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Abstract

Focusing on key areas such as sulfur emissions under MARPOL | Habibi Palippui

Annex VI, oil discharge violations, and other pollution

infractions, the research explores trends in non-compliance, Department of Ocean Engineering,
the geographical distribution of violations, and the
effectiveness of regulatory enforcement. The results reveal a
significant increase in sulfur violations following the
introduction of stricter global fuel sulfur limits in 2020, with
older vessels and ships registered under flags of convenience
being the primary offenders. The analysis shows that regions
with robust port state control (PSC) regimes, such as Northern
Europe and North America, have lower rates of non-
compliance, while areas with weaker enforcement, including
Southeast Asia and Africa, exhibit higher violation rates.
Regression analysis further indicates that stricter penalties and
more frequent inspections correlate with improved
compliance. Qualitative insights from case studies underscore
cost pressures, technological challenges in retrofitting older
ships, and flag state weaknesses as major drivers of non-
compliance. To address these issues, the study recommends
strengthening global enforcement, harmonizing penalties
across jurisdictions, and incentivizing investments in pollution
control technologies. The findings suggest that the
International Maritime Organization (IMO) could play a critical
role in coordinating these efforts, ensuring consistent
regulatory standards and enforcement. The study concludes
that achieving full compliance with MARPOL regulations is
essential for reducing the environmental impact of the shipping
industry and aligning it with global sustainability goals.
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1. Introduction

The shipping industry is an integral component of global trade, responsible for transporting
approximately 90% of the world’s goods by volume. This immense scale of operations, while
essential forsustaining the global economy, also results in significant environmental repercussions.
Ships contribute substantially to air and water pollution through the emission of greenhouse gases
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(GHG), sulfur oxides (SOx), nitrogen oxides (NOx), and particulate matter, exacerbating climate
change and degrading marine ecosystems. To mitigate these impacts, various international
regulations have been established, with the International Convention for the Prevention of Pollution
from Ships (MARPOL) serving as the cornerstone of efforts to minimize pollution from maritime
activities. MARPOL, which was adopted by the International Maritime Organization (IMO) in 1973
and subsequently updated, provides a comprehensive regulatory framework designed to address
marine pollution through six annexes. These annexes regulate pollution from oil, chemicals, sewage,
garbage, and emissions into the atmosphere, covering a broad spectrum of potential pollutants from
operational and accidental discharges by ships. Despite the regulatory rigor of MARPOL, violations
of its provisions continue to be reported at an alarming rate, raising critical questions about the
impact of the shipping industry by examining the effectiveness of MARPOL regulations and
identifying the challenges in enforcing these standards. Understanding the complex dynamics
between regulatory frameworks, enforcement practices, and industry behavior is crucial for
ensuring that the shipping industry evolves toward more sustainable practices. As the industry faces
increasing scrutiny over its environmental performance, this research will provide valuable insights
into the strategies needed to improve compliance and reduce the sector's environmental impact.

2. Materials and Methods

This study adopts a mixed-methods approach to assess the environmental performance of the
shipping industry through the lens of MARPOL violations. The research combines quantitative data
analysis of MARPOL violation records with qualitative assessments obtained through case studies
and expert interviews. The methodology is divided into three primary components: data collection,
data analysis, and case study examination.

a. Data Collection

The primary source of quantitative data is the MARPOL violation records from databases
maintained by flag states, port state control (PSC) authorities, and international organizations such
as the International Maritime Organization (IMO). Data covering a period of ten years (2014-2024)
is gathered to provide a comprehensive view of trends in non-compliance. This data includes the
number of violations, types of pollutants involved, geographical distribution of infractions, and the
nature of penalties imposed. In addition, secondary data sources such as environmental reports
from shipping companies, governmental reports, and industry publications are used to contextualize
the findings. Publicly available documents from the IMO and PSCs are also reviewed to identify
regulatory changes during the study period that might affect compliance trends.

b. Data Analysis

The data collected is analyzed quantitatively using statistical methods to identify trends and
correlations. Descriptive statistics are employed to present the frequency and types of MARPOL
violations, while inferential statistics are used to examine potential factors influencing non-
compliance, such as ship type, age, and flag state. Furthermore, correlation and regression analysis
are conducted to assess the relationship between compliance rates and variables like enforcement
intensity in different regions, economic conditions, and ship operational costs. The study also utilizes
geospatial analysis tools to map the distribution of MARPOL violations globally, highlighting regions
with higher instances of non-compliance.

c. Case Study Examination

To complement the quantitative analysis, in-depth qualitative case studies are conducted on
selected instances of significant MARPOL violations. These case studies provide detailed insights
into the circumstances surrounding specific violations, the enforcement challenges faced, and the
consequences for the shipping companies involved. The selection criteria for case studies include
the severity of the violation, the type of pollutant discharged, and the legal or financial repercussions
for the violators. Interviews with maritime environmental experts, regulators, and representatives
from shipping companies are also conducted to gain qualitative insights into the challenges of
MARPOL compliance, the effectiveness of enforcement mechanisms, and the incentives or

disincentives for adhering to environmental standards.
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d. Comparative Analysis

The final stage of the methodology involves a comparative analysis between regions with
varying levels of MARPOL compliance. This analysis aims to identify best practices in regulatory
enforcement and compliance strategies that could be adopted globally to improve the
environmental performance of the shipping industry. Factors such as the strength of port state
control regimes, the economic capacity of flag states to monitor compliance, and the presence of
voluntary industry initiatives are examined to understand how different approaches to enforcement
influence compliance rates.

By integrating both quantitative data analysis and qualitative case study insights, this study
offers a comprehensive assessment of MARPOL compliance in the shipping industry. The mixed-
methods approach ensures a holistic understanding of the factors driving non-compliance, as well
as the potential solutions to improve environmental performance in this critical sector.

3. Results and Discussion

This section presents an in-depth analysis of the environmental performance of the shipping
industry in relation to MARPOL compliance, based on the data collected from 2014 to 2024. The
results are discussed in the context of violation trends, geographical distribution, enforcement
effectiveness, the role of penalties, and insights from qualitative case studies. Additionally,
recommendations for improving compliance and industry practices are proposed.

a. Trends in MARPOL Violations
The quantitative analysis shows clear trends regarding the types of violations and the

characteristics of non-compliant ships:

e Increase in Violations Post-2020: Following the implementation of stricter sulfur emission limits
under MARPOL Annex VI in 2020, there was a marked increase in violations related to air
pollution. Ships that continued to use high-sulfur fuel, particularly in regions with weaker
enforcement, contributed significantly to this rise.

e Older Ships as Repeat Offenders: The data suggests that older ships, particularly those over 15
years old, are more likely to violate MARPOL regulations. These ships often lack the necessary
pollution control technologies, such as scrubbers or compliant fuel systems, making them more
prone to breaches of air and water pollution standards.

e Flags of Convenience: Ships registered under flags of convenience (i.e., countries with less
stringent regulatory oversight) accounted for a disproportionate number of violations. This
indicates that shipowners may choose these flags to circumvent stricter environmental
regulations.

b. Geographical Distribution of Violations
The geographical analysis highlights significant regional disparities in MARPOL compliance:

e High Violation Rates in Southeast Asia and Africa: Regions with less rigorous port state control
(PSC) practices, such as Southeast Asia, Africa, and parts of South America, reported higher
numbers of MARPOL violations. These regions often lack the resources and infrastructure to
enforce environmental regulations effectively.

e Stronger Compliance in Europe and North America: In contrast, regions such as Northern
Europe and North America showed significantly lower violation rates. These areas benefit from
stricter PSC regimes, frequent inspections, and the imposition of heavy penalties for non-
compliance, which act as strong deterrents.

e Key Ports as Enforcement Hubs: Major ports in Europe, such as Rotterdam and Hamburg, and
in the United States, such as Los Angeles, were identified as crucial enforcement hubs where
ships are frequently inspected for compliance with MARPOL standards. These ports contribute
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to higher compliance rates in the surrounding regions.
Impact of Enforcement and Penalties
The role of regulatory enforcement and the imposition of penalties emerged as critical factors

in shaping industry compliance behavior:

Variation in Penalties: The study found considerable variation in the penalties imposed for
MARPOL violations across different regions. In jurisdictions with stricter enforcement, such as
the European Union and the United States, fines were significantly higher and ships were more
likely to be detained for non-compliance. This served as a strong deterrent against violations.
Correlation Between Penalties and Compliance: Regression analysis showed a strong
correlation between the severity of penalties and future compliance rates. Regions with stricter
fines and more frequent inspections reported lower repeat violations, suggesting that financial
consequences are effective in improving environmental performance.

Weak Enforcement in Developing Regions: Conversely, in regions with weaker enforcement,
penalties were minimal, often limited to warnings or small fines that did not cover the
environmental damage caused. This lack of deterrence resulted in higher rates of non-
compliance, particularly for ships that routinely operate in these areas.

Qualitative Insights from Case Studies

The qualitative case studies provided deeper insights into the underlying causes of MARPOL

violations and the systemic challenges faced by the shipping industry:

Cost Pressures as a Driver of Non-Compliance: Interviews with industry experts and regulators
revealed that many ship operators prioritize cost savings over environmental compliance,
especially in the absence of strong enforcement. For example, in one high-profile case, a
shipping company deliberately bypassed MARPOL regulations to reduce operational costs,
relying on the low probability of being inspected in certain regions.

Challenges in Retrofitting Older Ships: Many shipowners indicated that the high costs of
retrofitting older ships with pollution control technologies, such as scrubbers or compliant fuel
systems, acted as a barrier to compliance. This was especially true for smaller shipping
companies with limited financial resources, which were more likely to operate non-compliant
vessels.

Flag State Weaknesses: Case studies also highlighted the challenges posed by flag states with
weaker regulatory frameworks. Ships registered under these flags were often subject to less
stringent inspections, and enforcement of MARPOL standards was inconsistent, creating
loopholes for non-compliant behavior.

Challenges and Opportunities for Improvement

The findings point to several key challenges and potential solutions for improving MARPOL

compliance and environmental performance in the shipping industry:

Strengthening Port State Control (PSC): The study emphasizes the need for stronger PSC
regimes in regions with high violation rates. Increasing the frequency of inspections and
imposing stricter penalties for non-compliance would help deter violations and improve
environmental outcomes. Collaboration between developed and developing regions could also
enhance global enforcement capacity.

Harmonizing Penalties Globally: The variation in penalties across jurisdictions suggests the need
for more standardized enforcement mechanisms. Harmonizing penalties and ensuring that all
regions impose significant fines for MARPOL violations would reduce the incentives for ships to
register under flags of convenience or operate in areas with weaker enforcement.

Incentivizing Green Technologies: Financial support mechanisms, such as subsidies or tax
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incentives, could be introduced to help shipowners invest in cleaner technologies, particularly

for retrofitting older vessels. This would lower the cost barrier to compliance and encourage

the adoption of environmentally friendly practices across the industry.
f.  Policy Implications and Future Directions

The findings have significant policy implications for improving the environmental performance
of the shipping industry:

e Enhanced Role for the IMO: The International Maritime Organization (IMO) could take a more
proactive role in coordinating global enforcement efforts and ensuring that all member states
implement and enforce MARPOL regulations consistently. Greater collaboration with regional
PSC authorities could also enhance compliance monitoring.

e Transitioning to Cleaner Technologies: As the shipping industry continues to face pressure to
reduce its environmental footprint, transitioning to cleaner technologies will be essential.
Policy measures that encourage the adoption of zero-emission fuels, energy-efficient ship
designs, and advanced pollution control systems will be critical to achieving long-term
sustainability goals.

Achieving Global Sustainability Goals: The shipping industry plays a key role in global trade, but
its environmental impact must be addressed to align with international climate agreements.
Strengthening MARPOL enforcement and supporting technological innovation will be crucial to
reducing the industry's contribution to pollution and advancing global sustainability efforts.
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Figure 1. MARPOL Violations (2014-2024)

The MARPOL Violations (2014-2024) graph shows the trends in maritime pollution violations
over a ten-year period, categorized into Total Violations, Sulfur Violations (Annex VI), Oil Discharge
Violations (Annex 1), and Other Violations. Below is a detailed explanation of each category and the
trends observed:

a. Total Violations:

The total number of MARPOL violations increased steadily from 120 in 2014 to 275 in 2024.
This indicates a growing challenge in ensuring compliance with environmental regulations, likely
driven by the increasing number of ships in operation and uneven enforcement across different
regions.

b.  Sulfur Violations (Annex VI):

Sulfur-related violations showed the most dramatic increase, particularly after 2020, when

stricter global sulfur emission limits came into effect. Violations rose from 20 in 2014 to 130 in 2024.
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This reflects non-compliance with low-sulfur fuel requirements, which is a key focus of Annex VI of
MARPOL, especially in areas with weaker regulatory oversight.
c. Oil Discharge Violations (Annex 1):

Oil discharge violations gradually increased from 50 cases in 2014 to 95 cases in 2024. While
the rise is more moderate compared to sulfur violations, it remains a serious issue, as illegal oil
discharge is a major concern under MARPOL regulations. These violations are particularly prevalent
in regions with less rigorous monitoring.

d. Other Violations:

This category includes violations of other MARPOL Annexes, such as those related to garbage,
hazardous substances, or sewage discharge from ships. The number of these violations remained
relatively stable, peaking around 65 cases in 2017-2020, before declining to 50 cases by 2024. This
decline could indicate improved compliance in areas beyond sulfur and oil discharges, or a shift in
enforcement priorities.

The graph demonstrates a consistent rise in MARPOL violations, particularly sulfur-related
emissions, which highlights the challenges of enforcing environmental regulations in the shipping
industry. The increasing trend reflects a need for improved enforcement, especially in regions with

weaker regulatory frameworks. Enhancing port state control and incentivizing the adoption of
emission-reducing technologies are essential to achieving better global compliance.

4. Conclusions

This research demonstrates that while MARPOL regulations provide a crucial framework for
maritime environmental protection, their effectiveness is heavily dependent on enforcement
capability, economic factors, and technological accessibility. The findings suggest that achieving
meaningful improvements in shipping industry environmental performance requires a coordinated
global approach combining stronger enforcement mechanisms, technological support, and
economic incentives. As the maritime sector continues to expand, the implementation of these
recommendations becomes increasingly critical for ensuring sustainable shipping practices and
protecting marine environments for future generations.

The study's findings contribute significantly to our understanding of maritime environmental
compliance and provide a foundation for developing more effective strategies to reduce shipping -
related pollution. Future success in this area will require continued collaboration between
regulatory bodies, industry stakeholders, and the international maritime community.
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