads
construction
iii) To recommend possible ways of plastic waste management

3. Significance of the Study
It is difficult to know exactly how long it takes for plastics to degrade. Yet, evidences reveal that
most plastics do not decompose in a few years after littering. For instance, Science for
Environmental Policy (2011) reported, citing a source, that a plastic piece serial number, which
was later traced to the seaplane shot down in 1944 in WW II (in south of Japan) was found in 2005
(i.e. 61 years later) in West coast of the US. Accordingly, a lower side conservative estimate
indicates it takes about 450 years for plastic bottle made of petroleum-based plastics such as
polyethylene terephthalate (PET) to degrade (Department of Environment and Conservation,
Government of Western Australia n.d.).
This troublesome ability of plastics does continue to plague the planet earth by choking seas and
requiring more and more landfills, which will eventually create problems for current and future
generations. For instance, it was reported as many as 113 people died in a single landfill slide in
Ethiopia in March 2017 (Duggan, Prior & Sterling, 2017).
It is understood that plastics though not biodegradable there is an indication that they are
photodegradable; but before that degradation can happen waste plastics will continue to clog our
waterways, oceans, forests, and other natural habitats that are filled with animals that may mistake
dangerous plastics for food. Chemical dangers are also high, because both creation and recycling

of plastics produce toxic materials of many kinds; but still studies reveal that recycling outweighs
the environmental risks.
Like many other places in the world, in Oman, most of the solid waste is sent to authorized and
unauthorized dumpsites for disposal which will eventually create environment and health issues.
There are several dumpsites which are located in the midst of residential areas or close to
catchment areas of private and public drinking water bodies. Therefore, it is vitally important to
recycle some of the plastic waste in view of reducing detrimental effects and at the same time
generating useful resources. In light of this, there are evidences in the literature that demonstrably
argue plastic waste could be useful if properly manipulated for constructive purposes, especially
for road constructions (e.g. Appiah, 2017; Sheffield, 2016; UNEP, 2009; Huang et al. 2007; Roque
et al. 2005).

4. Materials and Method
4.1 Materials
a) Bitumen
Main constituents of bitumen are hydrocarbon molecules with some oxygen, nitrogen and sulfur
atoms. Several studies (e.g. Hunter, Self and Read 2015: 48) show that elemental analysis of
bitumen from different crude oils contain carbon 82–88%, hydrogen 8–11%, oxygen 0–1.5%,
sulfur 0–6% and nitrogen 0–1%.
For this experiment bitumen samples of grades 40/50, 60/70 and 85/100 obtained from Richmond
Petrobase RMC F.Z.E., in Ras Al Khaimah, UAE. The company provided us with 3 tin (about 10 kg
each tin) of each sample in our industry-academia collaboration.

b) Plastics
The term “plastics” refers to materials containing various elements including carbon, hydrogen,
oxygen, nitrogen, chlorine, and sulfur. Plastics (also called polymers) typically have high
molecular weight, meaning each molecule can have thousands of atoms bound together. Plastics
of two types – thermoplastics and thermostats.

For this particular study thermostatic materials such as shopping bags were collected. This plastics
were mixed with bitumen of 60/70 grade in different proportions as discussed in section 5 below.
4.2 Method
The primary research methods for this study was literature review and conceptual modeling
coupled with laboratory experimentation. First attempts was made to identify the existing waste
management approaches and their limitations. Then options for recycling were be drafted. Based
on the knowledge gained via literature review, relevant properties of bitumen were be identified.
Some worldwide standards such the ASTM (US standard) and BS (UK standard) were referred to,
as required. Then different mix ratios of plastic-waste and bitumen was tested in the laboratory.
The optimal mix ratio was selected based on engineering significance. To do so and in order to
adopt a comprehensive approach, both quantitative and qualitative data were collected. Data
collected included, but not limited to, plastic waste generation and existing plastic waste
management practices in Muscat, Oman. Some of the information were obtained through
reviewing municipality documents, interviews, expert opinions, site visits and reviewing case
study documents.
The standard tests required for ensuring quality of bitumen are: penetration test; ductility test;
softening point test; specific gravity test; viscosity test; flash and fire point test; float test; water
content test and loss on heating test. For the current study only three of the tests were conducted –
penetration test, viscosity test and softening point test. Dictated by local relevance and available
equipment, in this research one intermediate service-temperature (i.e. needle penetration test) and
two elevated service-temperature tests (such as viscosity and softening point bitumen tests) were
selected for investigation as discussed in the next section.

5. Results and Discussion
5.1 Experimental works
a) Penetration test
Penetration grade bitumen is specified by the penetration range. The ranges are used as an indirect
method of determining high temperature viscosity and low temperature stiffness. For instance,
40/60 pen bitumen has a penetration that ranges from 40 to 60 decimillimeter inclusive (one

decimillimeter = 0.1 mm). As penetration test does not give reliable results if the bitumen is soft,
so mixing such soft bitumen with plastics would render it some sort of stiffness, where use of
penetration test may be justified.
The penetration represents the vertical distance in decimillimeters (1 dmm = 0.1 mm) that a
standard needle will penetrate into a sample of bitumen under specified conditions of temperature
(usually 25oC), load (usually 100 g) and load duration (very often 5 sec.) (Hunter, Self and Read
2015: 88).
These requirements was tested in the laboratory on the plastic-waste modified bitumen and
checked against the standard and acceptable values of each. The results were expected to give an
indication on the significance of the research. Moreover, every effort will be made to link the data
analysis and possible outcomes to the theory and objectives set for the research.
For each test, three individual measurements of penetration are taken and the average of the three
values is recorded to the nearest integer as the penetration grade. This is so provided that the
difference between the individual three measurements does not exceed a specified tolerance (e.g.
the usual tolerance is 4 for 60/70 grade bitumen). Otherwise, the test should be repeated.
Accordingly, the following results were obtained.
Table 1: Penetration test readings recording format

Penetration number

1

2

3

Average

Penetration in dmm (1/10 mm)
Table 2: Penetration test values

% plastic waste
by weight

Penetration (dmm) / Penetration number
1

2

3

Average

0

65

66

67

66

1

62

65

64

64

2

60

63

61

62

3

58

60

58

59

b) Viscosity test
Unlike penetration, viscosity is one of the fundamental engineering properties of bitumen and is
hence more important as it represents the resistance of the bitumen to flow. Viscosity is defined as
the ratio of the applied shear stress (Pa) to the resulting rate of shear strain (sec-1). As the result,
viscosity of bitumen deceases with increasing in temperature. Different types of bitumen
viscometers are available (see for instance, in Hunter, Self and Read 2015: 92). The rheology of
bitumen may be described as being linear-elastic at low temperature; viscous fluid at high
temperature; and viscous-elastic at an intermediate temperature (Hunter, Self and Read 2015: 134).
From this it can be inferred that the presence of polymers in bitumen is the preferred input to
overcome rutting in road pavements. For specifications, the dynamic viscosity at a temperature of
60oC is often required. Table 3 shows the viscosity values (in pascal second, Pa-s) for different
percentage by weight of plastic waste. The results indicate the viscosity increases with increase in
plastic waste percentage. Likewise other results, the kinematic viscosity values increased with the
increase in plastic content as shown in Table 3.
Table 3: Kinematic viscosity laboratory test values

% of plastic waste by Kinematic
weight
viscosity
(Pa-s)
0

0.500

1

0.600

2

0.640

3

0.700

c) Ring and ball softening point test
Another commonly used test on bitumen is the softening point test, which is used to determine the
consistency of the bitumen in the range of 30oC-150oC (Huang and Benedetto 2015: 10). This test
is performed twice (as is required) and the average of the two measured temperatures is reported
to the nearest 0.2oC for softening points below or equal to 80oC and 0.5oC for softening above

80oC (Hunter, Self and Read 2015: 90). For the results to be accepted, the difference between the
two values should not exceed 1oC for softening points below 80oC or 2oC for softening points
above 80oC. In cases where this condition is not achieved, the test must be repeated. Finally the
resulting temperature is designated the softening point of the bitumen.
The results obtained in the current experiment are tabulated below (see Table 4). It can be seen
from the results that the softening point increases with increase in the percentage of plastic waste
in the mix.
Table 4: Softening point results

% of plastic waste by
weight

Softening point (oC)
1

2

Average

0

65

66

66.0

1

68

69

68.4

2

75

76

75.4

3

80

82

81.0

5.2 Deliverables
After successful completion of the research, the following deliverables will be materialized:
i)

A technical report submitted to the funding agency with all relevant information

ii) Workshop conducted in Middle East College to disseminate the findings
iii) 1 journal paper and 1 conference papers will be submitted to further disseminate the research
outcomes
iv) Two students have participated and received first hand exposure on research and technical
writing
v) One student produced a technical report for the partial fulfillment of Bachelor of Engineering
(Hons) in Civil Engineering

6. Conclusion
Based on the findings of this study, the following concussions can be drawn:
 Plastic-waste is a concerning environmental issues in Muscat, Oman. Currently most plastic
wastes are being sent to landfills
 The results obtained in this study appear to consolidate the possibility of mixing plastic
waste with bitumen without affecting its grade. Further increase in the plastic content
appears to reduce the penetration depth and hence decrease its viscosity (resistance to flow)
 Even though the results confirm the presence of plastics reduces the penetration depth,
further research may be needed to determine the optimal mix ratio.
 Unless some sort of appropriate option for recycling plastic waste is devised, the current
situation may get even worse. One such appropriate option may be recycling plastic waste
for construction of roads as a replacement of bitumen.
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Abstract
Waste tires are an onus on the country and cause significant health and environmental concerns if not
recycled and/or discarded properly. In order to reuse waste tires, parts of mixtures have been done to
study the effect of rubber tire on the behavior of concrete blocks pavers under traffic load. Moreover, to
produce concrete blocks pavers to substitute using hump and bump act as speed breaker in the road.
Moreover, the physical and chemical properties of materials have been tested. Crumb rubber with fibre
from waste tire as replacement of fine aggregate has been used. It is replaced by 5, 10, 15 and 20% of
weight of fine aggregate. This study discuss series of experiments to identify the optimum characteristics
of concrete after adding the rubber material. This research studied different tests of concrete mixes which
are compressive strength, flexural strength, and impact energy, modulus of elasticity, rebound hammer,
moisture content, hardened density and moisture content to investigate the behavior of rubberized
blocks paver with ordinary concrete block pavers. The results showed that the using of rubber and tyre
fibre improved the impact value and ductility index of concrete. Moreover, generally the rubber and tyre
fibre mixes exhibited low strengths comparing to reference concrete mixes. 5% of tyre fibre mixes and

reference concrete blocks achieved the requirement of block pavement of light traffic load roads
and that means the suitability to be used as speed breaker for rural roads.

1. Introduction:
Gamalath et.al 2016 mentioned that there are three types of concrete paving blocks basing on
their uses:
1. Non traffic load, public gardens foot paths, pedestrian plazas, shopping malls.
2. light traffic load
3. medium traffic load
4. Heavy and very heavy traffic load.
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This study investigates producing rubberized concrete blocks as replacement to hump in the light
traffic roads. Concrete is the complex material that using in mixing water with some particles of
well graded (coarse and fine aggregates), also the binding materials as the cement and lime, while
sand is used as the crushed stones and fine aggregate and the course aggregate used to bricks,
gravel, clinkers and broken. Concrete is used as the main thing in construction that because it has
many advantages through more construction materials (Rishabh Lala, 2014).
The wide use of the concrete evidence of its importance and therefore in this project I will discuss
the impact of replacing the proportion of fine aggregates with ground rubber tyre and tyre fibre
material to form a bricks has less impact on the car and know the result and the difference
between the concrete and concrete added to the rubber material. Waste is the inevitable product
produced by the organism and the size of the waste depends on its characteristics. Therefore,
the periods in which human wastes are burned and ash depend on the approved method of
burning. Industrial development has led to a significant improvement in the standard of living of
human beings and an increase in the percentage of waste that may be considered for life and the
environment, but on the other hand these wastes can be used to develop life clearly and thus
reduce the problems of these wastes to society.
Rubber yard pavers are a to some degree new expansion to the market, and the dominant part
are produced using reused content. These are to a great degree tough and wear and tear safe.
They are in rivalry with brick and concrete pavers, which have advantages of their own. Be that
as it may, rubber porch pavers are simplest to supplant and introduce contrasted with different
pavers. brick and concrete pavers might be all the more tastefully satisfying and don't blur as fast
when in coordinate daylight as rubber yard pavers, however these are a reasonable, ecoaccommodating, and tough decision when constructing a porch contrasted with other yard
pavers accessible (Patio Design Minneapolis, 2017).
Rubber which is produced in vast amounts as waste does not have valuable transfer till now. In
any case, rubber is found to have properties that are required for practical substitution of fine
aggregate in concrete. It is known that the rubber material when added to the bumps is able to
absorb a large amount of vibrations, which consequently reduce the impact on the car and until
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the roads are safer when using this type of bumps on the roads (S. Selvakumar, R.
Venkatakrishnaiah, 2015).
Deshpande B. C and P Darade M. M (2015) studied the effect of fly on properties of pavement
block. They concluded that the replacing fly ash with cement partially led to compressive, flexural
strengths of concrete paving blocks.
Kaloush K. E, and George B. W. reported that the increase of the content of the rubber to the
concrete led to decreasing the flexural strength.
Gintautas S. 2007 indicated that the increasing in rubber content led to reduction in modulus of
elasticity.
Alam et.al. (2015) reported that the more rubber added, less ductile are, more crack resistance has
appeared. Danda et. al. (2016) studied the effect of replacing the rubber with fine aggregate. They

noticed that the increasing in the replacement percentages produce concrete with higher impact
resistance and ductility and but low compressive strength comparing to the concrete without rubber.

Objective of this project is to study the suitability of using Rubberized concrete blocks pavers as
an alternative method of hump and bump to reduce the speed of traffic as well as recycling the
waste materials (tyres rubbers).
2. Methodology:
2.1 The materials used:
All materials used are available in the MEC laboratory. Ordinary Portland cement has been used
with specific gravity 3.1 and fly ash powder with 2.9 specific gravity is replaced with 10% of
cement weight has been used. Moreover, angular shaped crushed granite aggregate with
continuous grade sizes 4.75- 8 mm with specific gravity 2.66 has been used. Continuous grade
fine aggregate with sizes between 0.1 to 4.47mm with specific gravity 2.6 has been used. ground
rubber with sizes 2-4 mm uses to be replaced with fine aggregate weight and the tire fibre used
were taken from waste tire and specific gravity of rubber is 1.07, see appendix A1: 1. Master
Rheobuild as plasticizer admixture is prepared to improve the workability of concrete.
2.2 Mix details
In this study, the design of ten mixtures are completed to produce blocks pavers with and without
rubber and fibres tyre to study the behavior of concrete blocks. Fine aggregate replaced with
3

different percentages of ground rubber and fibre and as shown in the table 1 in below. Water
powder ratio is fixed at 0.36 for all mixtures. Plasticizer dosages are used based on the mixture
to improve the workability. The first mixture is reference concrete mixture without plasticizer
and rubber and fibres and without pozzolanic materials (fly ash) as a control mixture to be
compared with others mixtures. mixtures from 2- 5 are mixtures with different replacement of
rubber with fine aggregate with using fixed dosage of plasticizer, while mixtures from 6-9 with
different replacement of rubber with fine aggregate with different quantities of fibres and has
fixed dosage of suplasticiser, see Appendix A. These mixtures are mixed by using drum mixture
in civil engineering concrete laboratory of Middle East College and casted in different molds (9
cubes, 3 cylinders, 3 prisms and 3 blocks pavers) to be subjected to different tests. mold is
fabricated which is consist of three molds of set concrete blocks and each sample dimension
(length 200mm, width 100mm and depth 60mm) see Appendix A:4.
Table 1: mix proportions of materials
S.I Mix

Cement Water Fly

Symbol Kg/m3

Kg/m3 ash

Fine

Crumb

Replacement Fibre

aggregate Rubber percentages

Kg/m3 Kg/m3

of Rubber

Coarse

aggregate (1 kg/100 mm
Kg

Kg/m3

Kg/m3

1

C35

420

152

Plasticizer Slump

kg

of

cement)

-

700

-

-

-

1017

-

55

(0.36)
2

R5

378

152

42

614.4

35

5%

-

1017

4.2

53

3

R10

378

152

42

530

70

10%

-

1017

4.2

46

4

R15

378

152

42

595

105

15%

-

1017

4.2

49

5

R20

378

152

42

446.5

140

20%

-

1017

4.2

35

6

FR5

378

152

42

614.4

22.75

5%

10.5

1017

4.6

50

7

FR10

378

152

42

530

45.5

10%

24.5

1017

4.6

42

8

FR15

378

152

42

595

68.25

15%

36.75

1017

4.6

33

9

FR20

378

152

42

446.5

91

20%

49

1017

4.6

26

4

2.3 The experimental tests:
The purpose of these tests to evaluate the performance of mixed are divided into:
1. Fresh tests: represented with Slump test which is evaluate the workability of concrete mixes
in fresh state.
2. Hardened tests: are divided into two major tests:

 Destructive test
a. Compressive strength test is to evaluate the compressive strength of cubes samples
(150*150*150mm) at 7 and 28 days, the test is shown in Appendix A.
b. Flexural test is to evaluate the tensile strength of prisms samples (150*150*750mm) at
28 days. The test is shown in Appendix A.
c. Modulus of elasticity test to determine the modulus of elasticity of concrete of cylinders
samples (150*300) at 28 days.
d. Impact energy test: the value of impact energy can be obtained by the blows number
required to make the first observable crack and final failure for each type of paving block.
Based on the number of blows the first crack impact energy and failure impact energy
were calculated using this equation. 𝑈 =

𝑛𝑚𝑣
2

𝑣 = √2 (0.9𝑔)ℎ

e. Ductility index the ductility index can be gotten by dividing impact energy at failure to
the impact energy at the initial crack.

 Nondestructive tests
1. Rebound hammer test used to evaluate the hardness of concrete blocks at 28 days.
2. Hardened density test used to evaluate the density of hardened density of concrete blocks
at 28 days.
3. Moisture meter test: is used to evaluate the moisture concrete of concrete blocks.
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3. Results Analysis:
The results are divided into two major tests results, the fresh and hardened tests, the results
destructive tests of mixes are presented in the table 2 and nondestructive in the Table 3:
Table 2: Destructive tests results of mixes
S.I Mix

Slump Compressive

Symbol mm

Flexural

strength (MPa) strength

7 days 28

Modulus Impact Energy (J)

Ductility

of

Index

(MPa)

Elasticity

28 days

GPa

days

At First At
Crack

Failure

1

C35

55

24.7

34.5

6.09

30

1.068966

567.92

1.068966

2

R5

53

26.6

34.7

5.93

29.2

1.038462

494.64

1.038462

3

R10

46

23.2

30.9

5.5

27.3

1.173913

494.64

1.173913

4

R15

49

22.1

26.83

4.5

25

1.181818

476.32

1.181818

24.1

3.2

22

1.35

494.64

1.35

28.7

1.029412

641.2

1.029412

5

R20

35

6

FR5

50

27.7

35.2

6.9

7

FR10

42

23.2

33.9

6

26.2

1.054054

714.48

1.054054

8

FR15

33

23

29.87

6.5

24.7

1.081633

970.96

1.081633

9

FR20

31

24

26.3

6.2

22.3

1.122449

1007.6

1.122449

19.4

6

Table 3: Results of different results of the mixes.
S.I

Mix Symbol

Rebound
number

Hammer Hardened
(Hardness (Kg/m3)

density Moisture
content

test)

(%)

1

C35

28

2685

36

2

R5

25

2599

39

3

R10

20

2567

23

4

R15

20

2551

26

5

R20

19

2486

31

6

FR5

27

2695

25

7

FR10

28

2665

29

8

FR15

25

2607

24

9

FR20

20

2525

26

4. Discussion of the results
4.1 Workability of mixes
Figure 1 showed that the workability of mixes reduced when increase the percentage of tyre
rubber replacement with fine aggregate and this is due to the shape of particles either angular
or irregular and this leads to the difficulty of rolling the particles one over other and this is in
agreement with Falaq 2015. Moreover, the slump of mixes reduced when using tyre fibers and
this reduction increases with the increasing of amount of fibers. Zheng et al. reported that the
rubber with fibre did not affect workability of concrete significantly. Mustafa et al. also noticed
that 10 % of replacement of rubber with fine aggregate has slight effect on workability. However,
yousif et al. discussed the effect of rubber on workability of concrete and he found that the
reduction in concrete because the rubber can be reduced by using superplaticiser (1-3 % by
weight of cement).
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46

50

49
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42
40

35
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30

26

20
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0
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C40

R5

R10

R15

R20

FR5

FR10

FR15

FR20

55

53

46

49

35

50

42

33

26

Mixes

Figure 1: slump of all mixes
4.2 Compressive Strength of Mixes
The compressive strength of the mixes tested at 7 and 28 days and the results are shown in figure
2 and 3. Figure 2 showed that the compressive strength increased slightly when using 5% of the
tyre rubber. Moreover, the strength decreased after 5% by -10.4%, -22 and -30% respectively
comparing to the reference mixture. This reduction is attributing to that when the rubber content
increase, the voids increase in the mixture due to that the rubber nature is tending to repel the
to mix with water and then the propagation of cracks become faster and thus failure is rapid.
Moreover, the hardness of rubber particles is less than sand particles. This is agreeing with (Khatib
and Bayomy , 1999, Guneyisi et al., 2004; Al- Mutairi et al., 2010, Mehmet et.al 2007)

Figure 3 showed that the compressive strength of 5% replacement of the rubber fibre tyre raised
by 2% comparing to the reference concrete. Moreover, the strength decreased more for 10, 15
and 15% of replacement by -1.73, -13.42 and -23.77 % respectively comparing to the reference
mixture. This reduction is attributing to that when the rubber content increase, the voids increase
in the mixture and the propagation of cracks become faster and thus failure is rapid. Moreover,
the hardness of rubber particles is less than sand particles. This is agreeing with J K Dattatreya
et.al. (2015)
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C40
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R10
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24.7

26.6

23.2

22.1

19.4

28 days

34.5

34.7

29.6

26.83

24.1

Mixes
7 days

28 days

Figure 2: compressive strength of rubber mixes
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35
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27.7
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26.3
24
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27.7

23.2

23

24
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35.2

33.9

29.87

26.3

25
20
15
10
5
0

Mixes

Figure 3: compressive strength of fiber rubber mixes

4.3 Flexural strength of mixes
Figures 4 and 5 present the flexural strength of the mixes. Figure 4 indicated that the replacing
the sand by tyre rubber lead to decreasing in flexural strength and this reduction increase
9

with increasing the replacement percentages. At 5% of replacement, the reduction in flexural
strength was slight by -2.6% and for 10, 15 and 20 was -9.6, -26, -47.5% respectively. This
reduction could attributing to the weakness in the interface transition zone between cement
paste and crumb rubber and this agrees with Sukontasukkul (2009).
Figure 5 showed that the using of tyre fibre 5% as replacement of sand lead to increasing in
flexural strength by 13.3% but at 10% and after, the flexural strength reduced by -1.4, 6.7 and
1.8% for 10, 15 and 20 % of replacement. The increasing of strength at 5% of replacement
could be interpreted that the fibre led to increasing in the stiffness of the mixes. Sorankom
and Mobasher (2008) reported that the adding fibre will give an effective activation of
responses to the tension. Moreover, Fantilli et al., 2009 demontrated that the improvement
in the flexural strength of fibre tire mixture is due to the fibre bridging arrest the propagation
of cracks.
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Flexural Strength (MPa)

6.09
6

5.93
5.5

5

4.5

4

3.2

3
2
1
0

Flexural strength

C40

R5

R10

R15

R20

6.09

5.93

5.5

4.5

3.2

Mixes

Figure 4: flexural strength of rubber mixes
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6.8
6.5
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6.2
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6.09
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5.4
Flexural strength

C40

FR5

FR10

FR15

FR20

6.09

6.9

6

6.5

6.2

Mixes

Figure 5: flexural strength of fiber mixes

4.4 Modulus of elasticity
Figures 6 and 7 presented the modulus of elasticity of all mixtures. Figure 6 illustrated that the
modulus of elasticity of mixtures decreased with the increasing the percentages of replacement
of tyre rubber with sand. The decreasing in modulus of elasticity of 5% of replacement was slight
but 10 % and after became higher 27, 25 and 22 GPa for 10, 15 and 20% of replacement
respectively. Reference concrete showed more brittleness than rubber mixtures.
Figure 7 showed that 5% of replacement gave result slightly higher than that of reference
concrete. Ling et al. (2009) reported that concrete with big amount of rubber is flexible (more
ductile) and this will make modulus of elasticity less.

11

35
30

29.2

Modulus of Elasticity (GPa)

30

27.3
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5
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C40
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Figure 6: modulus of elasticity of rubber concrete mixtures
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C40
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FR20
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28.8
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Figure 7: modulus of elasticity of fibre concrete mixtures
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4.5 Impact energy
Impact energy is estimated by number of blows which leads to appearing the first cracks and
failure cracks. Where the impact energy of blocks depending on the number of blows, mass of
the hammer, height of drop of the hammer. The results in figure 8 indicate that the replacing
sand with the rubber lead to increase the energy required to rupture the concrete blocks, where
reference concrete mixture behaved as brittle materials comparing with rubber and fibre
concrete blocks and this was supported by Al-Tayeb et al. (2012), Yildirim et al. (2010), and Nili
and Afroughsabet (2010). At 5 % of replacement of rubber exhibited higher impacting energy
than reference concrete by 6.5%, while 10, 15 and 20% replacement gave higher impact energy
by 10, 16.12 and 19.35% and this is attributing to that the tyre rubber has the ability to absorb
the impact.
This figure also showed that the increasing of the tyre fibre leads to increase the impact energy
by amount even more than using rubber alone. The percentages of increase in impact energy
during using fibre was higher that of using rubber only by 19, 25.8, 70.96 and 77.42%. It is
observed that 15% and 20% of fibre replacement gave very high impact energy and this could be
due to the failure mode changed from brittle mode to ductile mode. Nedina et al. 2017 showed
that rubberized concrete with fibre tyre gave higher toughness comparing to rubberized concrete
without fibre and reference concrete.
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1000
800
600
400
200
0

C35

R5

R10

R15

R20

FR5

FR10

FR15

FR20

Impact Energy at first cracks 531.28 567.92 604.56 549.6 659.52 659.52 677.84 897.68 897.68
Impact Energy at Failure

567.92 604.56 622.88 659.52 677.84 677.84 714.48 970.96 1007.6

Mixes
Impact Energy at first cracks

Impact Energy at Failure

Figure 8: impact energy of concrete blocks with and without rubber and fibres

4.6 Ductility index
Ductility index was determined by dividing the impact energy at failure by impact energy at first
cracks. The results are presented in Figure 9. It is observed that the ductility index has been
increased by increasing tyre fibre content. Gregory 2015 reported that reference concrete
revealed more brittleness than that of rubberized concrete. He also indicated that tire fibre lead
to increase the impact value of concrete and he interpreted that more energy will be absorbed
in debounding. He also showed that the ductility rely on bond strength between cement and fibre
and volume of fibre.
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Ductility Index

1.2
1.15
1.1
1.05
1
0.95
0.9

C35

R5

R10

Ductility Index 1.06897 1.06452 1.0303

R15
1.2

R20

FR5

FR10

FR15

FR20

1.02778 1.02778 1.05405 1.08163 1.12245

Mixes

Figure 9: ductility index of the mixes.

4.7

Nondestructive tests results

4.7.1 Rebound number of the mixes
Rebound no. represent the hardness of concrete. the results revealed in figure 10 that
the using of 5% of rubber as replacement with sand led to reducing in rebound no. by 3
comparing to reference mixes, while 10% of replacement gave no. less by around 8 and
this means that using rubber will reduce the hardness of concrete blocks due to that the
reality of the tyre rubber which has less hardness that of sand. Moreover, the figure
showed that the using of tyre fibre also reduced the no. but by percentages less than that
of tyre rubber mixes.
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20
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13

27

FR10 FR15 FR20
28

25

20

mixtures

Figure 10: Rebound hammer no. of the mixes

4.7.2 Hardened density of concrete
Figure 11 indicated that the density of concrete reduces with increasing in the tyre rubber and
fibre content. Medina et al. observed that the density of rubberized concrete gave lower strength
that that of reference concrete. The density of rubberized concrete without tyre fibre ranged
between 2599-2468 kg/ m3 and mixes with fibres ranged between 2696 – 2525 kg/m3.The author
interpreted this case that the adding the rubber to the concrete will lead to increase the voids in
rubberized concrete due to the presence of voids between the rubbers and cement paste and
this is agreeing with Xiang Shu, Baoshan Huang 2013 and Falaq et al. 2015. Falaq et al. 2015 found
out that the density of rubberized concrete reached to 2370 kg/m3.
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Figure 11: hardened density of the mixes

4.7.3 Moisture content of the mixes
Figure 12 revealed that the moisture content for the mixes with higher rubber percentage are
higher and could increase as the replacement of percentages increased. This case could be
occurred due to the voids between tyre rubber particle and cement matrix will sealed the water
and this could lead to increase the moisture content in rubberized concrete. Anyway, the adding
of fly ash reduced the difference in moisture content. Onuaguluchi et al. found out that using of
rubber increased the concrete porosity. Gupta et al. reported that the using of rubber fibre lead
to increasing of the water permeability of concrete. Thomas et al. indicated that the rubberized
concrete had higher water absorption than that of reference concrete.
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Figure 12: Moisture content of the mixes.
5. Conclusions
From the conducting the experiments, the following conclusions could be drawn:
1. The workability of concrete reduces with using tyre rubber particles as replacement with
sand and this reduction will increase with increasing the percentages of replacement.
2. The compressive strength of rubberized concrete is lower than that of reference concrete
and the reduction can be reduced by adding 10 % of fly ash.
3. Compressive strength of 5% rubber and 5%, 10% rubber fibre concretes as well as 5% of
tyre fibre mixes and reference concrete blocks achieved the requirement of block
pavement of light traffic load roads and that means the suitability to be used as speed
breaker for rural roads.
4. The recommended thickness of concrete blocks to be 60mm.
5. Rubberized concrete exhibited flexural strength less than that of reference concrete for
all percentages but the reduction is little. Concrete with 5% of rubber fibre replacement
has higher flexural strength that of reference but other percentages of replacement are
slightly less.
6. Modulus of elasticity of mix with 5 % of rubber fibre replacement is higher than that of
reference concrete, but 5% of tyre rubber replacement and 10% rubber tyre fibre mixes
have modulus elasticity approximately same as that of reference concrete.
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7. Flexibility of rubberized concrete is higher than that of reference concrete which behaved
as brittle material and this flexibility will be good for reducing the vibration of cars and
engine of the car.
8. The impact energy required to appear the first cracks increases with the increasing rubber
in concrete and more energy is required when using tyre fibre in the concrete.
9. Generally, the reference concrete exhibited brittle manner comparing to other mixes.
Moreover, tyre fibre mixes exhibited higher ductility which will make concrete blocks
more suitable to absorb the impact of cars.
10. Although, the abrasion strength is not conducted in this study, many studies proved that
the abrasion resistance increase with inclusion tyre rubber in concrete.
11. Tyre fibre mixes gave higher hardness than other mixes.
12. Moisture contents increased with increasing of inclusion of tyre rubber mixes.
13. Hardened density reduced as the replacement of tyre rubber increased.
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Appendix A

1. Rubber tyre fibre and ground tyre rubber
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2. Fine aggregate, coarse aggregate and cement

3. Mixing process
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4. Concrete Block molds and concrete sample

26

5. mixer, the molds of concrete mixes and tests (Flexural and Compressive strength)

6. Slump test of one mix
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7. Compressive Strength test

28

Formstack Submission For: Joint Academic Development Programme UK/Gulf Reporting final report
Submitted at 03/15/19 12:57 PM

Joint Academic Development Programme UK/Gulf - final report

Before continuing, please
confirm that you have read
and understood the above
notice.:

I confirm that I have read and understood the above notice.

Joint Academic Development Programme UK/Gulf - final report

Project title:

Oman's Entrepreneurial Leaders

Name of the organisation UK:

Coventry University

Name of lead applicant - UK:

Dr Andrew Turner

Work telephone number:

+442476889888

Work email address:

a.p.turner@coventry.ac.uk

Name of the organisation Gulf:

Middle East College

Name of lead applicant Gulf:

Dr Ahmed Nawaz Hakro

Work telephone number:

00968 91216180

Work email address:

ahakro@mec.edu.om

Project highlights and statistics

Please describe the activities
to date and summarise the
highlights of your project.:

The Oman Entrepreneurial Leaders programme has been a
three-way partnership between the Middle East College
(MEC), Coventry University and the National Centre for
Entrepreneurship Education (NCEE) to co-create an
entrepreneurial leaders programme focussed on the needs
of Oman and bringing together business, various
government and private agencies and higher education. The
programme design was informed by the successful
Entrepreneurial Leaders Programme established by the
NCEE in 2009 which has developed over 150 higher
education leaders.
The programme comprised two 3-day modules held at MEC
from 17th-19th December 2018 and 11th-13th February
engaging a total of 34 participants including 10 women.
Participants were drawn from Universities and Colleges of
Higher Education, the Oman Ministry of Education and
businesses. This created a unique mix of participants with a
diverse range of perspectives and expertise. In-country
support from the British Council in promoting the
programme to alumni and the Chevening Scholarship was
particularly helpful in reaching participants and contributors
and this support was invaluable.
Module 1 had a key focus on learning for leadership,
developing personal leadership and the characteristics of
entrepreneurial leadership within organisations.
A characteristic of both modules was an interactive
facilitated approach with input from a diverse and
inspirational range of high-level speakers drawn from
business, government agencies, business, the British Council,
and the UK Science and Innovation Network: Helen Mehta
(Country Director, British Council), Nick Boucher (Head of UK
Science & Innovation Network (Gulf)), Paul Noon (PVC
Enterprise & Innovation, Coventry University), Nadia
Maqbool (Founder 23 Degrees North), Malak Ahmed AlShibani (Director National Business Centre), Salah Hilal Al
Maawali (CEO SME Development Fund), and Ahmed Al-

Gassani (Executive Director Riyada).
Module 2 was designed to build on the learning from the
first module and focused on Entrepreneurship in Education,
Entrepreneurial leadership in Education, Coaching and
mentoring & defining the entrepreneurial ecosystem in
Oman.
The input included Liz Bromley, (Acting Vice Chancellor,
UCLAN), Andrew Turner (Associate PVC Coventry University),
Ceri Nursaw (CEO NCEE), Mr. Tariq Bin Sulaiman Al Farsi,
(CEO Al Raffd Fund), Sahar Al Lawati & Imtithal Al Riyami
(Sharakah Fund), Hussain Salman Al Lawati (Founder Oman
Cables Industry), Saleh Mohammed Amour Al Shanfari (CEO
Oman Food Investment Holding Co) and Yaseer Bhatti
(Entrepreneur).
A key area identified throughout both modules was the gap
between education, business and the entrepreneurial
ecosystem in Oman. The bringing together of a diverse
group of participants from education, business and
government with a diverse group of experts was unique to
Oman, creating a network, insights and learning. There was a
clear desire to continue and sustain the network of
participants in the future.

Two modules were co-created by the partnership and
delivered in Oman.
34 leaders (target was 30) participated in the programme or
whom 10 were women – a focus for the programme.
Please add any relevant
project statistics. These
should be linked to the
objectives of the project
outlined in your successful
proposal.:

A total of 20 speakers and facilitators contributed to the
delivery of the programme. The programme was very well
received during the evaluation:
From the evaluation of module 1:
• All participants described the first module as good to
exceptional and all bar one have said they have taken away
something they can action.
• In terms of future plans following module 1 feedback
included 'back with more energy and ideas for my students',
'I'm going to start my business because I was inspired and I
don't want to wait anymore', 'collaboration with other HEIs

with the help of Riyadh, NBC and INMA'.
• Some quotes from the event 'more and more workshops
like this', 'lovely and useful event with high level of
organisation', 'excellent initiative'
From the evaluation of module 2 and the programme
overall:
• 87% of the responding participants indicated that the
programme completely or very much met their expectations
with only 2 participants indicating it met their expectations a
little.
• 90% of participants found the programme valuable and
useful
• All except 1 participant were interested in being part of a
network
• All participants took away something they could action
• All participants indicated that the programme quality was
good or exceptional.

Progress - outcomes*

Outcome 1:

Support the development of academics and higher
education leaders in Oman and UK to build entrepreneurial
thinking into their programmes and universities

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

The two modules included input sessions on personal
leadership development and coaching and mentoring. The
nature and concept of entrepreneurship and entrepreneurial
leadership was explored with participants and shaped in the
context of Omani culture. The combination of participants
from both business and education enabled fruitful
discussions on how education leaders need to shape the
curriculum to support the development of entrepreneurial
characteristics of students.

Outcome 2:

Develop a co-creation model to support dialogue and
research on entrepreneurship and entrepreneurial
behaviour between Oman and the UK

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

The three partners co-created an entrepreneurial leaders
programme shaped for the Omani context. There was key
learning for all three partners in the project. Key to the
success of the programme were the connections of the
Middle East College to entrepreneurial networks and
agencies within Oman as well as to colleges and Universities.
This enabled the contextualisation of the NCEE
Entrepreneurial Leaders programme for the Omani context.
Emerging from the workshops was the potential for research
to explore how models of entrepreneurship (for example the
"Entrecomp" framework) can be better designed for an
Omani context and a collectivist culture.

Outcome 3:

Directly engage with the developmental needs in Oman and
facilitate opportunities for UK and Omani institutions to
work together building entrepreneurship

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

The programme directly engaged with the developmental
needs in Oman both in the planning process but then
through the input of agencies such as the National Business
Centre, SME Development fund, Riyada, Al Raffd fund and
the Sharakah development fund. A key outcome from the
project was the identification of the gap between education
and business in a mutual understanding in needs, but also
between businesses and the complex entrepreneurial
ecosystem in Oman and how to access funding and support.

Outcome - please add more if
applicable:

Progress to date - - not
achieved/partly achieved/
achieved/ exceeded:

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

Progress - outputs*

Output 1:

Create a network of entrepreneurial leaders in Oman who
can drive and embed entrepreneurial behaviour in higher
education

Progress to date:

Achieved
Exceeded

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

A total of 34 participants engaged in the programme with 20
external presenters. All except 1 participant indicated a
desire to be part of a network and mechanisms for
sustaining the network are being explored.

Output 2:

Co-create an Entrepreneurial Leaders Programme in Oman

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

The programme was successfully co-created and delivered
over two modules. This has aligned to the Omani context
and well received. This provides a module for future courses
to grow and develop a network of entrepreneurial leaders.

Output 3:

Established partnership between partners in Oman and the
UK

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

The Middle East College and Coventry University have a wellestablished educational partnership. The three-way
partnership leveraged expertise and experience from the
NCEE in the co-creation of the programme. This has
strengthened existing partnerships and introduced a new
dimension. The programme that was developed was unique
and innovative within the Omani context with real impact
and engagement. The partnership will continue beyond the
life of the funding and has demonstrated the need and
demand for such developments in Oman.

Output - please add more if
applicable:

Progress to date - not
achieved/partly achieved/
achieved/ exceeded:

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

Progress - activities*

Activity 1:

Designed and delivered two modules of the Omani
Entrepreneurial Leader's Programme in December 2018 and
February 2019.

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

The highlights and contents of the programme and the two
modules are described in detail in the highlights section of
the report. 34 participants in total engaged in the
programme.

Activity 2:

Engaged with the local British Council, British Embassy and
UK Gulf programme directorate alongside Oman business
support organisations including Riyada, Al Raffd, the Omani
SME Development Fund and the National Business Centre

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

Engagement with the local British Council enabled
promotion the programme to attract high calibre
participants and presenters. The engagement with the
British Council , the British Embassy and the UK Gulf
Programme enabled the highlighting of the activities of
Coventry Univeristy as one of the largest UK providers of
higher education with the Middle East College in Oman.
Excellent links with local agencies in Oman were developed
through the Middle East College which will enable future
programmes to be planned and delivered more easily.

Activity 3:

Promoted the programme through the Omani Ministry of
Education and the alumni of the Chevening Scholarship.

Progress to date:

Achieved

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

Probably the highlight of module 1 was the input from a
female entrepreneur that was a Chevening alumni. The
entrepreneur had founded a leading architectural practice in
Oman. Her experiences and the ethos she has imbued in her
company was inspirational to many of the participants. As an

Omani female entrepreneur the development of a modern,
pioneering, innovative practice with Omani values this was
an example of how entrepreneurial leadership can
contribute to Oman's development.

Activity - please add more if
applicable:

Held joint planning meetings with the Middle East College
every month, with a week-long planning event in May 2018

Progress to date - not
achieved/partly achieved/
achieved/ exceeded:

Achieved.

Please give evidence and
examples. If anything
planned has not been
achieved, please explain why
not.:

Regular planning meetings were key. WebX technology that
was approved for use by the Middle East College facilitated
communication. However the connections and personal
contacts of the Middle East College were key to enabling the
contribution of a wide range of high profile speakers.

Progress continued

Were there any unexpected
outcomes, either positive or
negative?:

Unexpected positive outcomes
Oman’s Entrepreneurial Leaders programme was very
centred on the needs of Oman to bring together business
and higher education. This was a focus that was not
anticipated at this level at the start of the project. In order to
respond to this we were able to engage with a wide range of
people and organisations which led to an exciting blend of
business start-up support organisations, academics,
education leaders, business leaders and ministry officials.
This was new to Oman and was extremely well-received by
all participants. The goal is that if we can close the gap
between education and business then an entrepreneurial
culture will be fostered more easily in Oman.

Feedback: Please provide
here feedback or quotes
from those actively involved

The modules and programme were evaluated using
qualitative and quantitative feedback using web-based
feedback tools Socrative and Padlet. Comments and

in the project and/or
beneficiaries. Please indicate
whether permission is
granted for the
feedback/quote to be used
by us in external
publications:

feedback was obtained during the module, anonymity was
assured at all times to participants – there was a high level
of engagement with the evaluation. Feedback and quotes
many be used in external publications. The feedback was
extremely positive in both modules and of the programme
overall. The programme was unique in the Omani context.
Quantitative feedback:
From the evaluation of module 1:
• All participants described the first module as good to
exceptional and all bar one have said they have taken away
something they can action.
• In terms of future plans following module 1 feedback
included 'back with more energy and ideas for my students',
'I'm going to start my business because I was inspired and I
don't want to wait anymore', 'collaboration with other HEIs
with the help of Riyadh, NBC and INMA'.
• Some quotes from the event 'more and more workshops
like this', 'lovely and useful event with high level of
organisation', 'excellent initiative'

From the evaluation of module 2 and the programme
overall:
• 87% of the responding participants indicated that the
programme completely or very much met their expectations
with only 2 participants indicating it met their expectations a
little.
• 90% of participants found the programme valuable and
useful
• All except 1 participant were interested in being part of a
network
• All participants took away something they could action
• All participants indicated that the programme quality was
good or exceptional.
Qualitative Feedback and Quotes:
A padlet was produced by the participants in Module 1
which gives an indicator of the value of the programme and
the impact on participants. This can be accessed at:

https://padlet.com/andrewpt/OELreview
From the feedback obtained on the whole programme, in
response to the question: “What was the highlight of the
programme for you?” the following quotes were typical:
“Values, passion, dreams and leadership”
“Meeting all those entrepreneurs and businessmen who
enlightened us and aspired us and shared their experiences”
“The learning environment and the different interactive
sessions”
“It was fantastic program and we would like to have more
programs in entrepreneurship development for difference
sectors”
“The importance of embedding the entrepreneurship idea in
higher education curriculum”
There was a high demand for future developments in this
area. Quotes typical of the responses to the question “What
would you like to see in the future?”
“Practical workshops and sessions”
“Keep the network among the participants and facilitators
and more such events”
“More panel discussions”
“more and more of this kind of program”
“more of practical/activity-based session”
“have more programs and courses in entrepreneurship”
“better academia industry coordination and cooperation"

Please provide a summery of
any outputs and activities
such as public seminars,
reports, published papers
and provide links to any
websites or other resources
created as part of your
project.:

The key outputs to date from the Programme were two 3day modules held at MEC from 17th-19th December 2018
and 11th-13th February engaging a total of 34 participants.
There has been insufficient time elapsed for any papers or
publications to emerge, but it is the intention of the partners
to write a collaborative paper on the project.

Please upload any supporting
documentation where
applicable:

View File

Please upload any supporting
documentation where
applicable:

View File

Please upload any supporting
documentation where
applicable:

Direct Link to Image

Relevance and potential impact

Please outline the expected
or potential impact of the
project (what the wider
result of the work will be
when the outcomes are
realised):

The Oman's Entrepreneurial Leaders programme has been
an innovative development within Oman and it is the first
such programme to bring together business, education and
government agencies to explore entrepreneurial leadership
and entrepreneurship in education. The overwhelmingly
positive evaluation and feedback provides some validation
of the model and clearly followup with participants will be
important to establish impact and actions arising from the
programme. We intend to follow up with participants at
intervals beyond the immediate funded life of the
programme to evaluate impact.
We intent to hold an annual Entrepreneurship Leaders
network/forum one day event. This would be fee-paying and
encourage alumni of the programme to remain involved in
the programme - this will also be a mechanism for
establishing impact.
The programme has identified gaps in provision in the
entrepreneurship landscape in Oman for example the gap
between entrepreneurial initiatives and higher education this provides potential for application for future grants and
work from agencies in Oman.
The programme has had a beneficial and developmental

impact on participants. For the Middle East College, it has
showcased their work as an innovative Higher Education
Provider in Oman and also provided feedback that many of
their Alumni are engaged in entrepreneurial activities which
they were previously unaware of. In addition the
programme provided confidence to the College of their
capacity to host and deliver a high profile programme of this
nature.

Please state who the
beneficiaries are in the UK
and Gulf and comment on
how they have benefitted
from the project.:

1. The academics, education leaders and enterprise/business
leaders in Oman who attended the programme.
They have benefited as they have become a community and
a network of entrepreneurial leaders. The programme gave
them new insights into their own leadership, the support
available within Oman and how to bridge the gap between
education and business – supporting Oman’s
entrepreneurial culture. They created new networks and
relationships. We intend to continue this relationship.
2. Middle East College, Coventry University and the National
Centre for Entrepreneurship in Education
The three partners have developed a collaboration that will
take forward an entrepreneurial centre of excellence in
Oman. We have recognised our complementary strengths
and through that we plan to continue our relationship. The
relationship between Middle East College and Coventry
University deepened, with discussions based on future
partnership initiatives based on entrepreneurship and
enterprise that are broader than specific academic
programme development.

Project learning and sustainability

Sustainability: How will the
partnership be sustained
after the end of the funding?
:

Sustainability: How will the partnership be sustained?
All participants on the programme have become part of a
community and network. They have all been awarded a
‘Foundation Fellowship of Oman’s Entrepreneurial Leaders’.
All participants will be able to call themselves a fellow and
have a certificate.

We will continue to keep in touch with the participants via
LinkedIn and other social media with the creation of a
community of Omani entrepreneurial leaders. We will
establish a community forum platform in which participants
can keep in touch. We will post interesting articles, updates
and information.
We wish to hold an annual Entrepreneurship Leaders
network/forum one day event. This would be fee-paying and
encourage alumni of the programme to remain involved in
the programme.

A key challenge was the time to obtain Government
approval for the running of an externally funded programme
in Oman. In addition all non-Omani speakers contributing to
the programme required Ministry approval. In many ways
this was mitigated by the close working relationship
between the three partners, however in the context of a
one-year funded programme this does present challenges.
Key challenges: What were
the key challenges for your
project and how did you deal
with them? :

There are key cultural differences between the UK and
Oman in establishing and running the programme . - The
formalities involved in hosting the programme and the
expectations of the level of hospitality and hosting of
speakers has cost implications - these need to be factored
into future project funding.
Entrepreneurial leadership is not an established concept
within Oman. Entrepreneurship is an established concept
and there are many initiatives- however the application of
entrepreneurial thinking to leadership in education and
other sectors is novel and needs to be developed.

Advice: What advice would
you give to other grant
recipients embarking on a
project? This could include
both what worked well for

Not to under-estimate the bureaucracy and approvals
required in establishing such a programme.
Be aware of the cultural expectations and formalities in
establishing and running a programme. The expectations
around the formalities of speaker invitations and hosting

you and what you learnt
from any challenges faced?:

need to be followed .
A one-year time-frame for establishing and running a
programme of this nature is challenging. It has been
achieved and delivered in this context. Ideally, however the
timeframe should include an additional period for followup
and establishing impact.
The importance of a well connected and informed local
partner.

Monitoring and evaluation

The modules and programme were evaluated using
qualitative and quantitative feedback using web-based
feedback tools Socrative and Padlet. Comments and
feedback are included in the previous section.

Please describe what were
the means of monitoring and
evaluation you have used on
the project to date, and how
you plan on continuing
monitoring and evaluation
activity.:

As indicated previously we will continue to keep in touch
with the participants via LinkedIn and other social media
with the creation of a community of Omani entrepreneurial
leaders. We will establish a community forum platform in
which participants can keep in touch. Sustaining the network
will enable us to follow up with the participants to ascertain
the actions taken as a result of the programme and monitor
the longer-term impact of the programme.
We wish to hold an annual Entrepreneurship Leaders
network/forum one day event. This would be fee-paying and
encourage alumni of the programme to remain involved in
the programme.

Additional Information

Please use the space below
to include any additional
information that you feel is

relevant to your mid project
report:
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