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Abstract: This paper emphasised the importance of proper handling and selection of specialised
skimmer equipment for accidental pollution with oils. The research was motivated by the lack of
similar papers that offer an extensive and recent literature analysis related to the use of skimmers,
with the ultimate aim to present the methodology for proper selection of appropriate pollution
equipment. Knowledge on the equipment characteristics such as capacity, selectivity, speed, and
pump power of the skimmer is essential for efficient and fast collection of spills. The study aimed
to calculate the oil collection rate of an individual skimmer device with different pumps. The
classification of skimmers, pumps, and collecting tanks was made according to their main features.
The results showed the correlation between pump capacity and the skimmers. Due to the complexity
of mechanical equipment and various devices, it was crucial to identify and connect the skimmer
with the proper pump. For these reasons, the authors proposed a model which determines the
optimal combination for thirteen skimmers and eleven pumps. The model can help shorten the time
of collecting oil from the sea surface and provide a more efficient and smoother response in the events
of accidental marine pollution.

Keywords: marine environment; marine pollution; oil spill response equipment; persistent oils;
skimmers; environmental protection

1. Introduction

Maritime transport is one of the essential means of transportation of goods and cargo.
It encourages globalisation with more than 80% of various cargo transported by sea [1]. The
sustainability of sea transport is vital. In cases of oil pollution, the need is to react quickly
and correctly to maintain unhindered transport and to protect human health and the
environment. Transportation of oil opens risks and possibilities of significant pollution of
the sea and the nearby coast [2,3]. Throughout history, liquid cargo ships have significantly
affected the environment by spilling large amounts of oil into the sea. One of the major
tanker accidents was the discharge of oil from the ship Torrey Canyon in 1967. Over 300 km
of the English and French coasts were polluted. As a consequence, nearly 15,000 seabirds
have died [4,5]. Furthermore, maritime accidents such as Exxon Valdez in 1989 have
resulted in the adoption of preventive measures. After the accident, it was proposed that a
double hull should be placed on liquid cargo ships instead of a single hull. This preventive
measure has significantly affected the reduction in oil discharges in cases of maritime
accidents of liquid cargo ships [6]. Figure 1 shows the amount of oil spilt from the tanker
measured in tons. Medium spills are 7 to 700 tons, while large spills are over 700 tons. It is
also evident that more than half (52%) of large-scale pollution occurred in the 1970s.

Furthermore, Figure 2 shows oil spills that are in the range of 7-700 tons and over
700 tons in the period from 1970 to 2021. It can be seen that in both cases, collision was one
of the main reasons for the oil spill on the sea surface.
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Figure 1. Tanker spills per decade, 1970-2021. Reproduced with permission from ITOPF, 2022 [7].
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Figure 2. Causes of tanker spills, 1970-2021. Reproduced with permission from ITOPF, 2022 [7].

Different types of equipment for removing marine and coastal oil pollution are avail-
able today. There is a need for optimal solutions for selecting the equipment for the removal
of various pollutants. It is the selection of appropriate equipment that can significantly
reduce damage to the environment and accelerate the response to oil pollution. This re-
search aimed to use a quantitative research method, i.e., systematic empirical research of
observable phenomena of the behaviour of various mechanical equipment such as skimmer
devices, to investigate in which weather conditions and for which type of persistent oil a
skimmer has the best efficiency, together with the best characterisation of selectivity. The
authors did not conduct testing of pumps and skimmers in real conditions with oils. The
research objectives were to obtain statistical results able to determine the advantages and
disadvantages of the individual skimmers and their usability in various situations of marine
oil pollution. It also follows the need to classify the equipment and to correctly address the
appropriate equipment for individual contaminants. Previous research has shown a lack
of consideration of the importance of pump capacity in relation to the skimmer device. In
this paper, the shortcomings of previous research were supplemented, and the importance
of the relationship between pumps and skimmers in marine pollution is presented. The
suggested model may shorten the time of collecting oil from the sea surface.
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The following section presents research related to the use of skimmers in oil pollution
and the importance of oil weathering processes. The importance of other specialised equip-
ment, such as booms, is discussed further. The use of different skimmers with appropriate
pumps is presented, followed by the study results. The latter showed significant differences
in using various skimmers for accidental marine pollution responses. The importance of
choosing the proper pump was emphasised, referring to each particular skimmer for the
optimal collection rate of marine oil removal. Together with main findings, suggestions
for the use of skimmers and pumps are proposed in the concluding chapter to reduce the
response time to accidental marine pollution.

2. Previous Research

Kosheleva et al. (2022) [8] emphasised the importance of maintenance of skimmers.
However, the authors did not consider the importance of pumps and other equipment
that significantly raises the functionality. Efe et al. (2022) [9] explained the importance of
skimmers in removing oil from the sea surface, considering skimmer discs solely and not
the pumps’ capacities. Additionally, the authors only analysed skimmers on vessels for
accidental marine pollution response. It is important to differentiate oleophilic skimmers,
weir skimmers, and mechanical skimmers. Regardless of the type, each must be set up in a
way to collect as much oil and as little seawater as possible. The skimmer device can be a
stand-alone device immersed in the sea or installed on a ship [10]. Knowing the advantages
and disadvantages of skimmers is one of the critical factors for the proper response to
marine pollution. Disc and weir skimmers are shown in Figure 3.

Figure 3. Disc skimmer (a) and weir skimmer (b) [11].

Zafirakou et al. (2018) [12] analysed the state-of-the-art related to the complexity of
equipment such as pumps, power packs, and tanks for storage of collected oil. In their
work, the authors did not consider the selectivity and impact of pump capacity on the
skimmer. Furthermore, the type of skimmer device selection depends on the weather
conditions. During larger waves, certain skimmers collect much more seawater.

Methods such as in situ burning or using dispersants can give good results in terms
of reducing the amount of collected oil. However, such methods can be very toxic. The
biggest disadvantage of the in situ burning methods is that there is a transfer of pollution.
Tiny particles of smoke and ash mix with the air or settle on the seabed, leading to new
pollution. Additionally, the in situ method must be applied in the first few hours because
of the evaporation and because it is much harder to burn oil at a later stage. For the
dispersants to be effective, the sea must be wavy enough so that it can disperse the oil.
Furthermore, legal regulations for the use of dispersants must be followed. For these
reasons, the skimmer device is one of the safest and most widely used method for removing
marine pollution [12,13].

Ghannam et al. (2022) [13] emphasised the importance of the oil’s viscosity. High-
viscosity oils such as crude oil are used as a propellant for ships. These oils are extraor-
dinarily thick and challenging for removal. If the ambient temperature is below the flow
point, the oil becomes semi-solid and therefore difficult to recover due to the aggravated
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flow towards the skimmer. The authors pointed to the possibility of the formation of an oil
emulsion, which may affect the efficiency of the skimmer.

Dhaka et al. (2021) [14] introduced various techniques for removing pollution from
the sea surface. The authors reviewed physical remediation techniques for treating marine
oil spills and emphasised the importance of proper use of the equipment. The authors did
not consider different skimmers such as disc, brush, and weir skimmers.

A further challenge in selecting specialised marine pollution response equipment is
estimating the amount of the spill. In some cases, the estimated amount of spilled oil is
relatively clear, such as when a tanker loses all or part of its cargo. Additionally, the amount
of spillage from the pipeline can often be determined quite accurately by the pumping
speeds and timing of spillage. In the case of continuous discharge over time, as it was the
case in the loss of control of the Deepwater Horizon, determining the discharge rate may
be more difficult. Another challenge is to estimate the amount of oil collected from the sea
surface [15,16].

In [17,18], the persistent oil was added to a tank, the oil thickness being 3-6 mm. The
study aimed to calculate the oil recovery rate (ORR) and oil recovery efficiency (ORE) for
an individual disc skimmer:

ORR = <Vf”’) 1)

collection time

ORE = ( Yot > x 100 ©)
Viotal

where V,;; = volume of split oil and V},;,; = collected oil along with seawater. The main
reservoir was covered to reduce the amount of oil loss due to the vaporisation process
and to prevent any contaminants such as dust, debris, insects, etc. from falling inside the
reservoir. The present investigation was conducted at a temperature of approximately
25 °C. It is essential to point out that above research was conducted on land. For similar
analyses at sea, localising the oil in one place with the booms is necessary. An example of
collecting oil using a skimmer is shown in Figure 4.

Figure 4. The example of a nearshore recovery system using a boom and a skimmer [19].

Proper use of the skimmer device is crucial for the quick and efficient collection of
oil. To use the skimmer properly, certain conditions have to be met. The oil or other
particles which have to be collected must be localised, the exact speed of the skimmer must
be selected, the exact type of skimmer must be selected for each type of oil spilled, and
logistical knowledge is required. The terms ‘logistical knowledge” and ‘quick response’
imply the following [20]:

(a) Transport of specialised equipment to the pollution site;

(b) Installation of equipment at the site;

(c) Workforce organisation;

(d) Organisation of maintenance and storage of equipment after use;
(e) Removal and collection of unplanned waste.
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A vacuum skimmer for non-persistent oils is shown in Figure 5.

Figure 5. Vacuum skimmer. [Authors].

Using a skimmer device is one of the most common choices when responding to
accidental marine pollution. Unlike other cleaning techniques, the mechanical method can
be effectively applied to the treatment of emulsified oils and oils of variable viscosity. It
can be time-consuming and expensive when it is used on a large scale, and it requires a
large number of staff and equipment. Moreover, cleaning costs rapidly increase with each
additional cleaning hour [20,21].

3. Different Efficiencies of Individual Types of Skimmers with Appropriate Pumps

The skimmer device can be built-in on a response ship or it can act as a stand-alone
device. In order for any type of skimmer device to effectively collect oil from the surface,
additional equipment is needed [22]. Various combinations of skimmers with different
pumps were analysed. Each skimmer device collects oil at different speeds, and the
collection speed significantly depends on the type of pump connected to each skimmer [23].
In this paper, 13 different skimmer devices with 11 different pumps were analysed. The
disc skimmer device at the contamination site is presented in Figure 6. The boom is needed
for spilled oil to be localised so that the skimmer can collect the oil more efficiently. A green
tank for collected oil is also visible.

Figure 6. Testing speed of disc skimmer with additional equipment [Authors].

In this paper, a descriptive statistical method to analyse and research the optimal
combination of different skimmer devices with the appropriate pump was used. The
research results on the effectiveness of skimmers were obtained in calm sea conditions
according to the Beaufort scale.
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Table 1 shows the model and type of the skimmer device and the speed of oil collection
from the sea surface expressed in m®/h. Data related to types of pumps and capacity were
obtained from the World Catalog of Oil Spill Response Products [20], as it will be shown
further.

Table 1. Types of skimmers [24].

MODEL SERVICE TYPE M3/H
Foilex Micro Weir 15
Mopmatic 1003 Rope Mop 3-10
Elastec TDS Drum 2.5
Vikoma 12K Disc 20
Vicoma MIDI Disc 30
Vicoma Mini Pover Vac Vacuum 24
Desmi skimmer DBD13-4 Brush 20
Lamor mini max 12 Brush 45.4
Lamor bucket 40w Bucket skimmer 19
Lamor skimmer slurp Weir 22
Tarantula oil skimmer Desmi Weir 220
Terminator Desmi Weir 100
Giant octopus Desmi Brush 250

4. Features of Oil Pollution Equipment

Certain pumps transfer oil to a specific tank using pressure [25]. Some pumps are
used to transfer oil between tanks. The centrifugal pump is the most common pump used
in accidental oil pollution [26]. Here, the oil flows from the direction of pumping to the
pressure side by the action of centrifugal forces. The radial flow pushes the oil between the
blades of one or more rotors [26,27]. Centrifugal pumps are suitable for all applications
except for small quantities, low speeds, and liquids with a high viscosity. They are most
commonly used for small or medium heights [28]. Centrifugal pumps are pumps with
the capability to provide a higher capacity than other types and have been used in engine
rooms for sea and freshwater systems. The ability for higher demand of supply, simple
construction, and low cost of maintenance has made them the primary source for ships’
demand in the way of construction of pipelines. The negative side of centrifugal pumps
is the disability of “self-priming” compared with screw, gear, and piston pumps. The
selection of pump is decided in advance depending on the pollution scenario and technical
requirements [29]. There are pumps with axial oil flow with a rotor in the form of a ship’s
propeller. Such pumps are single-stage unlike centrifugal pumps with radial flow, which
can be single-stage or multi-stage.

Rotary pumps use rotation of two gears to capture the oil, which is transferred between
the outer housing and the space of the two gears [29,30]. The most common use of these
pumps is for non-persistent oils such as diesel and gasoline. The rotary pumps with axial
spaces are used as well. The screws close the oil in the bend of one rise spiral, not allowing
it to return but pushing it in the same direction [30]. This pump is used for more viscous
oils. The working parts of the pump increase the energy of the liquid, i.e., the oil passing
through the pump needs to be continuously supplied with energy by the power pack [31].
The principle of plunger pumps is that they work by periodically moving a particular
volume from the suction to the pressure side [32]. This is made possible by valves which,
when the rod moves, release oil into the cylinder from the intake manifold. When the rod
moves towards them, they leak oil under pressure into the pressure line. The opening and
closing of the valves are done by vacuum, or overpressure, which is obtained by moving
the rod in the cylinder. A pump’s head is the maximum height that the pump can achieve
pumping against gravity. Intuitively, if a pump can produce more pressure, it can pump
water higher and produce a higher head.
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The theoretical suction height of the pump h, which depends on the pressure and
density of the liquid fluid and in this case is the density of the oil collected from the sea
surface, can be presented as follows [33]:

. r _ 10°
"~ p-g 1000-9.81

=102m 3)

where P = atmospheric pressure 10° Pa, ¢ = acceleration of gravity (9.81 m/s?), and
p—specific liquid density (kg/m?)
Energy losses Ef can be determined by the expression [34]:

Ef=i<?\ Li Cz) +i<¢z —) 1/kg] @

i=1

where A; = coefficient of friction resistance, ¢; = resistance coefficient for locking elements
and fittings, L; = the length of the pump pipeline expressed in meters, d; = pipe diameter
expressed in meters, and C; = flow rate m/s.

The dynamic mesh model that simulates the flow associated with the basin shape with
time due to the movement of the basin boundary and reverse rotation motion of the lobe
pump blade rotor meshing is [35]:

d
ELAMW—%WAzAﬂVWA+ASMV 5)

where u = speed, u; = deformation velocity for dynamic mesh, and I' = diffusion coeffi-
cient. Sy = flux source term and dV = boundary of the control volume.

Figure 7 shows the preparation for testing disc, brush, and vacuum skimmers with the
corresponding power pack. Testing in Figure 7 took place on a calm sea according to the
Beaufort scale. When testing various skimmer devices and other specialised equipment,
real oil on the sea surface is usually not used due to the negative impact on flora and
fauna. The oil can only be used for skimmer testing in specialised pools. For exercise and
simulating oils, popcorns were used. This practice allows for an approximately accurate
perception of the movement of spilt oil on the sea surface without endangering the marine
environment.

Figure 7. Testing efficiency of brush and disc skimmer [Authors].
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5. Methodology of Oil Pollution Equipment Selection Criteria

The optimal pump for a given skimmer is selected based on the criterion of the match
between the collection rate of the pump and the maximum possible collection rate that
the skimmer can achieve. The goal is to minimise the absolute value of the difference
between the characteristic speed of the pump and the skimmer. It is not necessary to have
a higher speed pump on a vessel since it is not possible to use its full potential. It is also
not feasible to have a lower speed pump since the potential of the vessel is not fully used.
The following notations are introduced: s is the index from the set S of skimmers in a fleet,
Ss is the maximum possible collection speed of the skimmer with index s, p is the index
from the set P of all available pumps, P, is the collection speed of the pump indexed by p,
and opt, is the optimal pump for a ship with index s. Our goal was to determine:

opt, = argrgleimss — Py 6)

This problem can have multiple solutions, so it is correct to say that it is a subset of S.
However, in the context of the used software, a unique result corresponding to the pump
with the lowest index was obtained. It might be useful to define the second optimal option
denoted by opt?, namely: ,

opt; = argpelglg&ts}|55 P, | (7)

An additional justification for this choice may be the reasonable assumption that the
price of the pump is approximately proportional to its stated speed. Such a choice to
achieve a minimum cost, or at least to be close enough to the minimum cost of equipping
the vessel that simultaneously maximises the collection speed of the chosen pump-ship
combination, is expected. Finding the optimal solution for a skimmer was carried out
according to the following algorithm:

1. For each p, determine |S5 — Pp|.

2.  Determine the minimum value ming from the set { !Ss — pr 1p € P}.

3. Determine opt,, the minimum value of the index which corresponds to the value mins,
that is, determine the minimum value in a set {p : |Ss — P»| = min,}.

In addition, we suggest a storage optimisation algorithm to select the appropriate oil
collection tank. We describe an algorithm for selecting appropriate tanks to collect a given
amount of pollution. We assumed that it is known that the pollution has a volume of P m®
and that we have n tanks available with a volume of t; m5, ..., t, m®. We first considered
all possible combinations of tanks (all combinations where we took only one tank, all
combinations where we took two tanks, etc.). Then, we discarded all tank combinations
whose total volume (the sum of the tank volumes in that combination) was insufficient
to store the total amount of pollution in them. We denote by K the set of all possible tank
combinations that have sufficient storage volume. Next, we wanted to make the optimal
choice of combinations in terms of volume in the sense that we considered the combination
to be better if it had a smaller excess of total storage space relative to the pollution volume.
In other words, we solved the following optimisation problem:

rlggl? (g{ t; P) 8)

There may be several optimal solutions to this problem. To reduce their number, we
gave preference to the combinations that involved the smallest possible number of tanks.
In this way, we obtained the required choice of k < 1 tanks. The last step was to connect the
tanks to the previously selected skimmer—pump pairs. Among all skimmer—pump pairs, k
with the highest collection speed was selected. A skimmer—-pump pair with the highest
speed was connected to a tank with the largest capacity, then a skimmer-pump pair with
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the second highest speed was connected to a tank with the second largest capacity, and so

on. The respective flowchart is shown in Figure 8.

Input data:
tank capacity list,
skimmer-pump collection speed list

|

Initialize list of all possible combinations
for tank selection

¥

Remove from list the combinations
that do not have sufficient capacity

v

K = [k, -... Ky] = list of all possible tank|
combinations

v

i=1,Cpin=0
*
b4
e Yes Calculate total capacity c; of
tank combination k;
Mo
Remove from list K the combinations No
that have total capacity strictly greater izi+1
than Cmin Y

Yes

From list K select one combination with

minimum number of tanks involved and
sort in descending order: t,, .., t,
Cmin=6
A

From skimmer-pump collection speed list
select k of them with the highest speed sorted
in descending order: 54, ..., Sy

A 4

Optimal skimmer-pump-tank
combination: (sS4, t4), ..., (5. &)

Figure 8. Storage optimisation algorithm flowchart.
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The absolute value of the speed difference between the pumps and the
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6. Results

The authors calculated the optimal pump for each skimmer device. The speed of
collecting oil from the sea surface depends on the capacity of the skimmer device and the
speed of each pump. Data related to types of pumps and capacity are shown in Table 2.

The skimmer’s efficiency was strongly influenced by the choice of the individual
pump (Table 2). The results showed a different speed of oil collection of each skimmer
depending on which pump it was connected to. The results from the second column
showed the optimal connection of each skimmer device with a specific pump, resulting
in minimal losses in the capacity with maximal usability of the skimmer. For example,
the first skimmer Foilex Micro has a maximum oil collection capacity of 15 m3/h, and in
connection to the Spate pump capacity of 14.4 m3/h, losses were 0.6 m®/h. This means that
the skimmer on this pump is optimal, with an oil collection efficiency of 14.4 m3/h. This is
because the oil can be maximally collected at the fastest speed of a particular pump. The
Mopmatic 1003 skimmer has a maximum oil collection capacity of 6.5 m3/h. By connecting
to the Rotoking gear pump, the loss was 0.7 m3/h, and the skimmer could collect oil at its
maximum capacity of 6.5 m?3/h. Twelve different skimmer devices with eleven different
pumps, optimally connecting the skimmer to a specific pump to obtain maximum efficiency
with the slightest capacity differences between equipment, are suggested. The differences
in the capacities of individual skimmer devices with appropriate pumps are presented in
Figures 6-8.

In Figures 9-11, the Y-axes show the difference between the capacity of the skimmer
and the capacity of the pumps. Figure 9 shows how the Elastec TDS skimmer (Carmi,
IL, USA) had an enormous efficiency deviation of 16.8 m®/h when combined with the
Homelite centrifugal pump (Anderson, SC, USA). This was the worst result among a group
of other skimmers, while for example, the same skimmer connected to Sandpiper Double
Diaphram pump (Mansfield, OH, USA) had a difference of only 0.5 m?/h.

119

75 R : ' 7:2
f b6
5 e 59

\\ / 4.9 477 ’

35 &5 32

e 127?’ 9
05 09 ' 07
Gorman Rupp Spate Homelite Sandipiper Blackmer Sliding Rotoking Gear Megator Sliding Gorman Rupp
Centrifuga Diaphragm Double Vane Pump Shoe Diaphragm
Diaphragm avity
Skimmers name —Foilex Micro Mopmatic 1003 Elastec TDS

Figure 9. The speed difference of oil collection between the pumps and the skimmers: Foilex Micro,
Mopmatic 1003, and Elastec TDS.
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Table 2. The difference in the efficiency of skimmers with pumps.

p/p

Skimmers Skimmers P/P €ap- p/p cap. p/p cap. cap. p/p cap. p/p cap. p/p cap. p/p cap. p/p cap. p/p cap. p/p cap.
Capacity  Models 193 14 10 144 84 3 74 12 72 9.7 84
Homelite Monarch Gorman Homelite Sandi;I;ilper plg,og:s_ Blackmer Rotoking Megator Gorman
M3/h Centrifu- Centrifu- RupglCen- Spate Di- Double i%\ Sliding Gear Sliding Rulfp Di-
gal gal trifugal aphragm Diaphragm C av%ty Vane Pump Shoe aphragm
Foilex
Micro 43 10.6 5 0.6 6.6 12 7.6 10.8 7.8 53 6.6
Mopmatic BESVY: 21 35 7.9 19 35 0.9 23 0.7 32 19
Elastec
TDS 16.8 1.9 7.5 11.9 5.9 0.5 49 1.7 47 7.2 5.9
Ve 07 156 10 56 116 17 126 15.8 128 103 11.6
Vicoma
MIDI 10.7 25.6 20 15.6 21.6 27 22.6 25.8 22.8 20.3 21.6
Vicqma
11,"["“ 47 19.6 14 9.6 15.6 21 16.6 19.8 16.8 14.3 15.6
over
Vac
Desmi
skimmer 0.7 15.6 10 5.6 11.6 17 12.6 15.8 12.8 10.3 11.6
DBD13-4
Lamor
mini 26.1 41 35.4 31 37 424 38 41.2 38.2 35.7 37
max 12
Lamor
bucket 0.3 14.6 9 4.6 10.6 16 11.6 14.8 11.8 9.3 10.6
40w
Lamor
skimmer 27 17.6 12 7.6 13.6 19 14.6 17.8 14.8 12.3 13.6
slurp
Tarantula
oil 200.7 215.6 210 205.6 211.6 217 212.6 215.8 212.8 210.3 211.6
skimmer
Terminator|
Desmi 80.7 95.6 90 85.6 91.6 97 92.6 95.8 92.8 90.3 91.6
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Figure 11. Analysis of the optimal skimmer-pump combination.

Figure 10 shows the results of the difference in the capacity of the Vicoma MIDI,
Vicoma Mini Power Vac (Rotterdam, The Netherlands), and Desmi Skimmer DBD13-4
(Nerresundby, Denmark) skimmers with different pumps. For example, a Vicoma MIDI
skimmer connected to a Homelite centrifugal pump had a loss of 10.7 m3/h, which was
also optimal for a Vicoma MIDI skimmer. For the skimmer Vicoma Mini Power Vac, by
connecting to the pump Sandpiper Double Diaphragm, it had a loss of 21 m3/h, which was
the most significant loss compared to the connection to other pumps.

Figure 11 shows the absolute value of the speed difference between pumps and
skimmers. Lamor Bucket 40 W, with the Homelite centrifugal pump, had a loss of 0.3 m3/h.
In Figure 11, two axes indicate different scales and large deviations in skimmer capacities.
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7. Discussion

Each skimmer has three main characteristics: capacity, efficiency, and flow efficiency.
By definition, capacity is the speed by which the skimmer collects oil or other smaller
particles from the sea [36,37]. In rough seas, the skimmer becomes less efficient and collects
more significant amounts of seawater [37]. The flow efficiency is the relationship between
the collected oil and the oil that came in contact with the skimmer but was not collected.
During the research, the authors divided skimmers into two separate categories. The first
category was oleophilic skimmers such as disc, rope mop, and brush skimmers. The second
category was weir skimmers. The authors recommend that the disc skimmer should be
used for marine pollution with non-persistent oils such as gasoline, light types of diesel,
and kerosene. The disc skimmer, which is easy to maintain and handle, is not sensitive to
small and solid contaminants such as plastic plugs and can also be used to collect smaller
fragments of plastic [38]. The most significant disadvantage of disc skimmers is the weak
efficiency in persistent oils such as crude oil and the sensitivity to ropes and river grasses
due to constriction and discs. Thus, it is not recommended to use a skimmer disc in such
areas. Furthermore, the mop skimmer collects the least seawater compared to the spilled
oil on the sea surface [39]. Because of its construction, it can cover large areas, and we
recommend that it should be used on rivers and lakes, but not exclusively.

The most significant disadvantage of mop skimmers is the demanding installation
and cleaning of individual parts after the intervention [39,40]. The brush skimmer shows
the most excellent efficiency while removing persistent oils. It is also not sensitive to waves
up to a height of 1 m. The most efficient oil collection from the sea surface is achieved by
setting the speed from 30 to 40 revolutions per minute. The biggest disadvantage of the
brush skimmer is demanding maintenance and installation at the place of contamination.
Compared to other skimmers, weir skimmers collect larger amounts of spilled oil. Weir
skimmers can be used for persistent and non-persistent oils. Large amounts of collected
seawater represent an additional significant disadvantage. For this reason, larger tanks
are also needed for the collected water—oil mixture. The weir skimmer shows a drop in
efficiency in rough seas, where it begins to collect significantly more seawater than the
spilled oil [6]. Due to its construction, the weir skimmer is sensitive to smaller shards of
plastic waste. The vacuum skimmer is excellent for use with non-persistent oils. It is also
highly effective for use on rivers and lakes. The most significant disadvantage of vacuum
skimmers is the requirement of specialised personnel. Additionally, a temporary waste
tank has to be in the immediate vicinity. For any type of skimmer to effectively collect oil, a
suitable pump is required. A pump with a power pack and a temporary waste disposal
tank is a crucial piece of equipment for any skimmer device.

The main task of the pump is the transfer of oil from the skimmer to the temporary
tank, whether at sea or on land [41]. The efficiency of skimmers largely depends on the type
of pump, as was confirmed in the conducted study. The correct skimmer and appropriate
pump are vital for the rapid and efficient collection of oil from the sea surface. The pumps
significantly lose the efficiency when collecting persistent oils. The authors suggest that
pumps with larger hose diameters are used in persistent oil pollution scenarios, as this
improves the efficiency of collecting pollution from the sea surface. The centrifugal and lobe
pumps are most commonly used for accidental marine pollution. The centrifugal pump
shows better efficiency with non-persistent oils, and it is connected directly to the power
pack. These types of pumps take up very little space, and it is easy to store and transfer
the pump to the site. The centrifugal pump is characterised by up to 3000 revolutions per
minute. The lobe pump is used for persistent oils. This pump is very easy to maintain and
is characterised by a long service life without significant failures.

8. Conclusions

Rapid response to accidental marine pollution as well as the selection of appropriate
specialised equipment can lead to improvements in environmental protection and preven-
tion of pollution aftermaths that can significantly impact flora and fauna. In accidental
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oil pollution, various pieces of specialised equipment are available to remove pollution
from the sea surface. The authors analysed a mechanical method for removing oil using a
skimmer device. The efficiency of oleophilic and weir skimmers and auxiliary equipment
such as centrifugal and spate pumps were analysed. Research results showed that different
skimmer devices had different efficiencies when collecting oil from the sea surface. The effi-
ciency of an individual skimmer device depends on weather conditions and oceanographic
parameters, such as tides and wave heights. Choosing the right skimmer with the right
pump can result in faster and more efficient oil transfer from the skimmer to the temporary
storage. The authors also suggested the importance of the pump because the efficiency of
each skimmer device depends on a particular pump. Results showed significant differences
in the efficiency of skimmer devices by connecting to different pumps. Almost every pump
lost efficiency in more viscous oils such as bunker fuels used in maritime transport of goods
and cargo by sea. In such cases, efficiency can be significantly improved by choosing a
larger pump hose diameter. Each new pollution brings new challenges. Therefore, it is
crucial to properly use specialised equipment, with knowledge of the duration of removing
pollution from the sea surface. A quick reaction to accidental pollution with a trained
team and well-arranged mechanical equipment leads to the preservation of the marine
environment and contributes to the smooth circulation of maritime transport. These recom-
mendations can contribute to faster, safer interventions in the event of accidental pollution
at sea as well as on larger rivers and lakes.

The model results may be significantly affected by the uncertainty in the volume of oil
spilled. The rest of the parameters are subject to small errors. In practice, the volume has
the greatest uncertainty. Hence, one should insist on higher rather than the lower estimates.
The oil collection speed of an individual skimmer device may differ from the characteristics
given by the manufacturer. For example, in a more undulating sea, the skimmer may
collect a larger amount of seawater along with the oil, while in smaller waves, the skimmer
may have better efficiency. According to all mentioned reasons, there appears room for
further work leading to research into the correlation of wave height and the impact on the
efficiency of each skimmer device.
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