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Abstract 
The increasing demand for sustainable infrastructure has led to a focus on cost 

optimization in retrofit projects, particularly in maritime infrastructure such as 

jetties. Sustainable development aims to balance economic growth, 

environmental protection, and social welfare, highlighting the need for 

efficient resource utilization. Jetty retrofit projects, crucial for port operations, 

often face high construction and maintenance costs. This study aims to 

evaluate the effectiveness of Value Engineering (VE) and Life Cycle Cost 

Analysis (LCCA) in optimizing the costs of jetty retrofit projects while 

ensuring long-term sustainability. A mixed-method research design was 

employed, combining quantitative data from questionnaires and statistical 

analysis with qualitative insights from field observations and interviews. The 

study found that integrating VE significantly reduced operational costs, 

particularly through the substitution of conventional energy systems with 

renewable energy sources such as solar panels. The application of LCCA 

demonstrated that long-term savings from energy efficiency could offset 

higher initial investments. The findings show that the use of VE and LCCA 

together can achieve cost savings of up to 5.21% and enhance financial 

viability, with a Benefit-Cost Ratio (BCR) of 2.20, Net Present Value (NPV) 

of IDR 40.40 billion, and an Internal Rate of Return (IRR) of 46.93%. These 

results underline the financial and environmental feasibility of green retrofit 

projects. This research contributes to sustainable infrastructure practices by 

highlighting cost-effective strategies for jetty retrofitting. 
Keywords: Cost Optimization, Green Infrastructure, Life Cycle Cost Analysis, 

Jetty Retrofit, Value Engineering. 
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INTRODUCTION 

The need for sustainable infrastructure development has become increasingly vital in 

modern society (Pais et al., 2026). As nations around the world strive to balance economic 

growth with environmental preservation, the importance of sustainable, cost-effective 

infrastructure solutions cannot be overstated (He et al., 2024). Among the critical sectors in this 

regard is the maritime infrastructure, particularly jetties, which serve as pivotal components of 

port facilities. Jetties enable the docking of ships and facilitate the safe loading and unloading 

of cargo, contributing significantly to global trade and economic activities (Laukotka et al., 

2025). In Indonesia, an archipelagic nation with an extensive maritime domain, jetties play a 

central role in maintaining inter-regional connectivity and supporting economic growth (Vesho 

et al., 2024). However, as critical as they are, the development and maintenance of jetty 

infrastructure come with substantial financial costs, which, if not optimized, can strain public 

and private resources. 

In light of these challenges, the concept of green infrastructure has emerged as a 

promising solution to address environmental and economic concerns in infrastructure projects 

(Panadés et al., 2026). Green infrastructure emphasizes long-term performance, efficient 

resource utilization, and minimal environmental impact, thereby contributing to the broader 

goals of sustainable development (Wang et al., 2025). The use of green infrastructure principles 

in jetty development, particularly in retrofit projects, has shown that it is possible to achieve 

both environmental sustainability and economic feasibility (Ioannou et al., 2025). However, the 

high initial costs and complex planning requirements associated with implementing green 
infrastructure in existing maritime facilities often deter stakeholders from pursuing such 

projects. 

This article focuses on the optimization of costs in jetty retrofit projects, particularly 

those integrating green infrastructure principles (Fan et al., 2025). The study utilizes two key 

methodologies Value Engineering (VE) and Life Cycle Cost Analysis (LCCA) to evaluate and 

optimize both the design and long-term economic performance of jetty infrastructure 

(Büyüksaraç et al., 2025). These approaches have been increasingly recognized for their ability 

to improve cost efficiency and ensure the sustainability of infrastructure projects, especially in 

the context of limited budgets and the need to maximize the value derived from every 

expenditure. 

Value Engineering is a systematic method that seeks to improve the value of a project by 

assessing its functions and identifying opportunities for cost optimization (Campagna et al., 

2025). VE focuses on achieving the required functionality at the lowest possible cost, without 

sacrificing quality or performance (Taylor et al., 2025). It involves a comprehensive analysis of 

all aspects of a project, from design to construction, and seeks to develop alternative solutions 

that are more cost-effective while meeting or exceeding the original performance standards. 

On the other hand, Life Cycle Cost Analysis is a financial management tool that 

evaluates the total costs of a project over its entire lifespan (Toledo et al., 2025). LCCA goes 

beyond the initial capital investment and considers operational, maintenance, and end-of-life 

costs (Kavvada et al., 2024a). By adopting a long-term perspective, LCCA helps project 

managers and stakeholders make more informed decisions about investments, ensuring that the 

full economic impact of the project is considered (Chen et al., 2025). This approach is 

particularly relevant for maritime infrastructure, where projects are typically designed for long-

term use, and the operational and maintenance costs over several decades can often exceed 

initial construction costs. 

The integration of Value Engineering and Life Cycle Cost Analysis in the context of jetty 

retrofit projects is innovative and presents a comprehensive strategy for achieving both 

economic and environmental sustainability (Ulyev & Chernyshov, 2025a). This combined 
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approach allows for the identification of potential cost savings at every stage of the project, 

from initial design through to long-term operation (Muratoglu & Erturk, 2025). It also provides 

a framework for assessing the financial feasibility of implementing green infrastructure, such 

as renewable energy systems and energy-efficient technologies, in the retrofit process. 

Indonesia’s Environmental Performance Index (EPI) rankings and the declining 

competitiveness of the country’s infrastructure, as highlighted in recent reports, underscore the 

urgency of adopting more sustainable approaches in infrastructure development (Cao et al., 

2025). In 2020, Indonesia ranked 117th out of 180 countries in the EPI, indicating the need for 

significant improvements in environmental management, particularly in infrastructure projects 

(Huang et al., 2025). Furthermore, the World Competitiveness Yearbook (WCY) ranked 

Indonesia’s infrastructure competitiveness at 57th out of 64 countries, highlighting the 

challenges faced by the nation in terms of infrastructure efficiency and sustainability. 

These rankings reflect the critical need for cost-effective and environmentally responsible 

infrastructure solutions, particularly in the maritime sector, which is essential for Indonesia’s 

economic development (Alavi et al., 2025). As the demand for efficient, sustainable 

infrastructure continues to rise, it is crucial that project developers and policymakers explore 

innovative methods to optimize costs while integrating environmentally friendly practices 

(Martin et al., 2024). The combination of VE and LCCA offers a practical solution to these 

challenges, providing a robust framework for enhancing the value and sustainability of jetty 

infrastructure projects. 

The application of green infrastructure in jetty development offers multiple benefits, 

including reduced energy consumption, lower carbon emissions, and improved resilience to 

climate change (Kumari et al., 2025). For example, integrating renewable energy systems such 

as solar panels can significantly reduce operational costs and minimize the environmental 

footprint of port operations (Cassol et al., 2025). Moreover, the application of green 

infrastructure can improve the overall resilience of jetties to the impacts of climate change, 

such as rising sea levels and extreme weather events, ensuring the long-term viability of these 

critical facilities. 

However, the adoption of green infrastructure in existing facilities often faces significant 

barriers, particularly in terms of high initial costs (Gao et al., 2024). Value Engineering can 

play a crucial role in overcoming these barriers by identifying cost-effective alternatives that do 

not compromise the core functions of the infrastructure (Bocaneala et al., 2025). By optimizing 

the design and construction processes, VE helps to ensure that the benefits of green 

infrastructure can be realized without exceeding budget constraints. 

In addition, Life Cycle Cost Analysis provides a comprehensive understanding of the 

long-term financial implications of adopting green infrastructure (Puchtler & Kirchner, 2025). 

While the initial investment in sustainable technologies may be higher, LCCA helps to 

demonstrate the potential for cost savings over the project’s life cycle, making it easier for 

decision-makers to justify the investment (Goebel, 2024). For example, the integration of 

renewable energy systems may increase the upfront cost but can lead to substantial savings in 

energy costs over time, ultimately improving the project’s financial performance. 

This study aims to provide a comprehensive analysis of the potential for cost 

optimization in jetty retrofit projects by integrating Value Engineering and Life Cycle Cost 

Analysis (Aouari et al., 2025). Through the application of these methodologies, the research 

seeks to demonstrate how green infrastructure can be successfully incorporated into existing 

maritime facilities, providing both economic and environmental benefits (Widodo et al., 2025). 

The findings of this study are expected to contribute to the broader field of sustainable 

infrastructure development and offer valuable insights for policymakers, engineers, and other 

stakeholders involved in infrastructure projects. 

In conclusion, the optimization of costs in jetty retrofit projects is a critical issue for the 

maritime infrastructure sector (Ferraioli et al., 2025). By integrating Value Engineering and 
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Life Cycle Cost Analysis, it is possible to achieve significant cost savings while ensuring the 

long-term sustainability of these vital facilities (Kavvada et al., 2024b). The application of 

green infrastructure principles further enhances the potential for environmental sustainability, 

making it possible to achieve both economic and ecological goals in the development of 

maritime infrastructure (Kavvada et al., 2024b). This study will provide practical 

recommendations for enhancing the cost efficiency and sustainability of future jetty retrofit 

projects, contributing to the overall improvement of infrastructure practices in Indonesia and 

beyond. 
 

RESEARCH METHOD 

Research Design 

This study employs a mixed-method research design, combining both quantitative and 

qualitative approaches to comprehensively evaluate the cost optimization of jetty retrofit 

projects using Value Engineering (VE) and Life Cycle Cost Analysis (LCCA). The quantitative 

component focuses on statistical analysis to assess key factors influencing cost performance, 

using data derived from questionnaires and field observations (Ulyev & Chernyshov, 2025b). 

The qualitative aspect complements the quantitative data by providing insights into the 

planning, decision-making, and cost optimization processes through in-depth interviews and 

discussions with industry practitioners (Bi et al., 2025). This mixed-method design allows for a 

robust understanding of the cost dynamics in green infrastructure-based retrofit projects, 

integrating both numerical data and contextual information for a comprehensive analysis. 

Research Target/Subject 

The primary subjects of this research are professionals specializing in the design, 

construction, and management of jetty infrastructure within the Indonesian coastal and port 

sectors (Guan & Zhou, 2025). The target population encompasses a diverse group of 

stakeholders, including engineers, project managers, and financial analysts from both public 

and private entities. Utilizing a convenience sampling method, the study focuses on a sample of 

20 experts with specific experience in jetty retrofit projects and familiarity with green 

infrastructure principles. These subjects serve as the critical source of primary data, providing 

the expert insights and technical perspectives necessary to evaluate the practical application of 

cost optimization strategies in sustainable maritime infrastructure. 

\Research Procedure 

The research process began with a literature review, which established the theoretical 

foundations of green infrastructure, Value Engineering, and Life Cycle Cost Analysis. This was 

followed by the collection of primary data through the distribution of questionnaires to 

professionals in the field. The collected data was analyzed using statistical methods, 

particularly multiple linear regression analysis, to identify key factors influencing cost 

performance. In parallel, semi-structured interviews were conducted to gather qualitative 

insights on the practical challenges and benefits of implementing VE and LCCA in the context 

of jetty retrofitting. 

Once the data was collected, Value Engineering was applied to identify cost-saving 

opportunities through functional analysis. This process involved the development of alternative 

design solutions to optimize the project’s cost without compromising the quality or 

functionality of the jetty. Life Cycle Cost Analysis (LCCA) was then applied to evaluate the 

total costs associated with the jetty retrofit, taking into account not only the initial investment 

but also operational, maintenance, and decommissioning costs over the project’s lifespan. 
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The final step of the research involved conducting a feasibility analysis using economic 

indicators such as Benefit-Cost Ratio (BCR), Net Present Value (NPV), Internal Rate of Return 

(IRR), and Payback Period (PP). This was done to assess the financial viability of the retrofit 

projects, particularly with respect to the adoption of green infrastructure and renewable energy 

systems. The results were then synthesized to draw conclusions on the effectiveness of 

integrating VE and LCCA in optimizing costs for sustainable jetty retrofit projects. 

Instruments, and Data Collection Techniques 

To collect data for this study, the following instruments were utilized: a). Questionnaires: 

A structured questionnaire was designed to gather quantitative data on the factors influencing 

cost optimization in jetty retrofit projects. The questionnaire focused on areas such as cost 

components, decision-making processes, and the perceived benefits of integrating VE and 

LCCA. Participants rated various factors based on their experience and perceptions, providing 

insights into cost optimization practices and challenges, b). Interviews: Semi-structured 

interviews were conducted with key professionals in the field to gather qualitative data on the 

implementation of VE and LCCA in jetty retrofit projects. The interviews aimed to explore the 

practical aspects of applying these methodologies in the context of green infrastructure, as well 

as challenges faced during project execution, c). Project Documents: Secondary data was 

gathered from project documents such as Cost Budget Plans (RAB), Bill of Quantities (BoQ), 

and technical drawings. These documents were analyzed to assess the financial and technical 

aspects of the retrofit projects, providing a baseline for the LCCA and VE analysis.  

Data Analysis Technique 

The study utilizes a multifaceted analytical approach to process both quantitative and 

qualitative data. Statistical analysis, specifically Multiple Linear Regression, is employed to 

evaluate the primary factors influencing cost performance from questionnaire responses. This is 

integrated with Value Engineering (VE) to identify cost-saving opportunities through 

functional analysis and the development of design alternatives. Furthermore, Life Cycle Cost 

Analysis (LCCA) is applied to calculate the total ownership costs including initial investment, 

operations, maintenance, and decommissioning over the project's lifespan. The final financial 

viability is determined through feasibility indicators such as Net Present Value (NPV), Internal 

Rate of Return (IRR), Benefit-Cost Ratio (BCR), and Payback Period (PP), ensuring a robust 

synthesis of numerical and contextual findings. 

 

RESULTS AND DISCUSSION 

The application of Value Engineering (VE) and Life Cycle Cost Analysis (LCCA) in the 

jetty retrofit projects has demonstrated significant cost optimization while ensuring the long-

term sustainability of the infrastructure. The analysis of project costs, both at the initial design 

phase and over the entire life cycle, has revealed several opportunities for reducing costs and 

improving the overall efficiency of the retrofit process. The findings of the study are discussed 

below, focusing on the impact of VE and LCCA on cost optimization and the long-term 

feasibility of green infrastructure integration. 

 

Table 1. Value Engineering Outcomes: Conventional vs. Solar Energy Systems at the Jetty 

Aspect Conventional Energy System Solar Energy System 

Cost Efficiency High initial and ongoing costs; 

inefficient long-term 
Lower operational costs; significant 

expense reduction over project 

lifespan 
Functional 

Performance 
Meets basic needs but wasteful Equivalent performance with 

optimization 
Environmental Higher emissions and resource use Sustainable; aligns with green 
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Impact infrastructure principles 

Long-Term 

Viability 
Costly maintenance and operations Financially viable; reduces energy 

expenses substantially 

The Value Engineering (VE) approach was applied through a systematic process of 

functional analysis, which helped identify work elements that could be optimized in terms of 

cost without compromising their functional performance. One of the major outcomes of the VE 

application was the identification of high-cost components, particularly the energy system. The 

existing conventional energy system was deemed inefficient and costly in the long run. As a 

result, solar energy systems were introduced as an alternative, offering a more cost-effective 

and environmentally sustainable solution. The shift to solar energy not only aligns with the 

principles of green infrastructure but also contributes to reducing operational costs in the long 

term. The analysis revealed that the solar panel system would reduce the energy expenses at the 

jetty by a significant margin, making it a financially viable solution over the project’s life span. 

The Function Analysis System Technique (FAST) was utilized to assess the critical 

functions of the jetty infrastructure and identify design alternatives that offered greater value at 

a lower cost. This process highlighted the energy system and several other high-cost elements 

that could be substituted with more cost-efficient solutions. The final design, after the VE 

application, reduced the overall construction and operational costs, thus improving the project’s 

financial performance. 

Life Cycle Cost Analysis (LCCA) was employed to evaluate the total cost of the retrofit 

project over its entire service life, including initial capital investment, operational costs, 

maintenance costs, and the residual value of the infrastructure at the end of its useful life. The 

LCCA showed that while the initial investment in green infrastructure, such as the solar energy 
system, was higher than conventional energy systems, the long-term savings in operational 

costs justified the investment. The analysis estimated that the annual savings due to the 

incorporation of solar energy would amount to IDR 1.68 billion, which represents a 5.21% 

reduction in operational costs compared to the traditional energy system. 
 

 
Figure 1. Cost Optimization of Retrofit Project Through Value Engineering 

The initial investment cost of the retrofit project was reduced from IDR 88.42 billion to 

IDR 83.81 billion following the application of VE. This reduction was primarily due to the 

optimization of the energy system and other design elements, which contributed to more cost-

efficient solutions. Furthermore, the LCCA indicated that the overall life cycle cost of the 

project would be lower than initially projected, providing a more sustainable financial model 

for the project stakeholders. 

The investment feasibility of the jetty retrofit project was evaluated using economic 

indicators such as Benefit-Cost Ratio (BCR), Net Present Value (NPV), Internal Rate of Return 

(IRR), and Payback Period (PP). The Benefit-Cost Ratio (BCR) of the project was found to be 

2.20, which is greater than 1, indicating that the project is economically viable and that the 
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benefits significantly outweigh the costs. The Net Present Value (NPV) of the project was 

calculated to be IDR 40.40 billion, suggesting that the project will generate a substantial net 

profit over its life span. 

The Internal Rate of Return (IRR) was found to be 46.93%, which is significantly higher 

than the Minimum Attractive Rate of Return (MARR) of 20%. This high IRR reflects the 

strong profitability of the project, making it an attractive investment opportunity. Additionally, 

the Payback Period (PP) was calculated to be just 2 years and 4 months, which is faster than the 

initial target of 4 years. This indicates that the project will generate a return on investment 

relatively quickly, further reinforcing its financial feasibility. 

A sensitivity analysis was conducted to examine the impact of changes in key parameters 

on the project’s cost performance and investment feasibility. The sensitivity analysis 

demonstrated that the project remained financially viable even with variations in key cost 

factors, such as energy prices and maintenance costs. This further supports the robustness of 

the cost optimization strategies applied in the project and highlights the resilience of the green 

infrastructure approach. 
 

 
Figure 2. Challenges in Military Healthcare Integration 

The application of Value Engineering and Life Cycle Cost Analysis in the retrofit of jetty 

infrastructure has proven to be an effective strategy for achieving cost optimization and 

enhancing the project’s overall sustainability. The integration of green infrastructure, 

particularly the shift to renewable energy sources such as solar panels, has not only resulted in 

significant operational cost savings but has also contributed to the environmental sustainability 

of the project. The findings of this study demonstrate that through the careful application of VE 

and LCCA, it is possible to optimize costs without compromising the functional performance 

of the infrastructure, ensuring both financial and environmental benefits in the long term. These 

results provide valuable insights for future infrastructure projects, particularly in the maritime 
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sector, and contribute to the development of more sustainable practices in the field of civil 

engineering. 

The results of this study demonstrate the significant potential of Value Engineering (VE) 

and Life Cycle Cost Analysis (LCCA) in optimizing the cost of jetty retrofit projects while 

maintaining long-term sustainability. This section discusses the implications of the findings, 

comparing them to previous research, highlighting their practical relevance, and identifying 

potential limitations and avenues for future research. 

The application of Value Engineering (VE) in jetty retrofit projects has proven to be 

highly effective in identifying cost-saving opportunities without compromising the 

functionality or performance of the infrastructure. The systematic approach of VE, particularly 

through functional analysis, allowed for the identification of high-cost components that were 

optimized or substituted with more cost-effective solutions. The shift from a conventional 

energy system to a solar energy system represents one of the most significant cost-saving 

interventions. As highlighted by previous studies, integrating renewable energy into 

infrastructure projects not only reduces operational costs but also contributes to environmental 

sustainability (Liu, 2015; Satola et al., 2021). In the case of the jetty retrofit project, the 

introduction of solar panels proved to be a viable alternative that aligns with green 

infrastructure principles while providing long-term financial savings. 

The findings are consistent with research by Dell’Isola (1997) and Barringer and Weber 

(1996), who emphasize the importance of VE in improving the value of infrastructure projects 

by focusing on the optimization of functions and reducing unnecessary costs. By applying VE, 

the jetty retrofit project achieved a 5.21% reduction in operational costs, which is a significant 

outcome in the context of infrastructure development. This reduction can be attributed to the 

careful reevaluation of design elements, particularly those related to energy consumption, 

which often represent a substantial portion of operational costs in maritime infrastructure. 

The application of Life Cycle Cost Analysis (LCCA) allowed for a comprehensive 

evaluation of the total costs associated with the jetty retrofit project over its entire service life. 

Unlike traditional cost analysis, which focuses primarily on initial capital investment, LCCA 

considers the long-term operational, maintenance, and residual costs. The results of the LCCA 

demonstrate that although the initial investment for green infrastructure components, such as 

solar energy systems, was higher than traditional solutions, the long-term savings far 

outweighed the upfront costs. 

The annual savings of IDR 1.68 billion, resulting from the integration of renewable 

energy, further reinforces the value of adopting LCCA in infrastructure projects. This finding is 

consistent with previous studies by Samani et al. (2018) and Hatami and Morcous (2016), who 

assert that LCCA is an essential tool for identifying long-term cost efficiencies and optimizing 

resource allocation. The ability to optimize costs throughout the project’s life cycle ensures that 

the project not only meets immediate financial goals but also remains financially sustainable 

over time. 

In line with the findings of Filipek (2020), who demonstrated that renewable energy 

systems contribute to substantial reductions in operational costs and carbon emissions, this 

study further supports the integration of renewable energy in maritime infrastructure projects. 

The solar energy system implemented in the retrofit project not only resulted in cost savings 

but also reduced the carbon footprint of the jetty operations, aligning with broader 

environmental sustainability goals. 

The investment feasibility analysis conducted in this study using key economic indicators 

Benefit-Cost Ratio (BCR), Net Present Value (NPV), Internal Rate of Return (IRR), and 

Payback Period (PP) clearly demonstrates the financial viability of the jetty retrofit project. The 

BCR of 2.20 indicates that the project is economically viable, with benefits significantly 

outweighing costs. Furthermore, the NPV of IDR 40.40 billion suggests that the project will 
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generate substantial net profits over its service life, making it an attractive investment 

opportunity. 

These findings align with research by Guno et al. (2021) and Creswell (2018), who 

highlight the importance of financial analysis in determining the feasibility of infrastructure 

projects. The IRR of 46.93%, which exceeds the Minimum Attractive Rate of Return (MARR) 

of 20%, underscores the high profitability of the project, making it an economically sound 

decision for stakeholders. Additionally, the relatively short Payback Period of 2 years and 4 

months further enhances the attractiveness of the investment, as it ensures a quick return on 

investment and reduces financial risk. 

The findings of this study have significant practical implications for stakeholders 

involved in maritime infrastructure projects, particularly in developing countries like 

Indonesia. As the demand for efficient and sustainable infrastructure continues to grow, the 

integration of green infrastructure into retrofit projects offers a promising solution to optimize 

costs and reduce environmental impact. By utilizing VE and LCCA, project developers can 

make informed decisions that balance short-term costs with long-term benefits, ensuring the 

sustainability of both the infrastructure and the environment. 

However, the successful implementation of green infrastructure in jetty retrofit projects 

requires supportive policies and regulatory frameworks. As noted in the study, government 

policy factors and the competency of project managers are crucial for the successful adoption 

of sustainable practices in infrastructure development. Therefore, capacity building and 

regulatory support are essential to encourage the wider application of green infrastructure in the 

maritime sector. The findings of this study highlight the need for enhanced collaboration 

between policymakers, engineers, and environmental experts to develop and implement cost-

effective, sustainable infrastructure solutions. 

While the results of this study provide valuable insights into cost optimization in jetty 

retrofit projects, several limitations should be considered. The sample size for the primary data 

collection was relatively small, which may limit the generalizability of the findings. Future 

research could expand the sample size and explore the application of VE and LCCA in other 

infrastructure sectors to validate the findings and assess their broader applicability. 

Additionally, the study focused primarily on the technical and financial aspects of cost 

optimization, with limited exploration of risk analysis and cost uncertainty. Future research 

could incorporate these factors to provide a more comprehensive evaluation of the potential 

challenges and risks associated with green infrastructure projects (Gjoka et al., 2025). The 

integration of digital technologies, such as Building Information Modeling (BIM), could also 

enhance decision-making processes and improve the efficiency of project implementation. 

This study confirms that the integration of Value Engineering and Life Cycle Cost 

Analysis offers an effective approach for optimizing costs and ensuring the sustainability of 

jetty retrofit projects. The findings highlight the importance of adopting green infrastructure in 

infrastructure projects, particularly in the maritime sector, where cost efficiency and 

environmental sustainability are critical (Liu et al., 2025). The use of renewable energy, such as 

solar panels, contributes to significant operational cost savings and reduced environmental 

impact (Ma et al., 2025). Furthermore, the financial feasibility of such projects, as 

demonstrated by the BCR, NPV, IRR, and Payback Period analyses, underscores the economic 

viability of green retrofit projects, making them an attractive investment for stakeholders. 

Future research should expand on these findings by exploring additional factors such as risk 

analysis and the integration of digital technologies to enhance the cost optimization and 

sustainability of infrastructure projects. 

 

CONCLUSION 

This study contributes to the growing body of knowledge on cost optimization in 

infrastructure development by integrating Value Engineering (VE) and Life Cycle Cost 
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Analysis (LCCA) in the context of jetty retrofit projects. The key contributions of this research 

are outlined below: a). Methodological Innovation: One of the significant inclusions of this 

study is the integrated application of VE and LCCA to evaluate the cost optimization of jetty 

retrofit projects. While both methodologies have been applied separately in various 

construction projects, this study demonstrates their combined potential in optimizing costs 

without sacrificing the functionality or sustainability of the infrastructure. The novel 

integration of these methods in a maritime infrastructure context provides a robust framework 

for decision-making, addressing both immediate financial concerns and long-term cost 

considerations. b). Cost Optimization Strategies: The study highlights several strategies for 

optimizing costs in jetty retrofit projects, particularly through the adoption of green 

infrastructure. The application of solar energy systems in place of conventional energy sources 

is a prime example of a cost-saving measure that aligns with sustainable development goals. 

The identification of high-cost components and their substitution with more cost-efficient 

alternatives represents a key contribution to the practical implementation of VE principles in 

infrastructure projects. This inclusion provides valuable insights for stakeholders seeking to 

implement cost-effective and environmentally sustainable solutions in future infrastructure 

projects. c). Financial Viability Assessment: The research provides a comprehensive analysis 

of the financial feasibility of jetty retrofit projects using key economic indicators, such as 

Benefit-Cost Ratio (BCR), Net Present Value (NPV), Internal Rate of Return (IRR), and 

Payback Period (PP). The findings demonstrate that integrating green infrastructure can result 

in financially viable projects that offer long-term benefits. This inclusion is critical for 

policymakers and investors, as it underscores the economic feasibility of adopting sustainable 

practices in infrastructure projects, particularly in sectors with high initial costs, such as 

maritime infrastructure. d). Environmental Sustainability: The adoption of green infrastructure 

not only offers financial benefits but also contributes to environmental sustainability. The 

integration of renewable energy systems, such as solar panels, significantly reduces carbon 

emissions and operational costs, contributing to more sustainable and resilient infrastructure. 

This inclusion serves as a reminder that financial optimization and environmental responsibility 

are not mutually exclusive, and that sustainable infrastructure development is achievable with 

the right planning and methodologies. e). Practical Implications for Stakeholders: The findings 

of this study offer valuable insights for a wide range of stakeholders involved in jetty retrofit 

projects, including engineers, project managers, policymakers, and investors. By demonstrating 

the effectiveness of VE and LCCA in optimizing both costs and long-term sustainability, the 

research provides practical guidance for decision-makers looking to integrate green 

infrastructure into future projects. This inclusion also emphasizes the importance of capacity 

building and regulatory support in ensuring the successful implementation of sustainable 

infrastructure solutions. f). Future Research Directions: The study suggests several avenues for 

future research, including the incorporation of risk analysis, cost uncertainty, and digital 

technologies such as Building Information Modeling (BIM). These areas of further 

investigation could enhance the efficiency of decision-making processes and expand the 

applicability of VE and LCCA in infrastructure development. Additionally, expanding the 

sample size and exploring the application of these methods in other infrastructure sectors could 

validate the findings and provide a broader understanding of cost optimization in sustainable 

development.  

In summary, this study makes a significant contribution to the field of infrastructure 

cost optimization by applying Value Engineering and Life Cycle Cost Analysis to jetty retrofit 

projects. The findings offer valuable insights into the integration of green infrastructure in 

maritime facilities, providing both economic and environmental benefits. This research serves 

as a foundation for future work in sustainable infrastructure practices, offering practical 

guidance for stakeholders and contributing to the broader goal of achieving sustainable 

development in infrastructure projects. 
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