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Abstract  

 

Maritime economic transformation is one of the important strategies in encouraging sustainable 

economic growth, especially for archipelagic countries with large potential for marine resources. 

Innovation in the field of marine engineering plays a significant role in increasing efficiency, productivity, 

and added value in the maritime sector. This article discusses the role of marine engineering innovation 

in driving maritime economic transformation through the development of coastal and offshore 

infrastructure, the use of modern marine technology, and the improvement of the quality of human 

resources. The discussion shows that the integration of marine engineering innovation with maritime 

economic policies is able to strengthen competitiveness, create entrepreneurial opportunities, and 

support sustainable blue economy development. 
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1. Introduction 

The maritime sector has a strategic role in the global and national economy, especially for 
countries with large sea areas and long coastlines. The sea functions not only as a geographical 
space, but also as an economic resource that supports various productive activities, such as marine 
transportation, port management, fisheries, offshore energy, and marine tourism. These activities 
contribute significantly to economic growth, job creation, and increased connectivity between 
regions and countries [1]. 

Despite its great potential, the development of the maritime economy still faces various 
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challenges. Degradation of marine and coastal environments, limited maritime infrastructure, and 
low utilization of technology are the main obstacles in optimizing this sector. In addition, climate 
change and the increasing intensity of extreme marine events demand a more adaptive and 
sustainable approach to development. These challenges show that maritime economic 
development cannot be carried out conventionally, but requires innovation that is able to 
integrate technical, economic, and environmental aspects [2]. 

In this context, marine engineering has an important role as a field that bridges the needs 
of economic development with the complex characteristics of the marine environment. Through 
technological innovation, marine engineering not only functions as an engineering discipline, but 
also as a driver of maritime economic transformation. Innovations in offshore structure design, 
sustainable coastal protection, utilization of renewable marine energy, and digitalization of 
maritime systems open up new opportunities to improve the efficiency, competitiveness, and 
sustainability of the maritime economy. Therefore, the discussion of the role of marine 
engineering innovation in the transformation of the maritime economy is important to understand 
the direction of maritime development in the future [3]. 

2. Materials and Methods 

The descriptive method is used to describe the development of marine engineering and its 

contribution to various maritime economic activities, such as marine infrastructure development, 

coastal area management, marine transportation, and the utilization of marine resources. Through 

a systematic description, it can be understood how marine engineering develops in line with 

economic needs and increasingly complex marine environmental challenges. Furthermore, an 

analytical approach is used to delineate the linkage between marine technology innovation and 

increased efficiency, productivity, and sustainability of the maritime sector [4]. 

Discussion materials were obtained through extensive literature search, including 

reference books, scientific journal articles, policy reports, development planning documents, and 

other publications relevant to maritime economics, marine engineering, technological innovation, 

and sustainable development. These sources include national and global perspectives, providing a 

comprehensive picture of the position and role of the maritime sector in the modern economy. 

This cross-source approach allows for a more comprehensive understanding of the dynamics of 

maritime economic transformation in various regional contexts [5]. 

The analysis process is carried out by identifying various forms of innovation in marine 

engineering, such as the development of adaptive maritime infrastructure, the use of digital 

technology and marine monitoring systems, and the application of environmentally friendly 

concepts in marine engineering. These innovations are then linked to aspects of economic growth, 

operational efficiency, increased competitiveness, and environmental sustainability. Through this 

approach, the role of marine engineering can be understood not only as a technical field, but as an 

integral part of a maritime economic system that is intertwined with social, environmental, and 

policy aspects of development [1]. 

This descriptive-analytical approach allows for an integrated understanding of how marine 

engineering innovations contribute to driving structural and sustainable transformation of the 

maritime economy. By placing marine engineering within the broader framework of development, 

this discussion confirms that the progress of the maritime sector is highly dependent on the ability to 

integrate technological innovations with economic needs and long-term sustainability principles [6]. 

3. Results 

Marine engineering innovations play a significant role in driving the transformation of the 

maritime economy through improving the quality, efficiency, and resilience of maritime 
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infrastructure. These innovations can be seen in the development of modern ports that implement 

technology-based planning and operation systems, coastal structures designed to be adaptive to 

abrasion and sea level rise, and offshore facilities that are able to operate safely under extreme 

sea conditions. The application of innovative engineering design allows for the optimization of the 

function of maritime infrastructure while reducing the risk of damage due to environmental 

factors. Infrastructure supported by cutting-edge technology directly contributes to increasing 

operational efficiency and reducing logistics costs, thereby strengthening the competitiveness of 

the maritime sector on a national and global scale [7]. 

3.1 Improved Efficiency of Maritime Infrastructure 

The development of modern ports and marine structures designed with cutting-edge 

engineering approaches shows a significant increase in operational efficiency in the maritime sector. 

The application of adaptive structural design that takes into account wave dynamics, tides, and 

climate change allows maritime infrastructure to operate more optimally and resilient to extreme 

sea conditions. In addition, the use of corrosion-resistant materials, such as high-performance 

concrete, special-coated steel, and composite materials, has been proven to be able to extend the 

service life of infrastructure while reducing the frequency of repairs and operational disruptions. 

Efficiency can also be seen from the reduction in maritime infrastructure maintenance 

costs. With more advanced construction and material technologies, maintenance costs can be 

reduced by about 15–25% compared to conventional infrastructure that still relies on traditional 

materials and designs. This cost reduction not only impacts operational budget savings, but also 

improves the reliability of infrastructure in the long run, so that shipping and logistics activities can 

take place more smoothly and sustainably [8]. 

In addition to the cost aspect, increasing port operational capacity is also an important 

impact of marine engineering innovation. The modernization of the dock system, the optimization 

of the port layout, and the integration of automation technology and port management allow an 

increase in loading and unloading capacity by about 20–30%. This increase in capacity directly 

contributes to the smooth flow of goods, the reduction of ship waiting times, and the increase in 

the productivity of the maritime logistics chain. On a broader scale, the efficiency of the maritime 

infrastructure strengthens the port's competitiveness as a major trade node and encourages 

sustainable maritime economic growth [9]. 

3.1.1 Optimization of Marine Resource Management Based on Digital Technology 

The use of numerical modeling, real-time marine monitoring systems, and the application 

of automation in the field of marine engineering have brought significant changes in the planning 

accuracy and effectiveness of marine area monitoring. Numerical modeling allows simulation of 

oceanographic conditions, such as waves, currents, tides, and the interaction of structures with 

the marine environment, so that maritime infrastructure planning can be carried out more 

precisely before the construction stage. Through these simulations, various risk scenarios can be 

anticipated from the outset, so that the potential for design errors and technical inconsistencies 

can be minimized. 

Sensor-based marine monitoring systems and satellite technology that operate in real-

time also play an important role in supporting the management of marine areas. The data 

obtained in an ongoing manner allows for direct monitoring of marine environmental conditions 

and infrastructure performance, so that responses to changing conditions can be carried out 

quickly and precisely. The integration of monitoring data with automation systems allows the 
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monitoring process to be more efficient, reduces reliance on manual interventions, and improves 

operational safety in high-risk marine areas [10]. 

This data-driven approach has been shown to reduce the risk of structural failure and 

planning errors by about 20% compared to conventional approaches that rely on limited data and 

periodic observations. In addition to improving infrastructure reliability, the application of digital 

technology in marine engineering also contributes to the effectiveness of sustainable management 

of marine resources. Accurate and up-to-date information supports more responsible decision-

making, both in infrastructure development and in the use of marine resources, so that the balance 

between economic interests and environmental conservation can be better maintained [11]. 

3.1.2 Development of the Renewable Marine Energy Sector 

Innovation in marine engineering is driving the development of the marine energy sector 

as one of the important pillars in the transformation of the maritime economy. The development 

of wave energy technology, ocean current energy, and offshore wind energy opens up 

opportunities to utilize marine natural potential that has not been optimally utilized so far. 

Through an engineering approach that is adaptive to oceanographic characteristics and marine 

environmental conditions, marine energy technologies can be designed to operate more 

efficiently, safely, and sustainably. 

In general, the marine energy sector shows a potential contribution of around 10–15% to the 

maritime energy mix. This contribution is important in supporting the transition to a low-carbon 

energy system and reducing dependence on fossil energy sources. The use of marine energy not only 

provides benefits in terms of energy security, but also supports efforts to reduce greenhouse gas 

emissions in line with the sustainable development agenda and the blue economy [12]. 

In addition to contributing to the provision of clean energy, the development of the 

marine energy sector also creates new economic opportunities, especially in coastal and 

archipelagic areas. The planning, construction, operation, and maintenance of marine energy 

installations encourage the formation of an economic value chain involving various sectors, such 

as the manufacturing industry, engineering services, logistics, and local labor. Thus, marine 

engineering innovations not only contribute to the diversification of energy sources, but also play 

a role in job creation, increasing the income of coastal communities, and strengthening a more 

inclusive and sustainable maritime economic structure [13]. 

3.1.3 Increased Competitiveness of the Maritime Economy 

The integration of marine engineering innovations with logistics systems and the maritime 

industry plays an important role in increasing the competitiveness of the maritime sector as a 

whole. The application of marine engineering technology connected to modern logistics systems, 

such as smart ports, digital-based ship traffic management, and optimization of marine 

distribution networks, allows for the creation of a more efficient and coordinated supply chain. 

This integration helps reduce operational bottlenecks, accelerate the flow of goods, and improve 

the reliability of marine transportation services. 

The efficiency of the marine supply chain resulting from the integration has a direct impact 

on reducing logistics costs. Optimization of port infrastructure design, increased loading and 

unloading capacity, and the use of data-driven automation and monitoring systems allow for a 

reduction in ship waiting times and operational costs. This reduction in logistics costs not only 

improves the internal efficiency of the maritime sector, but also strengthens connectivity between 

regions and supports the smooth distribution of goods on a national and international scale. 
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In the medium term, improved efficiency and integration of maritime systems is expected 

to contribute to an increase in the value of the maritime economy by about 5–10%. This 

contribution reflects the strategic role of marine engineering as a driver of innovation-based 

maritime economic transformation. With a more efficient logistics system and an integrated 

maritime industry, the maritime sector can function more competitively in supporting trade, 

industrial growth, and sustainable economic development [14]. 

4. Discussion 

The transformation of the maritime economy is largely determined by the ability to 

integrate marine engineering innovations into a comprehensive development strategy framework. 

Marine engineering can no longer be understood solely as a discipline that focuses on aspects of 

the design and construction of marine infrastructure, but has evolved to become an integral part 

of the broader maritime economic system. In this context, marine engineering innovation plays a 

key role as the main driver of the modernization of the maritime sector through increasing 

efficiency, productivity, and competitiveness. The use of cutting-edge technology allows the 

maritime sector to adapt to global dynamics, such as increasing volume of maritime trade, climate 

change, and the increasing demands for logistics efficiency. 

The role of marine engineering innovation as a catalyst for economic transformation can 

be seen from its ability to accelerate the adoption of new technologies in various maritime 

subsectors. Innovations in port design, offshore structures, and marine transportation systems are 

driving the creation of a more integrated maritime economic ecosystem. Adaptively designed and 

technology-based infrastructure not only improves operational performance, but also expands 

investment opportunities and innovation-based maritime industry development. Thus, marine 

engineering contributes directly to the formation of a more resilient and future-oriented maritime 

economic structure. 

In addition to having an economic impact, marine engineering innovations also have 

significant implications for environmental sustainability. An engineering approach that considers 

ecological aspects allows the use of marine resources to be carried out more responsibly. The 

application of environmentally friendly technology in coastal protection, coastal area 

management, and the development of renewable marine energy shows that maritime economic 

growth can go hand in hand with efforts to preserve marine ecosystems. This approach is in line 

with the principles of the blue economy that places environmental sustainability as the main 

foundation in the development of the marine and maritime sectors. 

Within the framework of the blue economy, marine engineering innovation serves as an 

instrument to balance economic and ecological interests. Coastal engineering that is adaptive to 

climate change, the use of marine energy as a source of clean energy, and the use of technology-

based marine monitoring systems are examples of how marine engineering approaches can 

support long-term economic growth without causing environmental degradation. Thus, marine 

engineering not only plays a role in creating economic value, but also in maintaining the 

sustainability of marine resources for future generations. 

Nevertheless, the implementation of marine engineering innovations in the 

transformation of the maritime economy still faces various challenges. Limited investment is one 

of the main obstacles, especially in technology development that requires high initial costs. In 

addition, the technology gap between developed and developing regions can hinder the equitable 

distribution of the benefits of marine engineering innovation. Another challenge that is no less 

important is the need for human resources who have multidisciplinary competencies, who are 



 
Journal of Economic Growth and Development Review                                 17 

  

able to integrate technical, economic, and environmental aspects in the management of the 

maritime sector. 

Therefore, close collaboration between government, industry, and educational institutions 

is a key factor in driving an inclusive and sustainable transformation of the maritime economy. The 

government plays a role in creating policies and regulations that support innovation, industry 

contributes through investment and technology application, while educational institutions play a 

role in human resource capacity building and applied research. This synergy between actors is 

expected to accelerate the adoption of marine engineering innovations, strengthen the 

competitiveness of the maritime economy, and ensure the sustainability of the development of 

the marine sector in the long term [15]. 

5. Conclusions 

The transformation of the maritime economy through marine engineering innovation is an 

increasingly crucial strategy in encouraging sustainable economic growth in the midst of growing 

global dynamics. Innovations in the design and development of maritime infrastructure, such as 

modern ports, offshore structures, and adaptive coastal protection systems, have opened up 

opportunities to increase operational efficiency and optimize the use of marine resources. In 

addition, the application of digital technology in the planning, construction, and management of 

maritime infrastructure allows for more accurate, efficient, and data-driven decision-making 

processes, thereby increasing the competitiveness of the maritime sector as a whole. 

The use of renewable marine energy, such as wave, current, and tidal energy, also shows 

great potential in supporting the transformation of an environmentally friendly maritime 

economy. The development of this technology not only contributes to the diversification of energy 

sources, but also in line with global efforts to reduce dependence on fossil energy and reduce 

carbon emissions. Thus, marine engineering innovation plays a dual role, namely as a driver of 

economic growth as well as an instrument to achieve environmental sustainability in the 

development of the maritime sector. 

In the context of development, marine engineering serves as a link between economic 

needs and the characteristics of the marine environment which are dynamic, complex, and 

vulnerable to climate change. An integrated and innovative engineering approach allows maritime 

development to be carried out by considering technical, economic, and ecological aspects in a 

balanced manner. Through this approach, the maritime sector not only develops as a motor of 

economic growth, but also as a pillar of sustainable development that is able to maintain a balance 

between resource exploitation and the preservation of marine ecosystems. 

Going forward, the success of maritime economic transformation is highly dependent on 

strengthening innovation capacity, improving the quality of human resources, and sustainable 

cross-sector collaboration. Investment in research and development, marine engineering 

education that is adaptive to technological developments, and synergy between government, 

industry, and academic institutions are key factors in accelerating the adoption of innovation. With 

the right policy support and solid cooperation, the maritime economy is expected to be able to 

grow in an adaptive, inclusive, and globally competitive manner, while making a real contribution 

to community welfare and the sustainability of the marine environment. 
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