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Abstract: Maritime shipping contributes nearly 3% of global greenhouse gas emissions. To 

achieve zero-carbon shipping, Indonesia, with its abundant sunlight, can use solar cell technology 

for electric-powered ships, necessitating carefully selecting shipyard locations. To address this 

challenge, this research integrates DEMATEL with six MCDM ranking methods (CoCoSo, MOORA, 

TOPSIS, ARAS, OCRA, and WASPAS). Using 23 comprehensive criteria, the study identifies the 

most suitable locations for solar-powered shipyards. The analysis showed PT Dok Pantai Lamongan 

and PT Armada Bangun Samudra as the top locations, consistently ranked by all methods. A 

significant contribution of this research lies in its application of objective decision-making methods 

and new parameters related to the shipyard selection process. Sensitivity analysis confirmed the 

robustness of the results, with DEMATEL-MOORA identified as the most straightforward approach. 

This study advances Indonesia's pursuit of a sustainable maritime industry by offering reliable, 

objective decision-making methods for site selection. 

 

Keywords: Solar-Powered Shipyard; DEMATEL; Comparison of MCDM; Site selection; 

Integrated method 

1. Introduction 

Indonesia is an archipelagic country where sea 

transportation is an essential part of daily life in Indonesia, 

providing connectivity between the country's islands and 

supporting sustainable development and economic 

integration in various regions. Therefore, the availability 

of ships is an important part of the domestic shipping fleet 

for transporting goods and people. Along with the 

emergence of world regulations and agreements regarding 

climate change, it is hoped that the implementation of 

maritime decarbonization will accelerate. By exploiting 

this global trend for Indonesia's national interests, 

developing electric and solar-powered ships becomes an 

economic opportunity directly related to ships. Moreover, 

the issue of electrification of Indonesia's small ship fleet 

has also been stated in document1). Also, the sunlight 

obtained in Indonesia can produce 5.1 kWh per day if 

solar cells are used2). According to3), the life cycle 

emissions from power generation from solar energy are 

much smaller than the life cycle emission levels for 

natural gas and coal, at only 0.07 and 0.18 pounds of 

carbon dioxide equivalent per kilowatt-hour.   

On the other hand, the shipbuilding industry is probably 

the sector facing the most drastic changes from 2030 

onwards, when the International Maritime Organization 

(IMO) green goal target of stopping any fuel-burning 

ships delivered by shipyards on or after January 1, 2030, 

is set to come into force. In essence, shipyards stand at the 

nexus of both challenge and opportunity, tasked with 

aligning their efforts with the industry's dual imperatives 

of emission reduction and the development of markedly 

more innovative vessels4).   

Meanwhile, the development of electric and solar-

powered ships must be followed by the availability of 

maritime infrastructure in the form of shipyards for 

electric and solar-powered ships. This is because 

shipyards for electric and solar-powered ships have 
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different qualifications from shipyards in general. 

Currently, there is no information regarding the 

availability of vessels from Indonesian shipyards as 

producers of electric and solar-powered ships. The current 

number of shipyards in Indonesia is 250, which is 

considered insufficient to handle the ship population in 

Indonesia5). This is because the distribution of shipyard 

locations is not evenly distributed, of which 88% are in 

the western region of Indonesia, only 12% are in the 

eastern region, and most are small-scale5).  

From this problem, we can see that the location of 

electric and solar-powered shipyards needs to be planned 

carefully to align with specified criteria, thereby 

supporting the achievement of a sustainable and 

independent maritime industry in Indonesia. To identify 

alternative locations for electric shipyards, the parameters 

that influence the selection of these locations are 

determined based on relevant previous studies and expert 

reviews from the maritime sector, policymakers, and the 

shipyard industry. Based on the identification results, this 

study considered four alternative shipyard locations and 

23 parameters to determine the most suitable location for 

an electric and solar-powered shipyard. Given the 

complexity and number of parameters involved, the 

Multi-Criteria Decision Making (MCDM) method is 

considered appropriate for addressing this problem. 

Previous research has applied various MCDM methods 

to different contexts. For example, a study6) applied some 

well-known MCDM methods (SAW, WPM, AHP, 

TOPSIS (Technique for Others Preference by Similarity 

to Ideal Solution), VIKOR, ELECTRE III) to an existing 

small run-of-the-river hydropower plant for the selection 

of the optimal flow release scenario, and compared these 

methods statistically. Similarly, the CoCoSo (Combined 

Compromise Solution) method, developed by Yazdani et 

al.7), can compete with previously well-known MCDM 

tools and is useful in several areas such as the supply chain, 

construction sector, and engineering fields. It solves 

uncertain decision problems where experts deal with less 

quantitative information about candidate suppliers8) and 

has been successfully used for personnel selection8). The 

WASPAS (Weighted Aggregated Sum Product 

Assessment), method is known to increase ranking 

accuracy9) and has been commonly employed in energy 

and sustainability contexts, often integrated with other 

MCDM methods10). Conversely, methods like OCRA 

(Operational Competitiveness Assessment)11) and ARAS 

(Additive Ratio Assessment)12) are less frequently used 

but have been validated and extended by various studies 

to address performance selection problems, efficiency 

analysis, and productivity13–21). 

This research proposes a two-stage approach, including 

the weighting of each parameter using the Decision-

Making Trial and Evaluation Laboratory (DEMATEL) 

method to analyze the correlation between factors to 

obtain a weight value for each criterion, considering their 

interrelationships7,22–24). The DEMATEL method was first 

developed to identify causal relationships25,26) and has 

since been adapted for multi-criteria decision-making. By 

analyzing the structural relationship between parameters, 

DEMATEL can effectively weigh the parameters. 

Following this, we analyze the ranking of alternative 

site assessments using six MCDM methods: TOPSIS, 

CoCoSo, MOORA (Multi-Objective Optimisation by 

Ratio Analysis), OCRA, WASPAS and ARAS. Each of 

these MCDM methods uses different approaches for 

ranking alternatives. CoCoSo combines the sum and 

product of criteria values, while MOORA uses the ratio of 

beneficial and non-beneficial criteria. TOPSIS evaluates 

alternatives based on their distance from the ideal and 

negative-ideal solutions. ARAS aggregates normalized 

criteria values to assess utility, OCRA measures 

operational competitiveness, and WASPAS combines 

weighted sum and product models. The main difference 

between these MCDM methods lies in how each method 

processes the decision matrix and ranks the alternatives.  

The significant contribution of this research lies in the 

application of various ranking methods to compare the 

assessment results in the shipyard site selection process, 

making the decision-making process much more objective 

than using a single method alone.  Each method provides 

distinct insights and advantages, enhancing their value for 

comparative analysis in determining the most suitable 

locations for solar-powered shipyards. Moreover, each 

method is integrated with the DEMATEL weighting 

method. Then, the results were compared using a 

statistical approach to analyze the correlation and 

robustness. Another contribution of this research is the 

introduction of new criteria or parameters for selecting 

shipyard locations, compared to earlier studies27,28), to 

better serve electric and solar-powered ships. These new 

parameters include the distance to raw materials and ship 

parts and the hours of sunlight. By leveraging these 

MCDM methods and comprehensive parameters, this 

research encourages the development of a specialized 

shipyard industry for solar and electric ships in 

appropriate locations, fostering the advancement of green 

ship technology and contributing to maritime 

decarbonization. 

 

2.  Materials and Methods 

Figure 1 shows the entire workflow in this research, it 

explains the method used in making multi-criteria 

decision-making method. The MCDM method is used in 

various aspects, including social, economic, and 

environmental29,30). The initial stage in selecting locations 

for solar-powered shipyards is to determine the criteria 

through literature studies. The next stage determines the 

relationship between the criteria and the weight of each 

parameter using DEMATEL. A structural modeling 

method for analyzing cause-and-effect interactions among 

complex factors is the DEMATEL method31). 

Furthermore, a ranking analysis was conducted to 

determine the location of the solar-powered shipyard 
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industry using the DEMATEL-COCOSO, DEMATEL-

MOORA, DEMATEL-TOPSIS, DEMATEL- ARAS, 

DEMATEL-OCRA, and DEMATEL-WASPAS methods. 

The results were evaluated by determining the Spearman 

rank correlation coefficient.  

 

 
Fig. 1: Frameworks for Locating Solar-Powered Shipyards 

Using the Ensemble Method. 

 

2.1 Study Area 

The alternative locations for the solar shipbuilding 

industry consist of four locations, as shown in Fig. 2. The 

first four alternative locations are PT Dok Pantai 

Lamongan in Lamongan Regency, East Java; the second 

alternative location of PT Armada Bangun Samudra in 

Serang Banten; the third alternative location of Lintech 

Seaside Facility in Lamongan Regency, East Java; and 

finally the fourth alternative location is PT Sumber 

Marine Shipyard in Batam Riau Islands.  

 

2.2 Site Parameters for Solar-Powered Shipyard 

Industry 

The parameters used to select alternatives play an 

important role in determining the location of the 

shipbuilding industry. Therefore, a review has been 

conducted of various references, papers, and regulations 

relevant to the selection of shipyard industry sites to 

obtain and classify the most appropriate factors to be used 

in this problem. The parameters used in this solar-powered 

shipyard selection consist of 23 parameters. As we can see 

in Table 1, we provide a detailed explanation of 

parameters, such as characteristics, details of value/scale 

used, and reference sources. Some parameters use actual 

values, such as ‘land area’ (in hectares), ‘distance to the 

port’ (in kilometers), ‘distance to the airport’ (in 

kilometers), and wave height (in meters). Meanwhile, 

other parameters use a scale for the actual value of 

alternative locations. As with the parameter 'distance to 

train station', we found some alternative locations do not 

have train access. At the same time, ‘distance’ should have 

cost characteristics, where a smaller value is preferred. 

Therefore, we changed the parameter characteristics to 

benefits (greater value is preferred) and created a scale for 

the parameter ‘distance to the train station’, namely a 

distance of less than 5km with a value of 4, a distance of 

5-10 km with a value of 3, a distance of 10-50 km with a 

value of 2, and ' no train station' with a value of 1. 

Furthermore, we also used scale for parameters with non-

quantitative data, such as the use of land, flood 

vulnerability, the existing source of raw water, the 

accessibility of a wastewater plant, etc. 

2.3 Parameters Weighting Analysis using the 

DEMATEL Method 

In recent years, DEMATEL has been widely used as a 

Multi-Criteria Decision Making (MCDM) approach in 

many decision analyses. DEMATEL, developed by the 

Battelle Memorial Institute in Geneva, is a more extensive 

and sophisticated version of AHP based on matrix 

theory32). Like mind mapping, this method helps 

determine the optimal course of action for resolving 

problems in real-world circumstances by organizing 

expert replies to the barriers into a visual impact map33). 

Compared to other methods, one of the advantages of this 

method is the ability to identify interdependencies from 

the decision-maker's point of view. The stages comprising 

the DEMATEL method are as follows33–35)  

Step 1: Initiation of initial construction of direct 

relationship matrix (Z): Matrix 𝑖𝑥𝑗  Z is the result of 

pairwise comparison scaling. Pairwise comparisons were 

made using a Likert scale, with 0 to 4 representing “No 

influence,” “Low influence,” “Same influence,” “High 

influence,” and “Very high influence,” respectively. This 

matrix construct consists of the average value of each 

assessment. The Likert scale is generally used with 5 or 7 

points36). In this study, we used a 5-point scale. The 5-

point Likert scale is easy for both, survey administrators 

and respondents, to understand and use, allowing 

respondents to remain neutral. Additionally, 

questionnaires with more than 5 points can make it 

difficult for respondents to identify their opinions 

accurately, leading to confusion, lower response rates, and 

unreliable results37). 

Step 2:  The process of generating the normalized 

direct-relation matrix (𝑋) involves dividing each element 

of the Direct Relationship matrix by the line or column 

containing the smallest value (𝑘). The Direct Relationship 

Matrix (𝑋) is computed using Equations (1) and (2). 
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𝑋  =  𝑘 𝑥 𝑍    (1) 

 

𝑘  =  𝑀𝑖𝑛  (
1

max  ∑ [𝑍𝑖𝑗]𝑛
𝑗=1

,
1

𝑚𝑎𝑥  ∑ [𝑍𝑖𝑗]𝑛
𝑖=1

)   𝑖, 𝑗  = 1,2,3, … , 𝑛

     (2) 

 

Step 3: The total effect matrix (𝑇) is generated through 

the application of equation (3). The entity that 𝐼 symbolize 

is the Unit Matrix. 

 

𝑇 = 𝑋 + 𝑋2 + 𝑋3 + 𝑛          (3) 

 

Step 4: To ascertain the vectors 𝐷 and 𝑅, the sum of the 

𝑖. rows, denoted as di, represent the cumulative impact of 

the 𝑖. criteria on the remaining criteria. Denoted as 𝑟𝑗, the 

sum of the 𝑗. columns indicate the overall influence of the 

criteria when adjusted for other factors. 

 

𝐷 = [𝑑𝑖]𝑛𝑥1 = [∑ 𝑡𝑖𝑗𝑛
𝑗=1 ]

𝑛𝑥1
     (4) 

 

𝑅 = [𝑟𝑗]𝑛𝑥1 = [∑ 𝑡𝑖𝑗𝑛
𝑖=1 ]𝑛𝑥1       (5) 

 

By utilizing Equations (4) and (5), (𝐷 ) and (𝑅 ) are 

computed. A high 𝐷 + 𝑅 value indicates that the factor or 

criterion in question has a significant relationship with 

others and plays a crucial role. When the value of the 

criterion ( 𝐷 − 𝑅 ) is positive, it exerts a substantial 

influence on the remaining criteria and assumes a more 

significant role; this group is known as the cause group. 

The group of criteria whose influence is greatest relative 

to the others is referred to as the effect group (𝐷 − 𝑅). 

Step 5: Determine the weights of criteria that contain 

influence. Equation 6 generates the weight vector 𝑤 =
 (𝑤1, 𝑤2, . . . , 𝑤𝑛) for the evaluation criteria. 

 

𝑤  =  
√(𝑟𝑗 + 𝑑𝑗)

2
+(𝑟𝑗 + 𝑑𝑗)

2

∑ √(𝑟𝑗 + 𝑑𝑗)
2

+(𝑟𝑗 − 𝑑𝑗)
2𝑁

𝐽=1

      (6) 

 

2.4 Ranked Assessments 

We applied the six integrations of MCDM approaches 

to the site selection problem (solar-powered shipyard 

sites) in the current study and compared the results. The 

integrated methods are DEMATEL-CoCoSo, DEMATEL-

MOORA, DEMATEL-TOPSIS, DEMATEL-ARAS, 

DEMATEL-OCRA, and DEMATEL-WASPAS. 

 

2.4.1 DEMATEL - CoCoSo Method 

The MCDM method, known as CoCoSo, was 

introduced by7) As a result of combining the exponentially 

weighted product (EWP) and simple additive weighting 

(SAW) techniques, this method has emerged. This 

approach entails the computation of utility values from 

various corners. Then, an aggregation function combines 

the utility values of each alternative to arrive at a 

compromise option7,38,39). For solving a CoCoSo decision 

problem, the subsequent stages will be to verify the 

identification of the alternatives and the following 

parameters: (1) determine a decision matrix. (2) normalize 

parameter values for benefit and cost parameters. (3) 

calculate the sum of the combined power weight of 

comparability sequences for each alternative and sum the 

total power weight of the weighted comparability 

sequences. (4) Apply the subsequent aggregation 

strategies to approximate three distinct appraisal scores 

for the alternatives. (5) Rank the alternatives according to 

their on the compromise ranking index.  

 

2.4.2 DEMATEL - MOORA Method 

The MOORA technique has the potential to be 

effectively utilized as a suitable method for arranging and 

rating options among a multitude of available 

alternatives40). It is also known as multi-criteria or multi-

attribute optimization. This methodology simultaneously 

optimizes several competing objectives41). By Balezentis 

and Balezentis42), The ranking of condensation factors is 

determined in this stage, considering the criterion 

weightings computed in step 2.3 utilizing the MOORA 

approach. the MOORA procedures are detailed below.   

(1) A decision matrix is utilized to delineate various 

alternatives. (2) normalize the matrix. (3) evaluate both 

positive (benefit) and negative (cost) consequences by 

calculating the ratio system (sum of beneficial criteria 

minus the sum of cost criteria). When there is an increase 

in performance, a criterion assigns positive values; 

conversely, negative values are regarded as negative 

aspects. (5) After the results have been ranked, the optimal 

alternative can be selected. 

 

2.4.3 DEMATEL - TOPSIS Method 

TOPSIS was initially introduced in the field of 

performance assessment by Hwang and Lin in 198743,44). 

Numerous objective decision-making issues about diverse 

regions may be resolved by utilizing TOPSIS45). The 

following are the principal stages comprising TOPSIS.  (1) 

The initial stage involves the construction of a decision 

matrix, (2) decision matrix normalization, (3) calculation of 

the normalized weighted decision matrix, (4) determine the 

positive and negative ideal solutions, (5) calculation of the 

separation measures (distance to ideal and negative-ideal 

solutions), (6) calculate the relative closeness to the ideal 

solution. (7) rank the alternatives based on the relative 

closeness. 

2.4.4 DEMATEL - ARAS Method 

Zavadskas and Turskis initially introduced the ARAS 

method to mitigate the impact of varying measurement 

units and optimization orientations in MCDM46–48). The 

following are the principal stages comprising ARAS. (1) 

construct the decision matrix, (2) normalize the decision 
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matrix for all criteria, (3) determine the normalized 

weighted matrix, (4) determine the value of the 

optimization function of each alternative, (5) determine 

the highest-ranking level of the alternatives based on the 

value of the optimization function. 

 

 

Fig. 2: Alternate Sites Plan for Solar-Powered Shipyard. 

 

2.4.5 DEMATEL - OCRA Method 

OCRA is comparable to a max-min normalization 

procedure applied to a straightforward machine 

average11,49,50). The fundamental concept behind the 

OCRA method is to conduct autonomous assessments of 

alternatives based on advantageous and disadvantageous 

criteria and subsequently merge these two sets of ratings 

to derive operational competitiveness ratings50). Several 

stages comprise the primary procedure for implementing 

the OCRA method. (1) construct the decision matrix, (2) 

calculate the competitiveness rating of the alternatives for 

the cost parameter, (3) calculate the linear 

competitiveness rating of each alternative for the cost 

parameter, (4) calculate the competitiveness rating of the 

alternatives for the beneficial parameter, (5) calculate the 

linear competitiveness rating of each alternative for the 

beneficial parameter, (6) rank the alternatives based on the 

total competitiveness rating for each alternative. 

 

2.4.6 DEMATEL - WASPAS Method 

The weighted aggregated sum product assessment 

(WASPAS) model, developed by Zavadskas et al., has 

been widely implemented in various real-world scenarios. 

It is a more precise combination of the weighted sum 

model (WSM) and the weighted sum model (WPM)9,51–54). 

The following are the stages comprising the WASPAS 

method. (1) Create a decision matrix, (2) Identification of 

the normalized matrix, (3) Calculating matrix 

normalization values and DEMATEL weights, (4) 

calculate the preference value of each alternative, (5) 

Arranging substitutes: The best option is identified by 

looking up the most significant value, which is then 

ranked. 

 

 

2.5 Evaluation of the Various MCDM Ranking 

Methods  

Different decision ranking methods produce ranks with 

varying levels of similarity for alternatives in a decision 

matrix. To investigate the potential of the suggested 

MCDM approach in mitigating uncertainty and improving 

apparent performance, a sensitivity analysis of ranking 

stability based on different ranking methodologies was 

conducted. Sensitivity analysis is often performed in 

complex decision environments by comparing a model's 

output with other well-structured approaches to evaluate 

the robustness and reliability of the alternatives' ranking 

scores7,55). A strong correlation coefficient between 

ranking scores can provide useful confirmation and 

agreement, serving as a global method for comparing 

decision outcomes during practical implementations. 

Based on earlier research6), sensitivity analysis was 

conducted using the results from applying the various 

MCDM approaches. The rankings obtained from the 

different methods were compared and statistically 

analyzed through Spearman’s rank correlation tests. The 

Spearman rank correlation coefficient, a non-parametric 

method, was used to measure the strength and direction of 

the association between ranked variables. In evaluating 

MCDM methods, this coefficient helps assess the 

consistency and reliability of the rankings produced by 

different methods. High correlation coefficients indicate 

strong agreement, suggesting the rankings are robust and 

consistent across different methods. Conversely, low 

correlation coefficients may indicate significant 

discrepancies, highlighting potential differences in how 

each method evaluates and ranks the alternatives. 

Including the Spearman rank correlation coefficient in the 

robustness test provides valuable insights into the 

reliability of the decision-making process and ensures that 

the chosen methods produce stable and dependable results. 
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Table 1. Site Parameters for Solar Powered Shipyard Industry. 

Code Site Parameters Characteristics Details or Value / Scale References 

p1 The angles of Slope (%) Benefit (0-8)/Flat/5 (8-15)/Ramp/4 (15-25)/Rather Steep/3 (25-45)/Steep/2 (>45)/Very 

Steep/1 

56–60) 

p2 The ground type  Benefit Gley, Palnosol, 

Alluvial, Gray 

Hydromorphic / 

Sensitive / 5 

Rather Latosol / 

Sensitive / 4 

Mediterranean, non-

marshy brown forest soil / 

Less Sensitive / 3 

Laterite, Grumusol, 

Andosol, Podsol, Podzolic 

/ Sensitive / 2 

Lithosol, 

Organosol, 

Regosol, 

Renzina / Very 

Sensitive/ 1 

56–60) 

p3 The amount of 

rain(mm/Year)  

Benefit 0 – 1500 / 5 1500 – 2000 / 4 2000 – 2500 / 3 2500 – 3000 / 2 >3000 / 1 56–58) 

p4 Flood vulnerability (m)  Benefit Low / <1 / 3 Medium / 1 – 3 / 2 High / >3 / 1 - - 56–58) 

p5 Landslide hazard possibility 

(cm/year)  

Benefit Low / <0,9 / 3 Medium / 0,9 – 1,8 / 

2 

High / >1,8 > 1 - - 56–58) 

p6 Use of land  Benefit  Zone of industrial 

designation / 2 

Protected Areas or 

Designated Areas 

for Sustainable 

Food Agriculture / 1 

- - - 56–58) 

p7 Lands area (Ha)  Benefit 

 (non-scale) 

Main Industry / >50 

/ - 

Small and Medium / 

5 – 50 / - 

Industry Not Presented / 

<5 / - 

- - 56–58) 

p8 The accessibility of land 

transport  

Benefit  Main arterial 

thoroughfare / 4 

Road for Primary 

Collection / 3 

Primary community 

thoroughfare / 2 

Village Streets / 1 - 56–58) 

p9 The distance to the train 

station  

Benefit  <5 / 4 5 – 10 / 3 10 – 50 / 2 None /1 - 56–58) 

p10 Toll road availability  Benefit  <5 / 4 5 – 10 / 3 10 – 50 / 2 None /1 - 56–58) 

p11 The distance to the harbour 

(km)  

Cost (non-scale) - - - - - 56–58) 

p12 The distance to airports 

(km)  

Cost (non-scale) - - - - - 56–58) 

p13 Provision of an area dock  Benefit  A designated area 

jetty exists. / 3 

A regional jetty 

development is 

occurring / 2 

Absence of jetty 

construction in the area / 

1 

- - 56–58) 

p14 Existence of sources of raw 

water  

Benefit  Alternative surface 

water site / 4 

Company for 

Regional Drinking 

Water / 3 

Reprocessing of industrial 

wastewater for reuse / 2 

Provisions sourced from 

external organizations or 

local governing bodies / 1 

- 56–58) 
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Code Site Parameters Characteristics Details or Value / Scale References 

p15 The accessibility of a 

wastewater plant  

Benefit  A regional sewage 

treatment facility is 

present / 4 

Temporary Storage 

Building (TPS) / 3 

Temporary Storage Site 

(TPS) / 2 

There is no Waste 

Temporary Storage Site 

(TPS) / 1 

- 56–58) 

p16 Provision of regional 

electricity lines (kV)  

Benefit  Extra High Voltage 

Air Line (SUTET) / 

200 – 500 / 3 

High Voltage Air 

Line (SUTET) / 30 

– 150 / 2 

No Transmission line yet / 

0 / 1 

- - 56–58) 

p17 Sea Level 

Specification/Ship Weight 

(DWT)  

Benefit 80.000 – 150.000 / 

8 

50.000 

– 

80.000 / 

7 

30.000 – 

50.000 / 

6 

15.000 – 

30.000 / 5 

8.000 – 

15.000 / 4 

3.000 – 

8.000 / 

3 

1.000 – 3.000 / 

2 

𝑡𝑜 000 / 1 58,61) 

p18 Water wave height (m)  Cost (non-scale) Calm (Rippled) / 0 

– 0,1 / - 

Smooth (Wavelets) / 

0,1 – 0,5 / - 

Slight / 0,5 – 1,25 / - Moderate / 1,25 – 2,5 / - - 58,62) 

p19 The accessibility of 

educational institutions for 

maritime education  

Benefit  Superior / 5 Excellent / 4 Good / 3 Not Accredited / 2 Not University / 

1 

58) 

p20 The residential distance 

from industrial area (km)  

Benefit  <2 / 2 ≥2 - - - 56–58) 

p21 Leading industry in the 

appropriateness parameters 

at the regional level  

Benefit Industry penetration 

with a prominent 

regional industry / 2 

Sectors excluded 

from the list of 

prominent industries 

in the region / 1 

- - - 56–58) 

p22 
Distance of raw materials 

and ship parts  

Cost  0 – 100 / 5 100 – 200 /4 200 – 300 /3 300 – 500 /2 >500 / 1 58) 

p23 
The number of hours of 

sunlight  

Benefit  >5 / 5 4,5-5 / 4 4-4,5 /3 3.56 – 4 /2 < 3,56 /1 2,63,64) 
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3. Results and Discussion 

The decision planner identified four potential sites for a 

solar-powered shipyard, designated as alternative site 1 

(A1), alternative site 2 (A2), alternative site 3 (A3), and 

alternative site 4 (A4). The decision-makers will then 

evaluate the 23 parameters set for each alternative location. 

The result is shown in Table 3. The Decision Matrix is the 

value the decision maker gives to each parameter for each 

candidate. 

3.1 Evaluating DEMATEL's Weight   

The DEMATEL process began by collecting expert 

assesment on each of the 23 criteria. The expert's panel 

consisted of 5 individuals: 4 professionals working at 

Indonesia's national innovation research agency with 

distinct expertise and 1 policy maker working at the 

Ministry of Investment/Investment Coordinating Board. 

The 4 experts included an environmental expert, a 

maritime expert, a shipyard expert, and a shipping expert. 

For the current study, the experts were asked to decide on 

the importance of one parameter over another by 

comparing one parameter to another. The evaluations of 

the group members were considered equally important. 

Certain characteristics of the experts' profiles are 

presented in Table 2.  

 

Table 2. Experts’ characteristics. 

 Experts 
Yrs 

Exp 
Education Job Title 

Maritime 

expert 
>25  

Doctor of 

Marine 

Technology 

Senior researcher 

at Indonesia's 

National 

Innovation 

Research Agency 

Environmenta

l expert 
>12  

PhD, 

Department 

of 

Environmenta

l Science 

Associate 

researcher at 

Indonesia's 

National 

Innovation 

Research Agency 

Investment 

policy maker 
>10  

Magister of 

business 

administratio

n 

Planner associate 

expert Ministry 

of Investment / 

BKPM RI 

Shipyard 

expert 
>20 

Doctor of 

Naval 

Architecture 

Associate 

researcher at 

Indonesia's 

National 

Innovation 

Research Agency 

Shipping 

expert 
>25 

Master's 

degree in 

shipping 

engineering 

Senior researcher 

at Indonesia's 

National 

Innovation 

Research Agency 

 

The influence value between parameters was assessed 

on a scale of 0 to 4 and then compared in pairs (pairwise 

comparison scaling as described in point 2.3). A score of 

4 indicates the highest relationship, while zero indicates 

no influence. The opinions of the experts are combined 

and aggregated at a later stage. This serves as the starting 

matrix for subsequent DEMATEL processing. 

 

Table 3. Matrices are of Evaluation. 

  A1 A2 A3 A4 

p1 4  3  3  3  

p2 5  1  5  4  

p3 5  5  5  5  

p4 3  3  3  3  

p5 3  3  3  3  

p6 3  3  3  3  

p7 2  2  2  2  

p8 3  3  3  4  

p9 2  3  2  1  

p10 2  3  1  1  

p11 3  3  3  3  

p12 1  1  1  2  

p13 3  3  3  3  

p14 1  1  1  1  

p15 3  2  2  2  

p16 2  3  2  2  

p17 7  4  4  5,3  

p18 2  3  2  3  

p19 5  4  5  3  

p20 2  1  1  1  

p21 2  2  2  2  

p22 1  2  1  1  

p23 4  4  4  5  

 

The normalization is then carried out. The total 

relation matrix for the assumed criteria is obtained in the 

next phase. The sum of each row (called vector 𝐷) and 

each column (called vector R) is shown in Table 4. We 

can get the (𝑅 +  𝐷), and (𝑅 –  𝐷) columns to determine 

the weight of each decision criterion. This is how criteria 

weights were initially seen. Besides, the difference (𝑅 −
𝐷) notes that the related parameter is a causer that affects 

the other parameter when the value is positive. Whereas it 

is negative, the related parameter is a receiver; the other 

parameters are influencing parameters. According to our 

findings in Table 4, produced using the DEMATEL, the 

most preferred parameter is p16 (Provision of regional 

electricity lines with a score of 𝑅 + 𝐷 is 3.29 and is 0.079). 

Meanwhile, there are important parameters that can be 

improved by other parameters with positive values for 

𝑅 − 𝐷: P1, P2, P3, P4, P5, P17, P18, P19, P23. Also, some 

parameters have important parameters that cannot be 

improved by other parameters with negative values for 

𝑅 − 𝐷: P6, P8, P9, P10, P11, P12, P13, P15, P20, P21, 

P22. Table 4 summarizes the effects exerted and received 

on the parameters and lists the parameter weights.  
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Table 4. Weights and Impacts of Parameters. 

Parameters 𝑹 + 𝑫 𝑹 − 𝑫 Weights 

p1 1,468 1,372 0,020 

p2 1,248 0,859 0,017 

p3 2,127 1,975 0,029 

p4 2,218 0,986 0,031 

p5 2,311 0,94 0,032 

p6 5,043 -0,456 0,070 

p7 1,848 -0,722 0,026 

p8 4,364 -0,882 0,060 

p9 3,399 -1,099 0,047 

p10 3,546 -0,814 0,049 

p11 4,284 -0,884 0,059 

p12 3,382 -0,711 0,047 

p13 3,461 -0,047 0,048 

p14 2,879 -0,188 0,040 

p15 3,262 -1,24 0,045 

p16 3,29 0,079 0,045 

p17 2,275 0,729 0,031 

p18 2,409 0,98 0,033 

p19 2,748 0,526 0,038 

p20 5,4 -0,63 0,075 

p21 6,005 -0,905 0,083 

p22 4,439 -0,605 0,061 

p23 0.927 0,736 0,013 

3.2 Comparison of the Rankings Obtained Through 

the Different MCDM Method 

This study applied six different integration-MCDM 

methods to solve the site selection problem in the electric-

powered shipyard industry. Table 5 and Figure 3 present 

the results of the solar-powered shipyard site selection 

problem using the DEMATEL method for weighting, 

combined with CoCoSo, MOORA, TOPSIS, ARAS, 

OCRA, and WASPAS. The table shows the final 

performance values (𝑃𝑖) and positions in the ranking (𝑟𝑖) 

for each alternative (A1, A2, A3, and A4) according to the 

six MCDM methods.  

Table 5. Results of the solar-powered shipyard site selection 

problem according to the different MCDM methods, using the 

first scheme of weights (𝑃𝑖 = final performance value of 

alternative 𝑖; 𝑟𝑖 = position in the ranking).  
  

A1 A2 A3 A4 

DEMATEL- 

CoCoSo 

Pi 

𝑟𝑖 

2,88  

1  

2,42  

2  

1,45  

4  

1,7  

3  

DEMATEL- 

MOORA 

Pi 

𝑟𝑖 

0,328  

1  

0,320  

2  

0,255  

3  

0,250  

4  

 
  

A1 A2 A3 A4 

DEMATEL- 

TOPSIS 

Pi 

𝑟𝑖 

0,490  

1  

0,487  

2  

0,346  

4  

0,362  

3  

DEMATEL- 

ARAS 

Pi 

𝑟𝑖 

0,797  

1  

0,790  

2  

0,691  

4  

0,701  

3  

DEMATEL- 

OCRA 

Pi 

𝑟𝑖 

0,385  

1  

0,320  

2  

0,028  

3  

0,00  

4  

DEMATEL- 

WASPAS 

Pi 

𝑟𝑖 

0,804  

1  

0,794  

2  

0,705  

3  

0,699  

4  

 

Each alternative is evaluated and ranked based on these 

integrated methods, with the ranks ranging from 1 (most 

suitable) to 4 (least suitable). The weights used for each 

ranking method are the result of the DEMATEL 

weighting method. The ranking positions 1  for each of 

these six approaches are indicated in bold text in Table 5 

to allow easier comparison of the results. 

Figure 3 shows that alternative location A1 consistently 

ranked as the most suitable location with a rank of 1 across 

all methods. Alternative location A2 also consistently 

ranked as the second most suitable location with a rank of 

2 across all methods. Meanwhile, alternative locations A3 

and A4 display variability in their rankings, indicating 

differences in how the methods evaluate these alternatives. 

The subsequent observations may be made following the 

discussion of the comparative study that has been 

proposed: 
i. The two alternative locations of the electric shipyard 

industry (i.e. A1 and A2) were observed to have the 

same ranking (Rank 1 and 2, respectively) with all the 

proposed methodologies. 

ii. The first alternative location, followed by the second 

one, can be considered optimal sites for the electric 

shipbuilding industry. 

iii. All integration methods produce the same rank 1 and 

2. Comparatively speaking, the obtained ranks using 

all integration methods seem very reliable. This 

implies that there is not much difference in the results 

determined by the approach chosen. For 

understandability, computability, interpretability, and 

traceability, simpler approaches can always be 

suggested; nonetheless, comparative evaluation 

ensures the robustness of the results. Consistency, 

noncontradiction, and close values indicate that all 

integration methods can be relied upon in practice, and 

the results of the site selection decision are reliable. 

iv. The rankings of A3 and A4 show variability, 

suggesting that these locations are more sensitive to 

the different evaluation criteria and weightings of the 

MCDM methods. 

v. Using multiple MCDM methods, integrated with 

DEMATEL for weighting, provides a robust analysis 

by highlighting how different methods can influence 

the final rankings, thus ensuring a more objective and 
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reliable decision-making process.   

vi. A strong correlation is seen between DEMATEL-

MOORA and DEMATEL-OCRA, as well as 

DEMATEL-WASPAS, as these three methods show 

similar results in ranking the selected alternatives. In 

addition, a considerable correlation was also found 

between DEMATEL - CoCoSo and DEMATEL - 

TOPSIS as well as DEMATEL - ARAS. The results 

of six MCDM integration methods are compared with 

each other. Due to the bivariate nature of the ranking 

correlation coefficient approach, only two methods 

were grouped simultaneously to test the correlation. 

This analysis aims to identify correlations between 

the proposed methods. Evaluation analysis is carried 

out using statistical tools. SPSS is used to determine 

the Spearman rank correlation coefficient (𝑟) and the 

𝑝 − 𝑣𝑎𝑙𝑢𝑒  to test the level of acceptance of 

significance with a value less than 0.0565). Table 6 

shows the correlation of the resulting rankings and 

the 𝑝 − 𝑣𝑎𝑙𝑢𝑒  from the evaluation analysis. It is 

visible that DEMATEL–CoCoSo, DEMATEL- 

TOPSIS, and DEMATEL- ARAS show strong 

correlations with each other, and significance with 

𝑝 − 𝑣𝑎𝑙𝑢𝑒 is less than 0.05. On the other hand, 

DEMATEL–MOORA, DEMATEL-OCRA, and 

DEMATEL-WASPAS showed strong correlations 

and significant 𝑝 − 𝑣𝑎𝑙𝑢𝑒 less than 0.05. However, 

DEMATEL–CoCoSo, DEMATEL- TOPSIS and 

DEMATEL- ARAS versus DEMATEL–MOORA, 

DEMATEL-OCRA and DEMATEL- WASPAS have 

lower correlations with non-significant 𝑝 − 𝑣𝑎𝑙𝑢𝑒 > 

0.005 (𝑟 = 0.8 and 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.2).  

vii. For the approaches, DEMATEL-MOORA is the most 

straightforward algorithm. It must only add and 

subtract the favourable (benefit) and unfavourable 

(cost) elements, respectively. 

 

 
Fig. 3: Comparison of integration methods - MCDM and 

ranking. 

 

Table 6. Rank correlation and p-value for the MCDM 

integration method. 

MCDM Integration r-value p-value 

DEMATEL–CoCoSo vs DEMATEL-

MOORA 
0,800 0,200 

DEMATEL–CoCoSo vs DEMATEL- 

TOPSIS 
1 0 

DEMATEL–CoCoSo vs DEMATEL- 

ARAS 
1 0 

DEMATEL–CoCoSo vs DEMATEL- 

OCRA 
0,800 0,200 

DEMATEL–CoCoSo vs DEMATEL- 

WASPAS 
0,800 0,200 

DEMATEL-MOORA vs DEMATEL- 

TOPSIS 
0,800 0,200 

DEMATEL-MOORA vs DEMATEL- 

ARAS 
0,800 0,200 

DEMATEL-MOORA vs DEMATEL- 

OCRA 
1 0 

DEMATEL-MOORA vs DEMATEL- 

WASPAS 
1 0 

DEMATEL- TOPSIS vs DEMATEL- 

ARAS 
1 0 

DEMATEL- TOPSIS vs DEMATEL- 

OCRA 
0,800 0,200 

DEMATEL- TOPSIS vs DEMATEL- 

WASPAS 
0,800 0,200 

DEMATEL- ARAS vs DEMATEL- 

OCRA 
0,800 0,200 

DEMATEL- ARAS vs DEMATEL- 

WASPAS 
0,800 0,200 

DEMATEL-OCRA vs DEMATEL- 

WASPAS 
1 0 

 

4. Conclusion  

Over the past few decades, various MCDM techniques 

have been employed to determine optimal locations in 

sectors such as shipyards and electrification. However, few 

researchers have compared the outcomes of multiple 

MCDM methodologies in the same case study. To 

effectively use MCDM in practical decision-making, 

evaluating how different MCDM approaches influence the 

final decision is essential, helping to identify the best 

strategy for solar-powered shipyard site selection. 

Therefore, the real case study of the shipyard site 

problem was applied to this research using DEMATEL as 

a weighting approach integrated with six MCDM ranking 

methods (CoCoSo, MOORA, TOPSIS, ARAS, OCRA, 

and WASPAS). Each method considered the same 

parameters, alternative locations, and weights for the 

indicators. This research utilized comprehensive 

parameters from several aspects to solve the solar-powered 
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shipyard site selection problem. Based on the DEMATEL 

score analysis, p16 (Provision of regional electricity lines) 

was the most preferred parameter. 

A sensitivity analysis was also conducted between the 

ranking methods to evaluate the robustness. The results 

showed that the two alternative locations of the electric 

shipyard industry (i.e., PT Dok Pantai Lamongan and PT 

Armada Bangun Samudra) were observed to have the same 

ranking (Rank 1 and 2, respectively) with all the proposed 

methodologies. Despite the differences in the methods 

used, consistency and close values indicate that all 

integration methods can be relied upon in practice, making 

the site selection decision reliable 

Moreover, the sensitivity analysis using Spearman rank 

correlation showed a strong correlation between 

DEMATEL-MOORA, DEMATEL-OCRA, and 

DEMATEL-WASPAS, as these three methods provided 

similar results in ranking the selected alternatives. A 

considerable correlation was also found between 

DEMATEL-CoCoSo, DEMATEL-TOPSIS, and 

DEMATEL-ARAS. For the integration method, 

DEMATEL-MOORA is the most straightforward 

algorithm, requiring only the addition and subtraction of 

favourable (benefit) and unfavourable (cost) elements, 

respectively. 

For further research, it would be more interesting to 

explore additional environmental condition parameters 

and their historical data using remote sensing with satellite 

imagery. 
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Nomenclature 

Variables 

D Sum of Matrix Rows 

R Sum of Matrix Columns 

ri Position in the ranking 

Pi Final performance value of 

alternative i 

r Correlations Coefficient 

 
Abbreviations 

IMO International Maritime Organization 

DWT Deadweight Tonnage 

MCDM Multi-Criteria Decision-Making 

SAW Simple Additive Weighting 

WPM Weighted Product Model 

AHP Analytic Hierarchy Process 

TOPSIS Technique for Others Preference by 

Similarity to Ideal Solution 

ELECTRE III ELimination Et Choix Traduisant la 

REalite III 

DEMATEL Decision-Making Trial and 

Evaluation Laboratory 

MOORA Multi-Objective Optimization on the 

basis of Ratio Analysis 

CoCoSo Combined Compromise Solution 

OCRA Operational Competitiveness Rating  

WASPAS Weighted Aggregated Sum Product 

Assessment 

ARAS Additive Ratio Assessment 

EWP Exponentially Weighted Product 

WSM Weighted Sum Model 

SPSS Statistical Package for the Social 

Sciences 
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