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Abstract⎯ The shipyard industry is a complex production system requiring an efficient and integrated facility layout. However, 

many shipyards have developed without optimal layout planning, leading to inefficiencies in material flow and production 

processes. This study examines the impact of shipyard layout on sustainability performance based on the Triple Bottom Line 

(TBL), with operational efficiency as a mediating variable, and evaluates the role of ISO-based integrated management systems as a 

supporting factor. This study adopts an explanatory quantitative approach using SEM-PLS, based on questionnaire data collected 
from purposively selected operational personnel. The results indicate that shipyard layout has a positive and significant effect on 

both operational efficiency and sustainability performance, either directly or indirectly through operational efficiency as the primary 

mediator. ISO-based management systems do not directly influence sustainability performance but contribute significantly to 

operational efficiency. These findings highlight operational efficiency as a key mechanism linking facility layout to sustainability 
performance and propose an integrative causal framework that combines structural, process, and outcome dimensions within a 

unified empirical model. 
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I. INTRODUCTION1 

The shipyard industry represents a strategic sector 

within the global maritime transportation and logistics 

system, characterized by highly complex production 

processes and the integration of fabrication, assembly, 

outfitting, and repair activities across dynamic spatial 

and temporal dimensions. This complexity renders 

shipyards as highly interdependent production systems, 

in which each activity is closely interconnected and 

strongly influenced by the configuration of the 

production space [1], [2], [3], [4]. In this context, facility 

layout serves not merely as a physical arrangement but 

as a strategic element that plays a critical role in 

determining material flow effectiveness, process 

synchronization, and the optimization of production 

resource utilization [5], [6], [7]. 

However, industrial practices indicate that many 

shipyards have evolved without systematic and 

optimization-based layout planning. Such conditions 

tend to generate structural inefficiencies, including cross 

movement, bottlenecks, increased material handling 
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distances, and imbalanced production flows, all of which 

negatively affect operational efficiency [8], [9], [10]. 

Furthermore, these inefficiencies may lead to increased 

energy consumption and operational waste, ultimately 

impacting the sustainability performance of production 

systems [11], [12], [13]. 

From an operations management perspective, facility 

layout is a long-term strategic decision that determines 

the efficiency structure of production systems. The 

literature suggests that optimally designed layouts can 

reduce material movement distances, minimize waiting 

times, improve facility utilization, and enhance 

coordination among production processes [1], [5], [6]. 

This significance becomes even more pronounced in the 

shipyard industry, which is characterized by large-scale 

products, long production cycles, and complex material 

flow patterns [2], [8]. In addition to conventional 

approaches, advancements in heuristic methods, 

metaheuristic algorithms, and multi-objective 

optimization techniques have been widely applied to 

improve production system layout performance [14], 

[15], [16], [17]. In the context of shipyards, several 

studies demonstrate that algorithm-based optimization 

approaches can significantly enhance space efficiency 

and improve material flow patterns [18], [19]. 

Operational efficiency in this context represents a 

critical variable reflecting the capability of a production 

system to optimize the use of resources, time, and 

production capacity. Improvements in operational 

efficiency not only reduce costs and increase 

productivity but are also associated with lower energy 

consumption and reduced production waste, thereby 

contributing to the environmental dimension of 

sustainability [11], [20], [21]. Thus, operational 
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efficiency can be viewed as a conceptual bridge linking 

operational performance to sustainability outcomes in 

production systems. 

With increasing global pressure toward sustainable 

industrial practices, the Triple Bottom Line (TBL), 

encompassing economic, environmental, and social 

dimensions, has emerged as a dominant paradigm for 

evaluating organizational performance [20], [21], [22]. 

Within this framework, sustainability is no longer 

considered an additional outcome but rather an integral 

component of long-term operational strategy [23], [24]. 

Previous studies indicate that operational efficiency is 

positively associated with sustainability performance 

through mechanisms such as emission reduction, energy 

optimization, and more effective waste management 

[11], [21], [25]. 

Previous studies in this domain can be broadly 

categorized into three main streams. First, studies on 

facility layout primarily focus on technical optimization, 

such as minimizing material handling distance, 

improving spatial efficiency, and enhancing production 

flow. Second, research on operational efficiency 

emphasizes process optimization, including time 

reduction, resource utilization, and workflow 

synchronization within production systems. Third, 

sustainability-related studies predominantly address 

outcome-based performance, focusing on environmental, 

economic, and social indicators within the Triple Bottom 

Line framework. 

However, these research streams are often 

examined in isolation, with limited integration between 

structural design, operational processes, and 

sustainability outcomes. This fragmentation highlights a 

critical gap in the literature, particularly in complex 

production systems such as shipyards, where these 

elements are inherently interdependent. 

Nevertheless, the integration of facility layout, 

operational efficiency, and sustainability performance 

remains relatively limited in the existing literature. 

Facility layout studies generally focus on technical 

optimization aspects, such as minimizing distance and 

material handling costs, without explicitly linking these 

improvements to sustainability impacts [16], [17], [26]. 

Conversely, sustainability research tends to emphasize 

outcome indicators without adequately considering 

production system design as a primary structural 

determinant [26], [27]. Moreover, empirical studies 

explicitly examining the mediating role of operational 

efficiency in the relationship between facility layout and 

sustainability performance remain scarce, particularly in 

the shipyard industry, which exhibits unique operational 

characteristics [12], [13], [28]. Recent studies also 

indicate that the integration of facilities and functions in 

the development of multipurpose shipyards in Indonesia 

continues to face significant technical and managerial 

challenges, underscoring the need for more systematic 

approaches in layout design and operational management 

[34]. Although some studies have addressed shipyard 

layout optimization, most remain focused on technical 

aspects and have not integrated operational efficiency 

and sustainability dimensions within a comprehensive 

empirical causal model [18], [19]. 

Conceptually, facility layout influences operational 

efficiency through the arrangement of material flows, 

movement distances, and coordination among production 

activities. Suboptimal layouts can lead to increased time 

and resource waste, ultimately reducing overall 

production system performance [9], [10]. In turn, higher 

operational efficiency has the potential to enhance 

sustainability performance by reducing energy 

consumption, emissions, and operational waste [11], 

[21], [25]. Additionally, several studies suggest that 

facility layout may also exert a direct influence on 

sustainability through more efficient and 

environmentally friendly production system design, 

although this mechanism has not been extensively tested 

within an integrated empirical framework [12], [13]. 

Based on these research gaps, this study develops 

an empirical model integrating shipyard facility layout, 

operational efficiency, and sustainability performance 

based on the Triple Bottom Line within a unified causal 

framework. Specifically, this study positions operational 

efficiency as a mediating variable that explains the 

mechanism through which facility layout affects 

sustainability performance. The novelty of this study lies 

in: (i) the simultaneous integration of structural (facility 

layout), process (operational efficiency), and outcome 

(sustainability performance) dimensions within a single 

causal model; (ii) the application of SEM-PLS to 

examine both direct and indirect effects simultaneously 

[29], [30], [31], [32]; and (iii) its application within the 

shipyard industry context, which remains relatively 

underexplored in the international literature [2], [12]. 

Accordingly, this study aims to analyze the effect of 

shipyard layout on sustainability performance based on 

the Triple Bottom Line, considering the mediating role 

of operational efficiency. 

II. METHOD 

This study employs an explanatory quantitative 

approach with a non-experimental, cross-sectional design 

to examine the causal relationships among shipyard 

layout (X), operational efficiency (Y₁), and Triple 

Bottom Line (TBL)-based sustainability performance 

(Y₂) [11], [12], [13], [20], [21], [22]. The research model 

is specifically designed to analyze the mediating role of 

operational efficiency in explaining the mechanism 

through which facility layout influences sustainability 

performance [16], [21]. 

The empirical analysis is conducted using 

Structural Equation Modeling–Partial Least Squares 

(SEM-PLS), which enables the simultaneous modeling 

of relationships among latent constructs, accommodates 

mediation effects, and does not require strict multivariate 

normality assumptions [29], [30], [31], [32]. This 

method is selected due to its suitability for predictive and 

exploratory research in complex production systems such 

as the shipyard industry. 

The unit of analysis in this study is individuals 

directly involved in shipyard operational activities. 

Respondents are selected using purposive sampling 

based on the following criteria: (1) a minimum of two 

years of work experience, (2) direct involvement in 

production operations, and (3) an understanding of 



International Journal of Marine Engineering Innovation and Research, Vol. 11(2), Jun. 2026. 437-447                           

(pISSN: 2541-5972, eISSN: 2548-1479) 
439 

 

 

material flow and facility layout. These criteria are 

established to ensure that respondents possess adequate 

operational knowledge of shipyard production systems 

[11], [12]. 

The sample size is determined based on the general 

SEM-PLS rule of thumb, i.e., 5–10 times the number of 

indicators in the largest construct, to ensure the stability 

of model parameter estimation [29]. Data are collected 

through a structured questionnaire using a five-point 

Likert scale to measure respondents’ perceptions of each 

research construct indicator [32]. 

 

TABLE 1. 

RESPONDENT CHARACTERISTICS 

Characteristic Category 
Number of 

Respondents 

Percentage 

(%) 

Position Production 

Operator 

51 68 

Supervisor 16 21 

Manager 8 11 

Education High 

School / 

Vocational 

34 45 

Diploma 27 36 

Bachelor’s 

Degree 
14 19 

Work 

Experience 5–7 years 24 32 

8–10 years 33 44 

>10 years 18 24 

 

All constructs in this study are modeled as 

reflective constructs, including: (1) shipyard layout, 

representing the spatial configuration and material flow 

within the production system [1], [2], [3]; (2) operational 

efficiency, reflecting the system’s ability to optimize 

time, resources, and production processes [20], [21]; and 

(3) TBL-based sustainability performance, encompassing 

economic, environmental, and social dimensions [20], 

[21], [22], [24], [25]. 

Data analysis is conducted in two stages using 

SmartPLS software. The first stage involves the 

evaluation of the measurement model (outer model), 

including tests of convergent validity (outer loadings > 

0.70), internal consistency reliability (Cronbach’s alpha, 

rho_A, and composite reliability > 0.70), and 

discriminant validity using the Fornell–Larcker criterion 

and the HTMT ratio [30], [31], [32]. The second stage 

involves the evaluation of the structural model (inner 

model), including hypothesis testing of causal 

relationships among constructs, coefficient of 

determination (R²), effect size (f²), and path significance 

using the bootstrapping technique [29], [31]. 

To minimize the potential for common method 

bias, this study applies several procedural remedies, 

including anonymous questionnaire administration, the 

use of varied indicator wording, and the separation of 

question structures across constructs. Furthermore, 

mediation analysis is conducted using bootstrapping to 

simultaneously test indirect effects, enabling a robust and 

inferential identification of the mediating role of 

operational efficiency [31], [32]. 

III. RESULTS AND DISCUSSION 

A. Respondent Characteristics 

 The respondent characteristics presented in Table 1 

indicate that the majority of respondents belong to the 

production operator category (68%), who are directly 

involved in operational activities and material flow 

within the shipyard. The dominance of this group has 

important methodological implications, as in complex 

production systems such as shipyards, understanding of 

facility layout, material flow patterns, and operational 

efficiency is largely shaped by practical, on-site 

experience [1], [2], [3]. Therefore, this respondent 

composition ensures that the data obtained reflect actual 

operational conditions rather than merely conceptual or 

normative perceptions. 

In terms of work experience, the majority of 

respondents have more than five years of experience 

(76%), indicating substantial exposure to the dynamics 

of production processes and interactions among 

facilities. In the operations management literature, work 

experience is considered a critical factor in enhancing 

individuals’ ability to identify system inefficiencies, 

including time waste, excessive material handling 

distances, and imbalances in workflow [20], [21]. 

Therefore, this characteristic strengthens the substantive 

validity of the operational efficiency construct 

measurement. 

Furthermore, the variation in respondents’ 

educational backgrounds reflects a combination of 

technical operational competence and managerial 

conceptual understanding. This condition is particularly 

relevant in Triple Bottom Line-based research, as 

sustainability evaluation depends not only on operational 
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perceptions but also on the ability to comprehend the 

economic, environmental, and social implications of 

production systems [11], [13], [22]. Thus, the diversity 

of educational backgrounds supports the quality of the 

data in capturing the multidimensional nature of 

sustainability performance. 

Overall, the respondent characteristics demonstrate 

a high level of representativeness of actual shipyard 

operational conditions. The combination of a dominant 

production operator group, sufficient work experience, 

and diverse educational backgrounds provides a strong 

empirical basis to ensure the external validity and 

practical relevance of the research findings within the 

context of the complex shipyard industry. 

B. Measurement Model Evaluation (Outer Model) 

The evaluation of the measurement model is 

conducted to ensure that all latent constructs exhibit 

adequate levels of validity and reliability prior to testing 

the structural relationships. In the SEM-PLS approach, 

the quality of the measurement model is a critical aspect, 

as the accuracy of causal relationship estimation largely 

depends on the ability of the indicators to represent latent 

constructs accurately and consistently [29], [30], [31]. 

Therefore, the evaluation is performed comprehensively 

through assessments of convergent validity, internal 

consistency reliability, and discriminant validity. 

Based on Table 2, all indicators demonstrate outer 

loading values exceeding 0.70, indicating that each 

indicator makes a strong contribution to the formation of 

its respective latent construct. Substantively, within the 

shipyard layout construct, functional integration (0.861) 

and layout flexibility (0.829) emerge as the most 

dominant dimensions. This finding suggests that layout 

effectiveness is not solely determined by spatial 

configuration but also by the system’s ability to be 

adaptive and integrated in supporting production flow. 

Thus, in the shipyard context, facility layout is not static 

but functions as a dynamic enabler of production system 

efficiency [1], [3]. 

For the operational efficiency construct, the 

production cycle time efficiency indicator exhibits the 

highest loading (0.901), highlighting the temporal 

dimension as the most critical factor in shipyard 

production systems. This result reflects the industry’s 

strong dependence on activity synchronization and the 

minimization of waiting times between processes [20], 

[21]. Meanwhile, within the sustainability performance 

construct, energy efficiency (0.877) and waste 

management (0.851) serve as the primary contributors, 

emphasizing the dominance of the environmental 

dimension in evaluating operational sustainability. 

Overall, these results indicate that convergent validity is 

not only statistically satisfied but also consistent with the 

operational realities of the production system. 

 

 

TABLE 2. 

OUTER LOADING VALUES OF CONSTRUCT INDICATORS  

Construct Indicator Indicator Description 
Outer 

Loading 

Shipyard 

Layout (X) 

X1 Spatial coordination of facilities 0.773 

X2 Material flow alignment 0.795 

X3 
Alignment with environmental and 

energy principles 
0.768 

X4 Integration of shipyard functions 0.861 

X5 Layout flexibility 0.829 

ISO-based 

Integrated 

Management 

System 

Effectiveness 

(M) 

M1 Consistency of operational control 0.901 

M2 
Integration of quality, environmental, 

and occupational health management 
0.897 

Operational 

Efficiency 

(Y₁) 

Y11 
Minimization of material travel 

distance 
0.773 

Y12 Production cycle time efficiency 0.901 

Y13 
Optimization of equipment and facility 

utilization 
0.838 

Sustainability 

Performance 

(Y₂) 

Y21 Operational waste management 0.851 

Y22 Occupational health and safety 0.823 

Y23 Resource utilization efficiency 0.850 

Y24 Operational energy efficiency 0.877 
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TABLE 3. 

INTERNAL RELIABILITY RESULTS OF CONSTRUCTS  

Code Construct Cronbach’s Alpha rho_A (ρa) 

Composite 

Reliability 

(ρc) 

Interpretation 

X 
Shipyard 

Layout 
0.865 0.875 0.902 Reliable 

M 

ISO-based 

Integrated 

Management 

System 

Effectiveness 

0.762 0.762 0.894 Reliable 

Y₁ 
Operational 

Efficiency 
0.789 0.808 0.876 Reliable 

Y₂ 

Sustainability 

Performance 

(Triple 

Bottom Line) 

0.874 0.881 0.913 Reliable 

 
Furthermore, the internal consistency reliability 

results presented in Table 3 indicate that all constructs 

exhibit Cronbach’s alpha, rho_A, and composite 

reliability values above 0.70, demonstrating satisfactory 

internal consistency [29], [30], [31]. The consistently 

higher composite reliability values compared to 

Cronbach’s alpha suggest that the SEM-PLS approach 

provides more stable reliability estimates for reflective 

measurement models [29], [32]. 

Substantively, the high reliability observed in the 

shipyard layout (0.902) and sustainability performance  

 

(0.913) constructs indicates that both constructs possess 

stable and homogeneous indicator structures, enabling 

them to consistently represent the underlying 

phenomena. This is particularly important, as these 

constructs serve as the primary variables in the research 

model. In addition, the high reliability of the ISO-based 

management system construct indicates that the 

integration of quality, environmental, and occupational 

health and safety aspects can be measured consistently, 

thereby reinforcing its role as an enabling variable within 

the structural model. 

 

TABLE 4. 

AVERAGE VARIANCE EXTRACTED (AVE) RESULTS 

Code Construct AVE 

X Shipyard Layout 0.650 

M 
ISO-based Integrated Management System 

Effectiveness 
0.808 

Y₁ Operational Efficiency 0.704 

Y₂ Sustainability Performance (Triple Bottom Line) 0.723 

 

The Average Variance Extracted (AVE) results 

presented in Table 4 indicate that all constructs have 

values exceeding 0.50, implying that more than 50% of 

the variance in the indicators is explained by their 

respective latent constructs [29], [30], [31]. The highest 

AVE value is observed in the ISO-based management 

system construct (0.808), indicating a very high level of  

indicator homogeneity. In contrast, the relatively lower 

AVE value for the shipyard layout construct (0.650) 

reflects its inherent complexity and multidimensional 

nature. 

This condition is consistent with the operational 

realities of shipyards, which are influenced by multiple 

technical, spatial, and operational factors. Therefore, 

rather than indicating a weakness, this variation 

reinforces the external validity of the construct by 

capturing the multifaceted nature of the shipyard 

production system [1], [2].  

Discriminant validity, as presented in Table 5 

(HTMT) and Table 6 (Fornell–Larcker), further confirms 

the robustness of the measurement model. All HTMT 

values are below the threshold of 0.90, indicating no  

 

 

issues related to discriminant validity among the 

constructs [31]. In addition, the Fornell–Larcker criterion 

shows that the square root of the AVE for each construct 

exceeds its correlations with other constructs, confirming 

that each construct possesses a clearly distinct empirical 

identity [29], [30]. 

Conceptually, this distinction is essential, as each 

construct plays a different role within the production 

system: facility layout as a structural determinant, 

operational efficiency as a process mechanism, 

management systems as a control factor, and 

sustainability performance as the system outcome [1], 

[11], [20]. 

Overall, the results of the measurement model 

evaluation indicate that all constructs satisfy the required 

criteria for validity and reliability in SEM-PLS. Beyond 

demonstrating statistical robustness, these findings also 

confirm the conceptual alignment between the indicators 

and the operational phenomena under investigation. 

Therefore, the measurement model provides a strong 

empirical foundation and is deemed suitable for 

structural model analysis, allowing the estimation of 

causal relationships to be interpreted in a scientifically 
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sound, stable, and robust manner [1], [11], [20]. 
 

TABLE 5. 

DISCRIMINANT VALIDITY RESULTS USING HTMT 

Construct Relationship HTMT Value 

X ↔ M 0.570 

Y₁ ↔ M 0.655 

Y₁ ↔ X 0.806 

Y₂ ↔ M 0.547 

Y₂ ↔ X 0.838 

Y₂ ↔ Y₁ 0.743 

  

TABLE 6. 

FORNELL–LARCKER CRITERIA 

Construct M X Y₁ Y₂ 

M: ISO-based Integrated Management System Effectiveness 0.899    

X: Shipyard Layout 0.476 0.806   

Y₁: Operational Efficiency 0.511 0.682 0.839  

Y₂: Sustainability Performance (Triple Bottom Line) 0.451 0.743 0.637 0.850 

 

C. Collinearity Assessment 

Collinearity assessment is conducted to ensure that 

no multicollinearity exists among the predictor 

constructs in the structural model, which could otherwise 

lead to biased estimates, instability in path coefficients, 

and distortions in causal relationship testing. In the 

Partial Least Squares Structural Equation Modeling 

(SEM-PLS) approach, collinearity is commonly 

evaluated using the Variance Inflation Factor (VIF), 

which reflects the degree of redundancy among predictor  

 

variables in explaining endogenous constructs [29], [30].  

The collinearity test results presented in Table 7 

indicate that all VIF values range from 1.000 to 2.038. 

These values are consistently well below the 

conservative threshold of 5 and even satisfy the more 

stringent criterion of less than 3 recommended in recent 

SEM-PLS literature [29]. Therefore, it can be concluded 

that there is no significant indication of multicollinearity 

in the proposed structural model, and the parameter 

estimates can be considered stable and unbiased. 
 

TABLE 7. 

COLLINEARITY TEST RESULTS (VIF) 

Structural Relationship VIF 

M → Y₁ 1.294 

M → Y₂ 1.412 

X → M 1.000 

X → Y₁ 1.294 

X → Y₂ 1.950 

Y₁ → Y₂ 2.038 

 

From a methodological perspective, the absence of 

multicollinearity indicates that each exogenous construct 

in the model—namely shipyard layout (X) and the 

effectiveness of ISO-based integrated management 

systems (M)—provides a unique contribution (non-

redundant explanatory power) in explaining the 

endogenous variables, particularly operational efficiency 

(Y₁) and sustainability performance (Y₂). This is 

important because, in mediation models, high 

collinearity among predictors can distort the estimation 

of both direct and indirect effects, thereby reducing the 

validity of causal inferences [31]. 
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From a substantive perspective, these results further 

strengthen the conceptual validity of the research model. 

Although shipyard layout, ISO-based management 

systems, and operational efficiency are theoretically 

embedded within an interconnected production system, 

they are empirically shown to play distinct structural 

roles. Shipyard layout functions as a structural 

determinant that shapes spatial configuration and 

material flow patterns [1], [2], [3], ISO-based 

management systems act as control and standardization 

mechanisms for operational processes [13], while 

operational efficiency represents the process outcome 

resulting from the interaction of these factors [20], [21]. 

Therefore, the collinearity test results not only 

confirm the statistical adequacy of the model but also 

reinforce construct distinctiveness and the clarity of the 

theoretical roles of each variable within the causal 

framework. Accordingly, the structural model analysis 

can proceed with a high level of confidence in the 

stability, validity, and accuracy of parameter estimation 

[29], [30], [31]. 

 

D. Structural Model Evaluation (Inner Model) 

The structural model evaluation is conducted to 

examine the causal relationships among latent constructs 

and to assess the predictive capability of the model in 

explaining endogenous variables. In the Partial Least 

Squares Structural Equation Modeling (SEM-PLS) 

approach, evaluation is not solely based on the 

significance of path coefficients but also includes the 

coefficient of determination (R²), effect size (f²), and 

mediation testing using robust bootstrapping procedures 

[29], [30]. [31], [32]. This approach enables the 

simultaneous analysis of both direct and indirect 

relationships within complex models. The estimated 

structural model is illustrated in Figure 1, while the 

results of the analysis are presented in Tables 8–11.  

 
Figure. 1. SEM-PLS Structural Model 

 

Path Coefficients 

The estimated path coefficients presented in Table 8 

indicate that shipyard layout (X) has a positive and 

significant effect on all key endogenous constructs,  

 

namely operational efficiency (Y₁; β = 0.567; p < 0.001), 

sustainability performance (Y₂; β = 0.560; p < 0.001), 

and the effectiveness of integrated management systems 

(M; β = 0.477; p < 0.001). 

TABLE 8. 

PATH COEFFICIENT RESULTS 

Relationship Path Coefficient (β) t-statistic p-value Decision 

M → Y₁ 0.240 2.890 0.004 Significant 

M → Y₂ 0.072 0.736 0.462 Not Significant 

X → M 0.477 5.542 0.000 Significant 

X → Y₁ 0.567 6.093 0.000 Significant 

X → Y₂ 0.560 5.765 0.000 Significant 

Y₁ → Y₂ 0.218 2.052 0.040 Significant 
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 These findings confirm that facility layout 

serves as a primary structural determinant in shipyard 

production systems, directly influencing both operational 

performance and sustainability outcomes. Conceptually, 

this result reinforces the literature suggesting that facility 

design constitutes a strategic foundation for optimizing 

material flow and integrating production processes [1], 

[2], [3]. Furthermore, these findings extend existing 

theoretical perspectives by demonstrating that structural 

design plays a more fundamental role than traditionally 

assumed, particularly in complex production systems 

where spatial configuration directly governs process 

efficiency and resource utilization.  

Furthermore, operational efficiency (Y₁) is found to 

have a positive and significant effect on sustainability 

performance (β = 0.218; p = 0.040), indicating that 

improvements in process efficiency directly contribute to 

the achievement of Triple Bottom Line-based 

performance. This finding confirms that operational 

efficiency functions as a transformational mechanism 

that converts operational advantages into economic, 

environmental, and social benefits [21]–[23]. 

More specifically, this relationship can be explained 

by the fact that efficiency improvements reduce process 

waste, energy consumption, and idle time, which are 

closely associated with environmental and economic 

sustainability dimensions in shipyard operations. 

In contrast, the effectiveness of ISO-based integrated 

management systems (M) has a significant effect on 

operational efficiency (β = 0.240; p = 0.004), but does 

not have a direct effect on sustainability performance (β 

= 0.072; p = 0.462). This result suggests that 

management systems primarily act as operational 

enablers rather than direct drivers of sustainability. In 

other words, their contribution to sustainability is 

indirect, operating through improvements in operational 

efficiency, which is consistent with the literature on the 

role of managerial practices in production systems [13], 

[21]. 

This may be attributed to the nature of management 

systems, which emphasize standardization, compliance, 

and procedural control rather than directly modifying 

physical production processes, thereby limiting their 

immediate impact on sustainability outcomes. 
 

TABLE 9. 

COEFFICIENT OF DETERMINATION (R²) 

Endogenous Construct R² Category 

M 0.227 Weak 

Y₁ 0.509 Moderate 

Y₂ 0.587 Moderate 

 

Coefficient of Determination (R²) 

The coefficient of determination (R²) values 

presented in Table 9 indicate that the model 

demonstrates adequate explanatory power. Operational 

efficiency (Y₁) has an R² value of 0.509, while 

sustainability performance (Y₂) has an R² value of 0.587, 

both of which fall within the moderate range. These 

results suggest that the model possesses sufficient 

predictive power in explaining the primary endogenous 

variables [29].  

Meanwhile, the R² value for the effectiveness of the 

management system (M) is 0.227, which falls within the 

weak category, indicating that this variable is influenced 

by external factors not included in the model. Thus, the 

management system functions as a supporting variable 

with a limited contribution to the overall causal structure 

of the study. 

Effect Size (f²) 

The effect size (f²) analysis presented in Table 10 

indicates that shipyard layout (X) exerts a large effect on 

both operational efficiency (f² = 0.506) and sustainability 

performance (f² = 0.389), as well as a moderate effect on 

the effectiveness of integrated management systems (f² = 

0.294). These findings further confirm that facility layout 

is the dominant factor within the production system.  
TABLE 10. 

EFFECT SIZE (F²) RESULTS 

Relationship f² Category 

M → Y₁ 0.091 Small 

M → Y₂ 0.009 Very Small 

X → M 0.294 Medium 

X → Y₁ 0.506 Large 

X → Y₂ 0.389 Large 

Y₁ → Y₂ 0.057 Small 

 

In contrast, operational efficiency (Y₁) 

demonstrates a small effect on sustainability 

performance (f² = 0.057), although it remains statistically 

significant. This suggests that its role is more 

appropriately interpreted as a mediating mechanism 

rather than a primary direct driver. Meanwhile, the effect 

of management systems on sustainability performance is 

negligible (f² = 0.009), reinforcing its position as an 

enableing variable within the model.  

Mediation Analysis 

The mediation test results presented in Table 11 

indicate that operational efficiency (Y₁) serves as a 

significant mediator in the relationship between shipyard 

layout (X) and sustainability performance (Y₂), with an 

indirect effect of β = 0.124 (p = 0.049). This result 

confirms that improvements in facility layout contribute 

to sustainability performance not only directly but also 

indirectly through enhanced operational efficiency. 

Given that the direct effect of shipyard layout on 

sustainability performance (X → Y₂) remains significant, 

the mediation can be classified as partial mediation [31]. 

This finding suggests that the influence of shipyard 

layout operates through two complementary pathways: 

(1) a direct structural effect on sustainability 

performance and (2) an indirect effect mediated by 

operational efficiency. Accordingly, operational 

efficiency functions as a key mediating mechanism that 

translates layout design into sustainability outcomes. 
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TABLE 11. 

MEDIATION EFFECTS (BOOTSTRAPPING) 

Mediation Path Path Coefficient t-statistic p-value Decision 

M → Y₁ → Y₂ 0.052 1.521 0.128 Not Significant 

X → Y₁ → Y₂ 0.124 1.965 0.049 Significant 

X → M → Y₁ 0.115 2.238 0.025 Significant 

X → M → Y₂ 0.034 0.709 0.479 Not Significant 

X → M → Y₁ → Y₂ 0.025 1.333 0.182 Not Significant 

 
This finding provides empirical evidence that 

sustainability performance in shipyard systems is not 

solely driven by structural design, but is critically 

mediated by the efficiency of operational processes. In 

other words, while facility layout establishes the 

structural foundation of the production system, its 

effectiveness in achieving sustainability goals depends 

on how efficiently operational processes are executed. 

In contrast, the mediation pathway involving the 

management system is not supported. Although the 

indirect relationship from shipyard layout to operational 

efficiency through the management system (X → M → 

Y₁) is significant, this effect does not extend to 

sustainability performance (Y₂). This indicates that the 

management system primarily contributes to operational 

improvements without generating additional 

sustainability impacts. Therefore, its role is better 

interpreted as an operational enabler rather than a 

sustainability driver within the proposed model. 

Structural Model Implications 

Overall, the structural model evaluation yields three 

key implications. First, shipyard layout emerges as the 

most dominant structural determinant in enhancing both 

operational efficiency and sustainability performance. 

Second, operational efficiency acts as a key mediating 

variable (partial mediator) that bridges the relationship 

between facility layout and sustainability. Third, ISO-

based integrated management systems function as an 

enabling factor, strengthening operational efficiency but 

not exerting a direct influence on sustainability 

performance. 

These findings provide important contributions to 

the literature by demonstrating that sustainability in the 

shipyard industry is not solely driven by managerial 

practices but is strongly influenced by the structural 

design of production systems. This study extends the 

existing literature in three main ways: (a) by integrating 

facility layout, operational efficiency, and sustainability 

within a unified causal model; (b) by providing empirical 

evidence of the partial mediating role of operational 

efficiency; and (c) by identifying the pathway of layout 

→ efficiency → sustainability as the dominant 

mechanism in shipyard production systems. 

Accordingly, layout optimization is not only 

relevant in the context of productivity improvement but 

also serves as a key lever for achieving integrated 

operational sustainability [1], [3], [21]. 

 

E. Discussion 

The findings of this study provide robust empirical 

evidence on the structural and process mechanisms that 

shape sustainability performance in shipyard production 

systems. Overall, the results indicate that shipyard layout 

acts as a primary structural driver, operational efficiency 

serves as a key mediating mechanism, and ISO-based 

integrated management systems function as operational 

enablers within a unified causal framework. 

First, shipyard layout is found to have a strong and 

significant influence on both operational efficiency and 

sustainability performance. This highlights the critical 

role of spatial configuration, material flow organization, 

and functional integration in determining production 

system performance. In shipyard environments 

characterized by large-scale and highly interdependent 

production activities, facility layout directly governs 

material movement efficiency, process synchronization, 

and operational coordination [1], [2], [6]. Therefore, 

layout should not be interpreted merely as a physical 

arrangement, but as a strategic structural element that 

fundamentally determines production system 

effectiveness. From a theoretical perspective, this finding 

extends prior literature by reinforcing the argument that 

facility design constitutes a core determinant of 

production efficiency and competitiveness in maritime 

systems [1], [3], [5]. While previous studies have 

emphasized operational planning and managerial control, 

the present study demonstrates that structural 

configuration itself plays a more fundamental role in 

shaping system-wide performance outcomes in complex 

industrial environments such as shipyards. 

Second, operational efficiency is found to have a 

significant positive effect on sustainability performance 

and acts as a partial mediator between shipyard layout 

and sustainability outcomes. This indicates that the 

influence of layout operates through both direct and 

indirect pathways, with operational efficiency serving as 

a key transformation mechanism that converts structural 

advantages into sustainability performance. This 

relationship can be explained by the fact that 

improvements in operational efficiency reduce resource 

consumption, material waste, and process inefficiencies, 

which are directly associated with sustainability 

performance in production systems [20], [25]. In 

addition, efficient operations enhance energy utilization 

and minimize unnecessary production activities, thereby 

contributing to economic and environmental dimensions 
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of the Triple Bottom Line framework [18], [21]. Thus, 

operational efficiency represents a critical bridge 

connecting production system design and sustainability 

outcomes. 

Third, the effectiveness of ISO-based integrated 

management systems significantly influences operational 

efficiency but does not have a direct effect on 

sustainability performance. This suggests that 

management systems primarily function as operational 

enablers rather than direct sustainability drivers. Their 

role lies in standardizing procedures, improving process 

control, and enhancing organizational discipline, which 

collectively contribute to improved operational 

efficiency. This finding is consistent with prior research 

indicating that managerial and institutional frameworks 

influence sustainability outcomes indirectly through 

operational improvements rather than direct structural 

changes in production systems [19], [20]. In other words, 

management systems alone are insufficient to generate 

sustainability improvements without corresponding 

enhancements in physical system design and operational 

configuration. 

Furthermore, the structural model confirms that the 

dominant mechanism in shipyard production systems 

follows a structure–process–outcome logic, where 

facility layout (structure) influences operational 

efficiency (process), which subsequently determines 

sustainability performance (outcome). This integrated 

perspective addresses the fragmentation in previous 

studies, which tend to examine layout optimization, 

operational efficiency, and sustainability performance in 

isolation [6], [18]. 

Beyond the shipyard context, these findings may 

also be applicable to other large-scale, project-based, and 

spatially complex industries such as offshore 

construction and heavy manufacturing systems, where 

interdependencies between spatial design, operational 

flow, and performance outcomes are equally critical [2], 

[5]. 

In summary, this study contributes to the literature 

by providing an integrated empirical framework that 

links facility layout, operational efficiency, and 

sustainability performance. It demonstrates that 

achieving sustainability in shipyard production systems 

requires not only effective managerial systems but also 

optimized structural design and efficient operational 

processes. This integrated perspective offers a more 

comprehensive understanding of sustainability 

mechanisms in complex industrial systems. 

IV. CONCLUSION 

This study confirms that shipyard layout is a 

primary structural determinant that significantly 

enhances both operational efficiency and Triple Bottom 

Line-based sustainability performance. The spatial 

configuration of facilities, material flow organization, 

and the integration of production functions play a 

strategic role in shaping overall production system 

performance. 

 

 

Operational efficiency is identified as a key 

mediating variable (partial mediator) in the relationship 

between facility layout and sustainability performance. 

This finding indicates that the advantages of layout 

design are not only directly realized but are also 

translated into improved economic, environmental, and 

social outcomes through enhanced process efficiency. 

Thus, operational efficiency serves as a transformational 

mechanism linking production system design to 

sustainability outcomes. 

In contrast, ISO-based integrated management 

systems do not exhibit a direct effect on sustainability 

performance but significantly influence operational 

efficiency. This suggests that management systems 

function as operational enablers rather than primary 

drivers of sustainability. The mediation analysis further 

reveals that the most influential pathway lies in the 

indirect relationship between layout, operational 

efficiency, and sustainability performance, whereas 

pathways involving management systems are relatively 

weak. 

From a theoretical perspective, this study 

contributes to the literature by integrating facility layout, 

operational efficiency, and sustainability performance 

into a unified empirical causal framework, while 

providing empirical evidence of the partial mediating 

role of operational efficiency. The findings extend 

existing research by demonstrating that sustainability in 

shipyard systems is not solely driven by managerial 

practices, but is fundamentally shaped by the structural 

design of production systems. 

From a practical perspective, the results highlight 

that layout optimization, driven by operational 

efficiency, constitutes a key strategy for improving 

sustainability performance in shipyards. Accordingly, 

management should prioritize the development of 

integrated and adaptive layouts that minimize material 

handling inefficiencies and enhance process 

synchronization. Management systems should be 

implemented with a focus on strengthening operational 

efficiency as the primary pathway to achieving 

sustainability. 

This study has several limitations. First, the cross-

sectional design restricts the ability to capture the 

dynamic evolution of operational and sustainability 

performance over time. Second, the model is limited to 

facility layout, operational efficiency, and management 

systems, and does not fully incorporate external factors 

such as technological advancement, policy frameworks, 

and regulatory pressures. Future research is therefore 

encouraged to adopt longitudinal approaches, incorporate 

additional variables such as digitalization, lean 

manufacturing, and green technologies, and expand the 

scope to different types of shipyards to enhance 

generalizability. 

Overall, the findings highlight that sustainability 

performance in shipyard systems is primarily driven by 

structural design, while operational efficiency acts as the 

key mechanism translating design into sustainable 

outcomes. This emphasizes the necessity of integrating 

spatial design and operational processes as a unified 

strategy for sustainable shipyard development. 



International Journal of Marine Engineering Innovation and Research, Vol. 11(2), Jun. 2026. 437-447                           

(pISSN: 2541-5972, eISSN: 2548-1479) 
447 

 

 

ACKNOWLEDGEMENTS 

The authors would like to express their sincere 

gratitude to PT Adiluhung Saranasegara Indonesia (PT 

ASSI) for granting access to its shipyard operations and 

providing valuable data essential for this research. 

Special thanks are also extended to all operational staff, 

supervisors, and managers who participated in the survey 

and shared their expertise and insights. This support was 

crucial in enabling the empirical analysis and ensuring 

the validity of the study’s findings. 

REFERENCES 

[1]  Storch, R. L., Hammon, C. P., Bunch, H. M., & Moore, R. C., 

1995. Ship production (2nd ed.). Cornell Maritime Press. 

[2] Eyres, D. J., & Bruce, G. J., 2012. Ship construction (7th ed.). 

Butterworth-Heinemann. 

[3] Stopford, M., 2009. Maritime economics (3rd ed.). Routledge. 

[4] Lamb, T., 2003. Ship design and construction (Vol. 1-2). Society 

of Naval Architects and Marine Engineers (SNAME). 

[5] Bertram, V., 2003. Strategic control of productivity and other 

competitiveness parameters. Proceedings of the Institution of 

Mechanical Engineers, Part M: Journal of Engineering for the 

Maritime Environment, 217(2), 61–70. https://doi.org/10.1243/ 

147509003321921319 

[6] Tompkins, J. A., White, J. A., Bozer, Y. A., & Tanchoco, J. M. 

A., 2010. Facilities planning (4th ed.). John Wiley & Sons. 

[7] Heragu, S. S., 2016. Facilities design (4th ed.). CRC Press. 

[8] Drira, A., Pierreval, H., & Hajri-Gabouj, S., 2007. Facility 

layout problems: A survey. Annual Reviews in Control, 31(2), 

255–267. https://doi.org/10.1016/ j.arcontrol.2007.04.001 

[9] Muther, R., & Hales, L., 2015. Systematic layout planning (4th 

ed.). Management & Industrial Research Publications. 

[10] Longo, F., Mirabelli, G., & Papoff, E., 2006. Material flow 

analysis and plant layout optimization of a manufacturing 

system. International Scientific Journal of Computing, 5(1), 

107-116. 

[11] Pérez-Gosende, P., Mula, J., & Díaz-Madroñero, M., 2021. 

Facility layout planning. An extended literature review. 

International Journal of Production Research. 

https://doi.org/10.1080/00207543.2021.1897176 

[12] Jiang, F., Li, L., Tang, Y., Zhang, H., & Liu, X., 2023. A facility 

layout algorithm for logistics scenarios driven by transport lines. 

Applied Sciences, 13(12), 7215. https://doi.org/ 

10.3390/app13127215 

[13] Gunawan, G. T., Pambudi, A. S. A., & Utomo, Y., 2024. 

Topological optimization for unequal area facility layout 

planning in shipyard using heuristic algorithms. Evergreen, 

11(4), 3439–3449. https://doi.org/10.5109/7326980 

[14] Junior, W. A., Azzolini, F. G. P., Mundim, L. R., Porto, A. J. V., 

& Amani, H. J. S., 2023. Shipyard facility layout optimization 

through the implementation of a sequential structure of 

algorithms, Heliyon, 9, e16714. https://doi.org/ 

10.1016/j.heliyon.2023. e16714 

[15] Song, Y. J., & Woo, J. H., 2013. New shipyard layout design for 

the preliminary phase: case study for a greenfield shipyard 

project. International Journal of Naval Architecture and Ocean 
Engineering, 5(2), 323–334 

[16] Pambudi, G. T., Gunawan, G., Muzhoffar, D. A. F., & Sari, 

W. R., 2024. Multi-Objective Optimization for Topological 

Shipyard Facility Layout using NSGA-II. International Journal 

of Marine Engineering Innovation and Research, 9(3), 476-485 

[17] Elkington, J., 1997. Cannibals with forks: The triple bottom line 

of 21st century business. Capstone Publishing. 

[18] Kleindorfer, P. R., Singhal, K., & Van Wassenhove, L. N., 2005. 

Sustainable operations management. Production and Operations 

Management, 14(4), 482–492. https://doi.org/10.1111/j.1937-

5956.2005.tb00235.x 

[19] Govindan, K., Azevedo, S. G., Carvalho, H., & Cruz-Machado, 

V., 2014. Impact of supply chain management practices on 

sustainability. Journal of Cleaner Production, 85, 212–225. 

https://doi.org/10.1016/j.jclepro.2014.05.068 

[20] Schaltegger, S., Burritt, R. L., & Petersen, H., 2017. An 

introduction to corporate environmental management: Striving 

for sustainability (3rd ed.). Routledge. 

https://doi.org/10.4324/9781351281447 

[21] Khan, M., Serafeim, G., & Yoon, A., 2016. Corporate 

sustainability: First evidence on materiality. The Accounting 

Review, 91(6), 1697–1724. https://doi.org/ 10.2308/accr-51383 

[22] Kucukvar, M., & Tatari, O., 2013. Towards a triple bottom-line 

sustainability assessment of the U.S. construction industry. The 

International Journal of Life Cycle Assessment, 18(5), 958–972. 

https://doi.org/10.1007/s11367-013-0545-9 

[23] Porter, M. E., & van der Linde, C., 1995. Toward a new 

conception of the environment–competitiveness relationship. 

Journal of Economic Perspectives, 9(4), 97–118. 

https://doi.org/10.1257/jep.9.4.97 

[24] Srivastava, S. K., 2007. Green supply-chain management: A 

state-of-the-art literature review. International Journal of 

Management Reviews, 9(1), 53-80. 

https://doi.org/10.1111/j.1468-2370.2007.00202.x 

[25] Garetti, M., & Taisch, M., 2012. Sustainable manufacturing: 

Trends and research challenges. Production Planning & Control, 

23(2–3), 83–104. 

https://doi.org/10.1080/09537287.2011.591619 

[26] Chin, W. W., 1998. The partial least squares approach to 

structural equation modeling. In G. A. Marcoulides (Ed.), 

Modern methods for business research. pp. 295–336. Lawrence 

Erlbaum Associates. 

[27] Hair, J. F., Jr., Hult, G. T. M., Ringle, C. M., & Sarstedt, M., 

2022. A primer on partial least squares structural equation 

modeling (PLS-SEM) (3rd ed.). Sage Publications 

[28] Henseler, J., Ringle, C. M., & Sarstedt, M., 2016. Testing 

measurement invariance of composites using partial least 

squares. International Marketing Review, 33(3), 405–431. 

https://doi.org/10.1108/IMR-09-2014-0304 

[29] Preacher, K. J., & Hayes, A. F., 2008. Asymptotic and 

resampling strategies for assessing and comparing indirect 

effects in multiple mediator models. Behavior Research 

Methods, 40(3), 879–891. https://doi.org/10.3758/BRM. 

40.3.879 

[30] Cohen, J., 1988. Statistical Power Analysis for the Behavioral 

Sciences. Routledge 

[31] Vakili, S., Schönborn, A., & Ölçer, A. I., 2023. The road to zero 

emission shipbuilding industry: A systematic and 

transdisciplinary approach to modern multi-energy shipyards. 

Energy Conversion and Management: X, 18, 100365. 

https://doi.org/ 10.1016/j.ecmx.2023.100365 

[32] ElMenshawy, O. M., Ülkü, M. A., & Hsuan, J., 2024. 

Navigating green ship recycling: A systematic review and 

implications for circularity and sustainable development. 

Sustainability, 16(17), 7407. https://doi.org/10.3390/su16177 

407 

[33] Pérez Fernández, R., 2024. Sustainable Ship Design and Digital 

Twin Yard. Journal of Marine Science and Engineering, 12(10), 

1837. https://doi.org/10.3390/ jmse12101837 

[34] Arif, M. S., Gunbeyaz, S. A., Kurt, R. E., & Supomo, H., 2025. 

Stakeholder perspectives on multipurpose shipyard integration 

in Indonesia: Benefits, challenges, and implementation 

pathways. Sustainability, 17(18), 8368. 

 

 
 

 

 

 


