Application of the Analytic Hierarchy Process (AHP) to select the best oil spill cleanup method
in marine protected areas for calm sea condition

GRAPHICAL ABSTRACT

Abstract
Oil spill cleanup is a complex and expensive activity. There are several commonly used techniques
available today. The paper suggests criteria for the selection of the best available technique that could
be employed in case of oil spills in the Mediterranean Sea under specific circumstances, i.e. calm sea
and presence of marine protected areas, in order to prevent pollution. Not all the available techniques
could be considered. Only three of them could be selected, as these allow the preservation of natural
areas, as well as the protection of threatened species and their habitats. The Analytic Hierarchy
Process method has been preferred among the great variety in multi-criteria decision making tools for
the selection of the best available technique. This is a widespread decision support tool suitable for the
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selection of the best alternative solution to a particular problem. Twenty professionals with different
expertise evaluated, through pair-wise comparisons, the alternative options to choose in a protected
area. The selected emergency cleanup technique must be readily available and operational in a short
time. The results give a preference to new sorbents, followed closely by the magnetic nanocomposites
technique.
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1. Introduction
The number of oil spills, as well as the amount of oil spilled, diminished meaningfully during
the last forty-five years. Since 2010, the average number of such events is 1.8 per year, if only the
spills greater than 700 t are included (ITOPF 2018). Unfortunately, they are not yet rare events. In
Italy a leak at a refinery, near Genoa, released hundreds of tons of oil in the Polcevera river on April
2016. The oil then spilled into the Mediterranean Sea, one of the world's seas with the highest
biodiversity. Given the great population density, substantial fishing activities in the Mediterranean
Sea, the creation of marine protected areas has been taken into account (Binet, Diazabakana, and
Hernandez 2015).
According to the most widespread definition, a marine protected area (MPA) is “any area of
intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical
and cultural features, which has been reserved by law or other effective means to protect part or all of
the enclosed environment” (Kelleher and Kenchington 1992, 7).
MPAs are crucial to preserve the biodiversity of the seas and keep producing. They include a
variety of sites which can be established and managed by governments, local communities, and
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nongovernmental organizations (NGOs), private companies and individuals. They have an important
role in preserving nature as well as cultural heritage related to it (Lockwood, Worboys and Kothari
2006). They can offer opportunities for employment, education, research, and tourism (Secretariat of
the Convention on Biological Diversity 2004).
The Mediterranean Sea is exceptionally sensitive to several damaging effects correlated with
maritime transport. It is a particular sensitive ecosystem due to the great volume and frequency of
maritime traffic, the long tradition of human use and its peculiar feature of a sea relatively closed and
weakly connected with oceans (Abdulla and Linden 2008).
Pollution primarily caused by shipping operation is the most significant threat for the
Mediterranean today. More than 30% of the volume of international maritime trade and about 25% of
international maritime transport of oil passes through the Mediterranean waters (Abdulla and Linden
2008). The consequences of a large oil spill can be catastrophic for the environment, economy, and
society. Today, the risk of it is bigger than before because of the presence of numerous offshore
facilities in the Mediterranean Sea.
The Protocol concerning Specially Protected Areas and Biological Diversity (IUCN 1995),
ratified in 1995 by the Contracting Parties to the Barcelona Convention, constituted a List of Specially
Protected Areas of Mediterranean Importance (SPAMI List) to foster collaboration in the management
and conservation of natural areas, as well as in the protection of endangered species and their
habitats. As of December 2017, the SPAMI List includes 35 sites (Figure 1), 10 of which are in Italy.
Croatia will suggest entries to be added to the SPAMI List just after the undertaken fisheries
management reorganization. (UNEP/MAP 2015).
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Figure 1. SPAMIs List 2017 (Retrieved from RAC/SPA 2017.)
However, the presence of MPAs is not enough to reduce the frequency of accidents and the
volume of spilled oil (Dalton and Jin 2010).
Even a single, large oil spill in a sensitive marine area can bring on environmental damage up
to billions of dollars. For the Exxon Valdez oil spill (24th March 1989), Exxon had to pay more than $
3.5 billion which, added to a supplementary compensation of $ 5.3 billion given by an Alaskan jury in
1994 to those affected by the spill, bring the total to $ 8.8 billion (Dalton and Jin 2010). This value
does not differ much from the estimate ($ 6.8 billion) made by Guidi, Ludovisi, and Mazzarotta
(2001), which, appropriately adjusted assuming the cost be affected only by inflation, raises the cost
to $ 8,4 billion in 2010.
The aim of oil spill cleanup is to reduce the total impacts on natural and economic resources.
The selection of best available technique (BAT), as well as the correct and timely application, can
significantly reduce the size of total damage (ITOPF 2011). It is crucial to select and deploy a
technique as soon as possible.
This paper describes a methodology to select the best available technique in case oil spill
events in marine protected areas, based on the Analytic Hierarchy Process (AHP) method, a wellknown and effective tool for solving complex decision-making problems.
Current oil spill cleanup methods could be classified into: physical, chemical, thermal and
biological (Larson 2010; Dave and Ghaly 2011; Ivshina et al 2015). Physical methods include booms,
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skimmers and adsorbent materials. Chemical methods are dispersants. In situ-burning is a thermal
method and bioremediation is a biological method.
Advanced technology for oil spill cleanup has developed considerably in recent years (Guidi et
al 2016; Khushrushahi, Zahn and Hatton 2013; Calcagnile et al. 2012). Two techniques based on
magnetic nanocomposites and superabsorbent materials seem to be suitable for application in
Specially Protected Areas of Mediterranean Importance (SPAMI).
In presence of SPAMIs, some techniques will be more interesting than others and the ones
offering the uppermost degree of resource protection will be consequently selected. Given the urgency
of the situation, as the oil spill in a protected area is, the authors took into account the use of a fast and
simple decision making method such as Analytic Hierarchy Process (AHP) for the selection of the
best compromise solution (Saaty 1980).
In this paper for the first time a comparison among advanced and classic cleanup technique, as
well as between two advanced ones, has been carried out for marine protected areas.

2. Materials and methods
Every oil spill is peculiar and various techniques are available for cleanup. When an oil spill occurs, it
is of paramount importance to choose the most suitable technique for that specific situation, keeping
in mind that each oil spill cleanup technique damages the environment to some extent. Simple and
user-friendly criteria will be helpful in making this choice. The selection of the BAT should be done
taking into account that the impact of the cleanup technique should be kept to a minimum and, above
all, be less significant than the impact of the oil itself. This research takes into account the calm sea
condition, because this is a recurrent condition in the Mediterranean Sea, a closed basin. The calm sea
condition offers the possibility to consider a greater number of techniques. In rough sea conditions,
most techniques are not effective (EPA 1999).
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In calm sea condition, seven cleanup techniques could be effectively employed (Guidi, Gugliermetti,
and Violante 2009; Guidi et al 2016):
-

bioremediation;

-

booms;

-

dispersants;

-

in situ burning;

-

magnetic nanocomposites;

-

skimmers;

-

sorbents.

The presence of marine protected area, ecologically sensitive area, restricts the number of employable
techniques.
Table 1 shows the techniques that could be employed under the selected circumstances (Guidi,
Gugliermetti, and Violante 2009).

Table 1 Techniques vs context
CONTEXT
BAT

Conditions at sea
Calm sea

Marine protected areas

Rough sea
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Booms

x

x

Skimmers

x

x

Sorbents

x

x

Dispersants

x

In-situ burning

x

Bioremediation
Magnetic nanocomposites

x

x

x

Booms were excluded for they are a containment technique rather than a cleanup method (EPA 1999;
Fingas 2012). They are used to prevent oil from contacting sensitive areas and to facilitate oil
removal. They are not a stand-alone technique, whereas they have to be necessarily used together with
other techniques, such as skimmers. Aggressive techniques, for instance dispersants and in situ
burning, could not be employed in presence of particularly sensitive areas such as MPAs. Dispersants
are toxic to water fauna and flora (Al-Majed, Adebayo and Hossain 2012). Even if the dispersants
available today are less toxic and more effective than the ones previously used (Lessard and Demarco
2000), they can bring about potential harm to marine ecosystem (Dave and Ghaly 2011)., Even calm
sea conditions, they are not suitable because of the lack of enough energy to mix dispersants and oil
(Al-Majed, Adebayo and Hossain 2012). As far as concerns in situ burning, it is not a suggested
technique in this case also because aquatic flora and fauna may feel the effect of burning, along with
long-term changes in water plants and animals (Dave and Ghaly 2011). Albeit bioremediation could
be a useful technique, it was excluded because it has to be used sparingly to control oxygen reduction
(U.S. Congress, Office of Technology Assessment 1991) which can be a notable factor in the
inhibition of oil biodegradation (Lee and Levy 1991). Actually, if an excessive quantity of bacteria is
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added, they will make use of all the oxygen in the area, to the detriment of the other organisms.On the
other hand, bioremediation is a process that slowly removes oil from the environment and can last for
months and years (Atlas and Hazen 2011; Swannell, Lee and McDonagh 1996). Besides,
bioremediation does not introduce native species to the environment. This therefore causes contention
between the endemic and foreign microbes (Venosa et al. 1996; Radermacher 2005).
In the light of these considerations the authors decide to consider the following techniques:
-

skimmers;

-

sorbents;

-

magnetic nanocomposites.

Advanced oleophilic skimmers have been developed with a recovery efficiency of no less than 70%.
A tailoring of the oleophilic skimmers surface geometry and a proper choice of the recovery surface
material could further enhance their recovery rate (Broje and Keller 2006; Broje and Keller 2007).
Many sorbent materials are limited in oil absorption potential. On the contrary, good water absorption
properties. Progress in polyolefin chemistry made it possible to discover the polyolefin-based
superabsorbent polymers (oil-SAP) showing important features in the oil spill cleanup process (Yuan
and Chung 2012) such as: great oil absorption capability (up to 40 times its weight), no water
absorption and cost-effectiveness. Several works described augmented oil absorption capacity and oilwater selectivity of polyurethane (PU) foams with the aid of chemical alteration of their surface
properties, at times making them into magnetic nanocomposite materials (Calcagnile et al. 2012,
Pinto, Athanassiou and Fragouli 2016).
A variety of magnetic nanocomposites materials and techniques are now available for oil spill cleanup
(Khushrushahi, Zahn and Hatton 2013; Calcagnile et al. 2012). Nicolaides et al. 1998 proposed a
magnetic separation technique, based on a nanocomposite magnetic eco-friendly material, with
oleophilic and porous characteristics, with an oil absorption capacity that can reach up to 9 times its
weight. Other works proposed core-shell Fe2O3@C water-repellent and superoleophilic nanoparticles
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(Zhu, Tao and Pan 2010), Fe3O4/PS nanocomposites (Yu et al. 2015), magnetic nanocomposite of
collagen and superparamagnetic iron oxide nanoparticles (Thanikaivelan et al. 2012). There are some
concerns that nanoparticles could be toxic to people and could damage marine environment.
Nevertheless, subsequent real-scale experiments and analysis have to be performed in order to draw
trustworthy conclusions (McCall and Pennings 2012).
As for the costs of these techniques, the production cost of new oil-SAP material could be lower than
4.4 $/kg in large-scale production. Nineteen litres of spilled oil can be recovered using 0.45 kg of oilSAP, treating the spill as a resource, not as a waste (Yuan and Chung 2012). According to these data,
the authors estimated the cost of the material to be around 119 US $/t. This value, even though
without logistics, is significantly lower than the ones associated with mechanical methods (13,774.58
US $/t) and magnetic nanocomposites (1,000 – 2,250 US $/t) (Guidi et al. 2016). The cost of these
latter materials is expected to fall, reaching the same order of magnitude as the cost of sorbents
(Mahajan 2011).
Table 2 summarizes the key features of the techniques, in the light of the above considerations.

Table 2. Main characteristics of selected BATs
Best available
technique

Oil

Maintenance

absorption

required

Cost

Damage to
marine

capacity

environment

Skimmers

Very high

Yes

High

No

New sorbents

Very high

No

Low

Possible

High

No

Moderate

Possible

Magnetic
nanocomposites
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Fundamentally, this work aims at selecting the best available technique under definite circumstances:
-

calm sea;

-

presence of marine protected areas (SPAMIs).

The multi-criteria decision making methods are able to prioritize and rank the available techniques
under the above mentioned context. Application of the AHP method is part of the authors' long-term
project of testing decision-making procedures in various circumstances of oil spills (Guidi,
Gugliermetti and Violante 2009; Guidi et al, 2016). AHP has been originally chosen because it is
simple, immediate and quick. AHP permits to calculate relative weights of the evaluation criteria,
while in other methods, such as ELECTRE, PROMETEE and TOPSIS, weights are usually fixed by
each decision-maker. Finally, the other methods are often based on slow and more complicated
procedures (Zafirakou et al 2018).
A group of 20 professionals with different expertise (mainly maritime studies (5) and marine
environmental science (5) but also applied physics (1), biology (2), chemistry (2), different
engineering specialties (3), economics (1), geology (1)) evaluated three different techniques using
AHP method (Saaty 2008). The professionals were selected among academic staff of University of
Split - Faculty of Maritime Studies and researchers of ENEA, who had previously worked with
MCDM methods and oil spills.
AHP is one of the most used and successful methods for prioritizing and ranking alternatives. The
method is valuable when complex problems, affecting human perceptions and judgements, must be
solved. It is very useful when elements of the decision are difficult to quantify or compare or when
different specializations prevent people from communicating effectively in a work team.
There are three steps in the AHP method: pairwise comparisons, calculation of relative weights and
assessment of consistency of pairwise judgement.
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The professionals were informed about the aim of the investigation (to select the best available
technique for oil spill cleanup in the Mediterranean Sea in calm sea conditions and in presence of
marine protected areas) together with the key features of the techniques (table 2). By means of the
known Saaty's scale (Saaty 2008) showed in table 3, they compared pair-wise each option to the
others using numbers to express how much a technique outdoes another as regards the assigned
criterion: the presence of marine protected areas.

Table 3. Saaty’s scale
Intensity of

Definition

importance
1

Equal importance

3

Moderate
importance

5

Strong
importance

7

Very strong
importance

9

Extreme
importance

2,4,6,8

Intermediate
values
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Table 4 shows the matrix the professionals were asked to fill in. This matrix was sent to their e-mail
address.

Table 4 Comparison matrix
Skimmers New

Magnetic

sorbents nanocomposites
Skimmers

1

New sorbents
Magnetic

1
1

nanocomposites

A judgemental matrix was sent back by each professional with their pair-wise comparison, according
to their best knowledge, and it was used to compute the priorities.

3. Results and discussion

The priorities stated by the professionals, after the pair-wise comparison, have been then combined by
means of the geometric mean. The results are shown in table 5A and 5B. Each weight value is
obtained by dividing the geometric mean of each line by the local sum of the geometric means. For
istance, the weight referred to skimmers (0.136) is obtained by dividing the corresponding geometric
mean (0.464) by 3.412. K eigenvalues are inferred by multiplying each weight calculated for each
BAT, by the matching total. For instance, the second K eigenvalue (1.038) is obtained by multiplying
the weight 0.471 by 2.204.
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Table 5A. Comparison matrix
Skimmers New
sorbents
Skimmers

Magnetic
nanocomposites

1

0.253

0.395

New sorbents

3.948

1

1.052

Magnetic

2.531

0.950

1

7.479

2.204

2.447

nanocomposites
TOTAL

Table 5B. Comparison matrix
Geometric Weight

K

mean

Eigenvalues

Skimmers

0.464

0.136

1.018

New sorbents

1.608

0.471

1.038

Magnetic

1.340

0.393

0.961

3.412

1.000

3.017

nanocomposites
TOTAL

When the K eigenvalues are known, the consistency index (CI) is given by formula (1):
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CI =

K tot − n
n −1

(1)

In (1) n is the number of components. The consistency ratio (CR) is the ratio of the consistency index
to the random consistency index (RI). RI stands for the consistency of a randomly generated pair-wise
comparison matrix. It is an average random consistency index, obtained from a sample of 500 casually
generated matrices hinged on AHP scale. In our case (three components), RI has 0.58 value (Saaty
1980).
It is worth noting (table 6) that the consistency ratio (0.01) is much lower than 0.1, so the pair-wise
comparison matrix should be regarded as consistent enough. The expert group gave the highest weight
to the new sorbents (0.471), followed closely by magnetic nanocomposites (0.393), while skimmers
were judged to be the less suitable technique (0.136).

Table 6. Index values
N. of

Consistency

components

index

3

0.009

RI

CR

0.58

0.01

The results could suggest the application of the technique over all the protected areas in the
world where there are interests and possibilities to protect the sea. As an example, the result could be
easily extended to the case of submerged archaeological sites, where techniques such as dispersants or
in situ burning should be avoided (Guidi, Gugliermetti and Violante 2009). Submerged archaeological
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sites are in the Mediterranean Sea (for example Baiae, Bay of Naples) but also in other seas, such as
the North Sea (for example Area 240, Doggerland), Caribbean Sea (for example Port Royal, Kingston
Harbour), Bay of Bengal (for example The Shore Temple, Mahabalipuram), the English Channel (for
example Bouldnor Cliff, Isle of Wight) and so on. In case of different geographic and climate
conditions in world's oceans and seas, it becomes necessary to carry out analogous research, for
example using different criteria.

4. Conclusions and further developments
AHP method underlined the preference given by the professionals to new sorbents, followed
by magnetic nanocomposites, while skimmers were judged to be the less appropriate techniques under
the above-mentioned circumstances. Forasmuch as the consistency ratio is 0.01 (decidedly smaller
than 0.1) the pair-wise comparison matrix can be deemed as definitely consistent. This work shows
the results of a research activity aiming at offering an appropriate and user-friendly tool to competent
authorities for oil spill cleanup.
In a further development, the AHP method could be applied for the selection of the best
available technique under different circumstances Thus, the competent authorities could have an easyto-use tool that will allow them to cope with oil spill under different circumstances, always relying on
the best available solution. A possible future work could also foresee the integration of AHP with
TOPSIS method. The qualitative data in table 2 could be converted into quantitative scores, the
weights calculated using AHP and then applying TOPSIS method in order to confirm or not the
preference given by the experts to new sorbents.
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