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Abstract. Indonesia, as a strategic global maritime axis, has only 7.03% of its islands equipped
with jetties, and jetty construction poses environmental challenges due to emissions and
ecological impacts. Green retrofitting provides a sustainable solution by improving energy
efficiency in existing jetties. The Envision rating system guides the transition from conventional
to green infrastructure, assessing quality of life, leadership, resource allocation, natural
environment, and climate resilience. Despite its benefits, 32% of green projects experience
delays. This study analyzes the key factors influencing time performance optimization in Green
Retrofit Jetty projects using Lean—Value Stream Mapping (VSM). Using SEM-PLS, ten critical
factors were identified. Lean—VSM facilitates process visualization and waste elimination. The
Green Retrofit Jetty, achieving an Envision Platinum rating, reduced project duration from 250
to 220 days, demonstrating a 12% improvement in time performance while supporting efficient
and sustainable jetty development.
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1. Introduction
The rapid rise of carbon dioxide (CO2) emissions has become one of the most pressing environmental
challenges in the 21st century. Data from Our World in Data indicates that global CO- emissions have
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surged from 6 billion tonnes in the 1950s to 35 billion tonnes in 2022. This significant increase
contributes to global warming, leading to more frequent and severe natural disasters such as floods,
droughts and storms [1]. Nations with high industrial growth and dependence on fossil fuels are the
main contributors. In response, Indonesia has pledged to reduce its greenhouse gas emissions by 31.89
percent through national efforts by 2030 (NDC Indonesia, 2022).

Given these circumstances, green infrastructure has emerged as a key strategy to promote
sustainability and environmental resilience. The Environmental Performance Index (EPI) and the
Sustainable Development Goals (SDGs) highlight the importance of adopting environmentally
responsible practices. With Indonesia currently ranked 162nd globally in the 2024 EPI report, efforts to
enhance environmental governance are essential. Green initiatives such as the Greenship certification
programme promote efficient use of water, energy and materials [2,3].

Green infrastructure is particularly relevant for coastal and maritime development, including jetty
and port projects. Integrating sustainable construction practices such as the use of environmentally
friendly materials and energy-saving designs helps reduce environmental impact while supporting
economic growth [4,5]. However, such projects are often hindered by delays arising from financial
limitations, lack of coordination among stakeholders and technical difficulties. The scarcity of certified
professionals and the complexity of compliance with green standards further contribute to these
challenges [6,7].

Construction delays are a multidimensional problem in green projects. A comparative study found
that 32.3 percent of green projects experience delays, compared to 15.9 percent of conventional projects.
Moreover, green retrofitting projects tend to take 6 to 9 percent longer than planned [8,9]. These delays
are exacerbated by poor communication, inadequate planning, and untimely delivery of materials
[10,11]. Internal issues such as lack of experience among contractors and suboptimal scheduling also
play a role [12].

To overcome these inefficiencies, lean construction offers a promising solution. It focuses on
eliminating waste, streamlining processes and improving workflow efficiency. Among various tools,
Value Stream Mapping (VSM) is especially effective in identifying non-value-adding activities and
increasing process transparency [13,14]. VSM application in construction has proven to boost
productivity and reduce lead times while supporting sustainable project delivery. VSM has proven
effective in identifying waste and optimizing processes in maritime-based industries. Meanwhile,
Fitriadi and Ayob (2024) [15] demonstrated that integrating VSM with sustainability indicators can
reduce non-value-added activities while improving environmental, social, and economic performance
in traditional shipyard industries. This approach is highly relevant for jetty infrastructure sectors facing
similar challenges in efficiency and sustainability. According to Espinoza (2021), lean VSM has the
potential to improve time efficiency by up to 17 per cent in construction projects [16]. Although various
studies have discussed the application of the Envision Framework or the Lean Construction approach
separately, research that integrates both approaches within the context of jetty retrofitting remains
limited. Most previous studies have focused on assessing the sustainability of new projects rather than
optimizing existing projects using the Value Stream Mapping method.

Although green infrastructure and lean construction have each demonstrated potential, their
integration in the context of jetty development remains underexplored. Previous studies typically
address environmental sustainability or project efficiency in isolation. [17] investigated the time and
cost effectiveness of formwork systems, while [18] explored the use of steel lathe waste in concrete for
enhanced sustainability. Lean manufacturing concepts have been discussed in the context of the bolt
industry [19], while Life Cycle Assessment has been used to assess environmental impacts in the
furniture industry [20]. Meanwhile, [21] examined soft soil consolidation, a factor relevant to jetty
construction. Yet, none of these studies offer an integrated framework combining green retrofitting and
lean methods for maritime infrastructure.

This research aims to fill that gap by integrating Green Retrofit Jetty principles with Lean
Construction tools, specifically using Value Stream Mapping. The study is positioned at the intersection
of five key domains: green concepts, jetty infrastructure, lean methodology, time performance and data
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analysis. The objective is to explore and evaluate how the integration of these approaches can improve
time performance in jetty development projects in Indonesia. The findings are expected to contribute to
more sustainable, efficient and adaptive practices for coastal infrastructure.

2. Methods

This study employs a quantitative research design to evaluate the impact of integrating Green Retrofit
Jetty (GRJ) principles and Lean Construction using Value Stream Mapping (VSM) on the time
performance of maritime infrastructure projects. The research follows a sequential methodology aligned
with three core research questions: identifying the most influential factors (RQ-1), implementing
Envision guidelines (RQ-2), and analysing Lean-VSM application in optimising project time
performance (RQ-3).

The initial phase of the study involved defining the research questions and designing a structured
guestionnaire. This instrument was developed from a synthesis of recent literature and expert
consultations and validated by three professionals with expertise in green construction and project
scheduling. A pilot survey was conducted with five individuals to assess the clarity and interpretability
of the questions. Necessary revisions were made before distributing the final version to a wider sample.

The research involved a survey of 100 respondents selected through purposive sampling. These
respondents included directors, general managers, engineers, and key stakeholders involved in jetty
construction projects, each with at least five years of experience. Data were collected through multiple
techniques, including questionnaires, semi-structured interviews, and direct field observations.
Supplementary secondary data were drawn from official project documents such as retrofit design
drawings, construction schedules, Bills of Quantity, and progress reports [22,23]. The final SEM-PLS
analysis used 87 valid responses. This sample meets the “10 times rule”, as the construct with the most
indicators had 8 items and the maximum incoming paths to a latent variable were 2, requiring at least
80 respondents. The size is also sufficient to achieve adequate statistical power (o = 0.05, power = 0.8),
ensuring reliable estimation of measurement and structural models.

The study investigates three main variables. Two are independent: Green Retrofit Jetty (X1) and
Lean-Value Stream Mapping (X2), while Time Performance () serves as the dependent variable. These
variables were operationalised into measurable indicators based on established research [8,24]. The
indicators were further broken down into sub-factors representing various components of time
performance in jetty construction projects.

Data were analysed using Structural Equation Modeling with SmartPLS software. SEM was chosen
due to its capacity to evaluate complex, multi-variable relationships and assess both measurement and
structural models. The model’s validity and reliability were tested using Confirmatory Factor Analysis
(CFA), Cronbach’s Alpha, and Composite Reliability. Further statistical tests, including t-tests and F-
tests, were performed to examine the relationships between variables, while the Kolmogorov-Smirnov
and Durbin-Watson tests were employed to check data normality and autocorrelation [25]. Key SEM-
PLS assumptions and criteria were addressed:

e Multicollinearity: assessed via Variance Inflation Factor (VIF < 5).

Outer Loading: indicators must have loadings > 0.7; 0.4—0.7 considered contextually.

Average Variance Extracted (AVE): > 0.5 for convergent validity.

Composite Reliability (CR): > 0.7 for internal consistency.

Discriminant Validity: checked using HTMT < 0.85.

Normality and Autocorrelation: assessed via Kolmogorov-Smirnov and Durbin-Watson tests.
All stages of the research were illustrated in a flow diagram to demonstrate the logical progression
from problem formulation to empirical testing. The final outcome is expected to provide a replicable
framework that integrates GRJ, Lean Construction, and VSM approaches to enhance time efficiency in
maritime infrastructure projects.
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Figure 1. Research Flow Diagram

3. Results and Discussion

The analysis began with data obtained from a validated questionnaire developed based on previous
studies. The research instrument included three main dimensions: variables, key factors, and sub-factors,
each representing components that potentially influence time performance in sustainable jetty
construction projects. A total of 87 valid responses were collected from professionals involved in
infrastructure development, including owners, consultants, contractors, engineers, site managers, and
supervisors. Respondents were selected according to their educational background, work experience,
and roles in related projects to ensure the accuracy and relevance of the data.

The findings indicate that both Green Retrofit and Lean Value Stream Mapping (VSM) significantly
affect project time efficiency. Green Retrofit practices that follow Envision standards were found to
support the redesign of workflows through environmentally conscious methods. Lean VSM, on the other
hand, proved effective in identifying non-value-adding activities and sources of waste that contribute to
project delays. These approaches work together by aligning sustainability objectives with improvements
in operational efficiency.

The reliability of the indicators and the internal consistency of the constructs were confirmed through
statistical results, with most values exceeding the standard thresholds for factor loadings, composite
reliability, and average variance extracted. The model also showed strong explanatory power in
accounting for variation in time performance.

Among the most influential factors were the use of renewable energy, reduction of operational waste
and water consumption, and enhanced project planning. Workflow mapping further revealed areas of
inefficiency that could be addressed through lean techniques. These findings support the practical
relevance of combining sustainable infrastructure practices with tools for optimising work processes.

3.1. Data Analysis using SEM-PLS

Structural Equation Modeling—Partial Least Squares (SEM-PLS) is a variance-based structural equation
modeling technique that allows for complex model estimation, particularly when data distributions are
non-normal, sample sizes are small, or the research is focused on prediction rather than theory testing
[26]. The initial step in applying SEM-PLS involves importing data from the processed questionnaire in
CSV format. Subsequently, the structural path model is constructed to connect latent variables based on
the theoretical framework within the inner model. The outer model is then specified to represent the
relationships between latent variables and their corresponding observable indicators.
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Figure 2. SEM-PLS Path Modeling Diagram

The structural model consists of three primary latent variable constructs. Path analysis was then
conducted using the SEM-PLS method based on the main diagram and corresponding tables. This
analysis generated 22 distinct paths that aid in understanding the interrelationships among the variables.
The full list of these paths is provided in Table 1 below:

Table 1. SEM-PLS Main Modeling Relationship Paths

Variabel . variabel
Manifest/ Indicator Variabel Laten Interve_nlng/
Median
X1.1.1-X1.15 Welbeing (X1.1)
X1.21-X1.2.3 Mobility (X1.2)
X13.1-X134 Community (X1.3)
X1.4.1-X14.3 Collaboration (X1.4)
X151-X154 Planning (X1.5)
X1.6.1-X1.6.3 Econom (X1.6)
X1.7.1-X1.7.5 Materials (X1.7) Green Retrofitting
X1.8.1-X1.84 Energy (X1.8) (X1)
X1.9.1-X19.4 Water (X1.9)
X1.10.1 — X1.10.3 Siting (X1.10)
X1.11.1-X1.11.3 Conservation (X1.11)
X1.12.1-X1.12.4 Ecology (X1.12)

X1.13.1-X1.13.3
X1.141-X1.14.5
X2.1.1-X2.1.6
X2.2.1-X2.2.7
X2.3.1-X2.3.10

Emissions (X1.13)
Resilience (X1.14)
Waktu Tunggu (X2.1)
Material/Bahan (X2.2)
Sumber Daya Manusia (X2.3)
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X2.4.1-X24.7 Pelaksanaan Konstruksi (X2.4)

X2.5.1-X255 Manajemen (X2.5)

X2.6.1-X2.6.4 Non Value Added Time (X2.6)

Y.1.1-Y112 Eksternal Time (Y)
Y.21-Y1.22 Internal

Table 2. Main Path Analysis of the Modelling
No Path Analysis
Indicator Variable — Latent Variable
Indicator Variable — Latent Variable (Mediated)
Mediating Variable Lean-VSM — Latent Variable Time Performance
Mediating Variable Green Retrofit — Mediating Variable Lean-VSM
Mediating Variable Green Retrofit — Latent Variable Time Performance
Latent Variable Green Retrofit — Latent Variable Lean-VSM — Latent Variable Time
Performance

o O wWNPE

3.2.  Outer Model Analysis

This study applied a reflective measurement model, evaluated through individual item reliability,
construct reliability, average variance extracted, and discriminant validity. The first three assessments
represent convergent validity, which measures the strength of correlation between indicators and their
constructs. Indicator reliability is confirmed when outer loading values are > 0.7, though values > 0.5
are acceptable and values < 0.4 are excluded. Construct reliability, evaluated through composite
reliability and Cronbach’s alpha, is considered acceptable if the values exceed 0.70. The evaluation was
conducted using SmartPLS, which calculates path coefficients through the PLS algorithm. The resulting
values confirm that all indicators meet the minimum threshold, supporting the reliability and convergent
validity of the model.
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Figure 3. SEM Diagram Results of T-Value and Path Coefficients
Internal consistency reliability is used to determine how well a set of indicators consistently measures
their associated latent variable. This is assessed using both composite reliability and Cronbach’s alpha.
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Composite reliability values between 0.6 and 0.7 are deemed acceptable [27], while Cronbach’s alpha
values above 0.6 indicate good reliability [28]. As presented in Table 3, all constructs in the model
exceeded these thresholds, with values such as 0.994 for Green Retrofit and 0.970 for Community,
confirming strong internal consistency. Furthermore, the unidimensionality of constructs was verified,
with all composite reliability values exceeding 0.7, indicating that each construct reliably measures a
single dimension of the latent variable. For example, the “Construction Phase” construct achieved a
composite reliability of 0.883, thus confirming its classification as reliable.

Table 3. Construct Reliability Test Results Based on Convergent Validity

. Cronbach's Composite

No Main Factor Alpha rho_A Reliability (AVE)
1 Collaboration (X1.4) 0,972 0,972 0,982 0,947
2 Community (X1.3) 0,970 0,971 0,978 0,919
3 Conservation (X1.11) 0,865 0,870 0,919 0,792
4  Ecology (X1.12) 0,915 0,916 0,940 0,798
5 Economy (X1.6) 0,872 0,875 0,922 0,797
6  Emissions (X1.13) 0,859 0,864 0,914 0,781
7  Energy (X1.8) 0,938 0,941 0,956 0,845
8 External (Y1) 0,770 0,772 0,897 0,813
9  Green Retrofit (X1) 0,994 0,994 0,994 0,757
10 Internal (Y2) 0,869 0,869 0,939 0,884
11 Lean-Value Stream 0,990 0,990 0,990 0,726

Mapping (X2)
12 Management (X2.5) 0,918 0,921 0,939 0,753
13 Materials/Resources (X2.2) 0,943 0,947 0,954 0,748
14 Materials (X1.7) 0,925 0,927 0,944 0,770
15 Mobility (X1.2) 0,949 0,949 0,967 0,908
16 Non-Value Added Time 0,917 0,923 0,942 0,804

(X2.6)
17 Construction Execution 0,944 0,948 0,955 0,752

(X2.4)
18 Planning (X1.5) 0,930 0,931 0,951 0,829
19 Resilience (X1.14) 0,925 0,926 0,943 0,769
20 Siting (X1.10) 0,874 0,874 0,922 0,799
21 Human Resources (X2.3) 0,966 0,967 0,970 0,765
22 Time (Y) 0,904 0,905 0,933 0,778
23 Waiting Time (X2.1) 0,950 0,953 0,962 0,812
24  Water (X1.9) 0,911 0,912 0,937 0,789
25 Well-being (X1.1) 0,941 0,945 0,956 0,813

3.3.  Unidimensionality Analysis

Unidimensionality analysis is conducted to validate the accuracy of measurement by ensuring that each
construct reflects a single underlying dimension. This evaluation uses both Cronbach’s alpha and
composite reliability, with a threshold of 0.7 for each. Composite reliability is the "trustworthiness
value" of a construct based on how its indicators relate to each other. As shown in the table, all constructs
meet the unidimensionality criteria, with composite reliability values exceeding 0.7. For instance, the
latent construct representing Green Retrofit (X1.1) demonstrates a composite reliability score of 0.994,
far above the minimum requirement, indicating strong construct validity. The results are visually
illustrated in Figure 3, which presents the composite reliability values generated through SmartPLS.
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Figure 4. Composite Reliability Value Diagram

3.4.  Convergent Validity

Convergent validity assesses the extent to which multiple indicators of the same construct are in
agreement, indicating that they measure the same underlying concept [28]. This is typically evaluated
using the Average Variance Extracted (AVE), where a minimum value of 0.5 is required to confirm that
the construct explains at least 50 percent of the variance of its indicators [29]. AVE is a statistical
measure used to assess convergent validity in measurement models. AVE measures the proportion of
variance in indicators that can be explained by their latent construct, reflecting the extent to which the
indicators truly represent the intended construct. A higher AVE value indicates that the indicators have
a stronger relationship with the latent construct and contain less measurement error. Based on the results,
all constructs in the model achieved AVE values greater than 0.5, satisfying the convergent validity
criteria. For instance, the "Technical Design" construct recorded an AVE of 0.760, indicating that it has
strong convergent validity and that its indicators reliably represent the intended latent variable.

Average Variance Extracted (AVE)

o 0.75

Average Yariance Extracted (AYE
2 o 2 o 2 o
hadado

s

Figure 5. Average Variance Extracted (AVE) Value Diagram

3.5.  Discriminant Validity

Discriminant validity refers to the degree to which constructs are distinct from one another and not
highly correlated with different constructs in the model [28]. This validity is assessed using several
criteria in SmartPLS, including cross loadings, the Fornell-Larcker criterion, and the Heterotrait-
Monotrait (HTMT) rasio [30]. A strong discriminant validity indicates that each construct captures a
unique aspect of the model, supporting the accuracy and clarity of the structural framework.

3.6.  Inner Model Analysis (Path Coefficients)

Inner loading analysis involves measuring the path coefficients between constructs to evaluate the
significance and strength of their relationships, as well as to test the proposed hypotheses. Path
coefficient values range from -1 to +1, with values closer to +1 indicating a stronger positive
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relationship between two constructs. Conversely, values approaching —1 suggest a negative relationship.
In this context, a higher path coefficient implies a more significant and robust connection between the
constructs under examination [31].

3.7.  SEM-PLS Path Coefficients and T-Statistic Analysis

The next step in the SEM-PLS analysis involves hypothesis testing by examining the T-statistic values
of the path coefficients. These values are generated through the bootstrapping procedure in SmartPLS,
using the Calculate PLS Bootstrapping function. The T-statistic is employed to assess the statistical
significance of the relationships between latent constructs. With a sample size of 82 and three variables,
the degrees of freedom (df) are 79, and at a 5 percent significance level, the critical t-value is 1.664. All
path coefficients show T-statistics greater than or equal to 1.664. This result confirms that the
relationships between constructs in the structural model are statistically significant, thereby supporting
the proposed hypotheses.

3.8.  SEM-PLS Path Coefficients and P-Value Analysis

The P-value analysis is conducted to determine the statistical significance of the relationships between
constructs and their indicators. In the context of SEM-PLS, a construct is considered valid if the P-value
is less than 0.05, indicating that the relationship is statistically significant. Based on the results from
SmartPLS, all constructs in the model meet this criterion, with P-values below 0.05. This confirms that
each indicator meaningfully contributes to its respective latent construct and supports the structural
model’s validity. Therefore, these constructs can be reliably used to test the research hypotheses.

3.9.  R-Square Values Analysis

The R-Square value, represents the result of the goodness-of-fit test for the outer model. It indicates the
proportion of variance in the dependent variable that can be explained by the independent variables. In
this study, the R-Square value for the Time () variable is 0.929, with an adjusted R-Square of 0.928,
meaning that 92.9 percent of the variance in Time (Y) is explained by the model. Since the adjusted R-
Square exceeds the 50 percent threshold, the model’s explanatory power is considered strong.
Furthermore, other constructs such as X1 an d X2 also show R-Square values above 0.80, indicating
that the influence of independent variables on these constructs falls within the moderate to strong
category. The results demonstrate that the overall model has good predictive accuracy and validity.

Table 4. R Square and Adjusted R Square Values

No Main Factor R Square R Square Adjusted
1 Collaboration (X1.4) 0,822 0,821
2 Community (X1.3) 0,899 0,898
3 Conservation (X1.11) 0,861 0,860
4  Ecology (X1.12) 0,932 0,931
5 Economy (X1.6) 0,966 0,966
6 Emissions (X1.13) 0,951 0,950
7 Energy (X1.8) 0,908 0,907
8 External (Y1) 0,909 0,908
9 Internal (Y2) 0,923 0,923
10 Lean-Value Stream Mapping (X2) 0,956 0,956
11  Management (X2.5) 0,919 0,918
12 Materials/Resources (X2.2) 0,972 0,972
13 Materials (X1.7) 0,962 0,962
14 Mobility (X1.2) 0,903 0,902
15 Non-Value Added Time (X2.6) 0,916 0,915
16 Construction Implementation (X2.4) 0,986 0,986
17  Planning (X1.5) 0,930 0,929
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18 Resilience (X1.14) 0,946 0,945

19 Siting (X1.10) 0,965 0,965
20 Human Resources (X2.3) 0,968 0,968
21 Time (Y) 0,929 0,928
22 Waiting Time (X2.1) 0,886 0,885
23 Water (X1.9) 0,973 0,973
24 Wellbeing (X1.1) 0,900 0,899

3.10. f-Square Values Analysis

The f-square value is used to assess the effect size of each independent variable on the dependent
variable in the model. According to Sarstedt et al. (2017), an f-square value of 0.02 indicates a small
effect, 0.15 a moderate effect, and 0.35 a large effect. Based on the results shown in Table 5, the majority
of constructs in this study exhibit large effect sizes on their respective dependent variables. For instance,
the influence of the "Planning” construct on Green Retrofit (X1) shows an f-square of 72.569, while
"Materials" (X1.7) contributes an effect size of 35.312. Similarly, "Lean—Value Stream Mapping" (X2)
has a notable effect on Time (Y) with a value of 0.362, surpassing the 0.35 threshold. These findings
indicate that the independent variables in the model contribute significantly and meaningfully to the
prediction of their associated dependent constructs, reinforcing the strength and relevance of the
structural relationships within the SEM-PLS framework.

Table 5. f-Square Values

No Main Factor Time (Y) Green Retrofit (X1) Lear(1x—2\)/SM
1 Collaboration (X1.4) 4,632

2 Community (X1.3) 8,867

3 Conservation (X1.11) 6,207

4  Ecology (X1.12) 13,642

5 Economy (X1.6) 28,489

6 Emissions (X1.13) 19,296

7  Energy (X1.8) 9,875

8 Lean-Value Stream Mapping (X2) 0,362

9 Management (X2.5) 0,390 21,778

10 Materials (X2.2) 11,348
11 Materials (X1.7) 35,312
12 Mobility (X1.2) 25,578

13 Non-Value Added Time (X2.6) 9,319

14 Construction Execution (X2.4) 10,853
15 Planning (X1.5) 72,569
16 Resilience (X1.14) 13,304

17 Siting (X1.10) 17,513

18 Human Resources (X2.3) 27,559

19 Time (Y) 30,513
20 Waiting Time (X2.1)

21 Water (X1.9) 7,773
22 Wellbeing (X1.1) 35,795

3.11. Most Influential Factor Analysis

Based on the analysis of 96 sub-factors, ten key factors were identified as having the strongest influence
in determining the success of green retrofitting initiatives toward achieving Envision certification. These
factors were ranked by the magnitude of their T-statistic values, where a value greater than 1.664
indicates statistical significance. As shown in Table 6, the most influential factor is "Use of Renewable

02601016-010



Energy" (X1.8.3), with a T-statistic of 645.986 and a strong contribution to the model’s R-Square value
of 0.929. This is followed by factors such as "Reducing Operational Energy Consumption™ (X1.2.2) and
"Reducing Operational Waste" (X1.7.3), both of which also exhibit very high levels of significance. The
top ten factors predominantly relate to energy use, water management, and emission control,
highlighting their crucial role in sustainable jetty development. The findings are further compared with
previous studies employing SEM-PLS in green infrastructure research, reinforcing the validity of these
results in broader environmental and construction contexts.

Table 6. T-Statistic Analysis Results

T

Original ~ Sample - R Square
No Sub Factor Sample Mean Sit,'ggzs Contribution
1 X1.8.3 Use of Renewable Energy 0,993 0,993 645,986
2 X1.2.2 Reduction of Operational Energy 0,986 0,986 289,306
Consumption
3 X1.7.3 Reduction of Operational Waste 0,984 0,984 257,989
4 X1.8.1 Preservation of Water Resources 0,983 0,983 270,287
5 X1.9.1 Monitoring of Water Systems 0,978 0,978 187,653
6 X1.94 Stormwater Management 0,975 0,975 172,083
7 X1.11.1 Reduction of Greenhouse Gas 0,965 0,965 103,263 0,929
Emissions
8 X1.12.2 Enhancement of Wetlands and 0,964 0,964 119,204
Surface Water Function
9 X1.13.2 Reduction of Air Pollutant 0,959 0,959 107,024
Emissions
10 X1.13.3 Promotion of Sustainable 0,957 0,957 129,068
Transport

3.12. Case Study Analysis

This section elaborates on the application of green infrastructure principles in the retrofitting of an
existing jetty project. The analysis is based on data obtained through a structured assessment and focuses
on aligning the project with the Envision Sustainable Infrastructure framework. The study begins with
the evaluation of the jetty’s current condition, followed by the identification of retrofit strategies,
estimation of the required implementation time, and optimisation of the schedule using lean value stream
mapping (VSM). According to Espinoza (2021), lean VSM has the potential to improve time efficiency
by up to 17 per cent in construction projects [32].

The object of the study is a naval jetty operated by the Indonesian Navy's Koarmada 11, located in
Sorong, West Papua. The jetty spans 300 by 20 metres and includes three trestles each measuring 60 by
11 metres, capable of accommodating vessels with a displacement of 12,000 DWT. The total contract
value was IDR 299,137,449,000.00 and the project was completed over 644 calendar days.

An initial sustainability assessment was conducted using the Envision framework. The framework
assigns infrastructure a sustainability rating of Verified, Silver, Gold or Platinum, based on the
percentage of credits achieved from a total of 1,000 points. The initial condition assessment of the
existing jetty yielded a score of only 149 points, or 14.9 per cent, placing it within the "No Level
Achieved" category. In order to upgrade the infrastructure to green standards, several retrofit
components were identified, including solar panel installation, shore power connection, water treatment
systems, and waste management facilities.
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Table 7. Duration Requirements for Green Retrofit Jetty Implementation
Verified Silver Gold Platinum

No Green Retrofitting Plan (days) (days) (days) (days)
1 Installation of 550 WP Polycrystalline Solar Panels 215 250
2 Shore Power Connection 41 54
3 Water Treatment Plant 90 90 108
4 Integrated Waste Disposal Facility 24 24 24 24
5 Retention Tank 45 45 45 45
6  Public Transport Shelter 24 24 24 24
7 Public Electric Vehicle Charging Station (EVCS) 24 24 24 24
8  Landscaping Work 6 6 6 6

Total Time Required 45 90 215 250

The retrofit plan to achieve Platinum certification would require 250 days, while Gold and Silver would
require 215 days and 90 days respectively.

Despite the low initial sustainability score, the project demonstrates considerable potential for
improvement through targeted interventions. Government regulations and policy incentives are
recognised as key enablers for the adoption of green infrastructure, as reflected in stakeholder feedback.
Furthermore, the competence of project managers plays a vital role in achieving sustainable outcomes,
especially when supported by explicit policy directives such as green building regulations and licensing
conditions.

The Envision assessment was conducted in accordance with the official guidelines developed by the
Institute for Sustainable Infrastructure (ISI). The final rating is determined through a certified process,
with scoring weighted according to the significance of each category.

Table 8. Example of Envision Scoring and Rating Calculation

Envision Credit Credit % of Credit  Category Section
Section Achieved Available Achieved Weighting Score (%)
A B (A:B) C (A:B)xC
Quality of Life 76 200 38,00 0,15 5,46
Leadership 90 182 49,45 0,19 9,56
Resource Allocation 120 196 61,22 0,24 14,65
Natural World 79 232 34,05 0,13 4,53
Climate and 139 190 73,16 0,29 20,92
Resilience
Innovation - 50 0,00 - -
(additional)
Final Envision 504 1.000 55,30
Point
Envision Rating PLATINUM

As shown in the scoring, a total of 55,3 per cent qualifies the jetty for a Platinum rating. This is further
supported by an optimised schedule.
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In conclusion, this case study demonstrates a practical pathway for transforming conventional port
infrastructure into a sustainable asset. The Envision framework facilitates structured and objective
decision-making, while the application of lean construction methods ensures efficient use of time and
resources. Together, these approaches contribute to the broader agenda of advancing sustainable
infrastructure within the maritime sector.

3.13.  Influential Factors in Green Retrofit Jetty

The results of the SEM-PLS analysis identified ten key sub-factors that significantly influence the
success of green retrofit implementation in sustainable jetty projects, based on Envision certification
standards. The most dominant factor was Use Renewable Energy, with the highest t-statistic value of
645.986 and an original sample loading of 0.993. This demonstrates a strong contribution to the Green
Retrofit (X1) variable, emphasising that energy transition is a critical element in green infrastructure
development. This finding is consistent with [27], who noted that the integration of renewable energy
enhances environmental performance in construction projects.

Other significant factors include Reducing Operational Energy Consumption, Reducing Operational
Waste, Preserving Water Resources, and Managing Stormwater, all of which contribute directly to the
adoption of environmentally responsible practices in port infrastructure. These results are aligned with
the core principles of the Envision framework, which prioritises resource conservation, pollution
reduction, and long-term resilience.

Collectively, the findings indicate that commitment to energy efficiency, waste minimisation, and
ecological protection plays a crucial role in achieving higher green retrofit ratings, such as the Platinum
level under Envision. Implementing these ten factors allows existing conventional jetties to transform
into environmentally friendly infrastructure, better prepared to face climate challenges and optimise
long-term operational outcomes.

3.14.  Implementation of Lean-Value Stream Mapping (VSM)

To enhance project execution efficiency, Lean Value Stream Mapping (VSM) was applied in the Green
Retrofit Jetty project. This method aimed to visualise all project activities and identify non-value-added
(NVA) elements that caused delays or inefficiencies. The analysis concentrated on a critical task, namely
the installation of solar panels, which forms a key part of the renewable energy strategy. The
implementation began with the development of a Work Breakdown Structure (WBS), followed by task
sequencing and duration estimation, based on data from a comparable completed project.
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The mapping process categorised 31 per cent of activities as Value Added (VA), 44 per cent as
Essential Non-Value Added (ENVA), and 25 per cent as Non-Value Added (NVA). NVA activities,
such as redundant documentation, idle material handling, and excessive equipment movement, were
subsequently targeted for elimination or minimisation.

Subsequently, both a Current State Map (CSM) and a Future State Map (FSM) were produced to
illustrate the project workflow before and after lean optimisation. The implementation of VSM resulted
in a reduction of 30 days in project duration, cutting the timeline from 250 days to 220 days. This result
clearly demonstrates the effectiveness of VSM in optimising project delivery without compromising
quality standards.

A fishbone diagram analysis was also conducted to explore the root causes of inefficiencies, focusing
on aspects such as materials, methods, manpower, and machinery. The most frequently observed forms
of waste included unnecessary processing, excessive inventory, waiting times, and inefficient
transportation. These findings align with the eight categories of waste defined in Lean Construction
theory, as established by Womack and Jones (2003) [33].

In conclusion, the integration of green infrastructure principles, as prescribed by the Envision
framework, with lean construction methods through VSM, offers a practical and effective strategy for
enhancing the sustainability and time efficiency of jetty infrastructure projects. The results provide
useful insights for stakeholders aiming to implement similar sustainable construction practices and
contribute meaningfully to the advancement of environmentally responsible maritime infrastructure.

4. Conclusion

This study concludes that the integration of green retrofit principles guided by the Envision framework
and optimised through Lean Value Stream Mapping (VSM) significantly improves time performance in
sustainable jetty construction. The findings clearly address the research objectives and questions stated
at the beginning.

First, ten key factors were identified as the most influential in enhancing time efficiency through
lean-VSM application in the context of a green retrofit jetty. These factors include the use of renewable
energy, reduction of operational energy and waste, conservation and monitoring of water resources,
stormwater management, reduction of greenhouse gas and air pollutant emissions, enhancement of
wetland and surface water functions, and promotion of sustainable transportation.

Second, the study confirms that the Envision framework is an effective tool for guiding the planning
and implementation of green retrofit infrastructure. Its structured assessment allows project teams to
systematically evaluate sustainability performance and align their interventions with recognised rating
levels such as Verified, Silver, Gold or Platinum.

Third, the application of lean-VSM has proven effective in identifying and eliminating non-value-
adding activities. In this study, the retrofit schedule required to meet the Envision Platinum rating was
shortened from 250 days to 220 days, resulting in a time efficiency gain of 12 per cent.

Future research may explore the integration of digital construction tools to further enhance the
effectiveness of lean and green practices. Comparative studies on different infrastructure types such as
bridges, ports, or transport terminals could also help generalise the findings and expand the applicability
of the combined Envision and lean approach.
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