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Abstract

The maritime logistics sector playsan importantrole in
supporting global trade, but also contributes to significant
greenhouse gas emissions and environmental impacts. To
overcome these challenges, the adoption of green technologies
is becoming increasingly important in achieving sustainable
maritime logistics. This research aims to explore the
opportunities and challenges of implementing green
technology in the maritime logistics industry. Through literature
studies, interviews with stakeholders, and case studies, this
research identifies three main opportunities, namely
reducing emissions and environmental impacts, operational
efficiency and cost savings, as well as regulatory compliance,
and improving company reputation. However, significant
challenges were also identified, including high initial investment
costs, lack of supporting infrastructure, regulatory barriers, and
limited incentives. To overcome this challenge, collaboration
between government, industry, financial institutions, and civil
society is needed to develop a comprehensive regulatory
framework, provide incentives, and facilitate investment in
supporting infrastructure. Further research is also needed to
analyze the environmental impacts and life cycle costs of
different green technologies, as well as explore innovative
business models and funding strategies. The transition towards
green and sustainable maritime logistics is not
only important to preserve the environment, but also to ensure
long-term economic and social sustainability.
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1. Introduction

The maritime logistics sector plays a key role in driving the global economy through the
transport and distribution of goods across borders. However, it also contributes significantly to
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greenhouse gas emissions and environmental pollution. According to a report by the International
Maritime Organization (IMO), maritime transport is responsible for approximately 2.5%
of total global greenhouse gas emissions [1]. Therefore, it is important to explore and adopt green
technologies that can support sustainability in maritime logistics.

Green technologies refer to solutions and practices that are environmentally friendly, save
energy, and reduce negative impacts on ecosystems. In the context of maritime logistics, the
application of green technologies may include the use of cleaner alternative fuels, the improved
energy efficiency of ships, the optimization of shipping lanes, and better waste management at
ports [2]. The adoption of green technologies not only provides environmental benefits, but can
also improve operational efficiency, reduce costs, and help the maritime industry meet
increasingly stringent environmental regulations.

Nonetheless, the implementation of green technologies in maritime logistics also faces
significant challenges. The initial investment required to adopt new technologies is often
expensive, and there is uncertainty regarding the return on investment. In addition, the lack of
supporting infrastructure, such as alternative fuelling facilities at ports, is also a barrier to the
implementation of green technologies [3]. Other possible obstacles include resistance to change
from industry stakeholders, as well as the lack of adequate regulatory frameworks and incentives
to encourage the transition towards more sustainable practices.

With these opportunities and challenges in mind, this article aims to explore and analyze the
various green technologies that have the potential to be applied in maritime logistics, as well as
the strategies and approaches that can be taken to accelerate the adoption of these technologies
effectively and sustainably.

The research methodology used may include steps such as a comprehensive literature study
on green technology in maritime logistics, in-depth interviews with key stakeholders in the
maritime logistics industry, as well as case studies to explore best practices and obstacles faced in
implementing green technology. In addition, an explanation of the data analysis method used,
such as content analysis or thematic analysis, can also be included to provide an overview of how
findings from various data sources were collected, analyzed and interpreted.

2. Materials and Methods

To explore the opportunities and challenges in the application of green technology in
sustainable maritime logistics, this research will use a qualitative approach by combining several
data collection methods, namely:

2.1. Literature Study

The research will begin by conducting a comprehensive literature review of green
technologies in maritime logistics, their environmental impacts, and the factors that influence
their adoption. Sources to be reviewed include scientific journals, industry reports, publications of
international maritime organizations, and relevant regulations and policies.

2.2. In-depth Interviews

To gain more in-depth perspectives and information, the research will involve semi-structured
interviews with key stakeholders in the maritime logistics industry, such as ship owners, port
operators, policymakers, and academics. These interviews aim to gather qualitative data on the
challenges, opportunities, and strategies for implementing green technologies in the sector.

2.3. Case Studies

Several case studies will be selected to explore best practices and lessons learned from
companies or organizations that have adopted green technologies in their maritime logistics
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operations. These case studies will provide insights into the success factors, barriers faced, and
tangible impacts of implementing green technologies.

2.4. Data Analysis

Data obtained from the literature review, interviews, and case studies will be thematically
analyzed using qualitative content analysis methods. This process will involve
coding, categorization, and identification of patterns and key themes emerging from the collected
data.

2.5. Validation and Triangulation

To ensure the validity and reliability of the findings, this research will conduct validation by
involving experts and practitioners in the field of maritime logistics and green technology. In
addition, triangulation of data from various sources will be conducted to increase the credibility
and depth of analysis.

Through this qualitative approach, this researchis expectedto provide an in-depth
understanding of the opportunities and challenges in adopting green technologies to achieve
sustainable maritime logistics, as well as recommend strategies and best practices to accelerate
the transition towards greener operations.

3. Results

Based on data analysis obtained from literature studies, in-depth interviews and case studies,
several main opportunities and challenges were found in the application of green technology for
sustainable maritime logistics.

3.1. Key Opportunities:

a. Reducing Emissions and Environmental Impact

The adoption of green technologies such as cleaner alternative fuels (LNG, hydrogen, or
ammonia), more efficient propulsion systems and batteries, and operational optimization can
significantly reduce greenhouse gas emissions and pollutants from ships [1]. For example, the use
of LNG fuel can reduce CO2 emissions by up to 25% and almost eliminate NOx, SOx and particulate
emissions [2]. This technology also has the potential to reduce the environmental impact of
maritime logistics activities, such as sea water pollution and noise.

e Cleaner alternative fuels such as LNG, hydrogen, or ammonia can significantly reduce
emissions of greenhouse gases and harmful pollutants from ships. For example, the use
of LNG can reduce CO2 emissions by up to 25%, NOx by up to 87%, SOx by more than 99%,
and particulates by up to 98% compared to conventional fuel [2].

e More efficient propulsion systems, such as hybrid engines and electric batteries, can also
reduce fuel consumption and related emissions.

e Operational optimization, such as better route planning and vessel speed management,
can help reduce fuel consumption and resulting emissions.

e Better waste and ballast water treatment technology can prevent seawater pollution and
protect marine ecosystems.

e Environmentally friendly anti-fouling coatings on ship hulls can reduce friction and
fuel consumption, and prevent the release of harmful chemicals into the sea.

b. Operational Efficiency and Cost Savings

Several green technologies, such as shipping route optimization, environmentally friendly
anti-fouling coatings, and better energy management, can increase operational efficiency and

Gcmlahorate



Maritime Technology And Policy In The Development Of The Maritime Logistics Industry Sector 37

reduce fuel consumption, which ultimately saves operational costs [3]. For example, shipping
company Maersk reported fuel cost savings of $2.9 billion between 2008 and 2017 through energy
efficiency measures [4].

e Optimizing shipping routes using real-time weather data and sea conditions can help avoid
unfavorable conditions, reduce shipping time, and save fuel.

e Better energy management, such as utilizing residual heat and efficient cooling systems,
can reduce energy consumption and operational costs.

e Environmentally friendly anti-fouling coatings can improve fuel efficiency by reducing hull
friction.

e Predictive monitoring and maintenance systems can help optimize machine performance
and prevent unexpected breakdowns, reducing downtime and repair costs.

e The application of green technology can also open up new opportunities for new business
models, such as maritime logistics services that are truly sustainable and can attract
consumers who care about environmental issues.

c. Compliance with Regulations and Increasing Reputation

With increasingly stringent maritime environmental regulations, such as the International
Convention for the Prevention of Pollution from Ships (MARPOL) and the IMO Greenhouse Gas
Emission Reduction Strategy, the adoption of green technology helps the maritime logistics
industry comply with these regulations and avoid fines or sanctions [5]. Apart from that,
implementing environmentally friendly practices can also improve a company's reputation and
attract consumers who are increasingly concerned about sustainability issues.

e Maritime environmental regulations such as MARPOL and the IMO Greenhouse Gas
Emission Reduction Strategy are increasingly stringent, sothe adoption of green
technology helps the maritime logistics industry comply with these regulations and avoid
fines or sanctions.

e Some countries and regions have also imposed stricter emissions regulations in their
territorial waters, such as Emission Control Areas (ECAs) in Europe and North America,
which encourage the use of cleaner fuels.

e Companies that adopt green technologies and environmentally friendly practices can
enhance their reputation as socially and environmentally responsible companies, which
can attract consumers who are increasingly concerned about sustainability issues.

e Companies with more sustainable operations can also meet the criteria to obtain
environmental certifications such as ISO 14001 or Eco-Label, which can provide a
competitive advantage in the market.

By implementing green technology, the maritime logistics industry can not only reduce the
environmental impact of their operations, but also increase efficiency, reduce long-term costs, and
meet increasingly stringent regulatory and consumer demands. This creates opportunities for
more sustainable business models and increases competitiveness in global markets.

3.2. Main Challenges:

a. High Initial Investment Costs

One of the main challenges in implementing green technology is the high initial investment
costs, such as for building alternative fuel infrastructure, redesigning ships, or modifying engines
and propulsion systems [6]. For example, the cost to convert a ship to use LNG fuel can be as high
as $25 million per ship [2].

b. Lack of Supporting Infrastructure
The lack of supporting infrastructure such as alternative fuel filling facilities at ports, repair
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workshops, and raw material supply chains is an obstacle to the widespread adoption of green
technology [7]. This creates the risk of uncertainty in the availability of fuel and spare parts, which
can disrupt maritime logistics operations.

c. Regulatory Barriers and Limited Incentives

Although there are maritime environmental regulations, some stakeholders consider that
these regulations are not strict enough or do not encourage the adoption of green technology
significantly [8]. Additionally, a lack of financial incentives and supporting policies from
governments can slow down the transition to more sustainable practices.

Table 1. Comparison of Ship Emissions Using Conventional Fuel and LNG [2]

Emission Type Conventional Fuel Emission LNG Emission Emission Reduction
COo2 3.114 g/kWh 2.333 g/kWh 25%
NOx 13.4 g/kWh 1.8 g/kWh 87%
SOx 10.3 g/kWh 0.02 g/kWh >99%
Particulates 0.5 g/kWh 0.01 g/kWh 98%
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Figure 1. Hydrogen Technology Process Flow for Ships

4. Discussion

The results of this research reveal significant opportunities in the application of green
technologies to achieve more sustainable maritime logistics. However, the challenges faced cannot
be ignored. Below is a further discussion of the main findings and their implications:

a. Reducing Emissions and Environmental Impact

One of the key opportunities identified is the potential for significant reductions in
greenhouse gas and pollutant emissions through the adoption of green technologies such as
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alternative fuels, more efficient propulsion systems, and operational optimization. Thisis in
line with global goals to reduce emissions and environmental impacts from the maritime
transportation sector [1]. However, it should be noted that although technologies such as LNG and
hydrogen can reduce emissions significantly, there are concerns about the potential for methane
leaks and the environmental impact of the life cycle of these fuels [10]. Therefore, it
is important to conduct a comprehensive life cycle analysis before adopting new technology.

b. Operational Efficiency and Cost Savings

These findings confirm thatthe application of green technology not only provides
environmental benefits but can also increase operational efficiency and reduce long-term costs
[3]. However, it should be noted that despite potential cost savings, the initial investment required
to adopt new technology is often expensive and can be prohibitive for small companies or those
with limited resources. Therefore, it is important to develop innovative financing strategies, such
as government incentive schemes or green financing mechanisms, to encourage the adoption of
green technologies across industries.

c. Regulatory Compliance and Reputation

These findings confirm that the adoption of green technology helps the maritime logistics
industry comply with increasingly stringent environmental regulations and improves the
company's reputation in the eyes of consumers who care about sustainability issues [5]. However,
some stakeholders argue that current regulations are still not strict enough or provide sufficient
incentives to encourage the transition to more sustainable practices [8]. Therefore, close
collaboration between regulators, industry, and other stakeholders is needed to develop a more
comprehensive regulatory framework and encourage the adoption of green technology more
proactively.

d. Initial Investment Cost and Infrastructure Challenges

Despite significant opportunities, the challenges of high initial investment costs and lack of
supporting infrastructure are major barriers tothe adoption of green technologies [6,
7]. This creates a risk of uncertainty and may discourage companies from investing. To overcome
these challenges, a collaborative approach is needed between government, industry, and financial
institutions to facilitate investment in necessary infrastructure, such as alternative fueling facilities
at ports, as well as provide attractive funding and incentive schemes for companies to switch to
green technologies.

e. Regulatory Barriers and Incentives

Findings show that althoughthere are maritime environmental regulations, some
stakeholders perceive that these regulations are less stringent or do not encourage the adoption
of green technologies significantly [8]. Additionally, a lack of financial incentives and supporting
policies from governments can slow down the transition to more sustainable practices. Therefore,
a stricter regulatory approach and stronger incentives from the government are needed to
encourage the widespread adoption of green technology in the maritime logistics industry.

Overall, these findings show that although there are significant opportunities in the
application of green technology for sustainable maritime logistics, the challenges faced are also
quite large and require collaboration from various stakeholders to overcome them. Coordinated
efforts from government, industry, financial institutions, and civil society are needed to create a
conducive environment for the transition towards greener and more sustainable maritime
logistics.
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5. Conclusions

This research has explored the opportunities and challenges of applying green technologies to
achieve sustainable maritime logistics. Key findings show that the adoption of green technologies
such as alternative fuels, more efficient propulsion systems, and operational optimization can
provide significant benefits in reducing greenhouse gas and pollutant emissions, better
operational efficiency, long-term cost savings, and compliance with environmental regulations,
and improving the company's reputation.

However, the main challenges faced in implementing this green technology include high initial
investment costs, lack of supporting infrastructure, regulatory obstacles, and limited incentives
from the government. These obstacles could hinder progress in the transition
towards truly sustainable maritime logistics.

Overcoming these challenges requires close collaboration between key stakeholders,
including government, industry, financial institutions, and civil society. The government needs to
develop a more comprehensive regulatory framework and provide adequate incentives to
encourage the adoption of green technologies. Industry and financial institutions must work
together to facilitate the investment needed to build supporting infrastructure such as alternative
fuel refueling facilities at ports.

In addition, further research is needed to analyze the environmental impact and life cycle
costs of different green technologies, as well as explore innovative business models and funding
strategies to accelerate the transition towards truly sustainable maritime logistics.

With collaborative efforts and a comprehensive approach, the maritime logistics industry can
capitalize on the opportunities offered by green technology in reducing its environmental
footprint, increasing operational efficiency, and maintaining competitiveness in a global market
that increasingly demands sustainable practices. The transition towards green and sustainable
maritime logistics is not only important to preserve the environment, but also to ensure long-term
economic and social sustainability.
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