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Abstract: With about a 7% average annual economic growth rate in Vietnam, the demand for electricity
production is increasing, and, with more than 3000 km of coastline, the country has great potential for
developing wave energy sources to meet such electricity production. This energy source, also known
as renewable energy, comes from tides, wind, heat differences, flows, and waves. Both wind and wave
energy are considered to have the most potential for energy sources in Vietnam. Just as hydropower
projects are controversial due to depleting water resources and regulating floods, nuclear power
projects cause safety concerns. To overcome this problem, Vietnamese scientists are considering using
abundant wave energy resources for electricity. Nowadays, the ocean energy sector offers many new
technologies to help minimize carbon dioxide emissions (CO2) in the living environment. Further,
many countries already have wave power plants. In this research, an integrated model, combining
the fuzzy analytical network process (FANP) and the technique for order of preference by similarity
to ideal solution (TOPSIS), is proposed for wave energy plant location selection. As a result, Con
Co (SITE3) is determined the best site for wave energy production. The primary aim of this study is
to provide insight into site selection problems for renewable energy investments of Vietnam. The
contribution of this research is to propose a fuzzy multiple-criteria decision-making (MCDM) model
for site selection in the renewable energy sector. The proposed model also can address different
complex problems in location selection; it is also a flexible design model for considering the evaluation
criteria; further, it is applicable to site selection of other renewable energies in the world.

Keywords: renewable energy; wave energy; fuzzy logics; MCDM; FANP; TOPSIS

1. Introduction

The oceans form one of the largest yet least explored renewable energy sources on earth. Ocean
energy has the potential to provide a substantial amount of renewable and reliable energy all over the
world. Different technologies employ different strategies for harvesting that energy. The main sources
of ocean energy are tidal streams, ocean currents, tidal range (rise and fail), waves, ocean thermal
energy, and salinity gradients [1,2].

Vietnam has a sea area of about 1 million km2, stretching 3260 km along the length of the country,
which is a favorable factor for developing energy from the sea. The calculation results show that wave
energy along the coastal strip of Vietnam is very high. The weakest average energy flow reaches
15 kW/m; the strongest 30 kW/m [3].

According to calculations, if a wave has a height of 1 m, at a length of about 1.8 km of coast,
it is possible to create an energy source equal to 35,000 horsepower [4]. Vietnam has the ability to
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utilize an extra source of renewable energy, that is, energy from ocean waves. However, one of the
major problems with wave energy is that it is location-dependent, where many factors that increase
its utilization potential are dependent on the feasibility of the locations. In this research, the authors
propose a new fuzzy multiple-criteria decision-making (MCDM) method, which is both objective and
cognitive, to identify suitable locations where the optimal amount of wave energy can be produced
in Vietnam. Site selection is an important issue for the MCDM model. Many studies have applied
the MCDM approach to various fields in the energy sector, e.g., J. Huang et al. [5]; E. Løken et al. [6],
Soumya Ghosh et al. [7]. Utilizing any decision-making technique involving numerical analysis of
alternatives requires three steps: [6].

1. Determine the relevant factors and options.
2. Attach numerical measures to the relative importance of the factors and to the impacts of the

options on these factors.
3. Process the numerical values to determine a ranking of each option.

In the first stage of this research, all criteria affecting location selection were determined by experts
and literature reviews, and fuzzy analytical network process (FANP) method was utilized to identify
the weight of all criteria in the second stage. The technique for order of preference by similarity to ideal
solution (TOPSIS) is a multicriteria decision analysis method, which was used for ranking potential
sites in the final stage.

2. Literature Review

Soumya Ghosh et al. [8] proposed an artificial neural network model (ANN) and MCDM models
for selecting suitable location for developing of the location suitability index for wave energy production.
Tilottama et al. [9] applied an Analytic Hierarchy Process (AHP) model for wave power plant location
selection. This study introduces a new way to identify location where maximum utilization of ocean
energy resources can be possible with minimum expenditure.

S. Astariz et al. [10] proposed new approach to identifying suitable sites for co-located wave and
wind farms. The goal of this research is to develop a new model to defining suitable location for
co-located wave and wind farms. Cigdem Ozkan et al. [11] used observed data to estimate the ocean
wave power available in coastal Florida. CN. Wang et al. [12] proposed an MCDM model including
fuzzy analytical hierarchy process (FAHP), data envelopment analysis (DEA), and the TOPSIS to find
the optimal location for solar plant site selection in Vietnam. This research is part of the evolution
of a new model that is flexible and practical for decision makers and this work also provides useful
guidelines for renewable energy sector.

Özge Pınar Akkaş et al. [13] applied an MCDM model for solar power plant location selection in
the Central Anatolian Region of Turkey. In this research, various suggestions are identified about site
selection, which is an important step in the photovoltaic power systems (PVPS) establishment. Hence,
the factors for selecting the appropriate location are analyzed by the MCDM model. Laura Zubiate et
al. [14] introduced a new approach for site selection for wave energy projects. In this study, the authors
integrated the data as layers into a GIS (Geographic Information Systems) tool, given the spatial nature
of the project. This tool will provide an accurate and convenient visual aid for choosing a suitable area.

M. Vasileiou et al. [15] combined an MCDM model and GIS for site selection of hybrid offshore
wind and wave energy systems in Greece. Those that are unsuitable for the deployment of HOWiWaES
marine areas are determined through the GIS database at the first step of this research. Then, the AHP
model is applied for evaluating and ranking all criteria in the second step. Chang-Lin Yang et al. [16]
applied a ANP/AHP model for location selection. A. Azizi et al. [17] applied hybrid ANP and decision
making trial and evaluation (DEMATEL) methods in a GIS environment. DEMATEL is used to identify
the factor’s relationships. The weights of the criteria were calculated using an ANP model and the
overlaying process was identified in GIS environment.
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Dragan Pamucar et al. [18] applied a GIS multi-criteria hybrid model, an approach based on fuzzy
and rough numbers for wind farm site selection. Saeedeh Nasehi et al. [19] used a hybrid model
including fuzzy GIS and ANP for wind power plant location selection. The primary goal of this
research was the location selection based on the fuzzy logic and weighted linear combination (WLC).

Nazmul Ahsan et al. [20] proposed fuzzy ANP extent analysis to assess and select locations
for wind power plants. The primary goal of this research is to present a comprehensive pairwise
comparison of factors and subfactors for selecting the optimal location for wind power plant. A.K
Jaiswal et al. [21] proposed geospatial multicriteria decision making based site sustainability analysis
for solid waste disposal using a TOPSIS model. I. Konstantinos, et al. [22] proposed a spatial decision
support system framework for the evaluation of biomass energy production locations: case study in
the regional unit of Drama, Greece.

Wang et al. [23] proposed an MCDM model for wind power plant location section in Vietnam.
In this research, the author applied a hybrid model by using FAHP and TOPSIS for finding optimal
locations for wind power plants. I. Konstantinos et al. [24] proposed decision support system
methodology for selecting wind farm installation locations using AHP and TOPSIS. The application of
this methodology can help decision makers to easily overcome conflicting parameters and propose
optimal solutions which are acceptable from citizens and stake holders while at the same time are
economical and environmentally friendly. B. Asl-Rousta [25] applied a TOPSIS model to aggregate
different efficiency criteria and to discriminate between the models. Results show the usefulness of
the proposed MCDA-based approach to rank different alternatives (settings) of model calibration. M.
Erbaş et al. [26] applied a GIS-based fuzzy multi-criteria decision analysis for optimal siting of electric
vehicle charging stations.

As shown in the literature review, the MCDM model has been applied to various fields of science
and technology, and its use has increased over the years. One of the areas in which this model has been
applied is the location selection process, but few have considered this issue in wave energy power
plant location selection. This is the main reason why this study proposes an MCDM model for wave
power plant site selection. The primary goal of this research is to provide an MCDM model and detail
the decision-making steps in site selection in the renewable energies sector. The goal of this study is
also to propose useful guidelines for location selection in other fields.

3. Methodology

3.1. Research Development

In this work, the authors proposed a fuzzy multicriteria decision-making (FMCDM) model for
analyzing a suitable site for wave energy production via FANP and TOPSIS models. This research
involves three main steps, as shown in Figure 1.

Step 1: The authors identified all criteria and sub-criteria effects in regard to the wave power plant
location selection process through experts and literature reviews.

Step 2: The FANP was proposed to identify the weight of all criteria in the second stage.
Step 3: The technique for order of preference by similarity to an ideal solution (TOPSIS) is an

MCDM method. In this research, TOPSIS was used for ranking potential sites in the final stage.
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3.2. Basic Model Theory

3.2.1. Fuzzy Analytic Network Process (FANP)

A fuzzy set is a class of objects with continuity of membership levels [27]. Such a set is characterized
by a member function, which assigns each object a member level between [0,1]. The TFN can be
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defined as (q, w, e), q, w and e (q ≤ w ≤ e) are parameters, indicating the smallest, the promising, and the
largest value in TFN. TFN are shown in Figure 2.

Processes 2019, 7, x FOR PEER REVIEW 5 of 14 

TFN can be defined as (q, w, e), q, w and e (q ≤ w ≤ e) are parameters, indicating the smallest, the 
promising, and the largest value in TFN. TFN are shown in Figure 2. 

 
Figure 2. Triangular Fuzzy Number. 

Triangular Fuzzy Number: a fuzzy number 𝑀෩  = (q, w, e) is called triangular fuzzy number if its 
membership function is given by: 

𝜇 ൬ 𝑥𝑀෩൰ =
⎩⎪⎨
⎪⎧ 0,      𝑥 < 𝑤,𝑥 − 𝑞𝑤 − 𝑞    𝑞 ≤ 𝑥 ≤ 𝑤,𝑒 − 𝑥𝑒 − 𝑤  𝑤 ≤ 𝑥 ≤ 𝑒,0,     𝑥 > 𝑒 .

  . (1) 

Consider two positive triangular fuzzy numbers 𝑀ଵ = (𝑞ଵ, 𝑤ଵ, 𝑒ଵ) and 𝑀ଶ = (𝑞ଶ, 𝑤ଶ, 𝑒ଶ). 
The basic calculations of fuzzy numbers are shown in: 𝑀෩ = (𝑀௢(௬), 𝑀௜(௬)) = ሾ𝑞 + (𝑤 − 𝑞)𝑦, 𝑒 + (𝑤 − 𝑒)𝑦ሿ, 𝑦 ∈ ሾ0,1ሿ. (2) 

o(y), i(y) indicates both the left side and the right side of a fuzzy number as: (𝑞ଵ, 𝑤ଵ, 𝑒ଵ) + (𝑞ଶ, 𝑤ଶ, 𝑒ଶ) = (𝑞ଵ + 𝑞ଶ, 𝑤ଵ + 𝑤ଶ, 𝑒ଵ + 𝑒ଶ) (𝑞ଵ, 𝑤ଵ, 𝑒ଵ) − (𝑞ଶ, 𝑤ଶ, 𝑒ଶ) = (𝑞ଵ − 𝑞ଶ, 𝑤ଵ − 𝑤ଶ, 𝑒ଵ − 𝑒ଶ) (𝑞ଵ, 𝑤ଵ, 𝑒ଵ) × (𝑞ଶ, 𝑤ଶ, 𝑒ଶ) = (𝑞ଵ × 𝑞ଶ, 𝑤ଵ × 𝑤ଶ, 𝑒ଵ × 𝑒ଶ) (𝑞ଵ, 𝑤ଵ, 𝑒ଵ)(𝑞ଶ, 𝑤ଶ, 𝑒ଶ) = (𝑞ଵ/𝑞ଶ, 𝑤ଵ/𝑤ଶ, 𝑒ଵ/𝑒ଶ). (3) 

ANP is a development of AHP model [24]. The model of ANP is in the form of a network hence 
we can see the interactions between each element on the same factor, or the elements of different 
factor. 

• Calculate Consistency Index (CI): 

CI = (λmax − q)/(q − 1), (4) 

where: CI: Consistency Index 
q: is the number of compared elements. 

• Calculate the Consistency Ratio (CR), using a random index as following:  

CR: CI/UI, (5) 

Figure 2. Triangular Fuzzy Number.

Triangular Fuzzy Number: a fuzzy number M̃ = (q, w, e) is called triangular fuzzy number if its
membership function is given by:

µ

(
x

M̃

)
=


0, x < w,

x−q
w−q q ≤ x ≤ w,

e−x
e−w w ≤ x ≤ e,

0, x > e .

. (1)

Consider two positive triangular fuzzy numbers M1 = (q1, w1, e1) and M2 = (q2, w2, e2).
The basic calculations of fuzzy numbers are shown in:

M̃ = (Mo(y), Mi(y)) = [q + (w− q)y, e + (w− e)y], y ∈ [0, 1]. (2)

o(y), i(y) indicates both the left side and the right side of a fuzzy number as:

(q1, w1, e1) + (q2, w2, e2) = (q1 + q2, w1 + w2, e1 + e2)

(q1, w1, e1) − (q2, w2, e2) = (q1 − q2, w1 −w2, e1 − e2)

(q1, w1, e1) × (q2, w2, e2) = (q1 × q2, w1 ×w2, e1 × e2)
(q1, w1, e1)
(q2, w2, e2)

= (q1/q2, w1/w2, e1/e2).

(3)

ANP is a development of AHP model [24]. The model of ANP is in the form of a network hence
we can see the interactions between each element on the same factor, or the elements of different factor.
• Calculate Consistency Index (CI):

CI = (λmax − q)/(q − 1), (4)

where:

CI: Consistency Index
q: is the number of compared elements.

• Calculate the Consistency Ratio (CR), using a random index as following:

CR: CI/UI, (5)
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where: UI = random index (CI of randomly generated pairwise comparison matrix), random index are
shown in Table 1.

Table 1. Random Index.

Matrix Size (q) UI Value

1.0 0.00
2.0 0.00
3.0 0.58
4.0 0.90
5.0 1.12
6.0 1.24
7.0 1.32
8.0 1.41
9.0 1.45

10.0 1.49

3.2.2. Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS)

The results of the analysis in some studies that used the TOPSIS method show that quality
evaluation indicators affect the results of the evaluation, hence the selection of precise indicators is
very important [25–27].

Determining TOPSIS needs performance ranking in every Ai option over every normalized Cj
factor. This can be seen from the formula below:

ei j=
Xi j√∑m
i=1 X2

i j

, (6)

with i = 1, 2, . . . m; and j = 1, 2, . . . n.
Calculating the normalized weighted decision matrix

Si j = Wiei j, (7)

with i = 1, 2, . . . , m and j = 1, 2, . . . , n.
Calculating positive ideal solution (PIS) A+ matrix and negative ideal solution (NIS) A− matrix.

A+ = s+1 , s+2 , . . . , s+n ;
A− = s−1 , s−2 , . . . , s−n ;

(8)

where: s+j is Max si j if j is an advantage factor. Max si j if j is a cost factor. s−j Is Min si j if j is an advantage
factor. Min si j if j is a cost factor.

Identifying the gap between the values of each options with PIS matrix and NIS matrix.
Options to positive ideal solution (PIS).

D+
i =

√√√ m∑
j=1

(
s+i − si j

)2
; i = 1, 2, . . . , m (9)

Options to negative ideal solution (NIS).

D−i =

√√√ m∑
j=1

(
si j − s−i

)2
; i = 1, 2, . . . , m, (10)

where D+
i is the distance to the PIS for I option and D−i is the distance to the NIS.
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Calculating the preference value for every alternative (Gi)

Gi =
D−i

D−i + D+
i

i = 1, 2, . . . , m. (11)

4. Case Study

Ocean waves, with their vast widths, contain significant energy resources. Energy density in
waves is high compared with other renewable energy sources, e.g., wind and solar energy. Just less
than 0.1% of the ocean’s renewable energy is converted into electricity, which can satisfy more than five
times the current global electricity demand. The World Energy Commission (WEC) estimates that the
global wave energy market is ~5.5 TWh/year; in the future, it will exceed 2000 TWh. Many countries
around the world have put into practice many wave-power-generating stations, with capacities ranging
from a few dozen to several hundred kW to several MW, providing electricity for residential areas,
especially for offshore islands [28].

As with other types of renewable energy resources, wave energy is invaluable and environmentally
friendly. Technology to exploit ocean energy contributes to minimizing CO2 emissions into the living
environment. In this case study, the authors considered eight potential locations for building a wave
power plant in Vietnam. These locations are judged to be highly effective based on natural and
socioeconomic conditions. Eight potential locations are able to invest in wave power plants, as shown
in Table 2.

Table 2. List of 10 potential locations.

No. Name Symbol

1 Co To Island SITE1
2 Bach Long Vi Island SITE2
3 Con Co SITE3
4 Vanh Rai Bay SITE4
5 Phu Qui SITE5
6 Cu Lao Cham SITE6
7 Ha Long Bay SITE7
8 Hon Me SITE8

Finding the best site for building a wave power farm is an important criterion affecting the time
at which the project reaches completion. In order to select an optimal location, the decision-maker
must first understand the criteria of location evaluation. Based on experts and literature reviews, a
decision-maker has to consider four main criteria, i.e., energy resources, location suitability, environment
suitability, social suitability. The hierarchy of the objectives of this study is shown in Table 3.



Processes 2019, 7, 650 8 of 13

Table 3. The hierarchy of the objectives.

Main Criteria Sub-Criteria Experts/Literature Review Symbol

* Energy resource;
* Location suitability;

* Environment suitability;
* Social Suitability.

Wave height
Chakraborty et al.

Soumya Ghosh et al.
Experts

WAH

Distant between two
waves

Soumya Ghosh et al.
Experts DBW

Number of waves Soumya Ghosh et al.
Experts NWA

Wind speed
Chakraborty et al.

Soumya Ghosh et al.
Experts

WSP

Wind duration Chakraborty et al.
Experts WDU

Depth of the Ocean Chakraborty et al.
Soumya Ghosh et al. Experts DTS

Turbulence Soumya Ghosh et al.
Experts TBL

Water quality Soumya Ghosh et al.
Experts WQU

Coastal erosion Soumya Ghosh et al.
Experts COE

Shipping density Soumya Ghosh et al.
Experts SHD

Protection law Experts PRL

Labor resource Experts LBR

Safety conditions Experts SAC

A fuzzy comparison matrix for GOAL from the FANP approaches is shown in Table 4.

Table 4. Fuzzy comparison matrices for GOAL.

Criteria Energy Resource
(ER)

Environment
Suitability (ES)

Location
Suitability (LS)

Social Suitability
(SS)

Energy resource (ER) (1,1,1) (1,2,3) (3,4,5) (2,3,4)
Environment suitability

(ES) (1/3,1/2,1) (1,1,1) (1,2,3) (2,3,4)

Location suitability (LS) (1/5,1/4,1/3) (1/3,1/2,1) (1,1,1) (1/4,1/3,1/2)
Social Suitability (SS) (1/4,1/3,1/2) (1/4,1/3,1/2) (4,3,2) (1,1,1)

The authors obtain the coefficients α = 0.5 and β = 0.5 (Tang and Beyond). α represents the
uncertain environment conditions, while β represents the attitude of the evaluator is fair.

g0.5, 0.5(aER,SS) = [(0.5 × 2.5) + (1 − 0.5) × 3.5] = 3

f0.5 (LER, SS) = (3 − 2) × 0.5 + 2 = 2.5

f0.5 (UER, SS) = 4 − (4 − 3) × 0.5 = 3.5

g0.5, 0.5(aSS,ER) = 1/3.

The real number priority when comparing the main criteria pairs are shown in Table 5.
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Table 5. Real number priority.

Energy Resource
(ER)

Environment
Suitability (ES)

Location
Suitability (LS)

Social Suitability
(SS)

Energy resource (ER) 1 2 4 3
Environment suitability (ES) 1/2 1 2 3

Location suitability (LS) 1/4 1
2 1 1/3

Social Suitability (SS) 1/3 1/3 3 1

For calculating the maximum individual value as following:

PO1 = (1 × 2 × 4 × 3)1/4 = 2.21

PO2 = (1/2 × 1 × 2 × 3)1/4 = 1.32

PO3 = (1/4 × 1/2 × 1 × 1/3)1/4 = 0.45

PO4 = (1/3 × 1/3 × 3 × 1)1/4 = 0.76∑
PO = PO1 + PO2 + PO3 + PO4 = 4.74

ω1 =
2.21
4.74

= 0.47

ω2 =
1.32
4.74

= 0.28

ω3 =
0.45
4.74

= 0.09

ω4 =
0.76
4.74

= 0.16
1 2 4 3

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

1/3 1/3 3 1

×


0.47
0.28
0.09
0.16

 =


1.87
1.18
0.48
0.68




1.87
1.18
0.48
0.68

/


0.47
0.28
0.09
0.16

 =


4.0
4.2

4.44
4.25

.
Based on number of main criteria, the authors get n = 4, λmax and CI are calculated as following:

λmax =
4.0 + 4.2 + 4.44 + 4.25

4
= 4.23,

CI =
λmax − n

n− 1
=

4.23− 4
4− 1

= 0.08.

To calculate CR value, we get RI = 0.9 with n = 4.

CR =
CI
RI

=
0.08
0.9

= 0.0889.

As CR = 0.0889 ≤ 0.1, we did not need to re-evaluate. The weight of all sub-criteria are shown in
Table 6.
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Table 6. The weight of sub-criteria.

No Sub-Criteria Weight

1 WAH 0.0936
2 DBW 0.0895
3 NWA 0.1517
4 WSP 0.0358
5 WDU 0.0530
6 DTS 0.0492
7 TBL 0.0765
8 WQU 0.0612
9 COE 0.0636
10 SHD 0.0669
11 PRL 0.1040
12 LBR 0.1119
13 SAC 0.0432

Based on the weight of all sub-criteria defined by the FANP model, the TOPSIS approach was
utilized to identify the score of all potential locations. The normalized matrix and normalized weight
matrix are shown in Tables 7 and 8.

Table 7. Normalized matrix.

SITE1 SITE2 SITE3 SITE4 SITE5 SITE6 SITE7 SITE8

WAH 0.3219 0.3678 0.4138 0.4138 0.3219 0.2759 0.3678 0.3219
DBW 0.3225 0.3686 0.3686 0.3225 0.3686 0.4147 0.2765 0.3686
NWA 0.3182 0.3636 0.3636 0.3636 0.3636 0.3182 0.4091 0.3182
WSP 0.3581 0.3134 0.3581 0.3581 0.4029 0.3581 0.3581 0.3134
WDU 0.2857 0.3333 0.3333 0.3810 0.3810 0.3333 0.4286 0.3333
DTS 0.3629 0.4082 0.3629 0.3175 0.4082 0.3175 0.3175 0.3175
TBL 0.4224 0.3285 0.3755 0.3285 0.3285 0.3755 0.3285 0.3285

WQU 0.3285 0.3755 0.3285 0.3285 0.4224 0.3285 0.3755 0.3285
COE 0.3962 0.3522 0.3522 0.3522 0.3962 0.3082 0.3522 0.3082
SHD 0.3392 0.3392 0.3392 0.3876 0.2907 0.4361 0.3392 0.3392
TOP 0.4224 0.3285 0.3755 0.3285 0.3285 0.3755 0.3285 0.3285
PRL 0.3285 0.3755 0.3285 0.3285 0.4224 0.3285 0.3755 0.3285
LBR 0.3962 0.3522 0.3522 0.3522 0.3962 0.3082 0.3522 0.3082

Table 8. Normalized weight matrix.

SITE1 SITE2 SITE3 SITE4 SITE5 SITE6 SITE7 SITE8

WAH 0.0301 0.0344 0.0387 0.0387 0.0301 0.0258 0.0344 0.0301
DBW 0.0289 0.0330 0.0330 0.0289 0.0330 0.0371 0.0247 0.0330
NWA 0.0483 0.0552 0.0552 0.0552 0.0552 0.0483 0.0621 0.0483
WSP 0.0128 0.0112 0.0128 0.0128 0.0144 0.0128 0.0128 0.0112
WDU 0.0151 0.0177 0.0177 0.0202 0.0202 0.0177 0.0227 0.0177
DTS 0.0179 0.0201 0.0179 0.0156 0.0201 0.0156 0.0156 0.0156
TBL 0.0323 0.0251 0.0287 0.0251 0.0251 0.0287 0.0251 0.0251

WQU 0.0201 0.0230 0.0201 0.0201 0.0259 0.0201 0.0230 0.0201
COE 0.0252 0.0224 0.0224 0.0224 0.0252 0.0196 0.0224 0.0196
SHD 0.0227 0.0227 0.0227 0.0259 0.0194 0.0292 0.0227 0.0227
TOP 0.0439 0.0342 0.0390 0.0342 0.0342 0.0390 0.0342 0.0342
PRL 0.0368 0.0420 0.0368 0.0368 0.0473 0.0368 0.0420 0.0368
LBR 0.0171 0.0152 0.0152 0.0152 0.0171 0.0133 0.0152 0.0133
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5. Results and Discussion

The MCDM model has been applied to various fields of science and technology, and its use has
increased over the years. One of the areas in which this model has been applied is the location selection
process, but few have considered this issue in the wave energy power plant location selection. This is
the main reason why this study proposes an MCDM model for wave power plant site selection.

In the first stage of this research, all criteria affecting location selection were determined by experts
and literature reviews, and the FANP method was utilized to identify the weight of all criteria in the
second stage. The ANP was proposed to overcome the problem of interdependence and feedback
between criteria on alternatives. The ANP is the general form of the AHP, which has been used in
the MCDM model to release the restrictions of hierarchical structures. However, human judgment
varies from person to person, as human perception always contains a certain degree of vagueness and
ambiguity. Using such language, decision-makers quantify uncertain events and objects. Fuzzy theory
enables decision-makers to tackle the ambiguities involved in the process of the linguistic assessment
of the data. Subsequently, in fuzzy ANP, the linguistic assessment is converted to triangular fuzzy
numbers. These triangular fuzzy numbers are used to build a pairwise comparison matrix for the
ANP, and one can obtain the weights for attributes on each level. The TOPSIS model is a multicriteria
decision analysis method, which is used for ranking potential sites in the final stage. TOPSIS is based
on the concept that the chosen alternative should have the shortest geometric distance from the positive
ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS). Based on
the results shown in Figure 3, Con Co (SITE3) is the optimal site for building a wave power plant in
Vietnam because it has the highest-ranking score [11,23].
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Figure 3. Final ranking score from the technique for order of preference by similarity to ideal solution
(TOPSIS) model.

The contribution of this research is to propose a fuzzy MCDM model for site selection in the
renewable energy sector under fuzzy environment conditions. The proposed model also can address
different complex problems in location selection; further, it is a flexible design model for considering
the evaluation criteria. Thus, it is applicable to site selection of other types of renewable energies in
the world.
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6. Conclusions

In the context of increasing energy demand in Vietnam, the ability to supply domestic energy
resources is limited, while the potential of renewable energy in Vietnam is great. In addition to the
high demand for electricity for production, the availability of renewable energy sources for power
generation is feasible both in technology and economic and environmental efficiency. Thus, many types
of renewable energy resources are exploited in Vietnam. However, to compare with other countries in
the world, the current results have not yet fully utilized Vietnam’s potential. In order to meet demand
while supplying energy faces many problems and challenges, especially with the gradual depletion
of domestic fossil fuels, oil prices will fluctuate with increasing trends, and Vietnam will ultimately
depend more on world energy prices. Therefore, considering the exploitation of renewable energy
sources in the coming period will have important meaning, both economically and socially, for energy
security and environmental protection.

This model has also been applied to the location selection process, but few studies have considered
this issue in fuzzy environment conditions. This is a reason why the authors proposed the fuzzy
multicriteria decision making (FMCDM) model for analyzing a suitable site for wave energy production
by the FANP and TOPSIS model.

The limitation of this study is due to the specific nature of the energy investment sector, under the
strict management of provisions of legislation. Therefore, the actual implementation process will take
a long time.

For future research, this proposed model can be improved by considering more criteria that have
an effect on the site selection process. In addition, variations in the MCDM model, such as FAHP,
VlseKriterijumska Optimizacija I Kompromisno Resenje in Serbian (VIKOR), etc., can also be combined
for future analysis.
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