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A quantitative approach to the development of ballast water treatment systems in
ships
Ünal Özdemir

Maritime Faculty, Department of Maritime Transportation and Management Engineering, Mersin University, Mersin, Turkey

ABSTRACT
Selection of the right ship ballast water treatment system is quite costly. In the present study, a decision-
making approach was developed based on the associated issues, processes and the best solution under
current conditions for selecting the ballast water treatment system for ships. The analysis of the study
data revealed that the best decision-making system should include integrated DEMATEL (The Decision
Making Trial and Evaluation Laboratory) and ANP (Analytic Network Process) methods, especially since
the current criteria interacted, there was a network among the criteria sets, and the system approach
should be holistic. The study findings demonstrated that C4 (impact on the technical status of the ship)
was the most significant criterion, while C11 (initial investment cost) was the most significant sub-criterion.
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1. Introduction

Maritime transportation is the most preferred global mode of trans-
port. Ships, cargoes and ports are the main elements of maritime
transport. About 90% of the total global cargo is transported by
ships (Cheaitou and Cariou 2018; Fang et al. 2020). This high
rate is natural since the maritime vessels play a key role in fulfilling
human needs timely, helping maintain global trade without inter-
ruption and sustaining supply chain integration (Mansouri et al.
2015; Wong et al. 2015; Zaman et al. 2015; Dui et al. 2021).

Certain regulations and standards are required for safe and sus-
tainable maritime traffic. (Zhou et al. 2020; Dui et al. 2021). Thus,
the International Maritime Organization (IMO) issues global mar-
itime regulations, ensures the implementation of these regulations,
and is responsible for the systematic and safe maintenance of mar-
itime transport. IMO has enacted several international conventions,
agreements and practices since its establishment. Technological
advances and novel requirements have led to new practices. One
of these is the ‘International Convention for the Control and Man-
agement of Ships’ Ballast Water and Sediments’ (IMO 2004, 2014,
2018). The main goals of the convention are to prevent the potential
health, environmental and economic problems that could be caused
by harmful species transported in ships’ ballast on target ecosystems
(IMO 2004, 2014, 2018; MEPC 2016). It was estimated that around
10 billion tons of ballast water are globally transported in ships
annually, and approximately 10,000 living species are discharged
into various marine ecosystems per day through the ballast water.
These species could biologically invade marine regions, leading to
serious problems for national economies, human health and the
environment (IMO 2007; Briski et al. 2015; Seebens et al. 2016;
David and Gollasch 2019; Saebi et al. 2020; Wang et al. 2021).

Although the convention entered into force on September 8,
2017, meeting the convention’s requirements was not possible
until 2021, and it was reported that even as of 2022, most ships
are yet to adapt to the system (Doğru et al. 2021; Sayinli et al.
2022). The most important reasons for the delay included the com-
plexity of the problem that entailed various fields, difficulties in the

development of the guides and technology to determine the ballast
water discharge standards specified in the convention (Campara
et al. 2019; Lv et al. 2020). Furthermore, the uncertainties in state
control of the ports, ballast water sampling and analysis facilities
played a significant role in this delay. Due to these problems, the
installation of the treatment system in certain ships (International
Convention for the Control and Management of Ships’ Ballast
Waters and Sediments – D2 Standards) has been gradually delayed
to September 8, 2024, based on the IOPP (International Oil Pol-
lution Prevention) certificate renewal dates (Cheng et al. 2019;
Doğru et al. 2021; Lakshmi et al. 2021).

Several ballast water treatment methods have been developed to
ensure the installation of the ballast water treatment mechanism on
ships based on the IMO standards (Vorkapić et al. 2016; Darling
et al. 2018; Hess-Erga et al. 2019). These methods are categorised
into three groups: mechanical, physical and chemical processes
(Olsen et al. 2015; Darling et al. 2018). However, any one of these
methods is not sufficient for treating ship ballast water, and
mixed techniques that integrate the above-mentioned methods
were developed (Vorkapić et al. 2016). The treatment entails the
capture of the existing particles and large organisms in the ship bal-
last water by mechanical methods. Then, when there are active sub-
stances in the ship’s ballast water, the disinfectant by-products and
residues in the effluent are neutralised (Cheng et al. 2019). Special
filters and chemicals called hydro-cyclones are used in this process
(Campara et al. 2019; Lv et al. 2020). However, one of the most pre-
ferred physical methods is ultra-violet (UV) purification (Briski
et al. 2015; Lundgreen et al. 2019; Lakshmi et al. 2021). Also,
other physical methods, such as deoxygenation, cavitation and
heat treatment, are employed. Various chemicals could also be
used directly, and the disinfectant could be produced on the ship
with seawater electrolysis (Makkonen and Inkinen 2021; Wang
et al. 2021). Each method has advantages and disadvantages (Ger-
hard et al. 2019). Over a hundred approved systems that meet
IMO standards are available (Doğru et al. 2021). The review of
these systems would demonstrate that the filtration technique is
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the most preferred pre-treatment method (Wang and Corbett 2020;
Sayinli et al. 2022). However, due to the current technological con-
straints, it is almost mandatory for systems that employ UV (Lund-
green et al. 2019). The electrolysis/electro-chlorination method is
second most employed in the secondary treatment in approved sys-
tems. The review of the systems that only employ active substances
would reveal that this is the most preferred technology (Gerhard
et al. 2019; Sayinli et al. 2022). Independent of the adopted tech-
nique, these processes undoubtedly require certain equipment
and substructure on the ships. Furthermore, the efficient operation
of the installed system is another requirement. This could lead to
certain liabilities and costs for the ships and corporations. Since
the system’s cost is around USD 2000.000–500.000 for a single
ship (Tokuş 2019), it could be suggested that financial consider-
ations are a determining factor for ship owners. These costs could
reach enormous figures, especially for corporations with large
fleets. Although the most important criterion for the investor is
the investment and operating costs, the ship’s region of operation,
type, ballast capacity, approval of the system, the dimensions of the
system, the space that could be allocated for the system, etc., the
process includes several choices and decisions (Vorkapić et al.
2016; Cheng et al. 2019; Tokuş 2019). Shipowners search for
methods to solve this obligation introduced by the IMO as soon
as possible and select the most adequate costly and complex system
(Wang and Corbett 2020; Lakshmi et al. 2021; Sayinli et al. 2022).

The installation of ship ballast treatment systems required by the
‘International Convention for the Control and Management of
Ships’ Ballast Water and Sediments’ requires the consideration of
several costly criteria and alternatives. Furthermore, the decisions
of maritime companies do not only affect their ships and firms,
but are also closely associated with the global water ecosystems. It
is a typical a decision-making problem that aims to determine the
ideal solution by analysing several similar criteria and alternatives
(Chou 2007; Ding 2008; Özdemir and Güneroğlu 2015). Likely, a
solution that does not employ quantitative methods in a decision-
making process that entails several criteria and alternatives that
interact and correlate would fail. Thus, a decision problem
approach was developed for the issues, processes and the best sol-
ution alternatives that a maritime company should consider in
selecting a ship ballast water treatment system. The analysis of
the problem data led to the adoption of an integrated DEMATEL
(The Decision Making Trial and Evaluation Laboratory) and ANP
(Analytic Network Process) method in the study since the existing
criteria interacted, the criteria set formed a network, and a holistic
approach to the process was required. Economic, ideal and sustain-
able ship management considerations require an analytical frame-
work based on expert opinions when deciding on a physical
ballast treatment system; therefore, the authors of this study
focused on determining the necessary criteria for the ideal balast
treatment system for ship selection by applying a hybrid MCDM
(Multi Criteria Decision Making) approach. This study is important
as it stresses the connection between the ideal ballast treatment sys-
tem selection and investment decision management for ships.
Moreover, it can contribute to the decision-making process by pro-
viding the necessary criteria. There are many ship management and
investment decision applications of the MCDM strategies success-
fully carried out in the literature (Chou and Liang 2001; Ding and
Liang 2005; Ding 2008; Çelik and Topçu 2009; Pak et al. 2015;
Nguyen 2018; Ren et al. 2018), but none of them focused on the
problems emphasised in this study.

The criteria that affect the installation of the treatment system
were determined, and the DEMATEL method was employed to
graphically describe the correlations between these criteria. Then,
the criterion weight and the priority scores of the alternative

systems were determined with the ANP method based on the
above-mentioned correlations.

2. Material and methodology

To determine the most important criteria affecting an ideal ballast
water treatment system decision, a hybrid methodology, combining
the decision-making trial and evaluation laboratory (DEMATEL)
and analytical network process (ANP), was used. Conventional
assessment methods generally take the minimal cost or the maxi-
mum advantage as their single index of criteria for measurement
(Ting et al. 2004; Vujanovic et al. 2012; Özdemir and Güneroğlu
2015; Özdemir and Güneroğlu 2017). Besides, these approaches
may not be adequate for the progressively complicated and various
decision-making environments. Thus, to determine the ideal ballast
treatment system selection for ships, a hybrid MCDM method,
combined with DEMATEL and ANP, was used. Firstly, the formu-
lation of the problem was established, including the main aims and
evaluation clusters.

The DEMATEL method was used to evaluate the criteria, which
could be potentially effective in determining the ideal ballast water
treatment system criteria. The critical impact of each node on the
ballast water treatment system selection and the network effect
was defined. An initial direct-relation matrix was created based
on a pairwise comparison of total-relation matrix values (D + R
and D−R), and the criteria were clustered in the form of a critical
relative graph by applying the DEMATEL technique (Vujanovic
et al. 2012; Wanga and Tzeng 2012; Özdemir and Güneroğlu
2015). The relative graph is necessary for explaining the network
structure of the clusters in determining the most influential criteria
for an ideal ballast water treatment system decision. The horizontal
axis of the digraph shows the strength of the most influential fac-
tors, whereas the vertical axis represents the influence type and
direction according to the analytical value of each criterion. The
inner relations between the two criteria can also be depicted by
evaluating the results of the pairwise comparisons of the involved
factors. To generate the objective supermatrix of ANP, the network
effect should be first built using DEMATEL (Vujanovic et al. 2012;
Özdemir and Güneroğlu 2015; Güneroğlu et al. 2016).

A DEMATEL method is a step-wise approach for determining
the impact of the main factor involved in the decision-making pro-
cess by explaining the inner relations of the criteria set and obtain-
ing the main criterion (Yang et al. 2008; Wu and Lee 2011). In
DEMATEL, the cause and effect groups are generated from the cri-
teria presented as digraphs (Tzeng et al. 2007; Tseng 2009; Özdemir
and Güneroğlu 2015). This technique is widely accepted in solving
complex decision-making problems that require causal relationship
analysis (Tzeng et al. 2007). In this study, the DEMATEL technique
was used according to the available literature (Liou et al. 2007; Chen
and Yu 2008; Yang et al. 2008; Tseng 2009; Wanga and Tzeng 2012;
Özdemir and Güneroğlu 2015).) The procedure of this technique
can be summarised as follows.

Step 1: Calculation of an average matrix needed to create the
initial direct-relation matrix is carried out. For quantification pur-
poses, a five-level comparison scale between ‘0 and 4’ is designed to
apply the pairwise comparison of the relational effects of each cri-
terion. The aim is to get quantitative information on the judgments
ranging from ‘no influence’ to ‘very high influence. For quantifi-
cation purposes, a five-level comparison scale between ‘0 and 4’ is
designed to apply the pairwise comparison of the relational
effects of each criterion. The aim is to get quantitative information
on the judgments ranging from ‘no influence’ to ‘very high
influence’.

868 Ü. ÖZDEMIR



Step 2: Normalisation procedure of the initial direct-relation
matrix is applied.

Step 3: Calculation of the total-relation matrix is performed
using the direct-relation and identity matrices.

Step 4: The sum of the rows and columns in the total-relation
matrix ‘K’ is evaluated to decide the cause and effects of each factor
in the entire network. In this step, the sum of rows and columns in
the matrix ‘K’ are formulated as ‘D’ and ‘R’ through the following
equations:

K = [kcv] c, v = 1, 2, 3, . . . n (1)

D = (Dc) =
∑n
v=1

kcv

( )
(2)

R = (Rv) =
∑n
c=1

kcv

( )
(3)

where ‘c’ and ‘v’ are rows and columns of matrix ‘K’ and ‘D’ is the
sum of the ith row in the matrix ‘K’ and stands for the total-influ-
ence send off from criterion ‘v’ to the other criteria. ‘Rv’ is the sum
of the column that shows the sum of the influence that factor ‘c’
receives from the other criteria in the matrix ‘K’. The sum of (D
+ R) is the index representing the strength of influence sending
and receiving. Furthermore, if (D−R) is positive, then the factor
‘c’ sends off the influence to the other criteria, and if (D−R) is nega-
tive, then the criterion ‘c’ rather receives the influence from the
other criteria.

Step 5: After all, to form a digraph of the pairwise expert evalu-
ating process, a threshold value should be set by the user to remove
some negligible influences. In this study, the threshold value was
decided by calculating the average value of the elements in the
matrix ‘K’. Therefore, only the values exceeding the threshold
value are shown in the digraph. The digraph is obtained by map-
ping the ‘D+ R’ and ‘D−R’.

The other technique used in this study is ANP, which is a
modified form of the analytical hierarchy process (AHP). The
ANP technique has received a wide user response in the scientific
community due to the logical procedure involved that can include
dependencies and feedback using a hierarchical decision network
(Wanga and Tzeng 2012; Güneroğlu et al. 2016). ANP can be
used for assessing the dependency and feedback rates for each clus-
ter and the entire network by calculating the weight of each cluster
in the decision-making process (Vujanovic et al. 2012; Özdemir and
Güneroğlu 2015). To overcome the interdependency problem
among different clusters, Saaty (2004) suggests using a supermatrix
known as the ANP method in the literature (Tseng 2009). In the
supermatrix structure, the weight of each matrix element is separ-
ately assessed in a network where all the elements of the matrix
have relative influences on each other. The supermatrix

approximation of the technique is used in deciding the priorities
of the decision problem.

In this study, the ANP procedure proposed by Chen and Yu
(2008); Saaty (2004); Saaty (2008); Yang et al. (2008); Özdemir
and Güneroğlu (2015) and Güneroğlu et al. (2016) has been fol-
lowed. A step-wise procedure was applied to determine the priori-
ties of the factors involved in the ideal ballast water treatment
system criteria. As a first step, the network relation map was gener-
ated using DEMATEL and then the total influence matrix ‘K’ and
threshold value ‘α’ were derived to generate a new matrix called
the α-cut total-influence matrix. After normalisation of the α-cut
total-influence matrix, a supermatrix was obtained by combining
the normalised total influence matrix and the unweighted superma-
trix based on the relative influences of each element in the matrix
structure. Finally, a stable supermatrix was obtained by taking the
limit of the supermatrix to a sufficiently large power for determin-
ing the priorities or weights of each criterion.

2.1. The case study of the ship ballast water treatment
system decision

In this case study, it is assumed that the ship ballast water treatment
system problem is a complicated decision that requires an analytical
approach based on expert knowledge. The criteria set was evaluated
by an expert group for elimination purposes by considering the
weight of each criterion. To analyse the data with pairwise compari-
son matrices, an expert decision-making group with 37 individuals
was assigned. The details of the expert group members are pre-
sented in Table 1. All quantitative data used in DEMATEL and
ANP computations were obtained from the scores given by the
expert team. The expert team members were chosen according to
their work experience and profession. As the ship ballast water
treatment system is largely related to the ship technical manage-
ment concept, the total number of experts was not equally distrib-
uted according to the profession. Therefore, most of the experts
were formed by the ship’s technical managers. The criteria set for
the determination of the ideal ballast treatment system was created
according to ‘International Convention for the Control and Man-
agement of Ships’ Ballast Water and Sediments (IMO 2004) and
US Ballast Water Management (BWM) Regulations’, detailed litera-
ture survey as in Figure 1.

Then, to obtain the network relationships of the ideal ship bal-
last water treatment system criteria, the scores from each question-
naire were used. To determine the relative importance between two
criteria, a pairwise comparison scale between ‘0 and 4’ was provided
to the expert team members. The relative influences among the cri-
teria were converted to numbers by ranking each comparison
between ‘0 and 4’ as ‘no influence’, ‘low influence’, ‘moderate influ-
ence’, ‘high influence’ and ‘very high influence’. The total average
scores of each expert were calculated, and the average initial direct
relational ‘7 X 7’ matrix was generated, as shown in Table 2.

The normalisation process was carried out on the initial direct
relational matrix to generate the normalised form of the matrix,
which was later used to obtain the total-relation matrix. The
total-influential relation matrix is shown in Table 3. The sum of
the effects sent off and received by each factor can be seen in
Table 3. ‘Du’ and ‘Rv’ were calculated according to Equations (2)
and (3). The results of ‘Du’ and ‘Rv’ are important in quantifying
the inner relations between many factors that are potentially effec-
tive in the ship ballast water treatment system decision process. An
interpretation of those values explains the factor under the influ-
ence of some others and the ones dominating the decision network.

An average score for matrix ‘K’ was computed as a threshold
value to omit some negligible values in the matrix, and the result

Table 1. Expert group profile.

# of
experts Expert Profile
10 Senior executives employed in shipping companies with various

vessels (General managers, operations manager, technical
manager, DPA (Designated Person Ashore)), ship engine technical
manager of different ship companies)

7 Naval engineers
6 Different shipyard managers
6 Ship ballast treatment system manufacturing company managers
4 Professors with scientific publications in marine engineering area
4 Ocean going masters employed in different types of merchant ships
Total 37 experts
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for the threshold value was set as 0,556. The sum of the influences
sent and received by each factor is shown in Table 4. Criteria that
stand as net causes or effects are depicted as a digraph in Figure
2 to map the network relationships.

According to the results shown in Table 4, the C4 (Impact on the
Technical Status of the Ship) factor has the highest score (8,282) of
D + R. Therefore it can be accepted that it is the most important
dimension of the case study, whereas C6 (Crew Safety and

Training) criterion has been considered the least important in
terms of ‘Du + Rv’ values (7, 298). To explain the cause-effect
relationships and the importance of each factor involved in the
ship ballast water treatment system criteria assurance problem, a
digraph with a horizontal axis (D + R) representing the importance
level and a vertical axis (D−R) as for relations is given in Figure 2.
Moreover, the final decision on the ideal ship ballast water treat-
ment system assurance will depend on real numbers represented
by ‘Du’ and ‘Rv’ values.

According to Figure 2, the C2 (Flag State, IMO Requirements,
Legal Procedures), C3 (Environmental Factors), C5 (Technical Prop-
erties of the System and Available Services), C6 (Crew Safety and
Training) criteria were net causes, whereas the effect groups (recei-
vers) with negative (D–R) values were the C1 (Investment and Oper-
ational Costs), C4 (Impact on the Technical Status of the Ship) and
C7 (System Availability and Productivity) criteria set. Considering
further the causal relationships map, it can be seen that the C2,
C3, C5 and C6 criteria were the most important factors that should
be considered when making decisions on an ideal ship ballast water
treatment system. It was also clear from the digraph map that all
factors were influenced or mutually interacted when deciding on
the ideal ship ballast water treatment system.

To decide on the priorities that affect the ideal ship ballast water
treatment system criteria, a normalised total-relation matrix was
used as an input to the ANP process. As the cluster network map
of the factors was mapped with the DEMATEL technique, it was
necessary to know the importance or weight of each criterion
involved in the decision-making process. Therefore, the total influ-
ence matrix was computed as depicted in Table 5.

Figure 1. Ideal ballast water treatment system selection criteria (This figure is available in colour online).

Table 2. Direct initial matrix.

Criteria set C1 C2 C3 C4 C5 C6 C7
C1 0 0,234 0,355 0,254 0,147 0,181 0,310
C2 0,219 0 0,125 0,304 0,312 0,369 0,297
C3 0,285 0,315 0 0,289 0,167 0,278 0,121
C4 0,361 0,145 0,367 0 0,347 0,314 0,364
C5 0,125 0,198 0,271 0,147 0 0,197 0,189
C6 0,198 0,254 0,326 0,304 0,355 0 0,254
C7 0,304 0,314 0,187 0,185 0,268 0,121 0

Table 3. Total-influential relation matrix K.

Criteria set C1 C2 C3 C4 C5 C6 C7 Rv
C1 0, 587 0,752 0,847 0,384 0,841 0,904 0,874 4,602
C2 0,716 0, 468 0,301 0,527 0,781 0,603 0,369 3,297
C3 0,424 0,727 0, 837 0,814 0,488 0,491 0,640 3,584
C4 0,814 0,625 0,610 0, 749 0,703 0,935 0,911 4,598
C5 0,562 0,904 0,314 0,901 0, 834 0,408 0,351 3,44
C6 0,314 0,417 0,911 0,729 0,510 0, 874 0,439 3,32
C7 0,847 0,870 0,913 0,329 0,817 0,637 0, 915 4,413
Du 3,677 4,295 3,896 3,684 4,14 3,978 3,584 –
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The digraph map of the network relation and importance level
can be further investigated to determine the quantitative infor-
mation on the major criteria set that has the highest influence on
the process. It was evident from Figure 2 that the criteria were
the most influential and should be ranked as the first when trying
to make decisions on an ideal ship ballast water treatment system.
Furthermore, C1 (Investment and Operational Costs) and C4
(Impact on the Technical Status of the Ship) factors had almost
the same level of importance in terms of ship ballast water treat-
ment system selection based on expert knowledge. Therefore, the
most influential criteria set that consists of C4, C1 and C7 main
and related sub-criteria were analysed by the ANP to decide on
the weights or priorities. At this stage, the weighted supermatrix
was derived by combining the α-cut total-influence matrix and
the unweighted supermatrix. Finally, a resultant matrix with quan-
titative information on each criterion can be derived by raising the
limit to sufficiently high power on the weighted supermatrix, as
shown in Table 6.

3. Results and discussion

A hybrid MCDM approach, combined with DEMATEL and ANP,
was successfully implemented to solve a ship technical investment
planning problem. In this case, the ship ballast water treatment sys-
tem was evaluated to help decision-makers, ship owners or ship
technical managers on the main drivers effective in the ship-techni-
cal investment problem. The MCDM approach offers an opportu-
nity to evaluate complex decisions based on expert knowledge
and quantitative data. This technique was widely used in technical

shipping applications such as in the shipping business processes
(Ding and Liang 2005; Çelik and Topçu 2009; Özdemir and Güner-
oğlu 2015; Özdemir and Güneroğlu 2017), shipping technology
application management problem (Nguyen 2018), performance
evaluation problem for shipping and port companies (Chou and
Liang 2001; Ding 2008; Pak et al. 2015), port selection problem
(Chou 2007; Hsu et al. 2020), ship accident assessment (Özdemir
and Güneroğlu 2015). Therefore, it was proved that the operational
management of technical shipping problems can be analytically
solved by an appropriate MCDM strategy. It was observed that
the integrated DEMATEL and ANP approach was almost never
employed in the maritime literature. Apart from the study con-
ducted by Özdemir and Güneroğlu (2015), which investigated the
human factor in ship accidents with the DEMATEL and ANP
approach, no other study in the maritime literature included this
approach.

Criteria clusters that were very effective in the ship ballast water
treatment system problem appeared in order of importance. The
related subcriteria were ranked according to their relative scores
or weights. Based on the supermatrix in Table 6, the sub-criteria
with the highest scores were C11, C41, C71, C12, C73, C13, C45,
C46, C14, C44, C43, C75, C42, C76, C72, C74 and C77. Moreover,
the top five priorities in the evaluation system were C11 (initial
investment costs at 8,90%), C41 (integration with the current sys-
tem.at 8,10%), C71 (ease of installation at 7,40%), C12 (operational
costs at 6,80%), C73 (net and gross tonnage loss after system instal-
lation at 6,40%) and the least important criterion was C77 (treat-
ment time at 1, 10%). The first three major factors involved in
ship ballast water treatment system assurance appeared as ‘impact

Table 4. Sum of influences given and received on each criterion.

Criteria Du + Rv Du−Rv
C1 8,279 −0,925
C2 7,592 0,998
C3 7,480 0,312
C4 8,282 −0,914
C5 7,580 0,700
C6 7,298 0,658
C7 7,997 −0,829

Figure 2. Digraph map of the importance and relation level (This figure is available in colour online).

Table 5. Normalised total-influence matrix.

Criteria set C1 C2 C3 C4 C5 C6 C7
C1 0, 823 0,014 0 0,027 0 0 0,038
C2 0,238 0, 037 0,141 0,136 0,092 0 0,201
C3 0,115 0,841 0, 032 0,034 0,104 0,108 0
C4 0,094 0,314 0,201 0 0,221 0,050 0,031
C5 0,307 0,065 0,076 0,311 0 0,078 0,238
C6 0 0,126 0 0,401 0,319 0, 211 0,132
C7 0,163 0,052 0,207 0,227 0,231 0,342 0, 401
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on the technical status of the ship’, ‘technical properties of the sys-
tem and available services’ and ‘investment and operational costs’
criteria. It should be stressed that ‘investment and operational
costs’ and ‘impact on the technical status of the ship’ factors have
almost the same level of importance according to the experts’
evaluations.

Selection of the right ship ballast water treatment system is a
costly process. The installation of an average system costs around
USD 500,000–750,000 (Tokuş 2019; Doğru et al. 2021). Such high
costs could lead to financial problems for small maritime compa-
nies. Thus, a correct approach should be adopted before selecting
a system. The present study findings demonstrated that the highest
priority criterion was C1 (investment and operating costs). This
revealed that the decision-makers mostly emphasised the invest-
ment and operating costs. Furthermore, the study findings also
revealed that the selected system should be sustainable, compatible
with the ship conditions, and meet the regulations.

Previous studies on ship ballast water were mostly on environ-
mental and marine ecosystems (Gollasch et al. 2000; Cohen and
Dobbs 2015; Lundgreen et al. 2019; Wang and Corbett 2020;
Lakshmi et al. 2021; Wang et al. 2021) and the operation of the bal-
last treatment systems (Calvar et al. 2018; Gerhard et al. 2019; Mak-
konen and Inkinen 2021; Sayinli et al. 2022). Thus, it would be
possible that ship owners, operators and companies could experi-
ence difficulties in making such high investment decisions, and
the studies in the literature were insufficient to support these
decisions.

The results of the study were promising in terms of quantitative
ship investment management strategy and can be extended further
to cover some other shipping management problems such as ship
main or auxiliary engine selection problems, evaluating causes of
exhaust gas emissions of ships, port vehicle selection problems,
determining of strategic management models for maritime compa-
nies, etc.

4. Conclusion

Ballast water treatment systems include different combinations of
technologies developed based on certain mechanical, physical and
chemical principles. Although the systems are based on similar
principles, the components of these systems are produced by var-
ious manufacturers. Thus, the components with similar principles
have different efficiencies, capacities and costs. The selection of
the ballast water system should include the analysis of the system’s
suitability to ship and operational properties, and the factors that
affect the system performance. The present study aimed to develop
proactive solution recommendations for ship owners to select the
ideal ballast water treatment system for their ships with a quantitat-
ive approach and an integrated analysis of all factors. Furthermore,
it was also demonstrated that the DEMATEL and ANP method, a
different approach to MCDM, which was rarely employed in the
maritime literature, could be adopted successfully in decision-mak-
ing problems in this field. However, the authors hope that the study
findings would assist ship owners and technical project managers
and support maritime investment management plans through
quantitative data.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Ünal Özdemir http://orcid.org/0000-0001-9682-4239Ta
bl
e
6.

Th
e
fi
na
ls
up

er
m
at
rix

w
ith

re
la
tiv
e
w
ei
gh

t
of

ea
ch

cr
ite
rio

n.

C1
1

C1
2

C1
3

C1
4

C4
1

C4
2

C4
3

C4
4

C4
5

C4
6

C7
1

C7
2

C7
3

C7
4

C7
5

C7
6

C7
7

C1
1

0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
0,
08

9
C1

2
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
0,
06

8
C1
3

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

0,
05
8

C1
4

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

0,
04
2

C4
1

0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
0,
08

1
C4
2

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

0,
02
8

C4
3

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

0,
03
6

C4
4

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

0,
03
8

C4
5

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

0,
05
6

C4
6

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

0,
04
9

C7
1

0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
0,
07

4
C7
2

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

0,
02
1

C7
3

0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
0,
06

4
C7
4

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

0,
01
8

C7
5

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

0,
03
1

C7
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

0,
02
6

C7
7

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

0,
01
1

N
ot
e:
Th
e
bo

ld
va
lu
es

re
pr
es
en
t
th
e
fi
rs
t
5
cr
ite
ria

w
ith

th
e
hi
gh

es
t
w
ei
gh

ts
.

872 Ü. ÖZDEMIR

http://orcid.org/0000-0001-9682-4239


References

Briski E, Gollasch S, David M, Linley RD, Casas-Monroy O, Rajakaruna H,
Bailey SA. 2015. Combining ballast water exchange and treatment to maxi-
mize prevention of species introductions to freshwater ecosystems. Environ
Sci Technol. 49(16):9566–9573.

Calvar NE, Gambardella C, Miraglia F, Pavanello G, Greco G, Faimali M,
Garaventa F. 2018. Potential use of an ultrasound antifouling technology as
a ballast water treatment system. J Sea Res. 133:115–123.

Campara L, Francic V, Maglic L, Hasanspahic N. 2019. Overview and compari-
son of the IMO and the US maritime administration ballast water
Management regulations. J Mar Sci Eng. 7(9):283.

Çelik M, Topçu İ. 2009. Analytical modelling of shipping business processes
based on MCDM methods. Marit Policy Manag. 36(6):469–479.

Cheaitou A, Cariou P. 2018. Greening of maritime transportation: a multi-objec-
tive optimization approach. Ann Oper Res. 273(1-2):501–525.

Chen H, Yu Y. 2008. Using a strategies approach to analysis the location
selection for high-tech firms in Taiwan. Manage Res News. 31(4):228–
244.

Cheng M, Liu TK, Olenin S, Su XP. 2019. Risk assessment model based on
expert’s perspective for ballast water management. Ocean Coast Manag.
171:80–86.

Chou CC. 2007. A fuzzy MCDM method for solving marine transship-
ment container port selection problems. Appl Math Comput. 186
(1):435–444.

Chou TY, Liang GS. 2001. Application of a fuzzy multi-criteria decisionmaking
model for shipping company performance evaluation. Marit Policy Manag.
28(4):375–392.

Cohen AN, Dobbs FC. 2015. Failure of the public health testing program for bal-
last water treatment systems. Mar Pollut Bull. 91(1):29–34.

Darling JA, Martinson J, Gong YG, Okum S, Pilgrim E, Lohan KMP, Carney KJ,
Ruiz GM. 2018. Ballast water exchange and invasion risk posed by intra-
coastal vessel traffic: an evaluation using high throughput sequencing.
Environ Sci Technol 52(17):9926–9936.

David M, Gollasch S. 2019. Risk assessment for ballast water management –
learning from the adriatic sea case study. Mar Pollut Bull. 147:36–46.

Ding FJ, Liang GS. 2005. Using fuzzy MCDM to select partners of strategic alli-
ances for liner shipping. Inf Sci (Ny). 173(1–3):197–225.

Ding JF. 2008. Fuzzy MCDM Approach for selecting strategic partner: an
empirical study of a container shipping company in Taiwan. Int J Innov
Comput Inf Control. 5(4):1055–1068.

Doğru M, Demirci E, Canımoğlu R, Elçiçek H. 2021. An overview of environ-
mental impacts and treatment systems of ship ballast waters. J Mar Eng
Technol. 1(1):13–23.

Dui H, Zheng X, Wu S. 2021. Resilience analysis of maritime transportation sys-
tems based on importance measures. Reliab Eng Syst Saf. 209:107461.

Fang S, Wang Y, Gou B, Xu Y. 2020. Toward future green maritime transpor-
tation: an overview of seaport microgrids and all-electric ships. IEEE Trans
Veh Technol. 69(1):207–219.

GerhardWA, Lundgreen K, Drillet G, Baumler R, Holbech H, Gunsch CK. 2019.
Installation and use of ballast water treatment systems – implications for
compliance and enforcement. Ocean Coast Manag. 181:1–9.

Gollasch S, Lenz J, Dammer M, Andres HG. 2000. Survival of tropical ballast
water organisms during a cruise from the Indian Ocean to the North Sea. J
Plankton Res. 22(5):923–937.

Güneroğlu N, Özdemir Ü, Güneroğlu A. 2016. Decisions on quality assurance
criteria of recreational beaches. Proc Inst Civ Eng Munic Eng. 169(4):233–
242.

Hess-Erga O, Moreno-Andres J, Enger Ø, Vadstein O. 2019. Microorganisms in
ballast water: disinfection, community dynamics, and implications for man-
agement. Sci Total Environ 657(–):704–716.

Hsu WK, Lian SJ, Huang SH. 2020. An assessment model based on a hybrid
MCDM approach for the port choice of liner carriers. Res Transp Bus
Manag. 34:100426.

IMO. 2004. International convention on the control and management of ships’
ballast water and sediments. London: International Maritime Organization.

IMO. 2007. Guidelines for risk assessment under regulation A-4 of thr BWM
convention (G7) Resolution MEPC 162 (56) C.F.R.

IMO. 2014. Guidelines for port state control under BWM Convention.
International Transport Workers’ Fedaration, 2017. [accessed 2022 Feb 9].
http://www.itfseafarers.org/what_are_focs.cfm.

IMO. 2018. Current list of ballast water management systems whic received type
approval certicication, basic and final approval. [accessed 2021 Oct 12].
http://www.imo.org/en/OurWork/Environment/BallastWaterManagement/
Documents/Table of BA FA TA updated May 2018.pdf.

Lakshmi E, Priya M, Achari VS. 2021. An overview on the treatment of ballast
water in ships. Ocean Coast Manag. 199:105296.

Liou JJH, Tzeng GH, Chang HC. 2007. Airline safety measurement using a
hybrid model. Air Transp Manag. 13(4):243–249.

Lundgreen K, Holbech H, Ladegaard K, Gitte P, et al. 2019. Use of standard test
organisms for sound validation of UV-based ballast water treatment systems.
Mar Pollut Bull. 144:253–264.

Lv B, Cui Y, Tian W, Wei H, Chen Q, Liu B, Zhang D, Xie B. 2020.
Vessel transport of antibiotic resistance genes across oceans and
its implications for ballast water management. Chemosphere.
253:126697.

Makkonen T, Inkinen T. 2021. Systems of environmental innovation: sectoral
and technological perspectives on ballast water treatment systems. WMU J
Marit Aff. 20(1):81–98.

Mansouri SA, Lee H, Aluko O. 2015. Multi-objective decision support to
enhance environmental sustainability in maritime shipping: A review and
future directions. Transp Res E. 78:3–18.

MEPC. 2016. Guidelines for approval of ballast water management systems
(G8). [accessed 2022 Feb 9]. https://www.classnk.or.jp/hp/pdf/activities/
statutory/ballastwater/guideline_g8_rev.pdf.

Nguyen S. 2018. Development of an MCDM framework to facilitate low car-
bon shipping technology application. Asian J Shipp Logist. 34(4):317–
327.

Olsen R, Hoffmann F, Hess-Erga O, Larsen A. 2015. Ultraviolet radiation as a
ballast water treatment strategy: inactivation phytoplankton measured with
flow cytometry. Sci Direct. 103:270–275.

Özdemir Ü, Güneroğlu A. 2015. Strategic approach model for investigating the
cause of maritime accidents. Sci J Traffic Transp Res. 27:113–123.

Özdemir Ü, Güneroğlu A. 2017. Quantitative analysis of the world sea piracy by
fuzzy AHP and fuzzy TOPSIS methodologies. Int J Transp Econ. 44(3):427–
448.

Pak YJ, Thai VV, Yeo GT. 2015. Fuzzy MCDM approach for evaluating intan-
gible resources affecting port Service quality. Asian J Shipp Logist. 31(4):459–
468.

Ren J, Lützen M, Rasmussen HB. 2018. Identification of success factors for green
shipping with measurement of greenness based on ANP and ISM. In: Lee
PW, Yang Z, editors. Multi-criteria decision making in maritime studies
and logistics. International Series in Operations Research & Management
Science. doi:10.1007/978-3-319-62338-2_4.

Saaty TL. 2004. The fundamentals of the analytic network process – dependence
and feedback in decision-making with a single network. J Syst Sci Syst Eng. 13
(2):129–157.

Saaty TL. 2008. The analytic hierarchy and analytic network measurement pro-
cesses: applications to decisions under risk. Eur J Pure Appl Math. 1(1):122–
196.

Saebi M, Xu J, Grey EK, Lodge DM, Corbett JJ, Chawla N. 2020. Higher-order
patterns of aquatic species spread through the global shipping network. PLoS
One. 15(7):e0220353.

Sayinli B, Dong Y, Park Y, Bhatnagar A, Sillanpaa M. 2022. Recent progress
and challenges facing ballast water treatment – a review. Chemosphere.
291:1–23.

Seebens H, Schwartz N, Schupp PJ, Blasius B. 2016. Predicting the spread of
marine species introduced by global shipping. Proc Natl Acad. 113(20):
5646–5651.

Ting YH, Shih TL, Gwo-Hshiung T. 2004. Fuzzy mcdm approach for planning
and design tenders selection In public office buildings. Int J Project Manage.
22:573–584.

Tokuş M. 2019. Ballast water treatment system integration and life cycle cost
analysis for dry bulk carrier. J ETA Mar Sci. 7(3):196–210.

Tseng LM. 2009. Application of ANP and DEMATEL to evaluate the decision-
making of municipal solid waste management in metro Manila. Environ
Monit Assess. 156(3):181–197.

Tzeng GH, Chiang CH, Li CW. 2007. Evaluating intertwined effects in e-learn-
ing programs: a hybrid MCDM model based on factor analysis and
DEMATEL. Expert Syst Appl. 32(4):1028–1044.

Vorkapić A, Komar I, Mrčelić JG. 2016. Shipboard ballast water treatment sys-
tems on seagoing ships. Trans Marit Sci. 5(1):19–28.

Vujanovic D, Momcilovic Bojovic VN, Papic V. 2012. Evaluation of vehicle fleet
maintenance Management indicators By Application of DEMATEL and
ANP. Expert Syst Appl. 39(12):10552–10563.

Wang Z, Corbett JJ. 2020. Scenario-based cost-effectiveness analysis of
ballast water treatment strategies. Management of Biological Invasions.
https://www.researchgate.net/profile/Zhaojun-Wang-4/publication/3423655
99_Scenario-based_costeffectiveness_analysis_of_ballast_water_treatment_
strategies/links/5ef11f05458515814a773131/Scenario-based-cost-effectiveness-
analysis-of-ballast-water-treatment-strategies.pdf.

Wang Z, Saebi M, Corbett JJ, Grey EK, Curasi SR. 2021. Integrated biological
risk and cost model analysis supports a geopolitical shift in ballast water man-
agement. Environ Sci Technol. 55(19):12791–12800.

SHIPS AND OFFSHORE STRUCTURES 873

http://www.itfseafarers.org/what_are_focs.cfm
http://www.imo.org/en/OurWork/Environment/BallastWaterManagement/Documents/Table
http://www.imo.org/en/OurWork/Environment/BallastWaterManagement/Documents/Table
https://www.classnk.or.jp/hp/pdf/activities/statutory/ballastwater/guideline_g8_rev.pdf
https://www.classnk.or.jp/hp/pdf/activities/statutory/ballastwater/guideline_g8_rev.pdf
https://doi.org/10.1007/978-3-319-62338-2_4
https://www.researchgate.net/profile/Zhaojun-Wang-4/publication/342365599_Scenario-based_costeffectiveness_analysis_of_ballast_water_treatment_strategies/links/5ef11f05458515814a773131/Scenario-based-cost-effectiveness-analysis-of-ballast-water-treatment-strategies.pdf
https://www.researchgate.net/profile/Zhaojun-Wang-4/publication/342365599_Scenario-based_costeffectiveness_analysis_of_ballast_water_treatment_strategies/links/5ef11f05458515814a773131/Scenario-based-cost-effectiveness-analysis-of-ballast-water-treatment-strategies.pdf
https://www.researchgate.net/profile/Zhaojun-Wang-4/publication/342365599_Scenario-based_costeffectiveness_analysis_of_ballast_water_treatment_strategies/links/5ef11f05458515814a773131/Scenario-based-cost-effectiveness-analysis-of-ballast-water-treatment-strategies.pdf
https://www.researchgate.net/profile/Zhaojun-Wang-4/publication/342365599_Scenario-based_costeffectiveness_analysis_of_ballast_water_treatment_strategies/links/5ef11f05458515814a773131/Scenario-based-cost-effectiveness-analysis-of-ballast-water-treatment-strategies.pdf


Wanga YL, Tzeng GH. 2012. Brand marketing for creating brand value based on
a MCDM model combining DEMATEL with ANP and VIKOR methods.
Expert Syst Appl. 39:5600–5615.

Wong E, Tai A, Lau H, Raman M. 2015. A utility-based decision support sus-
tainability model in slow steaming maritime operations. Transp Res E.
78:57–69.

Wu WW, Lee YT. 2011. Developing global managers’ competencies using the
fuzzy DEMATEL method. Expert Syst Appl. 32(2):499–507.

Yang YPO, Shieh HM, Leu JD, Tzeng GH. 2008. A novel hybrid MCDM model
combined with DEMATEL and ANP with applications. Int J Oper Res. 5
(3):160–168.

Zaman BM, Kobayashi K, Wakabayashi N, Maimun A. 2015. Risk of navigation
for marine traffic in the malacca strait using AIS. Proc Earth Planet. 14:33–40.

Zhou X, Cheng L, Li M. 2020. Assessing and mapping maritime transportation
risk based on spatial fuzzy multi-criteria decision making: a case study in the
South China Sea. Ocean Eng. 208:107403.

874 Ü. ÖZDEMIR


	Abstract
	1. Introduction
	2. Material and methodology
	2.1. The case study of the ship ballast water treatment system decision

	3. Results and discussion
	4. Conclusion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


