
•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.

References

Abdullah-Al-Mahbub, M., Islam, A. R. M. T., Alam, E., & Asha, M. R. (2023). Sustainable 
solar energy potential on marine passenger ships of Bay of Bengal: A way of reduc-
ing carbon dioxide emissions and disaster risk reduction. Energy Exploration & 
Exploitation, 41(5), 1697–1723. https://doi.org/10.1177/01445987231173097

Berenjkoob, M. N., Ghiasi, M., & Soares, C. G. (2019). Performance of Two Types of 
Mooring Systems in the Heave Motion of a Two-body Floating Wave Energy 
Converter. Journal of Marine Science and Application, 18(1), 38–47. https://-
doi.org/10.1007/s11804-019-00082-w

Hill, C., Such, M., Chen, D., Gonzalez, J., & Grady, W. M. (2012). Battery Energy Storage 
for Enabling Integration of Distributed Solar Power Generation. Smart Grid, IEEE 
Transactions On, 3, 850–857. https://doi.org/10.1109/TSG.2012.2190113

Karatuğ, Ç., &Durmuşoğlu, Y. (2020). Design of a solar photovoltaic system for a Ro-Ro 
ship and estimation of performance analysis: A case study. Solar Energy, 207, 
1259–1268. https://doi.org/10.1016/j.solener.2020.07.037

Kindo, M. D., Adams, A. A., & Mohammed, J. (2024). The impact of trade on environmen-
tal quality and sustainable development in Ghana. World Development Sustainabili-
ty, 4, 100134. https://doi.org/10.1016/j.wds.2024.100134

Lai, A.-C., Ho, M.-C., Chong, K.-K., Tan, M.-H., Lim, B.-H., & Kurniawan, T. A. (2023). 
Novel Algorithm for Improving Tracking Accuracy of Open-Loop Mobile 
Sun-Tracking System via Different Timing Control Scheme. International Journal 
of Photoenergy, 2023(1), 9718993. https://doi.org/10.1155/2023/9718993

Maka, A. O. M., &Alabid, J. M. (2022). Solar energy technology and its roles in sustainable 
development. Clean Energy, 6(3), 476–483. https://doi.org/10.1093/ce/zkac023

Nasirudin, A., Chao, R.-M., & Utama, I. K. A. P. (2017). Solar Powered Boat Design Opti-
mization. Procedia Engineering, 194, 260–267. https://doi.org/10.1016/j.pro-
eng.2017.08.144

Ojo, G., Lottu, O., Ndiwe, T., Izuka, U., &Ehiobu, N. (2023). SOLAR ENERGY ADAP-
TATION AND EFFICIENCY ACROSS DIVERSE NIGERIAN AND GLOBAL 
CLIMATES: A REVIEW OF TECHNOLOGICAL ADVANCEMENT. Engineering 
Heritage Journal, 7, 99–107. https://doi.org/10.26480/gwk.01.2023.99.107

Petrychenko, O., Levinskyi, M., Goolak, S., & Lukoševičius, V. (2024). Solar Energy: 
Revolutionizing Shipping Industry Towards Sustainability and Environmental Stew-
ardship. https://doi.org/10.20944/preprints202402.0154.v1

Radzikowska-Büchner, E., Łopuszyńska, I., Flieger, W., Tobiasz, M., Maciejewski, R., & 
Flieger, J. (2023). An Overview of Recent Developments in the Management of 
Burn Injuries. International Journal of Molecular Sciences, 24(22). https://-
doi.org/10.3390/ijms242216357

Tebay, E. S., Barr, R., & Sherrard, J. R. (1979). The Benefits Of Mooring Load Monitoring 

At Single Point Moorings: Vol. All Days. https://doi.org/10.4043/3566-MS

Tuswan, T., Misbahudin, S., Junianto, S., Yudo, H., Budi Santosa, A. W., Trimulyono, A., 
Mursid, O., & Chrismianto, D. (2022). Current research outlook on solar-assisted 
new energy ships: Representative applications and fuel & GHG emission benefits. 
IOP Conference Series: Earth and Environmental Science, 1081(1), 012011. 
https://doi.org/10.1088/1755-1315/1081/1/012011

Wilson, J. F. (2003). Offshore Structures (Marine Engineering). In R. A. Meyers (Ed.), 
Encyclopedia of Physical Science and Technology (Third Edition) (Third Edition, 
pp. 161–168). Academic Press. https://doi.org/10.1016/B0-12-227410-5/00512-3

Zito, T., Park, C., & Jeong, B. (2022). Life cycle assessment and economic benefits of a 
solar assisted short route ferry operating in the Strait of Messina. Journal of Interna-
tional Maritime Safety, Environmental Affairs, and Shipping, 6, 24–38. https://-
doi.org/10.1080/25725084.2021.1968664

Georgakis, D., Papathanassiou, S., Hatziargyriou, N., Engler, A., & Hardt, C. (2004, June). 
Operation of a prototype microgrid system based on micro-sources quipped with 
fast-acting power electronics interfaces. In 2004 IEEE 35th Annual Power Electron-
ics Specialists Conference (IEEE Cat. No. 04CH37551) (Vol. 4, pp. 2521-2526). 
IEEE.

229
Bangladesh Maritime Journal, Vol. 10 (1) (January 2026), ISSN 2519-5972, 2520-1840
doi.org/10.70279/bmj-v2-1104

Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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*Corresponding author: Email: awrpon.n.rahman.official@gmail.com

Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 
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2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Reference Methodology Primary Findings/Objective 
Awal (2007) Descriptive Statistical 

Categorization 
Analyzed accident frequency to identify collision 
as the dominant incident type (80%). 

Iqbal et al. (2007) Historical Vessel 
Investigation (1981– 2005)

 

Correlated stability breakdowns and overcrowding 
with systemic structural failures. 

Uddin et al. (2017) Decade-long Trend 
Analysis (2005–2015) 

Identified suboptimal vessel design as a primary 
causal factor for ferry sinkings. 

Kim and Lee 
(2017) 

Systemic Accident 
Analysis 
(AcciMap/STAMP) 

Evaluated the balance between organizational 
learning and legal accountability in disasters. 

Park and Park 
(2017) 

Socio-Political Policy 
Analysis 

Identified 'regulatory capture' where industry 
pressure led to the erosion of safety standards. 

Nwokedi et al. 
(2022) 

Empirical Performance 
Modeling 

Verified that IACS-certified vessels demonstrate 
significantly lower rates of safety defaults. 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
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Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 
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2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 
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2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
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Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 
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2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Failure Category Description 

Vessel Age and Condition The vessel was over 40 years old, operating well beyond 
the typical 20-25years design life assumed by 
classification societies for fatigue analysis. 

Survey and Certification The ferry lacked an up-to-date survey certificate, 
indicating a critical lapse in regulatory oversight of its 
seaworthiness. 

Maintenance and Repair Recent repair work in July 2021 was inadequate, omitting 
essential processes such as sandblasting, welding quality 
checks, and hull thickness gauging. 

Structural Integrity The investigation noted that previous docking 
opportunities to address known issues, such as small 
holes in the hull, were missed, leading to progressive deterioration.

 
Stability and Ballast Improper management of ballast water was a significant 

factor. The vessel was operating with a noticeable list, a 
clear sign of instability that was not rectified. 

Loading and Cargo Ops The sequence of unloading trucks at the terminal 
exacerbated the existing list, contributing directly to the 
capsizing. Weight management protocols were not followed.

 
Crew and Safety Culture There was a noted lack of crew authority to enforce safety 

protocols, particularly concerning vehicle movements and 
passenger compliance. 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

235Bangladesh Maritime Journal, Vol. 10 (1) (January 2026), ISSN 2519-5972, 2520-1840

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Aspect Inland Shipping 
Ordinance 1976 

DNV and Bureau Veritas 
(BV) 

American Bureau of 
Shipping (ABS) 

Prescribed 
Life 

Initial 30-year registration 
validity. 

Target design life of 25 
years for fatigue 
assessment. 

Target design life of 
20 years for fatigue 
assessment. 

Extension Possible 5-year extensions 
after a "special 
inspection," which can be 
renewed. 

Not applicable; fatigue life 
is a design parameter, not a 
fixed operational limit 
subject to simple extension.

 

Not applicable; as 
above. 

 

Aspect Inland Shipping Ordinance 1976 DNV, BV, and ABS 

General 
Requirement 

Allows the registrar to refuse 
registration if a ship has 
"mechanical or structural 
problems," but provides no specific 
technical criteria. 

Provide extensive, detailed rules for hull 
scantlings, framing systems, and material 
strength based on vessel type, size, and 
operational loads. 

Specifics for 
Ro-Ro 

No specific provisions for Ro-Ro 
vessels. 

Detailed rules for Ro-Ro vessels, 
including wood sheathing for caterpillar 
trucks, drainage of cargo spaces, and 
calculations for structures subjected to 
wheeled loads. 

Basis of 
Assessment 

Discretion of the government 
registrar. 

Prescriptive calculations, finite element 
analysis (FEA), and verification against 
established engineering formulas and 
standards. 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
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Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident
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3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Aspect Inland Shipping Ordinance 1976 DNV, BV, and ABS 

Core 
Requirement 

Mandates an annual "pollution prevention 
certificate" and basic sanitation facilities. 

Offer a range of voluntary, 
tiered environmental class 
notations (e.g., CLEAN, 
ENVIRO, ENVIRO+) that 
signify compliance beyond 
baseline international 
requirements. 

Scope Primarily addresses direct pollution (e.g., 
sewage, oily mixtures) into inland waters. 

Covers a broad spectrum of 
environmental impacts, 
including air emissions (NOx, 
SOx), greenhouse gases (EEDI), 
anti-fouling systems, garbage 
management, and ballast water. 

Compliance Requires carrying the certificate on board. Requires submission of detailed 
plans for fuel, sewage, garbage, 
and ballast systems for approval 
and verification through surveys.

  

Aspect Inland Shipping 
Ordinance 1976 

DNV, BV, and ABS 

Regulation Not specified in the 
ordinance. 

All three societies have extensive, dedicated chapters in 
their rulebooks for welding. 

Scope N/A Rules cover welder qualification, welding procedure 
specifications (WPS), requirements for different 
materials (steel, aluminum), non-destructive testing 
(NDT) protocols, and standards for various joint types. 

Oversight N/A Welding procedures must be approved by the 
classification society, and production welding is subject 
to inspection by class surveyors. 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation
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3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach

Commodore Md. Neamul Hasan1, Zannatul Ferdous Nimu2, Hasibul Islam3*

Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Aspect Inland Shipping 
Ordinance 1976 

DNV, BV, and ABS 

Requirement Vaguely states the 
power to "make rules" 
for the "appliances and 
equipment to be carried 
on board" for safety. 

Mandate specific, detailed lists of required safety 
equipment based on vessel type, size, and area of 
operation, directly referencing SOLAS and other 
international codes. 

Scope Not detailed. Covers life-saving appliances (lifeboats, life rafts, 
lifejackets), fire protection and firefighting equipment 
(fixed systems, portable extinguishers), and 
navigational equipment. 

Maintenance Not specified. Provide detailed requirements and schedules for the 
periodic inspection, testing, and maintenance of all 
safety equipment. 

 

Aspect Inland Shipping 
Ordinance 1976 

DNV, BV, and ABS 

Core 
Requirement 

Mandates supervision 
and certification to 
ensure stability during a 
vessel's construction or 
modification. 

Provide comprehensive rules covering both intact 
stability and damage stability. 

Intact 
Stability 

No specific criteria 
mentioned. 

Prescribe detailed criteria for righting levers (GZ 
curves), metacentric height (GM), and weather 
criteria. Require an approved stability booklet on 
board. 

Damage 
Stability 

Not addressed. Mandate calculations based on deterministic or 
probabilistic models to ensure the vessel can survive 
specified levels of hull damage and flooding, in line 
with SOLAS requirements.(Ariany, Santoso, et al. 2022) 

Operational 
Tools 

Not addressed. Often requires an approved loading computer system 
on board to allow the crew to verify stability for any 
given loading condition. 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation
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3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Aspect Inland Shipping 
Ordinance 1976 

DNV, BV, and ABS 

Regulation Not specified in the 
ordinance. 

All three societies have detailed rules and guidelines 
aligned with the IMO's International Convention for the 
Control and Management of Ships' Ballast Water and 
Sediments (BWM Convention). 

Scope N/A Rules cover requirements for Ballast Water Management 
Plans, ballast water exchange procedures, and technical 
standards for the design, type approval, and installation of 
Ballast Water Management Systems (BWMS). 

 

Aspect Inland Shipping 
Ordinance 1976 

DNV, BV, and ABS 

Purpose Mentions a "docking 
survey" as a condition for 
extending the 30-year 
registration certificate. 

Drydocking is a mandatory part of the survey cycle 
for class renewal, allowing for detailed inspection of 
the underwater hull and appendages. 

Technical 
Guidance 

No technical details 
provided for the analysis or 
survey. 

Provide specific technical guidance for docking 
analysis (e.g., DNV's guidelines for FEA of docking 
loads) and exhaustive checklists for what must be 
inspected during a drydocking survey (e.g., hull 
plating, rudder, propeller, sea chests). 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.
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Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach

Commodore Md. Neamul Hasan1, Zannatul Ferdous Nimu2, Hasibul Islam3*

Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is

Aspect Inland Shipping 
Ordinance 1976 

DNV, BV, and ABS 

Framework Primarily focuses on the 
initial survey for 
registration and a 
"special" survey for 
extending the certificate. 

Mandate a comprehensive, lifelong survey regime. 

Survey Cycle Not a defined, continuous 
cycle. 

Includes a mandatory cycle of Annual Surveys, 
Intermediate Surveys (at 2.5 years), and a 
comprehensive Class Renewal Survey (every 5 
years), which provides fordrydocking. 

Specialized 
Programs 

Not available. Offer specialized programs like the Enhanced 
Survey Program (ESP) for older tankers and bulk 
carriers, which require more intensive inspections 
of critical structural areas. 

Oversight Conducted by government 
surveyors. 

Conducted by certified class society surveyors 
according to globally standardized procedures. 

 



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.
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Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach

Commodore Md. Neamul Hasan1, Zannatul Ferdous Nimu2, Hasibul Islam3*

Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 
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where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).

1,2Department of Naval Architecture and Marine Engineering, Bangladesh University of Engineering and 
Technology, Dhaka 1000, Bangladesh
2 Department of Naval Architecture and Offshore Engineering, Bangladesh Maritime University, Dhaka 1216, 
Bangladesh
*Corresponding author: Email: awrpon.n.rahman.official@gmail.com

Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 
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where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
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poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.

Acknowledgements

The authors sincerely acknowledge the support provided through the Basic Research Grant 
of Bangladesh University of Engineering and Technology (BUET) (Office Order No. 9238, 
dated June 17, 2025), which facilitated utilizing the computational resources essential for 
conducting this study.Sincere gratitude is also extended to Bangladesh Maritime Universi-
ty (BMU) for its institutional support and encouragement. 

References

Awal, Z. I. (2007). Marine Vehicle Accident Characteristics in Bangladesh: Study on Collision     
Type Accidents. Proceedings of the 7th International Conference on Mechanical 
Engineering (ICME 2007).

Awal, Z. I., & Hasegawa, K. (2017). A study on accident theories and application to mari-
time accidents. Procedia engineering, 194, 298-306.

Awal, Z. I., Sobhani, G., Costa, U. L. (2021). A Comparative Study of Maritime Quantita-
tive Risk Assessment Models Using Automatic Identification System Data. Bangla-
desh Maritime Journal, 5(1), 1-12.

Emu, S. S., Hossain, S. S. (2025). Maritime Governance in Bangladesh: Examining the 
Compliance with International Conventions and Strategic Advancements. Interna-
tional Journal of Science and Development, 2(1), 50-64.

Hossain, M. T., Awal, Z. I., Das, A. K. (2010). Reconstruction of Capsize Type of Acci-
dents by Fault Tree Analysis. Proceedings of the International Conference on 
Marine Technology (MARTEC 2010).

Hossain, M. T., Awal, Z. I. (2014). A Study on the Accidents of Inland Water Transport in 
Bangladesh: The Transportation System and Contact Type Accidents. Journal of 
Transport System Engineering, 1(1), 1-10.

International Maritime Organization. (1974). International Convention for the Safety of 
Life at Sea (SOLAS). IMO Publishing.

International Maritime Organization. (n.d.). Enhancing domestic ferry safety. Lloyd's 
Register Foundation. Retrieved from https://www.lrfoundation.org.uk/pro-
grammes/enhancing-domestic-ferry-safety

BD-NEWS24 -2012- MV Shariatpur 1: Capsized after collision; 147 fatalities Retrieved 
from https://bdnews24.com/bangladesh/meghna-ferry-death-toll-rises-to-147

CNN (2015) 68 dead in Bangladesh ferry accident- Retrieved from https://edi-
tion.cnn.com/2015/02/22/asia/bangladesh-ferry-accident/

Wikipedia (2014) Capsized in Meghna River; 54 fatalities -MV Miraj-4 Retrieved from-
https://en.wikipedia.org/wiki/MV_Miraj-4

BBC News (2014) Bangladesh ferry capsizes on River Padma near Dhaka (Pinak-6). 
Retrieved from https://www.bbc.com/news/world-asia-28636887

Al Jazeera (2020) Dozens die in Bangladesh ferry accident: Officials-MV Morning Bird. 
Retrieved from https://www.aljazeera.com/news/2020/6/29/dozens-die-in-bangla-
desh-ferry-accident-officials

Wikipedia, (2021) Sinking of ML Rabit Al Hasan: Retrieved from https://en.wikipe-
dia.org/wiki/Sinking_of_ML_Rabit_Al_Hasan

244
Comparative Evaluation and Regulatory Gaps in the Bangladesh’s Inland Shipping Ordinance 1976

 Against Classification Society Standards: Implications for Ferry Safety Reform

Reuters (2021) Bangladesh ferry accident kills at least 26 fatalities — Shitalakhsya ferry: 
Collision with: Retrieve from: https://www.reuters.com/article/world/bangla-
desh-ferry-accident-kills-at-least-26-idUSKBN2BS03W/

Wikipedia (2021) Bangladesh ferry fire: Dozens killed near Jhalakathi MV Avijan-10. 
Retrieved fromhttps://en.wikipedia.org/wiki/2021_Bangladesh_ferry_fire

The Daily Star (2024)-Ferry capsize: Crew member still missing, rescue ship on way to 
Paturia Retrieved from https://www.thedailystar.net/news/bangladesh/acci-
dents-fires/news/ferry-capsize-crew-member-still-missing-rescue-ship-way-paturia
-3521301

Dhaka Tribune (2021) Ferry Ploughs into Padma Bridge Pillar - Kakoli ferry: Hit Padma 
Bridge Pillar No.10; No fatalities. Retrieved from https://www.dhakatri-
bune.com/bangladesh/nation/255173/ferry-ploughs-into-padma-bridge-pillar-again

TBS News (2021) 20 injured as Ro-Ro ferry hits Padma Bridge pillar Retrieved from 
https://www.tbsnews.net/bangladesh/20-injured-ro-ro-ferry-hits-padma- bridge-pil-
lar-277939

The Daily Star (2021) Ferry flips in Padma with 17 vehicles no fatalities. Retrieved from-
https://www.thedailystar.net/news/bangladesh/accidents-fires/news/ferry- 
flips-padma-17-vehicles-2207996

New Age BD (2021)-Birshreshtha Jahangir ferry hits Padma Bridge again. Retrieved from 
https://www.newagebd.net/article/147805/birshreshtha-jahangir-ferry-hits- 
padma-bridge-again

Bdnews24(2024) Two launches crash amid heavy fog on Dhaka-Barisal route. Retrieved 
from https://bdnews24.com/bangladesh/87f9aed7d122

Al Jazeera, (2022) At least six people dead in Bangladesh ferry accident -Unnamed ferry:  
6 fatalities. Retrieved from https://www.aljazeera.com/news/2022/3/20/fer-
ry-sinks-near-bangladesh-capital-at-least-6-dead

Al Jazeera, (2022) Bangladesh ferry disaster: Overcrowding blamed, death toll at 66 fatali-
ties. Retrieved from https://www.aljazeera.com/news/2022/9/27/bangladesh-fer-
ry-disaster-blamed-on-overcrowding-as-dozens-killed

Baird Maritime (2022) Boat carrying 21 passengers capsizes following collision in central 
Bangladesh - Retrieved from https://www.bairdmaritime.com/passenger/fer-
ry/boat-carrying-21-passengers-capsizes-following-collision-in-central-bangladesh

Iqbal, K. S., et al. (2007). Passenger Ferry Accidents in Bangladesh: Design and 
Socio-Economic Aspects. Proceedings of the 10th International Symposium on 
Practical Design of Ships and Other Floating Structures (PRADS 2007).

Lee, M. J. (2016). A study on the effectiveness of the ISM code through a comparative 
analysis ofISM and PSC data. Masters Diss., Vol. 543. World Maritime University. 

Dissertations. Available at: https://commons.wmu.se/all_dissertations/543.

Islam, M., et al. (2021). Brief Analysis of Inland Waterway Accidents in Bangladesh: 
Causes and Solutions. Proceedings of the 12th International Conference on Marine 
Technology (MARTEC 2020).

Kim, S., Lee, J. (2017). A systemic analysis of South Korea Sewol ferry accident - Striking 
a balance between learning and accountability. Applied Ergonomics, 59(Pt B), 
504-516.

Mia, M. J., Uddin, M. I., Awal, Z. I., Abdullah, A. (2021). An era of inland water transport 
accidents and casualties: the case of a low-income country. Journal of International 
Maritime Safety, Environmental Affairs, and Shipping, 5(2), 32-39.https://-
doi.org/10.1080/25725084.2021.1919432

Park, J., Park, S. (2017). Legacies of state-corporatism in Korea: Regulatory capture in 
theSewol ferry tragedy. Journal of East Asian Studies, 17(2), 125-146.

The Government of the People's Republic of Bangladesh. (1976). The Inland Shipping 
Ordinance, 1976 (Ordinance NO. LXXII OF 1976).

Uddin, M. I., Awal, Z. I. (2017). An Insight into the Maritime Accident Characteristics in 
Bangladesh. AIP Conference Proceedings, 1919, 020033.DOI: 10.1063/1.5018529

Uddin, M. I., et al. (2017). An Analysis of Accidents in the Inland Waterways of Bangla-
desh: Lessons from a Decade (2005-2015). Procedia Engineering, 194, 291-297. 
https://doi.org/10.1016/j.proeng.2017.08.148

World Bank. (2020, July 13). Reviving Bangladesh’s In-land Waterways for Low-Carbon 
and Resilient Transport. Retrieved from https://www.worldbank.org/en/news/fea-
ture/2020/07/13/reviving-bangladeshs-in-land-waterways-for- low-carbon-and-re-
silient-transport

Xue, J., et al. (2021). A Comprehensive Statistical Investigation Framework for Character-
istics and Causes Analysis of Ship Accidents. Ocean Engineering, 229, 
108981.https://doi.org/10.1016/j.oceaneng.2021.108981

American Bureau of Shipping. (2023). Rules for Building and Classing Marine Vessels. ABS.

Bureau Veritas. (2023). NR467 Rules for the Classification of Steel Ships. Bureau Veritas. 

Det Norske Veritas. (2023). Rules for Classification: Ships. DNV. 

Rahman, M. M. (2021). The Challenges and Prospects of Inland Waterway Transportation 

System of Bangladesh. International Journal of Engineering and Management Research, 
11(3), 1-8. https://doi.org/10.31033/ijemr.12.1.17

Asian Development Bank. (2021). Advancing Cooperation in the Maritime Sector in South 
Asia Subregional Economic Cooperation Program. ADB.

Asian Development Bank. (2020). Strategic Master Plan for Chittagong Port: Technical 

Assistance Completion Report. ADB.

IMO. (2024, September 18). Report Urges Safety Overhaul as Ferry Fatalities Jump 55% 
in Africa in 2024. Ecofin Agency.

Inter ferry. (n.d.). The FerrySafe Project. Retrieved from https://interferry.com/ferrysafe/

Lloyd's Register Foundation. (n.d.). Beyond the horizon: addressing ferry safety challeng-
es in developing regions. Retrieved from https://www.lrfoundation.org.uk/news/be-
yond-the-horizon-addressing-ferry-safety-challenges-in-developing-regions

Nwokedi, T. C., et al. (2022). Peri-scoping Performance of Classification Societies in 
MaritimeSafety from the Prism of the Abuja MoU on Port States Control. Maritime 
Technology and Research, 4(2), 1-15. https://doi.org/10.2478/LOGI-2022-0021

World Bank. (2019, July 8). Better Inland Waterways Leading to More Domestic and Regional 
Connectivity. Retrieved from https://www.worldbank.org/en/news/feature/2019/07/08/bet-
ter-inland-waterways-leading-to-more-domestic-and-regional-connectivity

Ariany, Z., Santoso, B., et al. (2022). Damage Stability Study of A 500 DW Ro-Ro Ferry 
Vessel. Makara Journal of Technology, 26(3), 1-8.https://-
doi.org/10.7454/mst.v26i3.1440

European Parliament. (2023). Specific stability requirements for Ro-Ro passenger ships. 
EPRS Briefing.

Marine Public. (n.d.). IACS and Classification Societies: Roles in Maritime Safety. 
Retrievedfromhttps://www.marinepublic.com/blogs/marine-law/542137-iacs-and- 
classification-societies-roles-in-maritime-safety

Park, C. G., et al. (2019). Factors associated with complicated grief in students who 
survived the Sewol ferry disaster. Psychiatry Investigation, 16(5), 367-373.https://-
doi.org/10.1016/j.jad.2019.02.035

Zhang, L., Wang, H. (2019). Ship Accident Consequences and Contributing Factors Analy-
ses Using Ship Accident Investigation Reports. Proceedings of the Institution of 
Mechanical Engineers, Part O: Journal of Risk and Reliability, 233(1), 35-47.

Leveson, N. (2004). A new accident model for engineering safer systems. Safety science, 
42(4), 237-270.https://doi.org/10.1016/S0925-7535(03)00047-X

Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach
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Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is



•     Responses were fairly evenly distributed, with "No role" (26%) receiving the most 
votes, indicating doubt about hybrid systems. However, "Supporting role" (22%) 
and "Limited role" (20%) show that many believe hybrids will still have a place.-
Supporting role (22%) is the most selected option, indicating that hybrid systems 
will complement but not dominate solar energy use. The variety of responses 
suggests uncertainty about how much of a role hybrid systems will play.

2.11 Cost Barrier for Implementing Solar Panels on Merchant Ships

•      "High upfront" costs (35%) were seen as the biggest financial barrier. "Maintenance 
costs" (25%) were another major concern, while "Installation fees" (18%) and 
"Energy conversion" (10%) were viewed as lesser barriers. "Technological invest-
ment" (12%) ranked lowest but is still notable. High upfront costs (35%) are seen 
as the biggest financial obstacle, showing that initial investment remains a signifi-
cant barrier to implementation. Maintenance costs (25%) and installation fees 
(18%) are also concerns, pointing to ongoing financial pressures.

 

                              

Figure 13: Interviewee Respondents to Survey Questions 11

2.12 Feasibility of Retrofitting Existing Merchant Vessels with Solar Energy Systems

Figure 14: Interviewee Respondents to Survey Questions 12

 •     The majority saw retrofitting as "Somewhat feasible" (42%) or "Very feasible" (28%), 
indicating optimism for converting existing vessels. A smaller portion saw it as "Fea-
sible" (18%), while only 10% found it "Not feasible," and 2% were uncertain. Some-
what feasible (42%) is the most common response, indicating a cautious optimism 
for retrofitting existing vessels. Only 10% see it as not feasible, showing that most 
believe it is possible, but with some challenges.

2.13 Key Driver for the Shipping Industry to Adopt Solar Energy

 

                             Figure 15: Interviewee Respondents to Survey Questions 13

•   "Environmental pressure" (38%) was seen as the main driver, highlighting global 
sustainability concerns. "Cost savings" (22%) and "Regulatory incentives" (20%) 
were also significant factors, with "Public demand" (16%) and "Technological inno-
vation" (4%) less important. Environmental pressure (38%) is seen as the biggest 
driver, suggesting that regulations, public demand, or climate concerns are pushing 
the industry towards adoption. Cost savings (22%) is also important, but less of a 
motivating factor.

2.14 Biggest Regulatory Challenges in Using Solar Power in Shipping

•    "Compliance costs" (34%) and "Certification processes" (26%) were viewed as the 
biggest hurdles. "Safety regulations" (20%) and "Global standards" (14%) were also 
important, while "Implementation delays" (6%) were seen as a smaller concern.-
Compliance costs (34%) is the top concern, indicating that the financial burden of 
meeting regulations is a key obstacle. Certification processes (26%) and safety 
regulations (20%) also present significant regulatory challenges.

 

 

Figure 16: Interviewee Respondents to Survey Questions 14

2.15 Long-Term Potential of Solar Energy in Merchant Vessels

 

                    Figure 17: Interviewee Respondents to Survey Questions 15

•     "Moderate potential" (44%) led the responses, showing a generally positive outlook. 
"High potential" (30%) also garnered significant support, while only 16% saw "Low 
potential" and smaller numbers saw "Minimal" (6%) or "No potential" (4%). The 
majority (44%) view solar energy as having moderate potential, showing optimism 
but acknowledging limitations. Only 30% see high potential, suggesting that many 
believe the technology will play an important, though not dominant, role.

2.16 Energy Storage Solution Most Needed for Solar-Powered Ships

•      "Hybrid systems" (42%) was the top response, indicating the need for energy diversi-
fication. "Advanced batteries" (28%) and "Hydrogen fuel" (18%) also stood out as 
viable options, while "Thermal storage" (10%) and "Supercapacitors" (2%) were 
seen as less essential. Hybrid systems (42%) are seen as the best solution for energy 

storage, reflecting the belief that combining multiple energy sources will address the 
shortcomings of solar alone. Advanced batteries (28%) also received substantial 
support, signaling a need for better storage technology.

 

Figure 18: Interviewee Respondents to Survey Questions 16

2.17 Impact of Solar-Powered Vessels on Maintenance Requirements Compared to 
Conventional Ships

 

Figure 19: Interviewee Respondents to Survey Questions 17

•     Most believed solar power would have "Same as others" (38%) or "Slightly higher" 
(20%) maintenance requirements. "Reduced requirements" (22%) shows optimism, 
but some respondents (16%) expected "Much higher" maintenance needs, and 4% 
were uncertain. Most respondents (38%) believe the maintenance needs will be the 
same as other ships, indicating that solar-powered systems will not significantly 
alter maintenance demands. However, 20% foresee slightly higher requirements, 
reflecting concerns about new technology upkeep.

2.18 Effect of Solar Energy on the Overall Operating Costs of Merchant Vessels

 

Figure 20: Interviewee Respondents to Survey Questions 18

•      "Moderately lower" (36%) and "Slightly lower" (20%) suggest that most expect some 
reduction in operating costs, but "Higher costs" (20%) and "No difference" (10%) 
reveal doubts about the economic benefits of solar energy. Moderately lower (36%) 
is the most common response, suggesting that solar energy can reduce costs but 
likely won’t be a game-changer. Interestingly, 20% expect higher costs, indicating 
that the technology might involve some financial trade-offs.

2.19 Importance of International Cooperation in Advancing Solar Energy in Shipping

 

                        

Figure 21: Interviewee Respondents to Survey Questions 19

•    "Moderately important" (38%) and "Very important" (32%) dominated, indicating 
widespread recognition that global cooperation is key to solar energy adoption. 
Smaller groups saw it as "Slightly important" (16%) or "Not important" (10%). A 
combined 70% of respondents see international cooperation as very or moderate-
ly important for advancing solar energy in shipping, emphasizing the need for 
collective efforts, standards, and support to foster global change.

2.20 Technological Breakthrough That Would Most Benefit Solar-Powered Shipping

 

Figure 22: Interviewee Respondents to Survey Questions 20

•    "Lower costs" (30%) emerged as the top priority for a breakthrough, with "Better 
storage" (28%) following closely. "Efficient panels" (22%) and "Automated 
systems" (18%) also had strong support, while "Durable materials" (2%) was seen as 
less critical. Lower costs (30%) is identified as the breakthrough most needed to 
benefit solar-powered shipping, indicating that financial feasibility is a major 
concern. Better storage (28%) and efficient panels (22%) are also considered 
critical for making the technology viable.

3. Result and Discussion

• Provide incentives to shipbuilding companies to promote solar panel onboard.
• Government can promote duty free tax on solar panels
• Encourage funding for research and development of advanced solar technologies    

tailored for marine applications.
• Develop standardized guidelines and certifications for solar energy systems used in 

maritime environments.
• Foster collaborations between shipping companies and solar technology providers 

to co-develop customized solar solutions that meet the specific needs of various 
vessel types, ensuring optimal performance in marine conditions.

Using solar energy on merchant ships offers both possibilities and drawbacks; several 
elements affect its possible success in the marine sector. The possibility for lower petroleum 
costs is one of the main benefits that has been noted; yet, ship operators still face great 
difficulties trying to lower running costs. Though lower emissions and energy independence 
are acknowledged as additional advantages, the main driving force for interest is the financial 
savings made by using solar power. To properly include solar energy into big cargo ships, 
though, major challenges have to be overcome. Apart from the significant upfront costs 
connected with installation and space constraints, the main difficulty is the durability of solar 
panels in demanding marine settings. These difficulties imply that technical and economical 
restrictions could prevent the broad application of technology despite its great possibilities. 

Notwithstanding these obstacles, solar energy is thought to be more efficient than tradition-
al fuels, which reflects the industry's cautious hope. Although it may not totally replace 
traditional energy sources, solar energy has the ability to complement fossil fuels hence 
lowering reliance on them. The development of better infrastructure and cost-cutting 
programs will mostly decide the degree to which solar-powered boats become common. 
Furthermore, industry adaptation is crucial since it requires shipping firms to apply opera-
tional and cultural changes widely. The development of solar energy in shipping is seen to 
depend on international cooperation since it may help to establish consistent standards, 
share technological breakthroughs, and finance lower pricing and the overcoming of regu-
latory challenges. Technologically, the two most important developments required to 
enable solar-powered vehicles as a practical choice are the lowering of solar system costs 
and the progress of energy storage.

The general view is one of wary hope about the use of solar energy on cargo ships. 
Notwithstanding the seeming environmental advantages and possible cost savings, regula-
tory compliance, expenditures, and durability define the road to general acceptance as one 
full of challenges. The successful integration of solar energy into the worldwide maritime 
sector will rely on the speed of technical development and the industry's capacity to adapt. 
Overcoming these challenges and laying solar-powered ships as the basis of next maritime 
operations will depend on hybrid energy systems, worldwide cooperation, and ongoing 
innovation.

4. Conclusion

All things considered, the shipping sector has great prospects as well as challenges in 
including solar energy into merchant vessels. Because of its potential for lower emissions 
and fuel costs, which would let maritime companies become more energy independent and 
support world environmental goals, solar energy is positioned as an attractive alternative for 
conventional fossil fuels. Still, limited area, high starting costs, and the need for dependable 
energy storage solutions are main obstacles to general application. The success of solar 
energy is largely influenced by environmental factors, hence its integration must be proper-
ly planned based on operational and geographical situation. As the sector tries to reconcile 
environmental responsibility with commercial viability, cooperation among several stake-
holders—including shipping companies, technology developers, and regulatory authori-
ties—will be absolutely vital. Furthermore underlining the importance of technological 
innovations and worldwide cooperation in overcoming present challenges are the dynamic 
terrain of maritime legislation and the necessary demand for environmentally efficient 
shipping methods. Ultimately, solar energy has the potential to increase the sustainability of 
merchant ships; yet, realizing its full potential will depend on constant innovation, financial 
backing, and a readiness to change with the needs of the marine sector.
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Comparative Evaluation and Regulatory Gaps in the Bangla-
desh’s Inland Shipping Ordinance 1976 Against Classification 

Society Standards: Implications for Ferry Safety Reform
Md. Nasibur Rahman Arpon1*, ZobairIbn Awal1, and Ashhab Labib2

Abstract

Inland Water Transport (IWT) is the backbone of Bangladesh's economy and its social 
life.However, its potential isalways wasted becauseof the high frequency of ferry accidents. 
The present study investigates the systemic regulatory failures that cause these events. 
Qualitative comparative analysis has been used to examine the Inland Shipping Ordinance 
1976 (ISO 1976) in Bangladesh. This domestic law is compared against the comprehensive 
rules of three leading classification societies: Det Norske Veritas (DNV), Bureau Veritas 
(BV), and the American Bureau of Shipping (ABS). These international organizations 
maintain advanced maritime safety standards. Analysis was structured into nine key safety 
areas and discussed in the context of a case study of the 2021 Ro-Ro Ferry Amanat Shah 
accident. The analysis finds that ISO 1976 is well behind the times and requires upgrada-
tionacross all nine categories, ranging from design life to survey arrangements. The 
ordinance provisions tendto becompletely nonspecific or generalized on crucial safety 
matters carefully outlined in classification society rules. These regulatory loopholes were 
found to be directly correlated with the causative factors of the Amanat Shah accident, 
such as the ship's advanced age, unresolved stability issues, and a poor survey track 
record.Bangladesh's IWT sector's persistent safety crisis is a consequence of a stagnant, 
inadequate local regulatory system that has lagged behind modern maritime safety 
standards. There is an urgent and fundamental need to reform ISO 1976on the basis of 
best-practice principles and technical guidelines.

Keywords: Classification Society; Inland Water Transport, Inland Shipping Ordinance; 
Ferry Accident; Maritime Safety.

1. Introduction

1.1 Background and Significance

Bangladesh’s widespread 24,000 km waterway network is a critical component of its 
national transport infrastructure, making Inland Water Transport (IWT) a necessity for the 
economy and rural population. The sector carries over 100 million passengers and 30 
million metric tons of freight annually (Rahman 2021). Despite its socio-economic impor-
tance, Bangladesh's IWTsector is troubled by a high frequency of ship accidents, leading to 
significant loss of life and property (Mia et al. 2021; Uddin and Awal 2017).
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Bangladesh has a history of significant maritime incidents involving its broad inland ferry 
network, as summarized in Figure 1. On March 13, 2012, the double-deck ferry MV Shari-
atpur 1 capsized after a collision with a cargo vessel on the Meghna River near the Munshi-
ganj District, resulting in 147 reported fatalities. Two years later, on May 15, 2014, the MV 
Miraj-4, a double-decker, capsized in the Meghna River. This incidentcaused an official 
death toll of 54, with many others missing. Later that year, on August 4, 2014, the Pinak-6 
capsized on the Padma River with approximately 200 people on board. Although around 
100 were rescued, about 50 were presumed dead or missing. Another major incident 
occurred on February 22, 2015, when a ferry capsized in the Padma River after a collision, 
and the lives of70 people were compromised. (Local and International News Reports)

          (a)                       (b)

Figure 1: Ferry Accident Incidents in Bangladesh (2012-2024), (a) Categorized by 
Incidents with Fatal and Non-fatal Accidents, (b) Number of Accidents Per Year.  

More recently, on June 29, 2020, the MV Morning Bird was struck from behind by another 
ferry and sank in Dhaka, causing at least 30 deaths. The following year, several accidents 
were reported, including the sinking of the ML Rabit Al Hasan on April 4, 2021, in the 
Shitalakshya River after colliding with a cargo vessel, which led to 35 deaths. The very 
next day, another ferry, the ML Sabit Al Hasan, sank in the same river under similar 
circumstances, killing at least 26 people. Collisions with infrastructure have also been 
noted between July and August 2021, the ferries Kakoli, Birshreshtha Jahangir, and Shah-
jalal all collided with pillars of the Padma Bridge, causing damage and injuries but no fatal-
ities. On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while 
offloading vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. Multiple regu-
latory failures were found in this case. A significant fire aboard the MV Avijan-10 near 
Jhalakathi in December 2021 resulted in at least 39 deaths and over 100 injuries.

In 2022, incidents continued with a ferry sinking near Dhaka on March 20, killing at least six 
people. On August 15, a boat carrying 21 passengers sank after being hit by a cargo ship on the 
Dhaleshwari River, though all aboard somehow managed to swim to shore. A major disaster 
occurred on September 25, when an overcrowded boat capsized, leading to a death toll of 66. 
The trend of accidents has persisted, as detailed further in Figure 1, and on January 17, 2024, 
the Ro-Ro ferry Rajanigandha-7 sank near Paturia after being hit by a dredger. On January 27, 

2024, two passenger launches, the Sundarban-11 and Surovi-9, collided on the Dhaka-Barisal 
route, though no casualties were reported. (Local and International News Reports)

1.2 The Problem: A Legacy of Accidents

Decades of accident data identify collision, capsizing, overloading, and stability failure as 
the primary causes (Hossain and Awal 2014; Islam et al. 2021). As illustrated in Figure 1, 
ferry accidents are a continual issue, with a dramatic spike in fatal incidents in 2021, under-
scoring the urgency of the problem. These events are not random but point to systemic 
limitations in safety management and regulatory oversight. Even though accidents that 
were caused by unfortunate and unnatural means cannot be controlled, accidents caused by 
regulatory limitations can surely be addressed and rectified. This is the purpose of this 
research to address those regulatory concerns and approach solutions.  

1.3 Literature Review and Regulatory Context

A review of existing literature reveals a strong focus on accident statistics and socio-eco-
nomic factors. Awal (2007) utilized a descriptive statistical methodology to categorize 
accidents, finding that 80% of incidents involved collisions.Iqbal et al. (2007) investigated 
vessels between 1981 and 2005, identifying stability breakdowns and overcrowding as 
primary contributors to structural failures. Furthermore, Uddin et al. (2017) conducted a 
decade-long analysis (2005-2015) which spotlighted suboptimal vessel design as a proba-
ble cause for sinkings.

Beyond the local context, international research highlights similar systemic flaws. Kim and Lee 
(2017) and Park and Park (2017) analyzed the MV Sewol disaster in South Korea, concluding 
that 'regulatory capture'where industry pressure leads to the erosion of safety standardswas a root 
cause of the tragedy. Additionally, Nwokedi et al. (2022) examined the performance of 

Table 1: Previous Researchon Maritime Safety Research

classification societies under the Abuja MoU, providing empirical evidence that vessels 
certified by IACS members consistently demonstrate lower rates of safety defaults.

1.4  Identification of Research Gap and Objective

While global literature has successfully identified the 'what' and 'why' of maritime disasters 
through statistical and socio-economic lenses, a critical gap remains in the absence of a 
line-by-line technical evaluation between aging domestic ordinances and modern interna-
tional standards. This research fills that void by transitioning from descriptive statistics to 
a systematic, technically detailed comparison between the nearly 50-year-old ISO 1976 
(Government of the People's Republic of Bangladesh 1976) and the evolving rules of 
IACS-member classification societies. Consequently, the study is structured to achieve the 
following four technical objectives:

Objective 1: To perform a systematic, qualitative gap analysis between the Inland Shipping 
Ordinance 1976 and IACS standards (DNV, BV, ABS) across nine safety domains critical 
to ferry seaworthiness. Objective 2: To evaluate the structural and fatigue implications of 
the 30-year operational limit permitted by ISO 1976 against the 20–25 years fatigue assess-
ment norms established by international classification societies. Objective 3: To identify 
specific technical voids in Bangladesh’s domestic legislation, particularly concerning 
welding process evaluation, ballast water management, and damage stability criteria. 
Objective 4: To utilize the 2021 Amanat Shah accident as a representative technical bench-
mark, demonstrating how these identified regulatory gaps directly manifest as operational 
failures in the Inland Water Transport (IWT) sector.

2. Methodology

2.1 Research Design

This study employs a qualitative comparative analysis as its core methodological frame-
work (Lee, M. J. 2016).Unlike purely descriptive methods, QCA allows for a 'configura-
tional' comparison, identifying how the absence of specific technical requirements in the 
ISO 1976 creates conditions for systemic failure. This approach is specifically aligned with 
the research objectives as it moves beyond identifying that a gap exists to quantifying what 
the technical void entails. The QCA was operationalized through a four-phase process: (1) 
identification of safety domains based on historical accident data; (2) extraction of 
prescriptive rules from IACS (DNV, BV, ABS) and ISO 1976; (3) cross-jurisdictional map-
ping; and (4) validation of these findings through the Amanat Shah case study.

2.2 Data Sources

The analysis integrates three primary data sources to ensure technical rigor:

• Domestic Legislation: The Inland Shipping Ordinance 1976, which serves as the 
current legal baseline for Bangladesh’s IWT sector.

• International Technical Standards: Publicly available 2023 rulebooks from 
DNV(DNV 2023), BV (BV 2023), and ABS (ABS 2023) were selected as they 
represent the highest standards of the International Association of Classification 
Societies (IACS).

• Case Study Documentation: Factual information regarding the capsizing of the 
Ro-Ro Ferry Amanat Shah on October 27, 2021, was reviewed. 

2.3 Analytical Framework

Rule-based approach enables the assessment of systemic, root-cause problems that contribute to 
accidents, thereby avoiding the limitations of often-unavailable public accident reports (Zhang 
and Wang 2019).The comparison was categorized across nine pre-selected technical and regula-
tory domains critical to vessel safety: (1) Design Life/Service Life, (2) Structural Strength, (3) 
Environmental Protection, (4) Welding Process Evaluation, (5) Safety Equipment, (6) Stability, 
(7) Ballast Water Management, (8) Docking Analysis, and (9) Survey Arrangement. These 
domains are deeply interconnected, forming a complex web of safety dependencies. 

 

Figure 2: Causal Loop Diagram Based on Interrelations of Maritime Safety Criteria. 

The analytical framework presented in Figure 2 is an original construct developed to map the 
causal dependencies within the maritime safety system. It is grounded in the System-Theoret-
ic Accident Model and Processes (STAMP) framework (Leveson 2004; Awal2017), which 
conceptualizes that safety is an emergent property resulting from proper design and enforce-
ment constraints. This model illustrates how a deficiency in Domain 4 (Welding Process Eval-
uation) or Domain 2 (Structural Strength), both of which are currently unregulated in the ISO 
1976is not an isolated failure but a precursor that compromises the entire 'safety stack,' even-
tually manifesting as a loss of stability (Domain 6). For each domain, the provisions of the 
ISO 1976 were systematically identified and then directly compared with the corresponding 
rules of DNV, BV, and ABS to pinpoint specific regulatory voids (Government of the People's 
Republic of Bangladesh 1976;DNV 2023; BV 2023; ABS 2023).

3. Case Study, Analysis and Results

This section presents the objective findings of the comparative analysis. It begins with a summary 
of the Amanat Shah accident to establish the practical context, followed by the systematic compari-
son of the ISO 1976 and classification society standards across the nine analytical domains.

3.1 Case Study Context: Regulatory Failures in the Amanat Shah Accident

3.1.1 Rationale for Case Selection

The selection of the Amanat Shah Ro-Ro ferry as the primary case study for this research 
is based on its status as a 'critical case' that exemplifies the convergence of multiple regula-
tory failures identified in the ISO 1976 framework. Unlike accidents caused solely by 
human error or weather, this incident was a direct consequence of a 'multi-domain' break-
downspecifically involving advanced vessel age (41 years), unaddressed stability issues 
(11.43° initial list), and the omission of technical protocols such as welding quality checks 
and hull thickness gauging during repairs. This specific case allows for a generalized 
assessment of the Inland Shipping Ordinance's effectiveness, as the vessel's continued 
operation directly exploited the legal permissiveness regarding service life extensions and 
the lack of prescriptive technical oversight found in modern IACS standards.

On October 27, 2021, the 1980-built Ro-Ro Ferry Amanat Shah capsized while offloading 
vehicles at the Paturia ferry terminal in Manikganj, Bangladesh. The accident, following the 
ferry having suffered a critical list during travel, was followed by a massive salvage operation, 
but fortunately,there was no loss of human life. The incident was investigated and concluded 
to have been the direct outcome of a chain of technical, operational, and regulatory failures. 

The primary failures identified are summarized in Table 2. These failures provide a clear indica-
tion of the regulatory drawbacks that will be detailed in the subsequent comparative analysis.

Table 2: Summary of Key Regulatory and Operational Failures in the Amanat Shah Accident

3.2 Comparative Analysis of Regulatory Standards

The following subsections present a direct comparison of the provisions within the ISO 1976 
and the rules of the selected classification societies for each of the nine safety domains.

3.2.1 Design Life / Service Life

A fundamental difference exists in the prescribed operational lifespan of a vessel. The ISO 
1976 allows for a significantly longer service life than is considered standard practice by 
international bodies, which base their shorter design life on rigorous fatigue analysis.

Table 3: Comparison of Design Life / Service Life Regulations

3.2.2 Structural Strength

The requirements for ensuring a vessel's structural integrity show a significant contrast 
between the unspecified, discretionary language of the ISO 1976 and the highly prescrip-
tive, engineering-based rules of the classification societies.

Table 4: Comparison of Structural Strength Guidelines

3.2.3 Environmental Protection

While the ISO 1976 contains basic anti-pollution measures, it lacks the comprehensive and 
tiered approach to environmental management found in modern classification society rules.

Table 5: Comparison of Environmental Protection Regulations

3.2.4  Welding Process Evaluation

Welding is a critical process for ensuring the structural integrity of a vessel. The ISO 1976 
is entirely silent on this subject, representing a central regulatory void.

Table 6: Comparison of Welding Process Evaluation

3.2.5 Safety Equipment

The ISO 1976 grants the power to regulate safety equipment but does not mandate a specific, 
detailed list within the ordinance itself, leaving a potential gap in standardized requirements.

Table 7: Comparison of Safety Equipment Regulations

3.2.6 Stability

Vessel stability is paramount to preventing capsizing. The ISO 1976 addresses stability at 
the construction phase but lacks the detailed operational and damage-related criteria man-
dated by classification societies.

Table 8: Comparison of Stability Regulations

3.2.7 Ballast Water Management

The management of ballast water is crucial for both stability and environmental protection. 
The ISO 1976 does not address this modern maritime issue.

Table 9: Comparison of Ballast Water Management Regulations

3.2.8 Docking Analysis

Periodic drydocking is essential for underwater inspection and maintenance. The require-
ments for this process differ significantly in their technical depth.

Table 10: Comparison of Docking Analysis and Survey Regulations

3.2.9 Survey Arrangement

The framework for vessel inspection throughout its life is a cornerstone of maritime safety. 
The ISO 1976 outlines an introductory registration survey, while classification societies 
mandate a continuous, lifelong cycle of rigorous inspections.

Table 11: Comparison of Survey Arrangements

3.3 Critical Synthesis: Linking Regulatory Voids to the Amanat Shah Failure

The capsizing of the Amanat Shah serves as empirical evidence of the systemic vulnerabili-
ties created by the ISO 1976. When the incident is analyzed through the lens of the nine 
safety domains identified in the comparative tables, it becomes clear that the disaster was 
a predictable outcome of regulatory lag:

• Structural Fatigue and Design Life (Domain 1 & 2): While Table 3 and Table 4 
show that IACS standards (DNV/BV/ABS) mandate a 20–25 years fatigue life, the 
ISO 1976 allowed the Amanat Shah to operate for 41 years. The 'tiny holes' identi-
fied in the hull are classic symptoms of Fatigue Life Exhaustion, which interna-
tional rules would have flagged for mandatory retirement a decade prior.

• Welding and Maintenance Voids (Domain 4): As seen in Table 6, the ISO 1976 is 
silent on welding. Consequently, the substandard welding used in the ferry's previ-
ous repairs was not legally required to undergo non-destructive testing (NDT), 
leading to a hull breach under stress.

• Stability and Ballast Management (Domain 6 & 7): The vessel's list of 11.43° prior 
to capsizing highlights the void in domestic Damage Stability requirements (Table 
8). Unlike IACS standards, the ISO 1976 lacks the technical directives necessary 
for a crew to assess the 'Point of No Return' list angle.

4. Discussion

The comparative analysis reveals a significant contrast between Bangladesh's domestic 
regulations and modern international maritime safety standards. The ISO 1976 has 

remained static for decades, while classification society rules have evolved into advanced, 
evidence-based approaches. The sinking of the Amanat Shah was a predictable outcome of 
this regulatory environment. The vessel's operation at over 40 years of age, improper 
ballast management, and unaddressed stability issues directly correspond to the ISO 1976's 
permissiveness on service life extensions and no mention of modern stability criteria and 
ballast management. Its failed survey and maintenance record highlights the inadequacy of 
a system lacking the strict, periodic cycle of Annual, Intermediate, and Class Renewal 
surveys mandated by classification societies. Each major failure in the case directly leads 
to a specific gap where the ISO 1976 provides inadequate or no regulation compared to 
established international standards.

The application of this outdated ordinance can be understood through the concept of regu-
latory capture, where economic pressures from industry lead to the inactivity of safety 
rules (Park and Park 2017). The substantial cost of complying with modern standards for 
construction and maintenance creates an encouragement to maintain less strict require-
ments, effectively supporting the operation of older, less safe vessels at the expense of 
public safety.

This has created a dangerous two-tiered safety culture in Bangladesh. Vessels in interna-
tional trade must abide by high, externally mandated standards (IMO 1974), while the 
domestic IWT fleet operates under much lower requirements of the ISO 1976. This differ-
ence implies that domestic passenger safety is valued less than global cargo efficiency and 
poses a strategic risk to the nation's "Blue Economy" ambitions (Emu and Hossain 2025). 
A major domestic ferry disaster can disrupt supply chains, sustain massive costs, and 
impose severe reputational damage, threatening the maritime goals the country is pursuing 
(ADB 2020). Modernizing domestic regulations is therefore not just a matter of social 
welfare but an urgent economic and strategic necessity.

4.1 Pathways for Regulatory Modernization

Addressing these systemic drawbacks requires a comprehensive legislative reformation, as 
the permissiveness of the current framework directly correlates with the observed opera-
tional failures. Since the ISO 1976 lacks prescriptive requirements for critical domains 
such as Welding Process Evaluation (Domain 4) and Damage Stability (Domain 6), the 
modernization pathway must shift toward a prescriptive technical code. Rather than devel-
oping standards in isolation, the new framework should formally adopt or adapt established 
international benchmarks, specifically the IMO Model Regulations on Domestic Ferry 
Safety(IMO 2024), supplemented by structural strength provisions from IACS members. 
This evidence-based approach leverages global maritime expertise to bridge the domestic 
regulatory divide identified in this study.

The transition toward complex IACS-level standards necessitates a corresponding upgrade 
in institutional capacity. The requirement for professional development is a direct conse-
quence of the technical complexity inherent in modern reforms; a shift to Annual, Interme-
diate, and Class Renewal surveys requires a surveyor workforce at the Department of Ship-
ping (DOS) specifically trained in advanced non-destructive testing (NDT), fatigue analy-
sis, and digital stability verification. Consequently, modernization is a dual-track process 

where legislative updates are structurally dependent on the professionalization of regulato-
ry oversight.

Long-term sustainability of these standards may benefit from building local technical 
capacity. A feasibility study should examine the potential for establishing a national classi-
fication society dedicated to inland vessels. Such an institution could develop regional 
expertise, generate high-skilled employment, and provide a sustainable mechanism for 
maintaining safety standards tailored to Bangladesh's unique IWT context.

Finally, learning from failures requires fundamental improvements in data transparency. 
Maritime accident investigations must be conducted by independent experts, with detailed 
technical analyses made publicly available (Kim and Lee 2017).. This transparency is 
essential for moving beyond 'regulatory capture' and building a safety culture that provides 
the high-quality data necessary for evidence-based policymaking (Zhang and Wang 2019). 
The current lack of transparency in accident reporting continues the regulatory stagnation 
identified in this study.

5. Conclusion

This study establishes that Bangladesh's continual IWT safety crisis arises from the outdat-
edness of the Inland Shipping Ordinance 1976. Through systematic comparative analysis 
across nine critical safety domains, the research demonstrates that the ISO 1976 is critically 
inadequate to international classification society standards. The Amanat Shah tragedy 
provides evidence of how outdated regulations directly enable catastrophic failures through 
improper age limitations, absent stability requirements, and insufficient survey protocols.

The findings reveal a two-tiered safety culture where domestic passenger safety is under-
valued compared to international maritime standards. This gap carries not only humanitari-
an costs but also significant economic and strategic implications for Bangladesh's Blue 
Economy goals. The problem statement presented at the outset, understanding why ferry 
accidents continue despite the sector's economic importance, finds its answer in regulatory 
inaction driven by financial pressures favoring weaker supervision.

The technical pathways for improvement are well-established through international best 
practices. What remains is the institutional commitment to implement comprehensive 
legislative modernization, strengthen enforcement capacity, and prioritize domestic 
passenger safety with the strictness of standards for international vessels. The cost of 
continued inaction, measured in lives lost and economic disruption, definitely exceeds the 
resources required for practical improvements.
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Analyzing the Barriers to Multimodal Transport System Imple-
mentation: An ISM-MICMACBased Approach

Commodore Md. Neamul Hasan1, Zannatul Ferdous Nimu2, Hasibul Islam3*

Abstract

Effective multimodal transportation is crucial for enhancing global supply chain efficiency 
and reducing costs. However, its implementation in developing countries, such as Bangla-
desh, faces significant challenges, which hinder international trade competitiveness. This 
study aims to identify, analyse, and prioritise key barriers to an integrated multimodal trans-
port system in Bangladesh. Critical barriers were identified through a comprehensive review 
of relevant literature and consultations with domain experts. Subsequently, Interpretive 
Structural Modelling (ISM) and MICMAC analyses were employed to systematically ascer-
tain their contextual relationships and interdependencies. Complex customs procedures and 
information technology inefficiencies are identified as the most unstable and highly influen-
tial barriers. These pivotal issues create a cascading effect, substantially hindering the 
development of efficient multimodal transport. Based on the ISM-MICMAC findings, this 
study presents a clear and actionable framework for prioritising strategic barrier interven-
tions. This provides valuable insights for policymakers to formulate effective strategies, 
thereby enhancing national competitiveness in international trade. This research offers a 
novel, structured approach to understanding multimodal transport barriers in a developing 
country, contributing a practical framework for policy and enhanced trade competitiveness.

Keywords: Logistics, Multimodal transportation, Barriers, Interpretive Structural Model-
ling (ISM), International trade, Freight transport

1. Introduction

Multimodal transportation is recognized as a vital strategy for enhancing supply chain 
efficiency and reducing transportation costs on a global scale (Rejeb et al. 2024). The 
concept of multimodal transport was driven by containerization (Song and Panayides 
2015). This method facilitates the smooth movement of cargo from origin to destination by 
combining multiple modes such as road, rail, sea, and air under a single contract. The inter-
connected network of these modes is known as the Multimodal Transportation System 
(MTS), which promotes efficiency, connectivity, and environmental sustainability in the 
transport network (Derpich et al. 2024). 

Implementing an MTS often leads to substantial challenges. Bangladesh's freight transport 
market, primarily dominated by SMEs (Small and Medium-sized Enterprises), is charac-
terised by limited resources and capability. Hence, only around 9% of the logistics service 
providers choose to reduce costs through multimodal transport operations (Dappe et al. 
2020). Furthermore, the fragmented and underdeveloped nature of the transport system 
1Dean, Faculty of Maritime Business Studies, Bangladesh Maritime University, Bangladesh
2Department of Port Management and Logistics, Bangladesh Maritime University, Bangladesh
3Department of Management, Bangladesh Maritime University, Bangladesh
*Corresponding Author. Email: hasibul.mgt@bmu.edu.bd

poses challenges to cost reduction through transport mode integration. A 1% reduction in 
transport costs can increase export demand by 7.4% (Begum 2023), emphasising the 
significance of transportation chain efficiency in trade growth. 

However, freight transportaion in Bangladesh is hindered by high logistics costs (Siddiqui 
and Vita 2021), impacting the country's overall logistics competency. Bangladesh's 88th 
ranking out of 139 countries in the Logistics Performance Index (LPI) 2023 (World Bank 
2023) refelects core linkage between logistics efficiency and logistics costs. The most 
significant direct cost in logistics is transportation costs (Dappe et al. 2020). Freight trans-
portation costs account for nearly 40% of total production costs in Bangladesh (Rahman 
2022). Businesses strive to minimise transportation costs to enhance overall efficiency. 
Multimodal transport is a significant approach for increasing supply chain efficiency and 
reducing transportation expenses worldwide (Rejeb et al. 2024). 

Bangladesh can become a trade hub for the Asian region by developing and expanding a 
multimodal transport network with regional countries through inland waterway ports 
(Chowdhury2016). Besides, the road transportation network is the most dynamically 
developed in Bangladesh. Chittagong Port, the primary seaport, is connected to road, rail, 
and inland waterways. However, these prospects cannot generate benefits unless the oppor-
tunities are optimised. The transport system via inland waterways is underutilised(Rahman 
and Ray 2020). The road transportation system remains inefficient in providing an integrat-
ed door-to-door service. Furthermore, railway transportation lacks proper optimisation for 
cargo movement. Although the government and other agencies have undertaken several 
initiatives over the years, the integration of the transport network remains underdeveloped. 
Therefore, Bangladesh's freight transportation system requires more attention to achieve 
meaningful improvement (Rahaman and Hasan 2015). 

This study aims to identify the main causes of Bangladesh's underdeveloped MTS. More-
over, it seeks to determine the interrelationships among these barriers through scientific 
analysis. The results and analysis will be crucial to adopting effective strategies for imple-
menting an MTS in a developing country. Additionally, this study could serve as an initial 
guideline for policymakers to understand the interconnectedness of barriers when forming 
new unified policies, thereby enabling better integration of the transport network. The 
findings may also assist the stakeholders in optimising their capabilities to address these 
challenges, with further potential for improvement. 

2. Literature Review

2.1. Multimodal Transportation

Shippers often prefer combined transport services, i.e., "intermodal" transport, to cut logis-
tics costs (Song and Panayides 2015). "Multimodal" transport is a more advanced form of 
intermodal transport where cargo moves via the integration of two or more modes of trans-
port without changing the unit load (Miloslavskaya et al. 2020). Multimodal transportation 
optimises the benefits of each mode of transport by navigating their constraints in a coordi-
nated way (Rejeb et al. 2024). The integration in MTS shall apply both within the transport 
network and between transportation and other functions of the supply chain to ensure an 

enhanced, sustainable, and efficient flow of goods. MTS should also ensure a coordinated 
approach in physical, operational, and managerial aspects (Banister and Givoni 2010). 

Several considerations are required for developing an MTS, including network and infra-
structural development, policy formation, and effective management (Karam et al. 2023). 
The implementation of an integrated MTS also presents various obstacles. Identifying 
these challenges fosters effective planning, resource optimisation, coordination, accessibil-
ity improvement, and the development of a strategic framework to enable MTS. 

2.2. Barriers to Implementing MTS in Bangladesh

Few studies have explored the barriers of MTS. For developing MTS in European countries, 
technical, managerial, infrastructural, regulatory and legislative challenges were identified 
(Kramarz et al. 2020). However, these barriers cannot be generalised as countries differ in 
logistics and trade operations practices. Developing nations are limited by infrastructural, 
institutional, and financial resources, which is not the case for countries with well-devel-
oped transport systems. Moreover, the integration within the supply chain, particularly 
freight transportation, is often overlooked from the perspective of developing econo-
mies.Therefore, the challenges of implementing an MTS in developing countries require 
separate investigations. This study focuses on exploring the primary barriers and their corre-
sponding challenges for implementing an MTS from a developing country perspective.  

2.2.1. Lack of Adequate Infrastructure

Infrastructural limitation is the major obstacle to the effective implementation of an MTS 
(Rahman & Ray 2020). Although the core infrastructure for different modes of transport is 
in place, most facilities lack standardised operations. There are noticeable disproportionate 
developments among road, rail, and waterway transport. Although about 95% of container 
transportation between Chittagong and Dhaka is concentrated on the road, the road system 
lacks adequate capacity to facilitate seamless and economically friendly container move-
ments. Besides, the inland waterways present navigational challenges due to shallow 
depths, inadequate navigation aid systems, and limited nighttime aids (Dappe et al. 2020). 
For instance, the Pangaon river port is underperforming due to operational delays caused 
by insufficient berth capacities, customs procedures, and a lack of connectivity with roads 
and railways. Furthermore, the load-carrying capacity through rail is limited as the infra-
structure is not developed as per requirements. Lack of double-track railway (DTR) facili-
ties often causes delays in the Dhaka–Chittagong corridor (Dappe et al. 2020). Additional-
ly, the seaports often face challenges due to inadequate facilities for berthing, cargo 
handling, storage, and customs procedures. To reduce congestion and delays, Inland 
Container Depots (ICDs) are connected with ports for capacity distribution and freight 
movement. However, the ICDs are mostly underutilised due to a lack of strategic planning 
for effective connectivity with railways and port terminals. 

2.2.2.  Complex Customs Procedures and Formalities

Inefficient logistics operations, along with poor customs clearance services, caused 
Bangladesh to miss out on 20% of its export potential (Siddiqui 2024). The inadequate 
enforcement and maintenance of the taken initiatives create complexities, delays, and 

inefficiency in the customs clearance process. The National Single Window was intro-
duced to provide automated and user-friendly customs procedures (The Daily Star 2025). 
Yet, in most cases, submitting physical copies of customs documents is required to clear 
goods at ports. The infrastructure in seaports and terminals, especially in inland ports, is 
insufficient to install digital systems that harmonise and simplify the process of data trans-
fer and documentation. Furthermore, inefficient scanning facilities at airports for exported 
goods cause delays in customs procedures. The lack of private ownership and management 
in road, rail, and waterway transport leads to an incompetent workforce and restricts the 
complete computerisation of the customs process.

2.2.3. Inefficiency in Modern Information Technology

Effective Information Technology is essential to enable the door-to-door transport system 
(Rahaman and Hasan 2015). However, most freight transport operators in Bangladesh 
work in silos, causing inefficient information management due to a lack of integration and 
repetitiveness of information flow among stakeholders. These service providers often face 
limitations in terms of skills, resources, and information technology. Approximately 60% 
of transport service providers are unable to provide tracking and tracing services for their 
shipments. Complex transport operations, inadequate regulatory framework, and insuffi-
cient resources are primary obstacles to applying digital information technologies in the 
transportation system (Dappe et al. 2020). 

2.2.4. Institutional and Planning Weaknesses

There is a lack of integrated vision and coordinated planning for MTS development. The 
long-term planning for developing a sustainable freight transportation system is hindered by 
budget constraints and inadequate coordination between implementing agencies. For instance, 
Bangladesh is required to spend around 5% of its GDP per year to improve transport infrastruc-
ture (UNESCAP 2022), which cannot be entirely organised through the public sector. Howev-
er, there is limited to no participation of the private sector in the infrastructural planning 
process for the transportation system. On the other hand, short-term planning tends to focus on 
developing land networks over railways or inland waterways. This leads to limitations in a 
comprehensive and coordinated planning process, as well as disproportionate allocations of 
resources for rail and waterways compared to road transport (Chowdhury 2016). Inadequate 
regulation and supervision for the maintenance of the transport infrastructure lead to an 
additional burden of reconstruction, reducing the usage capacity (Dappe et al. 2020)

2.2.5. Lack of Adequate Uniform Policy

The national Integrated Multimodal Transport Policy (IMTP) 2013 was adopted as an 
initiative to promote integrated freight transportation for cost reduction and trade growth. 
In 2023, the policy went under review 10 years after approval due to the underwhelming 
achievements of the objectives (Sultana 2023). About nine ministries and more than 20 
government agencies participate in policymaking in the logistics sector. The coordination 
of freight transportation could be achieved through the proper enforcement of appropriate 
policies, planning, and regulations. However, the initiatives taken by the concerned organi-
sations aimed at the infrastructural development of separate modes of transport, which is


