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ABSTRACT

One of the most important ways to preserve the surrounding environment after an oil leak is to
carry out an oil spill response action plan. A quick response and a significant impact should be
made in response to any emergency scenario to minimize contamination to the sea and marine
life. A number of approaches were developed to deal with oil spills, including utilizing floating
barriers, skimmers, storage barges, tanks, and other equipment. These solutions rely on the kind
of spill and the tactics used by the emergency response team. To assist respond to oil spills, the
project is being undertaken, providing an option for water treatment applications. The proposed
design is aimed to address few issues such as the high cost of the current design, staticity, and
inefficiency. This research presented the technical requirements of the portable oil skimmer
which are obtained from the house of quality and presented four conceptual designs. The
conceptual designs have been analyzed in the analytical hierarchy process and the best design
has been selected. The first conceptual design had the highest priority among the four conceptual
designs proposed which was 31.8%. A detailed design has been generated by using
SOLIDWORKS software. Choosing the right concept for a product is a vital step in the
development process. Inappropriate selection could lead to a high failure rate in the market for
produced goods. The Analytical Hierarchy Process (AHP) is a tool that can be used to tailor the
decision-making process. Almost all applications involving decision-making problems use AHP
as a tool. The methodology and findings of a study based on the AHP idea are presented in this
research. The procedures done can be used as a guideline to help designers or engineers assess
numerous design requirements, options at the conceptual design stage, and finally make precise
decisions. Part of this project is identifying the technical requirements of portable oil skimmer
by utilizing the quality function deployment and selecting the best conceptual design using the
analytical hierarchy process. The objectives of this research have been achieved as the user and
technical requirements of the portable have been identified and the best conceptual design has
been selected via the AHP. The research can be improved further by conducting an experiment
on the proposed design to verify its efficiency.



ABSTRAK

Salah satu cara terpenting untuk memelihara persekitaran di sekitarnya setelah kebocoran
minyak adalah dengan melaksanakan rancangan tindakan tindak balas tumpahan minyak.
Tindak balas yang cepat dan kesan yang besar harus dibuat sebagai tindak balas terhadap
senario kecemasan untuk mengurangkan pencemaran ke laut dan kehidupan laut. Sejumlah
pendekatan dikembangkan untuk menangani tumpahan minyak, termasuk menggunakan
penghalang terapung, skimmer, takung penyimpanan, tangki, dan peralatan lain. Penyelesaian
ini bergantung pada jenis tumpahan dan taktik yang digunakan oleh pasukan tindak balas
kecemasan. Untuk membantu menangani tumpahan minyak, proyek ini sedang dilakukan,
memberikan pilihan untuk aplikasi rawatan air. Reka bentuk yang dicadangkan bertujuan untuk
mengatasi beberapa masalah seperti kos tinggi reka bentuk semasa, ketahanan, dan
ketidakcekapan. Penyelidikan ini menunjukkan keperluan teknikal skimmer minyak mudah alih
yang diperoleh dari rumah berkualiti dan mengemukakan empat reka bentuk konsep. Reka
bentuk konseptual telah dianalisis dalam proses hierarki analitik dan reka bentuk terbaik telah
dipilih. Reka bentuk konseptual pertama mempunyai keutamaan tertinggi di antara empat reka
bentuk konseptual yang dicadangkan iaitu 31.8%. Reka bentuk terperinci telah dihasilkan
dengan menggunakan perisian SOLIDWORKS. Memilih konsep yang tepat untuk produk
adalah langkah penting dalam proses pembangunan. Pemilihan yang tidak tepat dapat
menyebabkan tingkat kegagalan yang tinggi di pasaran untuk barang yang dihasilkan. Proses
Analisis Hierarki (AHP) adalah alat yang dapat digunakan untuk menyesuaikan proses
membuat keputusan. Hampir semua aplikasi yang melibatkan masalah membuat keputusan
menggunakan AHP sebagai alat. Metodologi dan penemuan kajian berdasarkan idea AHP
dikemukakan dalam penyelidikan ini. Prosedur yang dilakukan dapat digunakan sebagai
panduan untuk membantu pereka atau jurutera menilai banyak keperluan reka bentuk, pilihan
pada tahap reka bentuk konseptual, dan akhirnya membuat keputusan yang tepat. Sebahagian
daripada projek ini adalah mengenal pasti keperluan teknikal skimmer minyak mudah alih
dengan menggunakan fungsi fungsi yang berkualiti dan memilih reka bentuk konsep terbaik
menggunakan proses hierarki analitik. Objektif penyelidikan ini telah dicapai kerana keperluan
pengguna dan teknikal mudah alih telah dikenal pasti dan reka bentuk konsep terbaik telah
dipilih melalui AHP. Penyelidikan dapat ditingkatkan lebih jauh dengan melakukan eksperimen
pada reka bentuk yang dicadangkan untuk mengesahkan kecekapannya.
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CHAPTER 1

INTRODUCTION

1.1 Background

Oil is a general term that refers to any natural and nonpopular chemical substance, that
usually comes as a viscous liquid encompassing temperatures. Petroleum in contrast is the non-
renewable major resource of global energy that is formed of a complex mixture of many
different organic materials that have been chemically converted over long periods of time under
various geological circumstances (Wang, Fingas and Page, 1999). This oil needs to go through
many human-handled processes such as extraction, transporting, and utilizing. During such a
process, the oil is usually transported using freight tankers that move relatively large quantities
of cured oils to different ports around the world.

To ensure the safe handling of the crude oil during such a process, guidelines have been
set to minimize the risks of oil pollution (Valdor, Gbmez and Puente, 2015). Moreover, the
International Maritime Organization (IMO) obliges its members to prepare a strategy for
response in the event of oil pollution (Maritime Security and Piracy, no date). However, regular
discharges from ships still occur unintentionally beside the illegal bilge discharge of water, drill
rig, and shipwreck. Spills can occur for a variety of reasons during the exploration, extraction,
and transportation operations, including over-pressurization, mechanical failure, pipeline
corrosion, and ship collision, to name a few. According to (Tuan Hoang, Viet Pham and Nam

Nguyen, 2018), about 5,710,000 tons of oil were spilled during the period from 1970 to 2010
1



from tanker incidents alone. The petroleum spillage is classified as hazardous waste (Saadoun,
2015). The estimated amount of oil spilled worldwide to the marine extends from 706,000,000
gallons per year (Pathare et al., 2015), while Troisi, Barton and Bexton (2016) reported that it
may extend from 500,000 to 8,400,000 tons per year. Human-caused discharges of liquid fuel
hydrocarbons into the marine or shoreline areas are commonly referred to as marine oil spills.
Crude oil spills from tankers, offshore platforms, drilling rigs, and wells are among them, as are
spills of processed oil products (such as gasoline and diesel) and their by-products, heavier fuels

used by big ships (such as bunker fuel), and spills of any oily white rubbish or waste oil.

Figure 1.1: A photo was taken on 25th July 2020 in the coastal area of Mauritius shows an oil
spill from A Japanese bulk carrier (Greenpeace International, 2020).

In marine environments, oil spills are common, and many little spills go unreported,
especially in locations where green guidelines or regulations are weak, unenforceable, or absent.
Those leaks may cause huge damage to the environment and the species living in it, and the

amount of harm caused to each particular species is different from others. For instance, hundreds



of thousands of seabirds are dying because of oil spills, as the birds come into interaction with
floating crude oil on the water which causes immediate suffocation (Troisi, Barton and Bexton,
2016). Moreover, the turtles population has been decreasing due to Deepwater Horizon oil spills
(Putman et al., 2015; Beyer et al., 2016). A study conduct by (Perez et al., 2017) proved that
oiled birds need more time to fly which led to reduced weight and affected their migration. Some
of the habitats such as Mangrove may be extinct in 30 years due to oil spills (Duke, 2016). Oil
pollution is a serious problem that needs to be addressed urgently because it has a very
dangerous impact on marine life besides the economic impact on the people whose livelihood

relies on sea life and ocean resources.
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Figure 1.2: A large-scale diagram illustrates the Interactions of oil spillages on the
environment (Zhang et al., 2018).

Therefore, the need of finding ways to solve the problem of oil spills has been a point of
interest to many researchers over the years. Many approaches to control oil contamination have

been developed, those approaches aim to limit the oil spreading to the environment. The



developed approaches address the oil spill differently, some of them use physical barriers for
the mechanically contain the spills and strict its spread. Those barriers are booms, skimmers,
and absorbing materials (Spills and Environments, 1999).

According (Fingas, 2002), skimmers are “mechanical devices designed to remove oil
from the water surface”. The skimmers may differ in application, volume, design, capacity, and
effectiveness. The amount of oil removed or from the water and quantity of water taken with oil
rate the effectiveness of the skimmer. A skimmer is described as any mechanical device intended
for removing oil (or the combination of oil and water) off the surface of the water, without
affecting the physical and/or chemical properties of the water. The principles of skimmers
function are based on fluidity characteristics of the oil and the oil and water mix, variations in
density between oil or oil and water mixes, and water or variances in material adhesion (Patil et
al., 2017). These methods are often used for the cleanup of oil spills but are also widespread in
industrial applications like removing oil from tool coolant and removing oil from water washing
machines. They are typically necessary to remove oils, greases, and fats before further treatment
to ensure compliance with environmental emissions. The removal of the top coat of oils may
minimize water stagnation, odor, and ugly scum; placed in front of an oily water treatment
system, the effectiveness of oil separation may increase for improving waste water quality. It
must be remembered that every oil skimmer collects a proportion of water from the oil to achieve

the concentrated oil.



1.2 Objectives

The objectives of this project are as follows:
I. To identify the user and technical requirements of portable oil spill skimmer using the
quality function deployment method.

ii.  To select the best conceptual design of portable oil skimmer via AHP basic method.

1.3 Problem Statement

The current problems with regards to the current design of oil spill skimmers are the high
cost of oil skimmers, portability, and inefficiency. The high cost of the oil skimmer is due to the
manpower needed to use it as well as the equipment required. Moreover, the current oil
skimmers are static and located on the shores or do not maneuver by itself. The inefficiency of
the oil skimmer is due to the process followed in skimming the water. As the current process is
to set physical barriers then start skimming. The problem with this technique is that due to the
current and waves of the sea, the spilled oil increase, and the physical barriers need to be set
again in a further place. This process is time-consuming and requires high manpower. Owing to

this reason, it is a need to propose a design to address those problems.



1.4 Scope of Project

The scopes of the project are as follows:

I. Identifying the technical specifications of the portable oil skimmer should be made by the
QFD method.

ii.  The selection of the best conceptual design shall be made using AHP.

iii.  The conceptual design for the portable oil skimmer is to be drawn using SOLIDWORKS

software.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The extreme danger of oil spills to the surrounding environment and the living animals
and plants living in it has been the concern of many researchers and environmental NGOs. The
oil spills are considered as great pollution that requires immediate attention to solve. The main
cause of the oil leakage is human activities as Every year, more than 5,000,000 tons of crude oil
are shipped across the globe by water, putting the environment at risk (Saadoun, 2015). Marine
oil leaks are classified as thick oil with a density of more than 10 mm and thinner oil with a
thickness of less than 10 mm in terms of oil spill treatment (Fingas, 2002). Furthermore, an oil
film is a thin oil with a thickness of less than 1 mm that can be split into numerous levels based
on its presence on the surface of saltwater.

Oil spillages have a substantial economic influence as well as a negative impact on public
health. Orchid oil in the sea would impair the number of live species and would wash up on the
shore for an extended length of time without being collected, causing harm to the fishing and
aquaculture businesses. Qils that pollute the water lead fish to perish in large numbers because
of a lack of dissolved oxygen. Oil adhering to the soil, rock embankments, and island banks,
generating aesthetics and unpleasant smells, contributes to the tourism industry's significant
losses (Zhang et al., 2018). The oil spill had a negative impact on fishing terminals, shipbuilding,
and shipbuilding plants. Due to the disturbance of floating oil, machinery, machinery for

extracting minerals, and shipping canals have been disrupted.



When spills from the water fronts travel through the harbor water for the distribution of
diesel fuel to fishing boats, when vessels pump out oily bilge water in port, when engine oil is
spilled overboard, and when a collision results in fuel oil leaks, chemical contamination occurs
in seawater. Between 1970 and 2010, 5,710,000 tons of oil leaked due to ship collisions
(Annunciado, Sydenstricker and Amico, 2005). The oil spill and oil slick's physical and
chemical qualities have had a significant impact on sea life, ocean or water supply ecological
structure, tourism, and entertainment activities (Atlas and Hazen, 2011). After an oil spill,
several factors influence the formation of a slick, including climate, distribution velocity on the
ocean's surface, drift in the ocean water, vanishing into the air, biodegradation, and emulsions
between water and oil, all of which have a significant impact on changes in viscosity, density,
and interfacial tension force (Basak, Nanda and Banerjee, 2012). Furthermore, most oxygenated
oil spills and oil slick substances, such as aromatics, compounds, and alcohols, contaminated
water for a long time. Several production methods, such as mechanical extraction or open
burning, were utilized to clean up the oil spill. Bioremediation, solidifiers, and dispersants, in
particular, were shown to be beneficial (Berna et al., 2012). The practices were categorized
based on the nature and size of the oil spill, as well as the meteorological and environmental

conditions.

2.2 Ecological and environmental impacts

Oil spillages have extensive and varied ecological and environmental consequences,
depending on the type of substantial released, the amount released, the quantity of energy in
the physical environment to effect hydrocarbon breakdown or mixing with water or sediment,

and providing a means of transportation. The negative impacts are found all across the world,



albeit they seem to be concentrated in locations where extraction and transportation are more

extensive.

2.2.1 Factors Affecting Oil Toxicity

The single element that influences the toxicity of spilled oil is its thickness, with some
types of oil being heavier and hence more constrictive to the surfaces to which they stick. QOil
harmfulness is also determined by the type of oil, which is determined by its origin. The Entire
crude oils include significant amounts of PAHS, along with a variety of heavy metals, posing
significant toxicity risks to humans and marine life. Various degrees of processed oil come up
with varying amounts of toxicity and volatility, with toxicity often rising as volatility increases.
The manifestation of oil's hazardous effects is depending on the subject engaging with it; for
example, birds are harmed if they consume the oil or if it comes into touch beards body or
feathers, which limits insulation of water therefore the ability to fly. Oil or oil weathering goods,
such as tarballs and coastal asphalt cover, may be trapped in the respiratory passages of fish and
big marine mammals if they are accidentally consumed or inhaled (Dupuis and Ucan-Marin,

2015).



Table 2.1: A summary of the world's largest oil spill occurrences from 1967 to 2010.

No | Oil  Spill | Location | Amount of | Causes of | Impact and consequence Remedy Reference

Incident oil spilled | spillage measure /
(tons) response

1 Torrey England | 119328 Shipwrecking | Pollution in southwestern England, | Dispersant, (Wells, 2017)
Canyon oil hundreds of seafarers dead, local | weathering
spill, 1967 people endangering livelihoods, filthy | process, and

beaches. burning.

2 Sea Star | UAE 115000 Ship tanker | The 12 deceased crew members, | No  response | (Federation,
oil  spill, accident adverse effects on seabirds and sea | action 2019)

1972 otters, the impacted marine
invertebrates, the devastated
ecosystems of coral reefs.

3 Odyssey Canada | 132000 Offshore Death of marine life. Natural (Federation,
Oil  Spill, explosion dispersion, 2019)
1988

4 | ABT oil | Africa 260000 Explosion Dead marine life floating in the water, | Manual (Federation,
spillage, and fire food contamination due to oil-tainted | cleanup, 2019)

1991 fish natural
vaporization of
oil

5 Gulf War | Persian 1500000 | The effect of | Blowing of more than 600 wells, fire | No  shoreline | (Bejarano and
oil  spill, | Gulf war against | and explosion, air pollution, marine | cleanup, oil | Michel,
1991 US marines | creatures, fish, birds, otters are | penetrated 2010)

harmed by chemical contaminants. deeply into the
sediments

10




The Spain 77000 Ship damage | The fishing and tourist industries | using  boom | (Acosta-
Prestige were primarily impacted; rocky | and skimmer Gonzalez et
oil  spill, shores were extensively polluted. al., 2015)
2002

Hebei South 11000 Hit by the | Death of marine life affects stony | Skimmers, (Kim et al,,
Spirit  oil | Korea barge drifting | coasts of sandy beaches. sorbent, 2014)

spill, 2007 Samsung ship dispersants,

Deepwater | Mexico | 627000 Offshore Infestation on fishing and tourist | In-situ burning, | (Beyer et al.,
Horizon deepwater sectors, 11 murdered, wide spring | boom and | 2016)

oil  spill, drilling damage of marine and animal | skimmer ship,

2010 explosion habitats, deep-sea habitats, benthos, | and dispersant,

corals, pelagic fish, birds, turtles.

11




2.2.2 Animals

Oil spills are particularly dangerous for seabirds and shorebirds. Inhalation or ingestion of
PAHs and other oily elements by birds can cause their feathers to lose their weatherproofing
properties, resulting in suffocation (Cheng et al., 2017). Toxic PAHSs can have long-term chronic
effects in marine birds, including morality on a wide scale, pathological abnormalities in the lungs,
kidneys, liver, and glands, disruption of thyroid homeostasis and metabolism, anemia
immunotoxicity, and thyroid homeostasis and metabolism (Troisi, Barton and Bexton, 2016).
Following the Deepwater Horizon oil leak in 2010, thousands of migratory bird species have been
documented to suffer from poor flight performance, breeding, wintering, survival, and

reproductive health (Perez et al., 2017). Figure 2.1 shows a bird covered in oil from oil spillage.

Figure 2.1: A bird fully covered with oil (Ugwu, Ogba and Ugwu, 2021).

In open ocean areas, marine species are frequently exposed to oil spills. The oil's adherence
to the mammals' outer furred surface interferes with their natural functioning, resulting in
hypothermia, drowning, and death. The Deepwater Horizon oil leak in 2010 resulted in kidney
abnormalities such as hypoadrenocorticism and adrenal toxicity, as well as lung disorders such as

alveolar interstitial syndrome and pulmonary masses, and large-scale mortality in populations of

12



common Bottlenose dolphins in Louisiana, USA (Wells et al., 2017). The impact of oil harms
other species such as alligators, crocodiles, sea snakes, and turtles as these animals are vulnerable
to oil on the shallow waters or surface. Oil may disrupt sea turtles' normal gaseous exchange,
resulting in suffocation and harm to turtle eggs as hazardous components enter the developing
embryos (Putman et al., 2015). Figure 2.2 shows a turtle fully covered by oil due to an oil spill

incident.

Figure 2.2: A turtle covered with oil.

2.2.3 Marine environment

Marine plants, seagrasses, seaweeds, algae, kelp forests, and shrubs make up the aquatic
environment, which is a diversified system. It is linked to the interactions and interconnections of
several ecosystems that are gathered together, such as coral reefs, salt marshes, tidal flats,
mangroves, beaches, and rocky shorelines, all of which have similar effects on one another (Duke,
2016). In 2010 at 1370m depth, research on coral ecosystems following the disaster of Deepwater
Horizon oil found considerable consequences of oil-containing debris coating the corals' surface,

resulting in death and patchy covered skeletons of hydrozoans.

13



2.3 Oil Spill Weathering

The weathering of oil in a maritime climate is primarily determined by the type of substance
discharged, along with the scale and kind of weathering to which maritime climate is subjected
(Fingas, 2013). Weathering procedures are concerned with the behavior of a substance in the
atmosphere that corresponds to the physical characteristics that predominate based on its structure
and composition, such as biochemical and physical-chemical breakdown of material, which is
commonly referred to as weathering. When physical force is applied to spilled oil, the
physiochemical qualities of the substance determine the material's fate (Zafirakou, 2019). Most
volatile hydrocarbons appear to evaporate lighter, photosensitive hydrocarbons will be oxidized
by radiation, and density-driven stratification and segregation reactions, as well as droplet
condensation, solidification of marine tar residuals after interaction with suspended particles, and
surface emulsification may occur within the deep ocean (Azevedo et al., 2014).

Physical scattering, evaporation and aerosolization, photooxidation, and emulsification
processes of physical breakage are the first to begin weathering mechanisms (Tarr et al., 2016).
The density curve is what drives spreading, as surface oil migration spreads far from the leak or
slick, creating a thin sheet-like layer. Evaporation is the most rapid of all the physical mechanisms
affecting oil conduct, and it has the biggest direct effect on the mass and quantity of oil spillages.
Evaporation and aerosolization are principally influenced by the depth of the contaminated oil
slick, with a greater net loss due to evaporation towards the center.

Photooxidation usually occurs in the presence of sunlight, when it reacts with oxygen to
form oxygenated compounds that are more water-soluble and biodegradable than their parents.
Although the photooxidation approach is not well defined as a free-radical process, the oxygenated

compounds formed may be more dangerous, more flexible, and resistant to natural and biological
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weathering due to their higher water solubility. This method is extremely volatile, particularly in
the Arctic, where seasonal variations in sun direction and strength are more pronounced.
Emulsions are classified as oil-in-water or water-in-oil based on relative volumes and are a result
of climate factors and the physical qualities of the oil. Where other hydrocarbon components are

likely to act synergistically on them, any emulsion varieties survive for months or years.

2.4  Techniques of Oil spill response

The oil leak and slick cleaning are some of the most contentious issues because all of the
discharged and spilled oil into the seas proved impossible to clean up (Fingas, 2013). Physical
approaches, chemical methods, thermal (or in situ burning) procedures, and biological approaches

are the most recent restoration strategies.

2.4.1 Physical methods

Physical barriers were largely utilized to restrict and avoid the spread of the oil spill and
slick, but the oil's physical and chemical qualities remained unchanged. Oil leaks have been
contained using a variety of methods, including booms, skimmers, adsorbent materials, and oil

slicks.

24.2 Boom
The boom was a common type of technique for preventing oil spills and slicks from
spreading (Fritt-Rasmussen and Brandvik, 2011). The efficient process of booms, however, does

not rely on the configuration of the boom only but was similarly heavily influenced by the physical
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characteristics of the waves, wind speed, amplitude, and the peak of the wave. Booms ease the
process of recovering oil faster and easier by gathering oil from the water surface into thick layers.
The booms work in high efficiency in rivers, oceans, and marine environments as they protect the
sensitive ecosystems by redirecting the oil spillages direction (Pagnucco and Phillips, 2018). After
that, a skimmer or any other method focused on taking barriers for oil flow may be used to retrieve

the oil spillages as shown in Figure 2.3.

Figure 2.3:0il containment boom.

Unfortunately, under the influence of wind, waves, and tides, this method has several
structural flaws, not least because it goes against oil's natural nature to scatter, shatter, and disperse
(Federation, 2019). As a result, despite the fact that storage and extraction systems are operational
within a few hours of the first discharge, floating oil appears to be encountered at a very low rate.
Because of this, even under ideal conditions, retrieving more than a fairly small amount (10-15%)
of spilled oil in the open ocean is unlikely. Booms have a number of advantages, including

portability, limited storage space, corrosion resistance, and quick treatment, as well as being very
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effective in calm waters (Hoang, Bui and Pham, 2018). In comparison, their key drawbacks were

the low flexibility and the inability to remain stable in heavy winds and waves.

2.4.3 Skimmers

Skimmers are self-propelling machines that are created to mechanically extract the oil
floating on the surface of the water (skimming). Usually, they are utilized in the physical recovery
of oil spills and can be found in a range of equipment. Skimmers are frequently operated in
conjunction with booms and consist mostly of a storage tank for collecting and dropping oil after
it has been removed (Widiaksana, Yudiana and Nugroho, 2018). The rough weather does not make
a challenge to the skimmer which is the main advantage of it along with the ability to collect oil
without changing its characteristics. The recovered oil might be refined or burned for further
treatment (Hirekhan et al., 2020). The oil-water interfacial tension, stickiness and sticking nature
of the oil, water content, evaporation rates, emulsion stability, and viscosity are all factors that

influence the efficiency of a skimmer material (Farooq, Taban and Daling, 2018).

2.4.3.1 Types of Skimmers
Different types of oil skimmers vary in design, the approach of recovering oil, and the
material used. The main two types of oil skimmers are:

1. Oleophilic oil skimmer: Oleophilic skimmers recover oil based on the characteristics of
certain materials with a higher affinity to oil than to water. There are several varieties of oil
skimmers and so subcategories such as disk skimmers, drum skimmers, rope mop skimmers,
belt skimmers, and brush skimmers. The rationale underlying the methodology used is the

same for all oleophilic skimmers, regardless of the skimmer type. The skimming head is
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spun or dragged through the oil slick, i.e. the area with the oleophilic surface, and the oil is
scrapped or squeezed out and removed into a pumping sump or sucked off. Oleophilic
skimmers generally obtain the greatest recovered oil ratio with the water, also called
recovery efficiency, compared to other forms of the skimmer. The best effectiveness of
Oleophilic skimmers is the handling of medium viscosity oils (entre 100 — 2000 cSt). Diesel,
kerosene, and other products with low viscosity oils often do not stick enough thickly to the
oleophilic surface to achieve significant regeneration rates. Greater viscosity oils such as
heavy bunker oil may be difficult to remove because of their propensity to create big clumps
that are too heavy and solid to skim. In comparison, oil-water emulsions using oleophilic
skimmers are extremely hard to recover since emulsions are practically non-adhesive
(Farooq, Taban and Daling, 2018). Although metal surfaces have been shown to be
beneficial, oleophilic materials are frequently created from some sort of polymer. Studies
also suggest that discs and drums with grooved surfaces have greater recovery rates than flat
surfaces (Suresh, Ramesh and Nikhil, 2020). However, there are different types of oleophilic
oil skimmers such as:

Rope Oil Skimmer: This kind of oil Skimmer utilizes rope consisting of an appropriate
material for oil separation as illustrated in Figure 2.4. Rope mop skimmers employ ropes on
the water surface to extract oil. Rope mop skimmers are huge machines that need the use of
a crane to be launched from a boat or beach for the whole process. The oil is retrieved by
ropes which then release the oil on board or the beach in a collecting tank. This sort of
skimmer is not wave-sensitive but generally only utilized for single sweeping operations.
Vertical rope mop skimmers are particularly suitable for light oil types since relatively little

water is collected during rehabilitation. The skimming procedure will not be affected by
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debris or ice. Rope mop skimmers are good for low water circumstances since the rope needs
little floating water. In addition to this, Rope mops are good in garbage-loaded areas since

the rubbish falls off the cloths as they reach the wringer (Vignesh et al., 2020).

Figure 2.4: Rope skimmer (What'’s the difference between a belt mop and a rope mop oil
skimmers?, no date).

ii.  Beltoil skimmer: This kind of oil Skimmer utilizes rope consisting of an appropriate material
for oil separation. Rope mop skimmers employ ropes on the water surface to extract oil.
Rope mop skimmers are huge machines that need the use of a crane to be launched from a
boat or beach for the whole process. The oil is retrieved by belts which then release the oil

on board or the beach in a collecting tank (Mathews et al., 2018).
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Figure 2.5: (a) absorbent belt skimmer. (b) brush belt skimmer. (Fingas, 2002)

This sort of skimmer is not wave-sensitive but generally only utilized for single sweeping
operations. Vertical rope mop skimmers are particularly suitable for light oil types since
relatively little water is collected during rehabilitation. The skimming procedure will not be
affected by debris or ice. Rope mop skimmers are good for low water circumstances since
the rope needs little floating water. In addition to this, Rope mops are good in garbage-loaded
areas since the rubbish falls off the cloths as they reach the wringer (Pathare et al., 2015).
This type of skimmer may be a portable skimmer like the types shown in Figure 2.5 or a

fixed type with its water tank like the one shown in Figure 2.6.
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Scraper

Figure 2.6: Belt oil skimmer (Parts Cleaning and Ultrasonic Cleaning Equipment | CTG, no
date).

Drum oil skimmer: The oil that floats on the water surface attaches itself to the cylindrical
drum because of adhesion. Air or hydraulic drum skimmers are commonly considered for
usage in dangerous places and settings (Hirekhan et al., 2020). Drum skimmers are
multifaceted skimmers that can handle several kinds of petroleum fluids, from light oils such
as diesel to heavy petroleum oils. This type of skimmer has several types of heads such as

disk, drum, and brush drum as shown in Figure 2.7.
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Figure 2.7: (a) disc skimmer. (b) drum skimmer. (c) brush drum skimmer. (Fingas, 2002)

Floating tube skimmer: The tube continues to skim while the water level varies. Oil sticks to
the external tube surface as shown in Figure 2.8. Tube oil skimmers are intended to guarantee
uniform, even performance irrespective of the application. They constantly remove oil from
the water surface using a closed-loop tube, which floats on the water surface, attracting the
floating oil or graft. Oil attaches to the exterior of the closed tube that is constantly pulled
across the separator surface and via a series of scraper that removes the oil and then drains

it into a tank (Vignesh et al., 2020). They are flexible and adaptable, quick to install, need
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little maintenance, do not suffer from the fluctuation of levels, and work components are

liquid and less expensive to use.

Figure 2.8: Floating Tube skimmer (Patil et al., 2017).

Nonoleophilic oil Skimmers: Like the oleophilic skimmers have different types such as:

Suction Skimmer: Suction skimmers such as vacuum skimmers are the simplest design
skimmer in operational theory and are immediately collected from the water surface by air
suction systems. The most basic sort of vacuum skimmer employs a shaft that may be used
directly with the vacuum truck in ports or rivers. Vacuum skimmers are frequently limited
to usage in ports and calm seas due to their sensitivity to waves (Mirajkar et al., 2008). In
addition, as a result of the prevalent vacuum systems, suction skimmers are particularly
suited for oil recovery on or near the beach. However, the undifferentiating nature of the

suction mechanism may also lead to the collection of enormous quantities of water.
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Figure 2. 9: Suction Skimmer (ShovelHead, no date).

Weir Skimmer: Weir skimmers refer to skimming equipment that removes oil from the water
surface by applying gravity force. Weir skimmers are floating components that place the
edge of the weir slightly below the top slick surface or at the interface between the oil and
water, so that oil may flow over the weir edge into a collection pond. The oil is then poured
into tanks. Weir skimmers are generally released by cranes from boats and the weir may be
remotely controlled by compressed air or self-adjusted. Due to their simple design, weir
skimmers are one of the most often used skimmer types. However, weir skimmers are likely
to be jammed or blocked by floating debris and although surge alone does not interfere with

skimming, weather skimmers are very susceptible to steep waves (Patil et al., 2017).
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Figure 2.10: weir skimmer (LAMOR, no date).

To improve the oil skimmer in terms of design and skimmer design criteria, a boat-type oil
skimmer has been invented and researched. The shaft size, sorbent material, oil scrapping design,
scrapper placement speed, and scrapper material were all modified to improve the oil skimmer
design. The efficiency of the new boat oil skimmer has somewhat improved after the design
adjustment, according to (Manivel and Sivakumar, 2020).

Figure 2.5 and Figure 2.7 depict schemes of different types of oil skimmers. A belt-type oil
skimmer was designed and built after much investigation. The efficiency of the belt-type oil
skimmer is then evaluated using various types of belt material. The belt-style oil skimmer greatly
enhanced oil recovery efficiency, according to (Patel, 2013). In comparison to steel, nylon, rubber,
and polyurethane, the oleophilic belt was chosen as the best material for recovering oil. According
to (Patel, 2013), oleophilic materials have a lower wearing property than polyurethane, hence
oleophilic belts are preferred for usage in oil skimmers. (Ashrali et al., 2019) and (KHANDAKAR
et al., 2017) also researched the polyurethane belt oil skimmer and concluded that the fabricated
oil skimmer was able to recover a large amount of oil. The conventional belt design was replaced
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with a blanket belt which shows significant impact as it reduces the maintenance cost and is easily
accessible.

In addition to belt-type oil skimmers, disk-type oil skimmers have been studied and
developed. (Widiaksana, Yudiana and Nugroho, 2018) studied the oil skimmer that uses disk in
terms of its effectiveness of recovering oil spillages. According to theoretical and experimental
studies, the oil recovery efficiency improved by expanding the surface area of the disk dipped in
water. It was also discovered that when the surface area of the disc dipped in water is small and
the rotational speed is high, water is recovered more frequently than oil. With a larger surface area
of the disc dipped in water, the rotating speed is reversed. It can be concluded that the increase in
disc surface area dipped in water plays an important role in recovering oil from water.

A more advanced oil skimmer was fabricated by (Mathews et al., 2018) where a power
source from solar was implemented. The oil skimmer robot can keep moving for several weeks
with the aid of a solar system with renewable energy. Recent research by (Shirbhate et al., 2018),
created an oil skimming aqua robot to tackle the oil spill disaster. The robot helps to segregate the
oil layer from the water using Arduino Uno to maneuver the robot, GPS to monitor the location of
the robot, and an ultrasonic sensor that scans the level of oil collected in its storage. Moreover,

Yan et al. (2016) attempted to design a small-scale oil skimmer by utilizing a 3D printing approach.

2.4.3.2 Components of Oil skimmer

The components of oil skimmers vary based on the type of skimmer, but the main
components are:
I Motor: The motor produces pulley and belt driving force. There are several sorts of

engines. They are DC engines, AC engines, synchronous engines, injection engines. The
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alternating current is powered by AC motors (AC). The AC engine usually consists of two
fundamental components: An external stationary stator with alternating current coils to
create a revolving magnetic field. An inside rotor is also linked to the output shaft that
produces a secondary revolving magnetic field. Duration magnet, reticence, or electric AC
windings may create the spinning magnetic field. The magnetic field of the rotor and the
stator spins when an AC motor is in constant rotation with little or no slippage. The
magnetic forces between the rotor and the stator poles provide an average driving speed.
AC engines have many benefits over DC engines. Some benefits include lesser power line
disruptions, decreased start power requirement, controlled acceleration. We have thus
chosen the AC engine for our project.

Belt or Disc: The oil in water or other fluid clings to the surface of the belt or the disc,
which is then separated. Polymers, Steels, Polyurethane, and Rubber are the materials
utilized for the belt.

Pulleys: Pulleys are used to hold and maintain the belt or disc in optimum tension. Pulley is
a wheel with a raised rim that passes the cord and changes the direction of the force exerted
to the chord and is used to increase weight. It is a wheel that supports a moment on an axle
or shaft. The many kinds of poultry include flat poultry, grooved poultry, V grooved
poultry, etc. They consist of many materials, such as plastics, wood, metals, non-ferrous
materials, etc. We have employed poles made of reinforced plastic fibers to reduce the total
cost and weight of the project.

Scraper (wiper): It works by removing the oil that adheres or adheres to the belt or disc

surface. The belt-scraper contact allows the oil to be removed. It consists of mild steel. For
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inclination, an angle of 30 degrees is available (Zvaigzne, Pollaks and Pavlovics, 2017). A
tiny hole is boiled through the pin to remove the oil.

Bearings: They support both shafts and also serve as dead weight. Bearing is a machine
element that restricts relative motion and reduces friction between moveable elements only
to the required movement. There are 6 varieties of roller covers. Floor roller covers, roller
covers, fluid roller covers, magnetic bears, flexor bears, ball bearing. We have used
Pedestal bearings to assist mounting on the project framework.

Oil Tank: The oil tank stores the oil and water combination. The oil skimmer separates the

oil contained in the oil-water combination in the oil tank for demonstration purposes.

2.4.3.3 Material of oil skimmer

The correct choice of material is particularly crucial for the many parts of a machine. The

designer must be knowledgeable about the influence of the production process and heat treatment

on material qualities. The choice of material for engineering applications relies on:

Material availability.

Adequacy of functioning condition materials in service.
Material costs.

Material physical and chemical characteristics.
Mechanical material property.

According to (Abdullah et al., 2020), Study was carried out to check the materials utilized

for collecting oil spills for skimmer-type systems. Few materials have been utilized for the

function of the collector. The essential requirements are the property of the substance that is

capable of attracting oil. It is termed material affinity property (known as oleophilic substance),
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which is important for oil collection. the selection of materials for oil skimmers should be based
on three aspects which are:

I. Water-resistant.

ii.  Lightweight and durable.

iii.  Low chemical reaction with pure water and salt water.

In addition, the consideration of water capacity in the storage tank is important as it adds
to cleaning efficiency. According to (Oasmaa et al., 2012), the adhesion skimmer (oleophilic) is
one of the most frequent kinds of mechanical recovery devices. Oleophilic compounds are
substances with a characteristic affinity efficiency in the absorption of oil. The use of oleophilic
material is relatively new on the market and its use for oil spill skimmers is anticipated to
constantly grow. Oleophilic materials are widely classified into five different material types:

i Polyethylene terephthalate (PET)
ii.  Polypropylene

iili.  Carbon-based sponges

iv.  Functional polymer sponges

v.  Kapok/milkweed seed hair.

Furthermore, the roller type is the kind of construction for the skimmer to be used in the
system. The spinning roller collects oil attached before it is scraped into an oil storage tank. The

quantity of oil collected at each time is governed by the tank capacity.

2.4.3.4 Requirements of oil skimmer

The requirements or needs of the users of oil skimmers vary based on few factors such as
the type of user, type of project, weather conditions, type of oil, and the size of the oil spill
(Wang, Liu and Yu, 2018). However, throughout the literature, researchers have identified the
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main requirements of the customers. According to (Yan et al., 2016; Patil et al., 2017; Husssin et

al., 2018) the main requirements are:

I Portable.
ii.  Affordable.
iii. Easy to handle.

iv. Easy to manufacture.

v.  Easy to repair.

vi.  Efficient.
vii. Durable.
viii. Size.
iX. Fast.

Table 2.2: Oil recovery performance rate of each type of oil skimmer (Hoang, Bui and Pham,

2018).
Types Operational principle Range of oil | Per cent of oil
recovery rate | recovery (%)
(ms/h)
Oleophilic | To extract the oil from the water surface an oil | 0.2 - 50 75-95
absorbent material called oleophilic has been used.
Weir A gravity-based skimmer group attempting to pump | 0.2-100 20-90
the oil into a submerged collection on the water
surface.
Elevating Conveyors are used to lifting oil spills to the | 1-20 10-40
treatment area from the water surface.
Submersion | To drive the oil underneath the surface and drive oil | 0.5-80 70-95
into a tank, a belt coupled with an inclined plane is
used.
Suction/ To extract the engine problem or slick from the | 0.3-40 3-90
vacuum ocean surface, the concept of changing pressure has
been used to create the vacuum or pressure
difference.
Vortex/cent | Due to the smaller density of water compared to oil | 0.2-10 2-20
rifugal density, thus the water can be separated from the

water-oil mixture, the more oil can be removed from
the water.

30




2.4.4 Adsorbent Materials
The most appropriate and widely utilized strategy used to control oil spillages is adsorption
by sorbents due to its great sorption capability and selectivity (Wu et al., 2014). Adsorbents are
hydrophobic and oleophilic compounds that attract oil by soaking it in water and removing it.
Recyclability, wettability, density, and oil sorption potential are all features of adsorbents
(Bhardwaj and Bhaskarwar, 2018; Doshi, Sillanp&a and Kalliola, 2018). They are grouped into
three broad categories:
i Natural organic adsorbents such as peat moss, agricultural wastes, straw, hay, rice husk
(Vlaev et al., 2011) sawdust, feathers, carbon-based products, vegetable fibers, banana peels
(Alaa EI-Din et al., 2018), palm fibers, ground, cotton (Liu et al., 2014), jute feathers, lignin

(Kim et al., 2014) bagasse, corn stalk, etc.

ii.  Natural inorganic adsorbents such as activated carbon (Okiel, EI-Sayed and El-Kady,
2011), graphite, bentonite, glass, zeolites, organoclays, butyl rubber (Ceylan et al., 2009),
fly ash (Banerjee, Joshi and Jayaram, 2006), wool, perlite, charcoal, sand, etc.

iii. Synthetic (man-made) adsorbents such as plastics, polyethylene, polypropylene,
polymeric foams (Pinto, Athanassiou and Fragouli, 2018) polyurethane (Al-Majed,
Adebayo and Hossain, 2012), polyester foams, polystyrene, nylon fibers, etc. They are
extremely effective and removes even a trace number of oils from water.
The efficiency of sorbents is determined using the total amount of oil recovered and the
water pickup. (Fingas, 2013) proved that there are some precautions to take while employing
sorbents. For starters, their inappropriate use at a spill site would compound cleanup issues and

render most mechanical skimmers, particularly granular or particle sorbents, difficult to employ.
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Sinking sorbents, on the other hand, might be harmful to the ecosystem. Third, the oiled sorbent

waste must be recycled and disposed of properly. Oil sorbents are often burned or disposed of in

landfills, which might lead to issues if the landfill is used for a long time.

Table 2.3: Classification of adsorbent materials.

Adsorbent | Classification Characteristics Oil
materials recovery
percentage
(%)

Inorganic | - Treated chalk -Sea bed contamination ~70
sorbent - Treated silicone - Harmful impact on aquatic
material - Pulverized fly ash habitats

- Zeolite - Retention capacity is low

- Graphite - Expensive

- Activated carbon

- Clay

- Treated perlite

- Treated vermiculite

- Vermiculite

- Silica, Silica gel
Natural - Bark or wood fiber - Agricultural sorbents high costs | >75
organic - Bird feathers due to high storage and
sorbent - Collagen sponge transportation costs
material - Peat moss - Lower sorption capacity

- Treated peat moss - limited recyclability

- Silk-floss fiber —time is spent recovering by hand

- Kapok — Efficient usage in small areas or

- Silkworm cocoon waste cleaning after in situ

- Acetylated rice straw combustion

- Rice husk

- Acetylated sugarcane bagasse

- Cellulose, Cellulose fiber

- Raw cotton
Synthetic | - Polyester foams - Nonbiodegradability >90
organic - Polyethylene foams - Ability to recover, cleaning,
materials | - Polyolefin foams reusing.

- Polypropylene foams - High sorption capacity.

- Polyurethane foams
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- Expensive and not
environmentally friendly

Most types of oil are combustible, effective as a final cleanup, simple, and can be
recovered using physical methods. (Tuan Hoang, Viet Pham and Nam Nguyen, 2018), on the
other hand, said that they were expensive, complicated, difficult to use without the aid of
technical instruments, necessary to treat gathered oil, utilized before emulsified, and particularly

difficult to recycle with synthetic sorbents, depending on the weather conditions.

2.4.5 Chemical methods

Chemical treatments, with or without mechanical treatment and oil leaks, can be used for a
long time. Because of the ability to change the physical and chemical aspects of the oil spill, these
strategies have been employed in conjunction with physical approaches to handle oil spills.
Chemical approaches utilize key substances to mitigate oil spills, such as dispersants and
solidifiers. Chemicals (dispersants, surfactants, flocculating agents) are used to disperse marine
oil, which is either burned on the spot or transferred to another refining station. Because of the
ability to change the physical and chemical aspects of the oil spill, these strategies have been
employed in conjunction with physical approaches to handle oil spills. Chemicals that cause oil
spills to precipitate or neutralize are also widely used, as are media such as helicopters (Tuan

Hoang, Viet Pham and Nam Nguyen, 2018).

2.4.6 Dispersants
Dispersants are chemical spill cleaners that speed up the formation of tiny oil droplets that

"disperse” on the surface of the water column. Dispersants are usually utilized to decrease the
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effect on the water's surface, shorelines, and biota, other than to speed up the biodegradation of
oil. Dispersant application's main purpose is to break down oil slicks into tiny droplets that can be
submerged and diluted quickly (Muizis, 2013). Dispersants decelerate the development of oil in

water emulsions and are typically poisonous to aquatic life (Almeda, Hyatt and Buskey, 2014).

&A Crude Oil

Figure 2.11: How dispersants react with oil (Beech, no date).

In 2010, about 2,100,000 gallons of various dispersants were principally employed for
surface dispersion and oil ejection at the wellhead in the Deepwater Horizon oil spill. They should
be employed in rough seas and severe winds, where manually extracting crude is difficult.
However, several pieces of research have shown that dispersants have negative environmental
repercussions. Because of quick dilution in the water body, dispersants are only permitted to be
employed in deep water, where they can inflict harmful effects on the ecology at the seafloor (Tuan

Hoang, Viet Pham and Nam Nguyen, 2018).
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The efficiency of dispersion is concluded by estimating the quantity of oil it dissolves into
the water and likening it to the quantity of oil left in the oceans. The composition and degree of
weathering of the oil, the quantity and type of dispersant used, the energy of the sea, the salinity
and water temperature, the consistency of the slick oil, and the composition of the oil are all factors
that influence the efficacy (Chen et al., 2018). The most prevalent appliance approach is aerial

spraying by planes as illustrated in Figure 2.11.

2.4.7 Solidifier

Higher air emissions are caused by chemical approaches such as the use of absorbent
materials and local combustion (Shojaei, Aminsharei and Abbastabar Ahangar, 2021). The
simplest way for rapidly removing oil and crude oil products is to absorb thin films from the soil
with the help of solidifiers as shown in Figure 2.12. They are beneficial for applied oil cleaning
programs and may be swiftly removed due to their ability to absorb and extract more oil from the
oil spill region and to promote the transition from the liquid to semi-solid process (Tuan Hoang,

Viet Pham and Nam Nguyen, 2018).
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Solidified oil

Figure 2.12: Solidifiers (Hoang, Bui and Pham, 2018).

There are dry or semi-solid oleophilic polymers that are generally added to the oil. To
attract oil while resisting water, the sorbent should be hydrophobic and oleophilic. The
solidification can be boosted by the ocean currents and the high wave to mix the solidifiers and
oil. However, due to the big amounts required, those solidifiers are not used in spill response. They
prevent sand and debris from clinging to oil, preventing PAHs from being released into water
columns.

By combining various types of solidifiers, it may be able to boost and better manage
solidification. When polymer sorbents are combined with cross-linking agents, a solidifier is
created. This solidifier is superior to the cross-linking agent as it reacts better with water, and
solidification is more successful than when polymer sorbents are used alone. This sort of agent has
some disadvantages because it normally requires the direct mixing of two components before
usage, and solidification can be hard to attain as the substance can create a layer on the oil's surface.

This sort of agent can also stick to booms, docks, and other hydrophobic materials (Fingas, 2013).
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2.4.8 In-situ Burning

The most efficient method is In-situ oil-burning since it eliminates the greatest
concentrations of spilled oil without the use of sophisticated equipment. The ignitors purposefully
set fire to the thick slick of oil, which is then tracked in real-time. Wind direction, temperature,
tides, oil weathering, oxygen presence, oil slick thickness, oil shape, and sufficient oxygen supply
all have a role. It is beneficial in mild oil spills that do not harm sea life; oil slicks that cover a big
area and have enough thickness to burn; and good climate conditions. The trace left behind can be

recovered via mechanical means as shown in Figure 2.13.

Aerial in-situ
burn of spilled = .
il in the Arctic C? -

Qil spill in the Using helicopter, Contracted slick is Greater than 90% oil
presence of ice herder is applied to ignited, again from the removal
contract the shick helicopter

Figure 2.13: Aerial in-situ burn of spilled oil in the arctic (Aggarwal et al., 2017).

Rapid combustion prevents oil from reaching susceptible places and eliminates waste.
Burning has a major disadvantage in that it produces secondary emissions, which include
poisonous by-products that can be hazardous to human health and the environment. The aquatic
species living close to the spillage site are disturbed by fire, which causes developmental
deficiencies. In situ combustion has been widely applied and approximately eliminated (Leifer et

al., 2012).

2.4.9 Bioremediation
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Bioremediation and biodegradation of oil by natural microorganisms typically found in the
aquatic environment are examples of biological techniques as shown in Figure 2.14. The purpose
of bioremediation is to speed up natural biodegradation without impacting it negatively.
Bioremediation is the most beneficial strategy available, aimed at improving microbial metabolic
action and so improving the elimination of pollutant oxidation. Following the Exxon Valdez

incident of the oil spill in the 1980s, this approach was created in the 1940s and became

widespread.
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Figure 2.14: Biodegradation of oil spills (Wikipedia, no date)

Bioremediation is a lengthy process that can take weeks or months to complete. While no
comprehensive economic analysis of this operation has yet been completed, well-executed
bioremediation is a cost-effective method. Other advantages of this procedure include the
possibility of minimal negative consequences, such as the development of secondary pollutants,
reduced physical disturbance of the facility, reliability in hazardous substance processing,

simplified mechanical technologies, and lower economic cost. One disadvantage of this method is

38



that it necessitates a unique plan for every affected location and kind of spill. Bioremediation is
not that efficient sea treatment plan, and the current material is sparse and focuses primarily on the
employment of prokaryotic organisms (Bovio et al., 2017). Microorganisms employ enzymes and
oxygen, and the hydrocarbon structure breaks down. Petroleum hydrocarbons, carbon dioxides,
and other harmless chemicals such as fatty acids are employed as substrates to obtain biomass and

degrade pollutants into water (Martin, Hollis and Turner, 2015).

2.5 Quality fu