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Foreword

India’s mental map of the regional maritime landscape of the Indo-Pacific is 
undergoing a transformational shift as the country’s endeavour to transition from 
its existing “brown” model of economic development to a “blue” one gathers 
momentum, catalysed by the immediacy of adverse impacts of climate change.  The 
very ambit of our endeavour itself is rapidly shifting from one driven by purely 
national considerations to one that reflects an increasing awareness that India, needs 
to take the lead in preserving and protecting the maritime common by developing a 
collective and inclusive move to a sustainable, regional blue economy.  This attitudinal 
shift is especially noticeable in the western segment of the Indo-Pacific, namely, the 
Indian Ocean.  Here, India is expected to be an exemplar, and it, too, seeks to be 
one.  

However, this transition to a “blue” economy is a complex one and encompasses 
multiple facets.  With a coastline in excess of 11,084 kilometres, India is uniquely 
positioned to leverage its marine resources while safeguarding its delicate ecosystems.  
Precisely because of this impressive length of coastline, the deep relationship between 
a blue economy and sagacious management of the coastal environment has developed 
into a major focal point of the Indian transformation.  The urgency being evidenced 
in India’s search for clean energy transitions for shipping underscores India’s 
commitment to reducing its carbon footprint and achieving net-zero emissions by 
2070.  The integration of renewable energy sources within the maritime sector is 
not merely a goal; it is an imperative for sustainable growth.  Likewise, sustainable 
tourism, too, has emerged as a pivotal theme with a strong potential for the creation 
of economic opportunities, while simultaneously promoting environmental and 
ecological conservation.  
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The four Sections of this volume of Maritime Perspectives, entitled “India’s 
Blue Economy Transition”, seek to illuminate the several pathways that lead toward a 
resilient blue economy, through a comprehensive examination of multiple themes. 

The opening Section addresses issues related to shipping, shipbuilding and ship 
recycling, each of which is not only a strength area of India, but is also a critical 
component of sustainable economic development.  The six articles in this section 
serve admirably to highlight the multifaceted nature of these industries, showcasing 
their potential to drive economic security while adhering to exacting environmental 
standards.  

These six articles also provide for a natural segue into the second section of this 
volume, which explores the ongoing journey of India’s shipping sector as it seeks to 
transition to clean energy — a process that is as ambitious as it is necessary.  The 
main article within this section explores the potential of ammonia and hydrogen 
as viable fuel options, providing a comparative analysis that informs policymakers 
and industry stakeholders alike.  The examination of natural gas as a bridge-fuel 
underscores the importance of a diversified energy portfolio that is supportive of a 
carefully calibrated shift within the shipping sector, towards more sustainable fuel-
alternatives.  This section accordingly incorporates a critical review of Vikram Singh 
Mehta’s edited book, “The Next Stop: Natural Gas and India’s Journey to a Clean 
Energy Future”. 

The maritime tourism sector has witnessed significant growth, driven by an 
exponential increase in the number of tourists who are seeking unique experiences 
by travelling not just along the coastline of India’s mainland and its island chains, but 
also opting for cruise-ship touristic experiences at sea.  Accordingly, the three articles 
that comprise Section Three address the critical importance of sustainable tourism 
practices in enhancing the resilience and profitability of seaports.  The Section 
identifies innovative strategies for the integration of tourism with port management, 
emphasising the need for sustainable development that benefits local communities 
while preserving the marine environment.  A carefully designed, adroitly executed, 
and environmentally sensitive thrust towards maximising seaport tourism can serve 
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as a catalyst for economic revitalisation, particularly in regions heavily reliant upon 
maritime activities.  By fostering healthy partnerships between local governments, 
businesses, and the tourism sector, ports can enhance their attractiveness as destinations 
while ensuring that the ecological integrity of coastal areas is maintained.  This 
holistic approach to tourism and port management is vital for creating sustainable 
economic opportunities that align with broader environmental goals.

Obviously, the maritime sector cannot be immune to the impacts of climate 
change, given the significant threat that is posed to coastal communities, marine 
biodiversity, and global trade routes.  The three articles in the fourth and concluding 
Section of this volume, accordingly, provide critical insights into the challenges 
and opportunities presented by climate change, focusing on the need for adaptive 
strategies and innovative solutions.  The ongoing battle against climate change is 
exemplified by initiatives such as the Panama Canal’s efforts to mitigate environmental 
impacts while maintaining its operational efficiency. Furthermore, the assessment of 
coastal erosion and adaptation measures highlights the necessity for comprehensive 
planning and investment in sustainable coastal management practices.  As one strives 
for a holistic Blue Economy framework, the adoption of high-level principles by 
international bodies such as the G20 becomes crucial.  Sustainable practices within 
the maritime sector are aligned with the United Nations’ Sustainable Development 
Goals, particularly those related to climate action and the conservation of marine 
resources are also covered in this section.  Moving forward, it is crucial that we foster 
a collaborative spirit amongst policymakers, industry stakeholders, and researchers.  
Only by working together can we ensure that the benefits of the Blue Economy are 
shared equitably and that the principles of environmental justice are upheld.  

By harnessing the collective wisdom and expertise presented in the articles 
that comprise this volume, one can perceive a realistic future in which economic 
prosperity and environmental stewardship go hand in hand.  Let us embrace this 
vision and redouble our efforts to transition to a regional blue economy that is not 
only sustainable but one that is also resilient, innovative, and inclusive.  

It is hoped that the consolidated expertise available in this volume will serve as 



a ready guide for policymakers, industry stakeholders, and researchers alike, in their 
common endeavour to harness the vast potential of India’s maritime resources while 
simultaneously ensuring that environmental integrity is maintained.

Jai Hind!

Vice Admiral Pradeep Chauhan 
AVSM and Bar, VSM, IN (Retd) 

Director-General 
National Maritime Foundation
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Navigating Economic Security through Shipbuilding

Admiral Karambir Singh (Retd) and Commander Y Hemanth Kumar

The international shipping lanes that crisscross the vast expanse of the world’s 
oceans serve as the great highways of India’s trade endeavours, carrying nearly 

95 per cent of her trade by volume and 68 per cent by value.  However, beneath this 
impressive statistic lies a concerning reality: KPMG 1 reports that merely 8 per cent 
of this trade is carried on Indian-flagged or owned vessels, leaving the majority to be 
transported by foreign-flagged ships.  An analysis of the prevalence of Chinese-built 
or controlled vessels in Indian shipping becomes imperative, given the increasingly 
influential role that China holds in the shipbuilding market.  As of 2022, China 
commanded an imposing 47 per cent of the global shipbuilding industry, which 
surged by 15.5 per cent within that year alone, as reported by Clarkson.2

Reports 3 also throw light on an emerging trend wherein Indian entrepreneurs 
find an advantage in Chinese funding, utilising debt or leasing arrangements to shift 
assets beyond the jurisdiction of Indian shipping regulations.  The allure of lower 
interest rates and a well-developed lease financing ecosystem has made Chinese 
financiers a preferred choice for shipping capital.  The practice of utilising foreign-
built vessels may not in itself be a cause for concern.  However, as the ship-finance 
landscape becomes increasingly dominated by leasing models, the situation takes 
on a more intricate hue.  The ownership of vessels being vested in entities from 
adversarial nations, while chartering is managed by others, has direct and cascading 
repercussions on India’s trade dynamics and subsequently, its economic security.  
With growing seaborne trade, India has a significant exposure to marine freight 
rates.  As per reports, every year an estimated USD 75 Billion4 is paid to foreign 
shipping companies, impacting India’s foreign exchange reserves.  This translates 
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to approximately 93 per cent of Indian-origin or international destination cargo 
shipments and 39 per cent of Indian cargo is shipped on foreign vessels.5

It is therefore imperative to strengthen India’s shipbuilding industry, as it extends 
beyond the realm of business and economic interests, into matters of security and 
strategy.  Yet, the path towards enhancing shipbuilding is rife with complexities, 
interwoven with the broader shipping sector and the global economy.  Shipowners 
and shipping enterprises will only order new vessels if it is profitable, which is in turn 
subject to the dynamics of the global economy, chartering contracts, and geopolitical 
events.  This article embarks on an exploration of Indian shipbuilding within the 
expansive framework of its economy.  By examining the intricate challenges and 
impediments that surround this domain, including problems associated with ship 
financing, the aim is not to offer tailor-made solutions but rather to spark deliberation 
and discourse.  The labyrinthine nature of this issue underscores the importance of a 
nuanced perspective, necessitating collaborative engagement to chart a path ahead.

State of the Indian Economy and Shipbuilding

As per the Half-yearly Economic Review6 of November 2023, India’s GDP grew 
by 7.7 per cent in H1 of FY 24 
(Apr-Sep 23).  Supply chains 
eased, global inflation declined, 
and Advanced Economies 
(AEs) showed resilience.  The 
Government of India’s measures 
have moderated due to stable 
and declining core inflation.  
The Government’s capital 
expenditure has accelerated the 
investment rate.  Prudent fiscal 
policies amidst the fiscal risks 
prevailing globally are support-
ing the country’s economic 

Figure 1: India’s GDP in FY 24

Source: MER- November 2023
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growth prospects.  As a result of this macroeconomic stability, India is expected to 
grow at 7.3 per cent 7 during the current fiscal year.

The impact of India’s macroeconomic stability is also evident in India’s 
manufacturing sector which showcased an impressive performance.  The seasonally 
adjusted Purchasing Managers’ Index® (PMI®)8 rose to 57.5 in September 2023 
from 55.4 in January 2023, indicating the strongest improvement in the health of 
the manufacturing sector since September 2021. 

This growth was driven by robust demand conditions, with factory orders rising 
at the fastest pace since September 2021, and a surge in sales that paved the way 
for stronger increases in production, employment, and quantities of purchases.  
Additionally, the manufacturing sector witnessed record accumulation in input 
inventories, showcasing better preparedness in managing supply chains. Despite 
generally subdued global demand for inputs, the manufacturing sector managed to 
control input price inflation, leading to a solid and quicker increase in output charges.  

Figure 2: India’s Manufacturing PMI

Courtesy: Statista 9



6

Furthermore, exports played a vital role in boosting total new orders, with companies 
registering the quickest expansion in international sales in six months.  Despite a 
robust economy and manufacturing sector, the landscape in the shipbuilding industry 
presents a more sobering picture. The Annual Report (2022-23) 10 of the Ministry 
of Ports, Shipping & Waterways, stated that “the lack of infrastructure in the country 
due to the collapse of private shipyards, resulted in the erosion of capacity and no proper 
financing system became a big deterrent to attract the attention of the leading ship owners 
and market players”.  While shipyards in China, South Korea, and Japan delivered 
38.1, 24.8, and 22.5 million DWT of ships respectively in the year 202111, the Indian 
shipbuilding industry delivered a meagre 0.03028 million DWT (30.28 thousand 
DWT) 12 during 2020-21.  To appreciate this issue, it is important to first examine 
the initiatives already taken by the Government of India (GoI) for the shipbuilding 
industry. 

Government of India’s Initiatives for Shipbuilding Sector

The Government of India (GoI) has taken several proactive initiatives to bolster 
the shipbuilding sector in the country and foster self-reliance.  Notably, the 
Shipbuilding Financial Assistance (SBFA),13 approved in 2015,14 offers financial 
support to Indian shipyards through a 20 per cent grant based on the contract 
price or fair price for each vessel built, valid for ten years from 2016 to 2026.  To 
further enhance opportunities for domestic shipyards, the Right of First Refusal 
policy mandates government agencies and CPSUs to prioritize Indian shipyards for 
vessel procurement or repairs until 2025, with certain guidelines facilitating small 
shipyards’ participation. Recognizing the strategic importance of shipyards, they 
have been granted infrastructure status,15 allowing access to flexible long-term project 
loans, lower interest rates from Infrastructure Funds, relaxed External Commercial 
Borrowings (ECB) norms, and infrastructure bond issuance for working capital 
needs. Moreover, the Standard Operating Procedures for Chartering of Tugs16 and 
Procurement of Deep-Sea Fishing Vessels under the Pradhan Mantri Matsya Sampada 
Yojana (PMMSY)17 aim to promote small and medium shipyards. 

In line with the vision of self-reliance and promoting Indian tonnage and 
shipbuilding, the criteria for granting the Right of First Refusal (ROFR)18 in 
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chartering vessels have been revised.  The preference is now given to vessels that 
are Indian-built, Indian-flagged, and Indian-owned, thus encouraging the use of 
Indian-flagged vessels and fostering the growth of indigenous shipbuilding capacity.  
The Public Procurement (Preference to Make in India)19 policy, revised in 2020, 
discourages issuing global tender enquiries for public procurement of goods and 
services below the value of INR 200 crores.  This move supports domestic shipyards 
by potentially increasing orders and promoting the “Make in India” initiative.  
An important factor contributing to escalated costs in Indian shipbuilding is the 
imposition of taxes and duties on input material used in shipbuilding.  To mitigate 
the cost disparity faced by Indian shipyards and foster the growth of the domestic 
shipbuilding industry, the GoI has exempted customs and central excise duties on 
input material used in shipbuilding.20  Furthermore, through amendments to the 
Insolvency and Bankruptcy Code21 the GoI has expedited taking over (or is in the 
process) of several private shipyards (for example, Tebma Shipyard (Malpe) by CSL, 
the ongoing takeover of ABG Shipyard & Reliance Naval) that have been shut down 
for many years owing to financial distress. 

Despite these comprehensive and forward-looking initiatives which demonstrate 
the Government’s commitment to creating a conducive environment for shipbuilding 
growth, the industry, as a whole, so far has not been able to fully capitalize on these 
initiatives.  As of March 2023, reports22 indicate that out of the substantial Rs. 4000 
Cr corpus allocated for the Shipbuilding Financial Assistance Package, only a few 
Shipyards have been able to effectively leverage the subsidy, amounting to a mere Rs. 
261 Cr. Looking back at the shipbuilding manufacturing discussed earlier, it becomes 
glaringly apparent that this predicament arises from the shipbuilding industry’s 
inability to attract large-scale commercial orders involving high DWT vessels (with 
the closure of high-capacity private shipyards, currently private shipbuilding is 
confined to small vessels), despite the support from Government and presence of 
domestic demand for ships.

Domestic Demand for Ships 

As brought out in earlier reports,23 India’s overseas commercial shipping fleet has 
been predominantly foreign-controlled. Consequently, Indian flagged/controlled 
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vessels account for only 8% of the Indian export and import freight market.  The 
fraction of Indian-flagged ships built domestically exposes the dearth of orders in the 
commercial shipbuilding sector. From various perspectives such as economy, trade, 
energy security, and shipbuilding, India must reduce its dependence on foreign-
controlled and foreign-built ships for sea trade requirements.  Another critical issue 
highlighted in the report pertains to the aging profile of India’s overseas fleet.  Data 
reveals that over 50 per cent of the fleet, both in terms of number and gross tonnage, 
is over 15 years old, with nearly 35 per cent surpassing the 20-year mark. In contrast, 
the average age of the international fleet stands at 15.06 years.  Consequently, at least 
50 per cent of India’s existing overseas fleet would necessitate replacement in the next 
five to ten years. 

It is important to note that as per the DG Shipping order,24 vessels over 20 years 
will not be allowed to operate in the Indian Waters.  On the coastal and inland 
waterways front, the Government has taken cognisance of their cost efficiency and 
the Sagarmala program targets an increase in the share of waterways to about 12 per 
cent by 2025.  In the FY19, coastal shipping accounted for about 120 million tons 
per annum (MTPA) of cargo transportation, and the GoI has targeted an increase 
to about 230 MTPA by 2025.  Further, the Inland Waterways Authority of India 
(IWAI) has declared 111 rivers across the country as national waterways for cargo 
movement.  To achieve this target and sustain this growth, it is estimated that India’s 
existing coastal and inland waterway fleet would need to be tripled in the next 5 to 
10 years.  This has the potential to create a shipbuilding demand of about 12.75 
million Compensated Gross Tonnage (CGT). In the defence sector, as per the 
Maritime Capability Perspective Plan (MCPP), the Indian Navy’s goal to become a 
170-ship force25 by the end of this decade generates a substantial demand for defence 
shipbuilding.  

The positive aspect to highlight is the persistent domestic demand for ships, 
which not only remains steadfast but is also predicted to experience substantial 
growth, offering a much-needed buffer between the Indian shipbuilding industry 
and the global demand for ships.  However, the private sector has yet to attain a 
competitive edge in the global market.  Consequently, it becomes imperative for 
the industry to expeditiously rectify this situation.  It is worth noting that, unlike 
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other sectors, the expansion of shipbuilding not only influences the industry from 
a business point of view but also exerts a profound impact on the developmental 
aspects of the Indian economy.

Economic Impact of Shipbuilding

The Economic Survey26 2022-23 highlighted that the shipbuilding industry boasts a 
high employment multiplier of 6.48, indicating its capacity to generate a substantial 
number of job opportunities.  Furthermore, the shipbuilding sector emerges as 
a potential solution to the issue of mass employment for migrating workers.  As 
workers transition from traditional agricultural activities to more industrial settings, 
the shipbuilding industry can serve as a viable alternative to the construction 
sector, offering abundant job prospects and avenues for skill development.  The 
economic implications of the shipbuilding industry extend beyond job creation, 
as it exhibits a notable investment multiplier effect.  By employing a conservative 
Marginal Consumption to GDP Ratio (MCGR) of 0.45, the estimated investment 
multiplier is approximately 1.82.  This implies that every unit of capital invested in 
shipbuilding stimulates economic activity and contributes to the growth of related 
industries.  Such a multiplier effect is instrumental in driving India’s macroeconomic 
development.  Moreover, the expansion of the shipbuilding sector fosters the 
development of Micro, Small, and Medium Enterprises (MSMEs).  The increased 
demand for ancillary products and services necessitates the growth of supporting 
industries, thereby promoting economic diversification and nurturing a culture of 
innovation and entrepreneurship. 

This symbiotic relationship between the shipbuilding industry and MSMEs 
further strengthens India’s macroeconomic framework, making it more resilient and 
self-reliant, aligning with the vision of ‘Aatmanirbhar Bharat’.  The shipbuilding 
industry’s contributions to employment generation, investment stimulation, and the 
growth of MSMEs make it a vital component of India’s economic fabric.  By rising 
to the challenges, shipbuilding holds the potential to emerge as the vanguard of 
India’s growth narrative in the forthcoming years.  Its ability to fulfill this role hinges 
upon a concerted effort from the industry players to bolster its competitiveness and 
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seize the opportunities presented by the growing demand for ships both domestically 
and internationally. An unrelenting focus on innovation, quality, and efficiency will 
undoubtedly bekey in positioning the Indian shipbuilding sector as a force in the 
global arena.

Challenges Faced by the Shipbuilding Industry in India

In a typical shipbuilding project, nearly 70-80 per cent constitutes material costs. Of 
this, about 30-40  per cent is steel cost which is sourced indigenously.   Nearly 60-65 
per cent27 cost is for electronics, engineering and electrical equipment.28 However, 
critical components like propellers, marine gas turbines, high-capacity main engines, 
shafting, gear boxes, high-capacity diesel generators, control systems, etc are mostly 
imported.  Although Indian manufacturing exists for some of these items, their 
adoption has been limited.  While the absence of domestic manufacturing capabilities 
is a problem for these items, dumping by foreign vendors at lower costs of some 
items is adversely impacting the domestic industry.  The remaining 20-30 per cent 
constitutes labour and material overheads.  As per studies,29 in India, the labour cost 
per worker is low and is of the order of $1,192 per year which is 10-20 times lower 
than the labour rates in the major shipbuilding nations.  However, this low labour 
rate does not translate into lower ship costs, since the labour productivity is very 
low. 

Studies indicate that30 the labour productivity value for India is approximately 
$11,134/employee and the values in South Korea and Japan are $1,22,994/
employee and $1,51,487/employee respectively, i.e., approximately 10 times lower 
than the major shipbuilding nations.  All these translate to about 20-25 per cent 
cost advantage for major shipbuilding nations vis-à-vis India. Another significant 
challenge faced by Indian shipbuilders is their relatively longer construction cycles.  
Unlike leading shipbuilding nations that construct vessels based on anticipated 
orders, Indian shipbuilders experience delays in design, planning, construction, and 
delivery, hindering their ability to meet market demands promptly.  Additionally, the 
presence of a thriving resale market for ships in other Asian nations, such as China 
and South Korea, poses stiff competition for Indian shipbuilders.  These countries 
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offer vessels at significantly lower prices compared to new builds and even engage in 
the re-manufacturing of old ships to extend their operational life. Lastly, the diverse 
availability of a particular ship (like AHTS, PSV) at various price points globally 
creates a challenge for Indian shipbuilders to match the offerings present in the market, 
as different types of ships correspond to different quality levels.  All these advantages 

lead to higher-order books in other countries which enable their shipyards to order 
all the material in bulk, which adds to cost advantage.  These challenges faced by the 
Indian shipbuilding sector have significantly hampered its ability to fully capitalize 
on its high economic multiplier potential.  This primarily translates into the dearth 
of substantial orders, which, in turn, has led to a noticeable decline in employment 
opportunities both in the shipbuilding and ship repair domains.

Figure 3: Decreasing employment trend in Shipbuilding and ship repair in India 

Source: MoPSW 31
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Ship Financing

In addition to the aforementioned concerns, the domain of ship financing is fraught 
with intricate challenges that warrant examination.  The issue of high working 
capital looms prominently in shipbuilding ventures during the construction phase, 
manifesting itself at around 20-25 per cent.32. Studies have also shown that there are 
instances where this figure is an even higher percentage of 35-40 per cent, signifying 
a heightened capital demand for certain classes of ships.33 Typically, this requirement 
finds recourse in the form of bank loans, entailing a rather onerous financial burden.   
Recent studies indicate prevailing interest rates of approximately 10-10.5% for such 
loans,34 in stark contrast to the more favourable rates of 4-8% in major shipbuilding 
nations.35

A further complexity is introduced by the cycles inherent in the shipping/ 
shipbuilding business. Regulations by central banks and evolving market dynamics 
necessitate that banks prioritise a robust debt-to-equity ratio exhibited by a prospective 
shipyard before extending financial support. This caution is uniformly exercised 
across banks.  Comparable to the evolution of alternative financing avenues within 
sectors such as infrastructure and real estate, diversification within shipbuilding is 
equally conceivable. Mechanisms such as capital markets, structured finance, or direct 
lending could potentially foster an environment of sustained financial accessibility 
throughout the business cycle.   In scenarios wherein the shipyard is a larger business 
conglomerate, securing requisite debt might happen with relative ease.  However, 
the landscape changes distinctly for nascent start-up shipyards.  In such instances, 
envisioning the establishment of a company, boasting an annual revenue of 150 
Cr, would necessitate a capital infusion of approximately 200 Cr. Consequently, a 
significant portion, around 40-50 Cr, must be committed as equity – a collaborative 
manifestation of personal and partner funds.  The residual sum, a substantial 150 
Cr, must be sought in the form of debt, invariably supported by collateralized assets, 
including the vessel under construction. 

Debt Financing

This scenario engenders a debt-equity ratio of 4:1, or perhaps even more.  This 
scenario contrasts starkly with the academically advocated preference of maintaining 
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a 2:1 debt-equity ratio, an axiom advocated within the business pedagogy.  For those 
inclined to traverse higher-risk terrain, the spectrum might extend towards 2.5 or 
even 3.  As the debt quotient escalates, so too does the onus of servicing interest 
obligations, potentially diverting entrepreneurial efforts towards debt servicing as 
opposed to substantive business expansion.  Thus, a prudent fiscal posture encourages 
minimizing debt.  Within capital-intensive domains like shipbuilding, instances of 
a 4:1 debt-equity ratio may not be unheard of.  Yet, this milieu is characterised by 
meagre margins and the spectre of order scarcity, coupled with the latent risk of 
contract cancellations, collectively fostering an aversion to excessive debt within both 
banking and fund institutions.  Further, it needs to be seen how the introduction of 
Basel-3 standards36 for commercial banks by RBI would impact the leverage ratios 
with respect to shipbuilding debt financing. 

Equity Financing

Consequentially, direct equity infusion assumes significance. Mutual funds have a 
restriction of 5-10 per cent NAV in unlisted equities37, where most nascent private 
shipyards fall. Under such circumstances, avenues for recourse are limited to the 
formation of an Alternate Investment Fund (AIF).  Venture Capital including Angel 
Funds and Infrastructure funds which fall under Category-1 AIFs38 could be used to 
finance early-stage investments, especially when shipbuilding has now been given the 
infrastructure status. Whereas the working capital needs could be financed through 
Category-2 AIFs like Private Equity (PEs).39  However, the viability of venture capital 
within the shipbuilding sector appears uncertain as of now, given the inherently 
capital-intensive nature of the industry and the less evolved shipbuilding ecosystem 
in India, which would not attract venture capitalists.  On the other hand, the private 
equity option also comes with its attendant complexities.  Private equity investors 
exact multifarious terms and stipulations, spanning assured returns and strategically 
devised exit mechanisms.  It is a realm that demands a degree of confidence and 
resilience from an entrepreneur willing to navigate such terrain. 

To tackle equity financing challenges within infrastructure projects, the GoI took 
a significant step by establishing the National Investment and Infrastructure Fund 
(NIIF).  This entity operates as an AIF functioning akin to a Quasi-Sovereign Wealth 
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Fund (SWF).  Its primary objective is to extend financial support to companies 
engaged in financing infrastructure projects that require long-term capital. NIIF 
offers an attractive avenue for private equity investors, presenting them with valuable 
investment prospects.  Since shipbuilding has been granted infrastructure status, 
NIIF could bring in several benefits. However, it’s noteworthy that NIIF currently 
does not encompass the shipbuilding sector.  This omission could be attributed to the 
shipbuilding industry’s relatively nascent ecosystem and the inherent risks associated 
with it.  As can be seen, there is no dearth of financial instruments for Ship financing.  
The challenge lies in attracting investment through them into shipbuilding.  But 
the only way to achieve this is to first de-risk the business itself and increase the 
productivity of the industry.

Ship Finance Leasing & Production Linked Incentive (PLI Scheme) for 
Shipbuilding 

To achieve this, in addition to the existing initiatives, two potential interventions 
could be the adoption of a Ship finance leasing model and Production Linked 
Incentive (PLI) scheme, to improve the shipbuilding ecosystem in India.  Such 
measures would not only de-risk the shipbuilding business and encourage efficient 
shipyards but also would conform to the regulatory prescriptions of the World 
Trade Organization (WTO), thus fostering a harmonious confluence of economic 
pragmatism and international compliance. 

Ship Finance Leasing

Ship finance leasing could be one of the solutions to the financing predicaments 
faced by prospective investors in shipping and shipyards in India.  This financing 
model involves separating ship ownership from its usage rights.  The shipowner 
gains ownership through purchase, while the shipping company or a charterer 
enjoys the ship’s usage rights through a lease contract.  This approach addresses 
the capital turnover pressure experienced by shipping companies.  Further, this 
model of financing reduces capital pressure on the shipyards  as well, on whom the 
shipbuilding contract is placed.  As a result, the shipping company is derisked from 
owning a capital-intensive asset like a ship while the shipyard’s exposure to the risks 
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emanating from shipping operations, chartering, and freight markets is minimized 
to a great extent.  As a result, it also opens up investment opportunities for potential 
investors through financial instruments.40 

Production Linked Incentive (PLI) Scheme

While the current initiatives by the GoI do effectively consider the macro-economic 
dimensions of the shipbuilding industry, there remains a need to address the 
productivity challenges intrinsic to the Indian shipbuilding sector.  A potential 
Production Linked Incentive (PLI) scheme for the shipbuilding industry could 
encompass a range of incentives aimed at fostering growth and competitiveness.  This 
scheme might involve output-based rewards, where shipbuilders receive incentives 
based on the quantity and type of ships they produce, encouraging higher production 
levels.  Additionally, investment incentives could be granted to those who invest 
in modernising their facilities and adopting advanced manufacturing technologies.  
Quality and innovation could also be incentivised, promoting shipbuilders to create 
high-quality, innovative vessels that meet global standards. Export-oriented benefits 
could drive shipbuilders to manufacture ships for international markets, boosting 
the country’s presence in the global shipbuilding sector.  The scheme might also 
offer rewards for generating employment opportunities, contributing to economic 
expansion.  Encouraging energy efficiency and environmentally friendly practices 
could align with sustainability goals.  Moreover, incentives linked to skill development, 
research and development, and transparent reporting mechanisms could further 
bolster the industry’s capabilities and accountability. 

An important provision that merits consideration within this PLI scheme is the 
promotion of equipment manufacturing for shipbuilding.  Although this might 
initially seem ambitious, it’s important to acknowledge that the path to global 
competitiveness for Indian shipbuilders necessitates a departure from reliance on 
imported equipment.  Furthermore, it’s crucial to recognize that if the Indian 
shipbuilding industry chooses to await the development of domestic equipment 
manufacturing capabilities, the industry will inevitably remain susceptible to the 
inefficiencies inherent in the equipment sector, predominantly the R&D ecosystem.  
This implies that no matter how enhanced the productivity of shipyards become, they 
would remain vulnerable to the limitations of the equipment industry.  Crafting such 
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a scheme requires careful consideration of industry dynamics and policy objectives to 
ensure its effectiveness and positive impact on the shipbuilding sector.

Conclusion

The crucial interplay between the shipbuilding industry, economic security, and 
strategic interests of India should be recognised.  While the maritime sector remains 
a cornerstone of India’s trade and economic growth, the preponderance of foreign-
built and controlled vessels poses significant challenges.  The shipbuilding industry’s 
potential to drive economic development, create jobs, and foster innovation is evident, 
yet various obstacles hinder its full realisation.  The GoI’s initiatives to support 
shipbuilding demonstrate a commitment to fostering self-reliance and bolstering 
domestic capabilities.  However, the industry grapples with complex challenges, 
including dependency on imported equipment, labour productivity, construction 
cycles, and competition from foreign shipyards. 

Effective solutions demand a multi-pronged approach that involves fostering 
domestic manufacturing, enhancing productivity, and exploring innovative financing 
mechanisms.  The proposed ideas, such as a Production Linked Incentive (PLI) scheme 
and ship finance leasing, hold promise in addressing the financial hurdles faced by 
shipbuilders.  A PLI scheme could incentivize increased production, modernization, 
quality, and innovation, thus propelling the industry forward.  Ship finance leasing, 
on the other hand, offers a potential remedy for the capital turnover pressure and 
de-risk the owners, shipbuilders, and shipping companies who could attract a wider 
range of investors.  As India strives for self-reliance and aims to reduce its dependence 
on foreign-built and controlled ships, collaborative efforts between the government, 
industry players, and financial institutions will be crucial.  The shipbuilding sector’s 
growth not only holds economic significance but also contributes to India’s strategic 
autonomy, ensuring a secure and resilient maritime trade infrastructure.  In navigating 
the intricate waters of shipbuilding, economic security, and strategic aspirations, a 
comprehensive and adaptable approach is paramount.  By fostering innovation, 
enhancing competitiveness, and embracing innovative financing models, India’s 
shipbuilding industry can truly set sail towards realizing its potential as a cornerstone 
of the nation’s economic growth and security in the maritime domain.
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Assessing India-Us “Master Ship Repair 
Agreements” (Msras)

Ms Anuttama Banerji and Vice Admiral Pradeep Chauhan

In July of 2023, a “Master Ship Repair Agreement” (MSRA) involving the US 
Navy was concluded at Kattupalli, Tamil Nadu, for the very first time in India.  

It is of great consequence to note that it was not a Government of India’s Public 
Sector Undertaking (PSU) shipyard but rather, a private one, owned by M/s Larsen 
& Toubro (L&T), which stood at the vanguard of this momentous development.1   
This was followed, in September of 2023, by a second MSRA involving an Indian 
shipyard, this time the venerable Mazagaon Dock Shipbuilders Limited (MDL), 
Mumbai.2  Most recently, in April of 2024, Cochin Shipyard Limited (CSL), another 
Indian Public Sector Undertaking (PSU), concluded a third MSRA with the US 
Navy.3   

This article attempts to provide the reader with an understanding of MSRAs and 
the potential they hold for India.  It also seeks to identify how India could potentially 
leverage the concept of MSRAs to consolidate her position as an Indo-Pacific hub 
for ship repairs. 

Master Ship Repair Agreements 

MSRAs are formal agreements between the US federal government and commercial 
contractors who are in possession of prior certifications to perform ship repair work 
on ships of the USA’s Department of Defence — specifically, those operated by the 
Military Sealift Command (MSC), all of which are non-commissioned the US Navy 
“support vessels” with civilian crews and bear the prefix “USNS” (as opposed to 
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commissioned, combatant warships of the US Navy, which are manned by uniformed 
US Navy crews and bear the prefix “USS”).  This is an important distinction that 
needs to be borne in mind in managing Indian expectations that the MSRAs will, at 
a future point in time, enable Indian shipyards to carry out maintenance, repair, and 
overhaul (MRO) functions for the US Navy combatant warships.    

To place matters in context it needs to be noted that the MSC is the principal 
provider of maritime logistics to the US Department of Defence.  It forms the naval 
component of the USA’s “Transportation Command”.4  As one of an overall number 
of nine “component commands”5 of the US Navy, the MSC directly supports the 
Commanders of the US Navy’s seven active “Numbered Fleets”.6  Towards this end, 
the MSC crews, trains, equips, and operates over 130 government and commercially 
owned as well as chartered vessels for the Department of Defence and other agencies.  
The MSC fleet includes sealift vessels, tankers, naval auxiliaries, and a variety of 
special mission and support ships.  

MSRAs “allow mid-voyage US Navy ships to undergo service and repair at Indian 
shipyards, facilitating cost-effective and time-saving sustainment activities for US military 
operations across multiple theatres,” 7 and play a significant role in enhancing maritime 
security cooperation between India and the United States,8 especially following the 
signing of the four “foundational agreements”.9  

However, MSRAs do not currently apply to the US combatant warships (with 
the prefix “USS”) and are limited to the support vessels of the MSC.  This is because 
the US law, specifically “Title 10 of the US Code — Section 8680”,10 which addresses 
the “Overhaul, repair, etc. of vessels in foreign shipyards: restrictions”, states quite clearly 
that “A naval vessel the homeport of which is in the United States or Guam may not be 
overhauled, repaired, or maintained in a shipyard outside the United States or Guam.”  
Section 8680 does provide an exception to the US naval vessels “…classified as a 
Littoral Combat Ship and operating on deployment” in which case, “corrective and 
preventive maintenance or repair (whether intermediate or depot level) and facilities 
maintenance may be performed on the vessel (i)in a foreign shipyard; (ii)at a facility 
outside of a foreign shipyard; or (iii)at any other facility convenient to the vessel”.  This 
is why one frequently sees an LCS (but not other ‘types’ of US combatant warships) 
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undergoing repairs in, say, Singapore.  That having been recorded, it is technically 
possible for shipyards outside of the US or Guam to undertake the MRO of the US 
combatant warships, should the Secretary of the Navy — the equivalent of what 
might, in India, have (hypothetically) been the Union Minister for the Navy — 
authorise this under Clause 3 of this very same Section, which states: 

“(3) Notwithstanding paragraph (1), a naval vessel described in paragraph (1) may 
be repaired in a shipyard outside the United States or Guam if the repairs are—

(A) voyage repairs11; or

(B) necessary to correct damage sustained due to hostile actions or interventions.”

 The foregoing is important in that if the Government of India were to support 
such a proposal in some suitable high-level bilateral forum (the India-US 2+2 springs 
to mind) it could lead to a significant enhancement in the brand-positioning of India 
as a hub for warship repairs.  Nation-branding is, of course, critical — a subject that 
has been extensively and excellently dilated-upon by Shantanu Chakrabarti in his 
recent and eminently readable book, Nation Branding in Non-Western Societies.12 

To return, however, to the MSRAs themselves, they basically list out the terms 
and conditions that enable country-specific contractors to bid for actual repair work 
projects in a free and fair manner, thereby reducing potential administrative hurdles.13  
They enable the US Navy to receive satisfactory repairs of its ships from private 
sector entities (and foreign public-sector ones as well) that have successfully made 
out a commercial proposition to undertake such repairs.  MSRAs ensure structural 
competitiveness of the private / public sector industrial base and enable the repair of 
the US Navy ships at economical rates.14  In addition, these agreements also include 
information and clauses associated with issues of mutual concern, such as security, 
payments, and other potential liabilities.  

At the minimum, in order to be awarded a contract under an MSRA, a contractor 
(indigenous/local or foreign) must have berthing facilities or management control of 
such facilities.15  In addition, a request for ship-repair work has to be made from the 
designated authority/entity for the contractor to undertake the  stipulated repairs.16  
Importantly, from the perspective of the contractor, an MSRA contract is deemed to 
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be complete only upon execution of the job order.17  MSRAs are reviewed every five 
years but this periodicity may be altered as required.18

Potential for India

Within the context of the India-US bilateral partnership, MSRAs need to be viewed 
— whether through an economic lens or a security one — as important milestones.  
For one thing, MSRAs have increased India’s overall prestige within the international 
community of States.  ‘Prestige’, as an ideational construct, refers to the perception 
that other countries have of a nation’s worth or value.19 As Robert Gilpin stated over 
four decades ago, “Prestige, rather than power, is the everyday currency of international 
relations, much as ‘authority’ is the central ordering feature of domestic society… Whereas 
power refers to the economic, military, and related capacities and capabilities of a State, 
prestige refers primarily to the perceptions of other States with respect to a State’s capacities 
and its ability and willingness to exercise its power.” 20  The conclusion of MSRAs 
has enhanced India’s prestige and positioned her as not only as an important ship 
recycling hub21 but also as a major centre of ship repairs across the Indo-Pacific.  
Thus, Indian shipyards are increasingly being viewed as international players that can 
provide ship repair facilities of the highest order at competitive rates.  

Since the shipping sector has deep linkages with a host of auxiliary industries and 
can contribute significantly to the creation of a collaborative production ecosystem, the 
MSRAs that have been concluded have, in addition, provided growth opportunities 
for Indian vendors within ancillary industries to support US naval requirements.22  In 
particular, these MSRAs have benefited small businesses, while strengthening supply 
chain networks.  In addition, spinoff benefits have included the generation of large-
scale employment opportunities for workers in remote, coastal, and rural areas.23  At 
a broader level, MSRAs have fostered greater knowledge-sharing, giving birth to a 
variety of technological advancements in the maritime domain.  

MSRAs are also beneficial in respect of security, as they build on the existing 
Logistics Exchange Memorandum of Agreement (LEMOA), a key foundational 
defence agreement that was signed between India and the United States in 2016.  As 
is well known, the LEMOA has enabled, “ships of one country to replenish their fuel 
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stocks in the other country during port calls, exercises and training” and, by so enabling, 
has given a significant push to defence and security cooperation between India and 
the United States.24  Importantly, these MSRAs enable Indian shipyards, whether 
in the public sector or the private one, to provide logistic support to the US Navy 
and ensure supply chain resilience within the Indo-Pacific25 at a time when a rising 
Chinese threat continues to be dominant in the region.  In this regard, MSRAs, 
in conjunction with the LEMOA, have expanded logistics coordination between 
India and the United States within the Indo-Pacific such that the US Navy can 
complete the requisite repair work on its ships within 90 days, allowing the ships 
to thereafter return to their established pattern of regional deployment.26  Since the 
number of shipyards where US naval ships/vessels can dock for ready maintenance 
are limited,27 and given that US shipyards are already stretched in the ongoing US 
effort construct an enhanced naval fleet to deter armed conflict in the Indo-Pacific,28 
Indian shipyards, with their acknowledged technical skills and their cheap but well-
trained work force, can fill the gap in terms of maintenance, repair, and overhaul, 
and are certainly an attractive proposition. In this sense, “the ship repair deal (is being 
viewed) as an exercise in reassurance, confirming that warmer relations between India 
and the United States are here to stay.” 29  It is important to note that India has, thus 
far, provided maintenance and repair services to Lewis-and-Clark Class dry-cargo 
vessels such as the USNS Charles Drew, and the USNS Matthew Perry,30 as well as 
the rescue and salvage ship, USNS Salvor.31  

Finally, MSRAs are also significant in that they have been conceptualised at a 
time when India is attempting to conclude “Security of Supply Agreement” and 
a “Reciprocal Defence Procurement Agreement” that will expedite the supply of 
defence goods in the event of potential supply chain disruptions.  

Operationalising India-USA MSRAs

The United States Secretary for the Navy, Mr Carlos Del Toro, has made the deepening 
of US-India relationship a top priority.  Towards this end, the US is advancing its 
cooperation with India in a number of cutting-edge technological initiatives as part of 
its “new maritime statecraft” policy.32  It is in clearly in India’s current national interest 
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to leverage its ties with the US across multiple domains, with ship-repair constituting 
an important element of the bilateral maritime partnership.  While the servicing and 
repair of the US Navy’s auxiliary vessels (which carry the prefix “USNS”) has enabled 
India to project its state-of-the-art ship repairs facilities, India can consolidate its 
position as a ship-repair hub in the Indo-Pacific by engaging in the Maintenance, 
Repair and Overhaul (MRO) of US surface combatants (carrying the prefix “USS”) 
as well.  Apprehensions that this might, in the event of a military conflict between 
the US and the People’s Republic of China (PRC), cause the latter to regard India as 
a belligerent because it is providing direct support to the US war effort are unlikely 
to be realised.  Indeed, this might well be a case of first creating ghosts and thereafter 
becoming terrified of them!  For one thing, the PRC is already engaged in a protracted 
military stand-off with India that has been punctuated by actual armed action leading 
to military casualties and fatalities and, in that regard, the PRC already perceives 
India as a belligerent.  For another, if the mere act of shipbuilding or ship-repair 
support were to be viewed by the PRC as specifically belligerent acts, the number 
of countries that the PRC would need to address militarily would become too large 
for such an action to be tenable.  Hence, the clear and evident advantages for India 
significantly outweigh any feelings of vague disquiet that might be projected to the 
country’s politico-military and security establishments.

Consequently, the following steps are recommended:

•	 The Government of India (MoD, MEA, and MoPSW) need to jointly leverage 
frameworks such as the “India-US 2+2 Dialogue” to advance Indian PSU 
and privately owned shipyards to the next step in establishing themselves as 
regional options-of-choice for MRO activities related to US naval combatant 
warships, by utilising the legal provisions of Title 10 of the US Code Section 
8680.

•	 Indian shipyards need to be encouraged to conform to US Naval policy 
and meet prerequisites such as allowing site inspections, the setting-up 
of specialised MRO departments within the shipyard, and the hiring of 
technical experts offering MRO solutions, including technology transfers 
and technical support services. 
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•	 The Indian Navy, which aspires to be the “preferred security partner” in the 
western segment of the Indo-Pacific, namely, the Indian Ocean, is fully aware 
that ‘strategic sealift’ has emerged as a major naval function along with ‘sea 
control’, ‘sea denial’, ‘power projection’, and ‘strategic deterrence’.  India’s 
senior naval leadership is acutely conscious that the US Navy owns a large 
reserve of transport ships under the aegis of the Military Sealift Command, 
which includes fast sealift ships, propositioned stocks, and specialised tanker 
and container ships.33  Given that some 50-70 naval ships and submarines 
are estimated to be forward deployed in the Indo-Pacific,34 Indian shipyards 
have a real opportunity of undertaking maintenance, repair, and overhaul 
(MRO), providing that the restrictions of Section 8680 are waived.  Thus, it 
is the Indian Navy that needs to champion the case for the proliferation of 
MSRAs amongst Indian shipyards within both, the private and the public 
sectors.  

•	 The MEA and the MoPSW, too, need to weigh-in and work in a closely 
coordinated manner so as to enable this opportunity to be properly seized,  
Since India was able to secure a “clean waiver”  from the Nuclear Suppliers’ 
Group (NSG) through US assistance in 2008 (the fact that this was nullified 
in 2011 notwithstanding) and was able to escape sanctions under the 
“Countering America’s Adversaries Through Sanctions Act” (CAATSA) in 
2017 despite its acquisition of Russian S-400 defence systems,35 it ought to 
be possible for India to obtain the good offices of the US Secretary for the 
Navy for repairs of US Navy combatant warship as well, especially at a time 
when the India-US defence partnership is on the rise, with the US having 
declared, in 2016, that India was a “Major Defence Partner” (MDP).  

•	 If one were to push the envelope of the MSRA — as a concept — one 
could reasonably conclude that it need not be limited to solely an India-
US construct.  The tantalising question then, is whether the MSRA — as 
a ‘concept’ rather than simply as a tool in the India-US bilateral toolbox 
— could be used to have ships of other “distant-water deployers” repaired 
in Indian shipyards.  This might include European navies and could just as 
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easily include the Russian Navy.  For instance, India is reportedly keen to 
sign a LEMOA-like “Reciprocal Exchange of Logistics Agreement” (RELOS) 
agreement with Russia.  Should this be followed up with an MSRA?  On the 
one hand, this might well derail the gains made from the extant India-US 
MRSAs.  On the other, should India desire to assert its strategic autonomy, 
this might well afford New Delhi a viable pathway.36  It is recommended that 
these options be given serious consideration by Indian policymakers as well 
as policy-shapers.

•	 It is further recommended that Indian policymakers (the MEA and MoD) 
and practitioners (basically the Indian Navy) give careful thought to whether 
MSRAs could be signed for Indian warships to be repaired in ports other than 
those in India.  Given the increasing appreciation of the importance to India 
of the Pacific (190 billion US dollars-worth of Indian merchandise trade 
passes through the South China Sea every year  — this figure excludes the 
value of India’s merchandise trade with Indonesia, Malaysia, Thailand, and 
Singapore)  and the robustness of India’s responses to China’s aggressiveness 
and Beijing’s own fairly ham-handed attempts at bullying New Delhi, it 
is certain that over the course of the foreseeable future, the Indian Navy’s 
deployments to the western Pacific will increase in both frequency and 
duration.  Consequently, it would be advantageous for the Indian Navy or 
the MoD to conclude an Indian variant of an MRA with capable repair-yards 
in, say, Singapore and/or Vietnam and/or Japan and/or South Korea.

Conclusion 

To conclude, India is already establishing herself as a major ship-repair hub and 
the Master Ship Repair Agreements (MSRAs) signed by the US Navy with various 
Indian shipyards have served to reinforce this national ‘brand positioning’.  These 
MSRAs also enhance maritime cooperation in the region while providing Indian 
shipyards with necessary exposure and opportunities to enhance their enduring ship 
repair capabilities.  However, for India to fully operationalise ship repair agreements 
to accrue commercial benefits from them, India will have to assess and work around 
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relevant US legislation, thereby bringing more business to Indian shipyards.  In 
addition, India would also be well advised to formulate its own version of MSRAs 
with different regional players within the Indo-Pacific.  Finally, India will need 
to engage in capacity building and capability enhancement to project herself as a 
lucrative logistics and ship repairs hub in the Indo-Pacific. 

26 June 2024
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Ballast-Water Management Alternatives  
Offered by Ballast-Free Shipping (Part 1)

Ms Ayushi Srivastava

The use of water as ballast in steel-hulled vessels has been a fundamental aspect 
of maritime operations, ensuring that ships maintain stability, manoeuvrability, 

and safety as they navigate the world’s oceans.  This practice involves the periodic 
intake and pumping-out of seawater into ships’ ballast tanks to counterbalance 
weight changes due to variations in cargo load, fuel, and water consumption.  While 
indispensable for the safe and efficient functioning of modern shipping, the ballasting 
process inadvertently serves as a conduit for the global translocation of a myriad of 
marine micro-organisms, ranging from microscopic bacteria and microbes to small 
invertebrates, eggs, cysts, and larvae of various species.  As ships discharge ballast 
water in new ports, they can (and do) introduce non-native species into foreign 
ecosystems, where they may thrive, out-compete indigenous species, and precipitate 
ecological and economic disruptions.1  

The ecological ramifications of ballast water-mediated bio-invasions first came 
to light following the mass occurrence of the Asian phytoplankton algae Odontella 
(Biddulphia Sinensis) in the North Sea in 1903, marking a pivotal moment in human 
understanding of these phenomena. However, it was not until the 1970s that the 
scientific community began to systematically address the issue, with significant 
concerns being raised by the late 1980s, particularly by countries such as Canada 
and Australia, which were directly affected by invasive species.  These concerns 
were escalated to the International Maritime Organization’s “Marine Environment 
Protection Committee” (MEPC), emphasising the growing international alarm 
over the issue.  Despite increased awareness and regulatory efforts, the problem of 



35

invasive species, facilitated by the burgeoning volumes of seaborne trade, continues 
to escalate, threatening biodiversity and human health in newly invaded areas.  This 
ongoing crisis highlights the urgent need for innovative solutions, such as ballast-free 
vessels, to prevent further ecological damage while maintaining the global shipping 
industry’s operational requirements.2

Invasive Species and Ballast Water

The expansion of non-indigenous species beyond their natural habitats is driven by 
the increased movement of goods and people, which is itself facilitated by increasing 
globalization.  This results in the inadvertent introduction of “non-indigenous aquatic 
species” (NIASs) into new environments through human activities.  Some of these 
NIASs can establish populations that spread, posing potential risks to ecosystem 
integrity, biodiversity, socio-economic values, and human health.  These invasive 
species, also generically referred-to as “harmful aquatic organisms and pathogens” 
(HAOPs), are widely acknowledged for the significant threat that they pose to 
biodiversity and economic interests.  HAOPs possess the ability to disrupt ecosystem 
processes, devalue water resources for human use, and trigger various socio-economic 
repercussions.  Consequently, the global management of HAOPs is critical, especially 
considering the escalating trends in global trade, which amplify the risks associated 
with the spread of these organisms.3

Invasive species pose a significant threat to the conservation and sustainable 
utilisation of global, regional, and local biodiversity, exerting considerable adverse 
impacts on the ecosystem services provided by natural habitats.  This trend is rapidly 
breaching biogeographic barriers critical for the maintenance of global biodiversity, 
leading to increased homogenisation.  The Convention on Biological Diversity 
(CBD) underscores the urgent need to identify and prioritise invasive alien species 
and pathways by 2020, with targeted efforts to control or eradicate priority species 
and implement measures to manage pathways, thereby preventing their introduction 
and establishment.  For instance, in India’s historical context, the introduction of 
English Trout (Salmo Trutta Fario Linnaeus) in 1863 marked the beginning of a series 
of introductions of various alien species into the country’s aquatic ecosystems.  This 
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has culminated in a diverse array of alien species, enriching India’s aquatic resources 
but also necessitating vigilant management strategies.4

Ballast water serves as a critical element in ensuring the safe operation of ships by 
facilitating stability and manoeuvrability.  Historically, solid materials like rocks and 
sand were used. However, the adoption of water as ballast material became prevalent 
due to its convenience and accessibility.  Annually, approximately 10 billion tons of 
ballast water are discharged globally.  Nevertheless, the discharge of untreated ballast 
water poses significant environmental and economic risks as sediment and various 
organisms, including bacteria, microbes, and larvae, are carried within it.5  Upon 
discharge, these organisms may thrive in new environments, potentially becoming 
invasive species.  Consequently, ballast water discharge from ships on international 
voyages has caused the invasion of alien organisms and has been listed as one of 
the four major hazards of the ocean by the Global Environmental Protection Fund 
(GEF).6

The introduction of invasive species through ballast water discharge has led to 
substantial ecological and economic damage worldwide.  Notable examples include 
the zebra mussel invasion in the Great Lakes and the introduction of the European 
Green Crab to Canadian waters.7  These invasions disrupt local ecosystems, damage 
infrastructure, and incur considerable cleanup and repair costs.8

Ballast Water Management (BWM)

To address the risks associated with ballast water discharge, stringent regulations 
and management protocols have been implemented globally.  For instance, Canada 
enacted “Ballast Water Regulations” under the Canada Shipping Act, 2001, and 
ratified the International Maritime Organization’s Ballast Water Management 
Convention (BWMC).  These regulations mandate the installation of ballast water 
management systems on ships and adherence to specific standards for ballast water 
treatment and discharge.9

BWM plans play a pivotal role in ensuring compliance with regulations.  These 
plans delineate procedures for the safe management of ballast water and necessitate 
record-keeping to monitor ballast water exchange and treatment.  BWM systems 



37

utilise diverse technologies such as filters, chemicals, and ultraviolet light to eradicate 
harmful organisms from ballast water before discharge.  Through a comprehensive 
two-stage treatment process, solid particles are removed, and potentially harmful 
marine organisms are destroyed, effectively mitigating the spread of invasive species, 
and safeguarding marine ecosystems and economies.

“The International Convention for the Control and Management of Ships’ 
Ballast Water and Sediments”, which was adopted on 13 February 2004 and entered 
into force on 08 September 2017, mandates that all vessels engaged in international 
traffic adhere to specific standards for managing their ballast water and sediments, 
as stipulated in a vessel-specific ballast water management plan.  Additionally, every 
vessel requires to carry a ‘ballast water record book’ and an ‘international ballast 
water management certificate’.  Thus, all new-build vessels will need to incorporate 
an on-board ballast water treatment system, while existing vessels will need to have 
one retrofitted on board.  As an interim measure, however, vessels are permitted 
to conduct mid-ocean “ballast water exchanges”, denoting the flushing-through of 
their ballast tanks multiple times in deep water and at distances well removed from 
the coast.  The International Maritime Organization (IMO) outlines two primary 
standards:10

1.	 “D1 Standard”.  The “D1 Standard” involves a process called Ballast Water 
Exchange (BWE), where ships are required to achieve a minimum of 95% 
volumetric exchange of ballast water.  This means that at least 95% of the 
ballast water on board needs to be replaced.  Achieving this efficiency involves 
a method called ‘pumping through’, which requires the ship to pump out 
and replace the ballast water three times in succession.  Moreover, for this 
operation to be considered compliant, it must occur at least 200 nautical 
miles away from the shore, and the water depth should be a minimum of 200 
metres.  While there is some relaxation available for the distance from shore 
at which compliant ‘pumping through’ needs to occur (a minimum distance 
of 50 nautical miles appears to be acceptable), there is no relaxation to the 
minimum depth (which must be 200 metres or more).  This notwithstanding, 
vessels are nevertheless required to communicate with Port State authorities 
to understand any specific requirements for BWE in local waters.11
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2.	 “D2 Standard”.  The “D2 Standard” (as amended by the 72nd session of 
the Marine Environment Protection Committee [MEPC 72]) focuses upon 
the performance of ballast water in terms of its chemical composition and 
the presence of organisms.  To comply with the D2 standard, ships need 
to obtain a report from an accredited laboratory, confirming compliance 
with D2 Ballast Water Performance Testing.  The aim of this standard is to 
establish acceptable levels of organisms present in discharged ballast water.  
The acceptable levels include:

•	 Discharge fewer than 10 viable organisms per cubic metre, with 
dimensions equal to or greater than 50 micrometres, and fewer than 10 
viable organisms per millilitre, with dimensions less than 50 micrometres 
but equal to or greater than 10 micrometres. 

•	 Additionally, the discharge of indicator microbes, as a human health 
standard, must not exceed specified concentrations.1

Figure 1. IMO Ballast Water Management Convention

Source: International Maritime Organisation 
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Shipowners and business managers primarily depend on various ballast water 
treatment technologies, including heating, electrolysis, and UV treatment, to 
ensure compliance with regulations.  However, there are challenges to be faced.  
These technologies not only consume significant time and labour but also escalate 
operational expenses for shipowners and operators.  As a result, while addressing the 
pressing issue of the spread of invasive species, the implementation of ballast water 
treatment technologies necessitates a careful balance to be struck between regulatory 
compliance and the economic sustainability of maritime operations.13  The Group of 
Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) 
has recognised that “the emission of [chlorination related] chemicals coming from ballast 
water management systems is a rather new potential threat to marine environment”.  
Consequently, within the framework of the procedure for approval of ballast water 
management systems utilising active substances (G9), the GESAMP Ballast Water 
Working Group is actively engaged in assessing systems employing active substances.  
During this assessment, various models are being applied and tested to evaluate the 
impact of residual chemicals present in ballast water discharges.14  Both BWE and 
Ballast Water Management Systems (BWMS) necessitate the utilisation of robust 
equipment, leading to the substantial consumption of electricity.  This heightened 
demand for electrical power, in turn, escalates the consumption of heavy fuel oil 
(HFO) and leads to the additional emissions of pollutants into the atmosphere.15  
Additionally, Class NK has observed several common problems associated with 
BWMS.  These include malfunctions in highly turbid waters, issues with BWMS-
related parts, limited lifespan of consumables, and clogging of the ‘total residual 
‘oxidants samplingline.  Addressing these challenges is essential for ensuring the 
effective implementation and operation of BWMS to mitigate the spread of invasive 
species in marine environments.16

Innovations in Ship Design

The conventional practice of configuring ballast tanks, mainly aimed at enhancing 
navigational safety and stabilising ships during light loads, has been reevaluated.  
This reassessment has led to the possibility of innovation in ship design to achieve a 
higher centre of buoyancy while lowering the centre of gravity, thereby making the 
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ship stable in varying conditions of loading.  One such innovation in ship design 
pertains to the concept of ballast-less tanks (US patent #6694908, 2004), pioneered 
by Dr Michel Parsons of the University of Michigan, USA.  Dr Parsons presented 
his groundbreaking findings at the annual meeting of the American Society of 
Shipbuilding and Marine Engineering in 2004, focusing on the design of non-
ballasted tanks and the specifics of through-flow system hull technology.17

Figure 2. Ballast Water Management Options

Source: GloBallast Partnerships 

Another innovative ship-design has been propounded by the Shipbuilding 
Research Centre of Japan (SRC) which, in 2003, introduced a concept known as 
the ‘storm ballast ship’, primarily for tankers.  This entails a V-shaped hull form 
with optimised buoyancy distribution.  By altering the vertical distribution of hull 
buoyancy and widening the beam, this design ensures a deeper draught even in light 
conditions, thereby maintaining stability.  The incorporation of a V-shape cross-
section minimises the need for ballast water exchange, thereby reducing the risk of 
introducing invasive species.18

Yet another significant innovation is the ‘Flow System Hull’ which replaces 
the longitudinal structure below the cargo waterline with a pressurised water tank 
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system.  This design feature converts the original closed system to a front and rear 
open configuration, allowing seawater to flow continuously from the bow inlet to 
the stern outlet.  This flow-through mechanism effectively minimises or eliminates 
altogether the need for static ballast water tanks.  Moreover, the design complies with 
IMO regulations on marine environmental protection by utilising local seawater and 
avoiding the transfer of seawater between locations.19

Researchers at the University of Michigan have conducted extensive tests on vessels 
equipped with the “Flow System Hull”.  The results demonstrate that these ships 
maintain stability while utilising seawater flow to additionally enhance propulsion 
efficiency.  With seawater flowing from the front to the rear through large pipes 
installed at the bottom of the ship, the propeller can accelerate rotation, increase 
speed, and significantly reduce fuel consumption and emissions.  Test results indicate 
potential fuel savings of up to 7.3%, highlighting the efficiency and environmental 
benefits of innovative ship design approaches in addressing bio-invasion risks 
associated with ballast water exchange.20

There are clearly exciting times ahead as ship designers attempt to offer alternatives 
to the standard methods and processes of ballast water management.  The central 
question, of course, is whether the various alternatives being offered by a growing 
number of ship design firms will in fact be economically viable or whether they will 
be mere curiosities for history to smile at.  Here, as indeed, in every other innovation, 
the devil lies in the details.  It is these details that Part 2 of this article will address.

To be continued in Part 2…
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Ballast-Water Management Alternatives Offered  
by Ballast-Free Shipping (Part 2)

Ms Ayushi Srivastava

The first part of the article examines the critical role of water ballast in maritime 
operations and its unintended consequence of spreading invasive species globally.  

It traces the historical context of invasive species introduction through ballast water, 
highlighting significant ecological and economic damages worldwide.  The section 
also delves into current ballast water management regulations and technologies, 
emphasising the need for innovative solutions.  It concludes by introducing innovative 
ship designs aimed at mitigating bio-invasion risks associated with ballast water 
exchange.  This part will delve deeper into these innovative designs and explore their 
potential to revolutionise maritime technology, posing the question of whether they 
represent a new era in shipbuilding or remain theoretical concepts.

The Ballast-Free Ship (BFS) concept, invented (US Patent #6,694,908, 2004) 
and initially investigated at the University of Michigan, aimed to minimise the risk 
of introducing nonindigenous aquatic species into the Great Lakes and other coastal 
waters by ships arriving in ballast condition.1  The key features of this ballast-free 
ship concept included a modified hull design with longitudinal structural ballast 
trunks or passages, that extend from the bow to the stern of the vessel.  These trunks 
facilitated a continuous flow of local seawater through the ship, rather than storing 
and transporting a specific volume of ballast water.  The pressure difference between 
the bow and stern of the ship creates a natural flow of water through the trunks, 
ensuring that any organisms present are discharged within an hour’s sailing distance 
from where they were initially taken on board.  This innovative approach effectively 
eliminates the risk of introducing invasive species by preventing the transportation 
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of ballast water from one location to another.  Additionally, the ballast-free design 
eliminates the need for expensive ballast water treatment equipment, such as filters, 
ultraviolet irradiation, and chemical biocides, potentially reducing both capital and 
operational costs.2

Figure 1. Conceptual Drawing of the Ballast-Free Ship Design

Source: Further Development and Optimization of the Ballast-Free Ship Design Concept,  
Great Lakes Maritime Research Institute

A schematic of this concept is shown in Figure 1. A comparison between the 
arrangement of a conventional seaway-size bulk carrier and an equal grain capacity 
BFS concept seaway-size bulk carrier is presented in Figure 2, with the conventional 
layout shown on the left and the modified design on the right.  In this example, the 
three ballast trunks per side are connected to the sea via plenums positioned at the 
bow and stern.  These trunks are swamped with seawater to reduce the buoyancy of 
the vessel in the ballast condition in order to get the vessel down to its ballast drafts.  
As a ship moves through the water, a natural hydrodynamic pressure differential 
develops between its bow and stern regions, inducing a slow flow within the open 
ballast trunks.  This mechanism ensures that the ballast trunks are continuously filled 
with slowly moving “local seawater”, preventing the transport of nonindigenous 
aquatic species globally.  Consequently, from a traditional perspective, the vessel 
becomes effectively “ballast free” in foreign waters.3  
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Figure 2. Midship Section of a typical Seaway-size Bulk Carrier (left) and Ballast-Free  
Concept Bulk Carrier (right)

Source: Further Development and Optimization of the Ballast-Free Ship Design Concept, Great 
Lakes Maritime Research Institute

Additionally, an economic comparison was made in 2011 between a ballast 
free and a conventional seaway-size bulk carrier.   It was assumed that ballast water 
exchange would no longer be permitted, and the conventional bulk carrier would be 
required to have a ballast water treatment system consisting of an automatic backwash 
filter followed by UV treatment to meet International Maritime Organisation (IMO) 
requirements.  In this system, UV treatment would be utilised during both intake and 
discharge.   The trade scenario assumed a ballast voyage from Rotterdam to Duluth, 
MN, at the head of the Great Lakes, to load grain for an 8 m seaway draft return 
voyage.  The greater hull depth, fullness, and hull steel weight of the ballast free bulk 
carrier were considered.  Construction costs were calculated assuming foreign new 
construction typical of South Korea, using 2011 shipbuilding steel and fuel prices.  
Since the study of Michael G. Parsons and Miltiadis Kotinis showed no significant 
change in required propulsion power, no change in required propulsion fuel was 
included.  An updated cost estimate for the capital and operating costs associated 
with the eliminated filtration/UV treatment system was also provided, based on a 
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Finnish study,4 adjusted for inflation up to 2011.  The estimate included the closed 
fore peak tank/aft peak tank trim control system, and the additional trunk fill and 
empty lines.  The net savings for the ballast free bulk carrier with the ballast trunk 
water discharge close to Station 175 were estimated to be about $0.50 per tonne of 
cargo.6

A pivotal consideration for the BFS concept’s feasibility was its impact on the 
vessel’s hydrodynamic performance.  This aspect was scrutinized through several 
projects funded by the Great Lakes Maritime Research Institute and supported by 
the United States Department of Transportation.  Investigations were carried out 
using both towing tank experiments and Computational Fluid Dynamics (CFD) 
simulations to analyse the interaction between water suction/discharge and the flow 
around a bulk carrier vessel, including propeller inflow dynamics.7

The research indicated that discharging water at the stern at low speeds, relative 
to the ship’s speed, did not adversely affect the vessel’s propulsion requirements 
and could result in approximately 1.6% fuel savings in no load condition.  
These investigations, conducted at model scale using standard experimental ship 
hydrodynamic analysis procedures, could not accurately scale viscous flow, thereby 
limiting the full understanding of flow interactions within the boundary layer.8

To overcome this limitation, a revised approach was adopted to quantify the 
BFS concept’s impact on the vessel’s flow characteristics. The initial step involved 
using CFD to analyse the wake of the un-appended vessel for both model and full-
scale operations in full load and ballast conditions.  The final results showed that the 
ship not only maintained good stability but also benefited from the seawater flow 
from front to back through the two large pipes installed at the bottom of the ship. 
This design allowed the propeller to accelerate the rotation, thereby increasing speed, 
saving fuel, and reducing emissions.9  

Case Study: The Shear-Water Project by GTT

Gaztransport & Technigaz (GTT) is a French engineering company specialising in 
the design and development of containment systems for the maritime transportation 
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and storage of Liquefied Natural Gas (LNG).10  Recognized for their innovative 
and efficient solutions in the LNG sector, GTT initiated the Shear-Water Project, 
which focuses on developing a ballast-free LNG feeder and bunker vessel.  This 
project aims to implement the Ballast-Free Ship (BFS) concept, eliminating the need 
for conventional ballast water systems and thereby reducing the risk of transporting 
nonindigenous aquatic species.11

Source: GTT, Hamburg Ship Model Basin (HSVA) and Bureau Veritas, Webinar on “Ballast Water 
Free LNG Feeder & Bunker Vessel”, 08 November 2022

Figure 3. Shear-Water Concept for a ballast free LNG Feeder & Bunker Vessel

The Shear-Water concept, illustrated in Figure 3,12 proposed a design for an LNG 
Feeder & Bunker Vessel of 18,700 m3 of cargo volume at a design speed of 14 knots.  
It has a twin-screw azimuth propulsion system,13 which enhanced manoeuvrability 
and provides a high-power reserve in harsh conditions when the vessel is empty.  Trim 
management was a critical design consideration for this vessel.  A careful longitudinal 
distribution of weight and buoyancy was achieved through design, and a dedicated 
trim-water system was provided using permanently onboard fresh water.  This allowed 
the vessel’s trim to be managed effectively and in compliance with regulations.

The vessel was designed to maintain zero trim in a fully loaded condition and 
some aft trim when empty to improve propeller immersion.  A bulbous bow shape 
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was deemed unnecessary due to the frequently changing drafts when operating 
as an LNG bunker vessel.  The cargo tanks could be filled at any level without 
restriction.  The operator needed to ensure the vessel’s trim remained within the 
required range—between zero trim and about 1.5 metres aft, or possibly 1 meter 
forward—and complied with visibility rules.  The main dimensions of the vessel 
could be observed in Figure 4.14

Figure 4. Ballast Free LNG Feeder & Bunker Vessel preliminary dimensions and details

Source: GTT, HSVA and Bureau Veritas, Webinar on “Ballast Water Free LNG Feeder &  
bunker vessel”, 08 November 2022
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Roll motions were effectively reduced by substantial bilge keels and an Anti-Roll 
Tank (ART) from Hoppe Marine.  The ART, installed in the forward part of the 
vessel where space was available without cargo loss, was designed for use in empty 
conditions but could also be used in loaded conditions with somewhat reduced effect.  
Operation of the ART was optional and utilised onboard trim water, maintaining 
cargo deadweight.

Key Design Considerations:

•	 Ballast-Free Approach: The Shear-Water concept eliminates the need for 
ballast water altogether by utilising a unique hull design.  This approach 
avoids the risks of transferring harmful aquatic organisms and pathogens, 
as well as the investment and operating costs associated with ballast water 
treatment systems.

•	 V-Shaped Hull: The Shear-Water design features a “V-shaped” hull, which 
differs from the traditional square-shaped mid-ship sections used for LNG 
carriers.   This hull shape is crucial in maintaining sufficient draft for safe 
navigation, even when the vessel is empty or partially loaded.

•	 Membrane Tank Design: The Shear-Water concept leverages GTT’s expertise 
in membrane containment systems.  The hull lines and the incorporated 
membrane tanks are designed to fit perfectly, reducing the free surface effects 
of LNG when the vessel is partially loaded. 

•	 Simplified Operations: The design incorporates two identical cargo tanks to 
simplify operations.  Additionally, an effective ART system is provided in the 
vessel’s forward part to reduce roll motions. 

•	 Improved Efficiency and Emissions: Compared to a conventional vessel, the 
Shear-Water design offers a power reduction of over 10% due to its lower 
consumption, leading to reduced emissions. 

Comprehensive Testing

The Shear-Water Project included extensive hydrodynamic tests to ensure the vessel’s 
performance and safety.  The tests were conducted with a self-propelled model at a 
scale of 1:18, measuring 7.75 meters in length and weighing 2.8 tons when laden, as 
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shown in Figure 5. Classical calm water tests, covering speed-power and manoeuvring, 
demonstrated a power reduction of 10-15% in the speed range of 10-14 knots when 
averaging values between fully loaded and empty conditions.  

Figure 5. Speed- Power Test

Figure 6. Manoeuvring Test

Source: GTT, HSVA and Bureau Veritas, Webinar on “Ballast Water Free LNG Feeder & Bunker 
Vessel”, 08 November 2022

Source: GTT, HSVA and Bureau Veritas, Webinar on “Ballast Water Free LNG Feeder & Bunker 
Vessel”, 08 November 2022

Manoeuvring tests, depicted in Figure 6, revealed that the vessel exceeded IMO 
requirements and expectations, showcasing perfect course-keeping combined with 
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excellent manoeuvring capabilities.  These tests are crucial as they evaluate the ship’s 
ability to navigate and control its path under various conditions, ensuring safety and 
efficiency in operations.

Seakeeping performance tests, conducted in selected sea states up to NATO Sea-
State 7 (Hs 7.5m)15 and illustrated in Figure 7, showed no unusual, excessive, or 
dangerous behaviour. These tests are essential to assess the vessel’s behaviour in rough 
sea conditions, ensuring it can withstand and operate safely in harsh environments.  The 
tests and investigations covered various aspects, including motions and accelerations, 
rolling (including parametric excitation), slamming, propeller immersion, green 
water, and speed loss in waves.  The course-keeping ability in waves was considered 
excellent, and the ship was never found to be out of control.

Further tests were conducted for pilot transfer operations, revealing a roll 
reduction of about 60% when comparing scenarios with and without the Anti-

Figure 7. Seakeeping Test

Source: GTT, HSVA and Bureau Veritas, Webinar on “Ballast Water Free LNG Feeder & Bunker 
Vessel”, 08 November 2022
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Roll Tank (ART).  Additional tests with the incorporated LNG tank examined the 
coupling effects between tank liquid motions and external wave excitation.

A dedicated full sloshing campaign was conducted for worldwide conditions, 
yielding favourable results with no filling restrictions for the chosen Mark III Flex 
containment system. These tests are important to ensure the integrity and safety 
of the LNG containment system under dynamic conditions.  The insulation foam 
density was standard 130 and partially 150 kg/m³, and the design Boil-Off Rate was 
0.165% volume/day.16

In summary, the Shear-Water concept underwent rigorous testing and emerged 
with flying colours in speed-power, manoeuvring, and seakeeping tests, proving its 
robust design and operational efficiency.  These comprehensive tests confirm the 
vessel’s ability to meet stringent performance and safety standards, positioning it as a 
viable and innovative solution for the maritime industry.17

Approved in Principle (AiP)

The Shear-Water concept, has received Approval in Principle (AiP) from leading 
classification societies, including Bureau Veritas (BV), China Classification Society 
(CCS), and Det Norske Veritas (DNV).18  The approval process involved evaluation 
of key factors such as the design’s compliance with the Energy Efficiency Design 
Index (EEDI)19 requirements for vessels ordered before 2030.  

Granting AiP demonstrates the concept’s clear performance and environmental 
benefits. These benefits include eliminating the need for ballast water treatment 
systems and equipment, simplifying the maintenance of the void spaces surrounding 
the cargo, and reducing propulsion power requirements.  By addressing these critical 
aspects, the Shear-Water concept not only enhances operational efficiency but also 
contributes to environmental sustainability, making it a promising solution for the 
future of maritime transportation.  The strong foundation provided by the AiP 
ensures that the Shear-Water concept is well-positioned to advance toward full-scale 
implementation, offering a viable alternative to traditional ballast water management 
practices.
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Advantages of the Shear-Water Concept Over Conventional Vessels:

The Shear-Water concept offers several significant advantages over conventional 
vessels of similar size.  First estimates indicated a cost reduction of about 5% in 
terms of capital expenditure (Capex), attributed to the absence of a ballast water 
system (including pumps, valves, pipes, and smaller sea-chests) and the elimination 
of ballast water treatment systems (BWTS).  This design also reduces the need for air 
vents and sounding pipes control.

Operational expenditure (Opex) is also favourably impacted, with annual 
reductions estimated at around $100,000 to $200,000.  These savings are due to 
decreased fuel consumption resulting from the power reduction when the vessel is 
empty, attributed to its smaller displacement.  Additionally, there is a reduction in 
energy consumption due to the lack of a ballast water system, eliminating the need for 
pump power consumption, consumables, and spares.  Maintenance costs are further 
reduced by the elimination of ballast tank coatings, anodes, paint, and the avoidance 
of sediment-related maintenance issues.  The streamlined design saves considerable 
time during dry-docking, reducing docking time and associated costs.

From an environmental perspective, the Shear-Water concept represents 
a substantial improvement.  Emissions are reduced by 10-15% compared to 
conventional vessels, making this design a significant step towards more sustainable 
maritime operations.20

Reasons for Lack of Commercialisation of Ballast Free Vessel

Despite the potential benefits, ballast-free vessels have not been widely commercialised 
due to a combination of factors, including industry reluctance, technological 
limitations, and market dynamics.  The key hindrances in the wide spreading 
adaption of ballast free vessels are:21

•	 Stability and Manoeuvrability Challenges: Achieving the same level of stability, 
trim, and manoeuvrability in ballast-free ships as in conventional vessels with 
ballast tanks has proven technically difficult.  Maintaining proper bow and 
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propeller submergence, as well as adequate transverse stability, necessitates 
innovative hull designs and precise weight and buoyancy distribution.

•	 Regulatory Approval and Compatibility Issues: Ballast-free ship designs 
often fail to fully comply with existing regulations and standards, which are 
based on traditional ballast water systems.  Obtaining regulatory approval 
and ensuring compatibility with port infrastructure have been significant 
challenges.

•	 Dimensional Constraints and Cargo Capacity: Many vessels have dimensional 
limitations, such as beam constraints, making it difficult to implement the 
design changes necessary for a ballast-free solution without compromising 
cargo capacity. Overcoming these dimensional constraints has proven 
challenging.

•	 Challenges in Retrofitting Existing Vessels: Converting existing vessels 
from traditional ballast water systems to ballast-free designs are particularly 
challenging, as it often requires extensive modifications to the hull, propulsion, 
and supporting systems.  The costs and logistical complexities involved have 
deterred widespread retrofitting efforts.

•	 Market Dynamics: The high initial investment costs and insufficient 
regulatory pressure, such as from the IMO’s Ballast Water Management 
Convention, have slowed the adoption of ballast-free ships.  Benefits like 
reduced maintenance and increased service life are not immediately realized, 
making it difficult for ship owners to justify the higher upfront costs.

•	 Industry Reluctance: The shipping industry’s conservatism towards adopting 
ballast-free vessel designs has hindered their commercialisation.  Operators 
are hesitant to introduce new vessel types due to concerns about seaworthiness 
and performance.

•	 Sediment Buildup: Ballast-free designs eliminate the risk of corrosion 
from sediment buildup in ballast tanks.  However, without ballast water 
management systems, sediment and debris could accumulate in the vessel’s 
internal structures, necessitating additional maintenance.
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•	 Technological Maturity: Many ballast-free concepts, such as continuous flow 
or monomaran designs, are still in the research and development phase and 
have not been proven at a commercial scale.  These solutions require further 
validation to ensure their technical feasibility and reliability.

How does the Shear Water Project Shape the Future of Ballast-Free 
Vessels?

The Shear Water project highlights several critical implications for the future of ballast-
free vessel designs.  Firstly, it demonstrates the potential for innovative solutions to 
eliminate the need for ballast water systems, thereby reducing environmental impact 
and operational costs. The extensive approval process and testing campaigns required 
for the Shear Water design indicate that significant regulatory and technical hurdles 
must be addressed for the widespread adoption of ballast-free vessels.  However, 
the project’s success in obtaining AiP from multiple classification societies signals 
growing industry interest and acceptance of ballast-free vessel technologies.

The project’s emphasis on improving energy efficiency, reducing emissions, and 
lowering investment and operating costs aligns with broader industry trends towards 
more sustainable maritime transport solutions.  Additionally, the unique hull 
shape and integrated permanent ballast system of the Shear Water design provide a 
valuable template for future ballast-free vessel innovations that can effectively address 
operational challenges.  These developments suggest a promising future for ballast-
free vessel technologies in advancing environmentally friendly and cost-efficient 
maritime operations.

Conclusion

In conclusion, the Ballast-Free Ship (BFS) concept, born out of rigorous research 
and development at the University of Michigan, emerges as a beacon of innovation 
to tackle the ecological and operational challenges inherent in traditional ballast 
water management systems. By integrating pioneering features such as longitudinal 
structural ballast trunks, which enable the continuous flow of local seawater 
throughout the vessel, the BFS design effectively mitigates the risks associated with 
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invasive species introduction while offering substantial economic benefits. Extensive 
testing and analysis have underscored the BFS concept’s capacity to maintain 
stability, achieve fuel savings, and substantially reduce capital costs compared to 
conventional vessels. Additionally, real-world case studies such as the Shear-Water 
project by Gaztransport & Technigaz (GTT) exemplify the successful application of 
BFS principles in designing next-generation LNG feeder and bunker vessels, further 
validating the feasibility and potential of ballast-free ship technologies.

To catalyse widespread adoption of BFS, regulatory bodies, including the 
International Maritime Organization (IMO), must spearhead efforts to promote 
innovation and incentivize the development and implementation of ballast-free vessel 
technologies.  Governments and research funding agencies should bolster investment 
in research and development, supporting pilot projects and demonstration programs 
to validate the commercial viability of these technologies.

Furthermore, collaborative efforts between port authorities, infrastructure 
providers, shipping companies, and fleet operators are essential to ensure seamless 
integration of ballast-free vessel designs into existing port facilities and operational 
frameworks.  Classification societies and maritime safety organizations play a pivotal 
role in upholding stringent approval processes, ensuring that these innovative 
solutions meet or exceed safety and performance standards.

By embracing these multifaceted recommendations, the maritime industry can 
steer towards a more sustainable and environmentally friendly future.  Through 
collective action, we can mitigate the risks of invasive species introduction, safeguard 
marine ecosystems, and pave the way for a cleaner, greener maritime sector that 
benefits both present and future generations.

10 September 2024
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Emerging Trends in Ship Recycling Market:  
An Analysis of Determining Factors

Dr Emil Mathew

Fluctuations in the shipping market exert an impact on related markets of 
shipping freight, ship building, ship resale, and ship demolition.  Developments 

in international trade directly influence shipping market services, leading to up-or-
down shipping market cycles.1  Generally, an increase in the demand for shipping 
services raises the freight rates, bringing economic prosperity to ship owners, who 
are less inclined to demolish ships at these times.  During an economic downturn, 
freight rates drop, impacting the revenue of ship owners, making it difficult to even 
recover the operating cost of the vessels.  At these times, they prefer to sell their 
obsolete and inefficient vessels to ship recycling yards to make up for lost revenue. 
Besides the technical and physical obsolescence of ships, the lifespan of vessels as 
determined by international and national regulations on shipping also determines 
the journey of end-of-life of vessels to demolition yards.

A majority of the end-of-life vessels end up in the ship recycling yards of Alang 
in India, Chittagong in Bangladesh, and Gadani in Pakistan for dismantling and 
demolition. Ship recycling in these locations ensures jobs and supply of scrap steel 
besides contributing to the respective nation’s GDP.  The recycling yards directly 
employ many unskilled labourers migrating from interior parts of the country on a 
temporary or contractual basis and indirect job opportunities are also generated in 
allied activities.2  However, the ship recycling industry has attracted severe criticism 
for being insensitive to environmental protection and being indifferent to workers’ 
safety and security during recycling operations. Studies have highlighted more risk 
and danger for workers in ship recycling yards than those who work in mines, which 
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is considered to be the riskiest job.3  Also, poor living conditions of the workers 
impact their health and quality of life.4   This dire situation has impelled national and 
international organisations to issue guidelines and policies to regulate ship recycling 
operations so that they are human-centric and environmentally benign. 

As the ship recycling yard owners focus on bringing down the cost of recycling and 
maximising revenue, they show the least concern for workers’ safety or environmental 
protection.  Growing environmental awareness and heightened media attention on 
the deplorable working conditions have forced recycling nations to enforce regulatory 
mechanisms to monitor and control yard operations to prevent undue exploitation 
of workers and the environment.  For yard owners, revenue realised from retrieved 
or recycled materials including scrap steel extracted from demolished vessels, cost 
of recycling operations, and compliance with national and international regulations 
of recycling are determining factors of the volume of vessels recycled. Reuse and 
recycling ensure the longevity of the materials in use.5  In the ship recycling nations, 
90% of the materials are reused and recycled, thus mitigating the pressure to extract 
natural resources, especially iron ore.  The ship recycling industry supplies 7%, 60%, 
and 10% of recovered scrap steel to the domestic steel industry in India, Bangladesh, 
and Pakistan, respectively, and its contribution to the infrastructural development of 
Bangladesh is commendable.6

Many stakeholders – ship owners, yard owners, national and international 
regulators, cash buyers, i.e., middlemen between ship owners and yard owners, 
besides a large number of yard workers without any decisive powers – influence 
market transactions in the ship recycling market. As the fortunes of the ship recycling 
market are determined by the changes in the international shipping market,7 it is 
important to examine how fluctuations in the shipping market affect the ship recycling 
markets in India.  Along with demand and supply determinants in the international 
shipping markets, national and international regulations also can impact the market 
for ship recycling.  One such factor is India’s Recycling of Ships Act 2019.  This Act 
stipulates standard operating procedures to be followed for all the ship recycling 
yards in India to incorporate environment-centric and worker-friendly mechanisms 
and measures.  The additional financial investment required to upgrade the facilities 
of the yards results in higher costs and lowering of profits, ultimately weakening 
the competitiveness of the Indian recycling yards.  On the other hand, the recycling 
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yards in the neighbouring nations where these stipulations are not in force, offer 
their services at competitive rates to prospective customers.  

The first section of this paper examines the major demand and supply 
determinants of the ship recycling market.   This is followed by an analysis of the 
latest ship recycling market trends.  The paper examines the prevalence of different 
standards of regulation on ship recycling and their impact on the competitiveness of 
ship recycling yards in India.  It also explores the issue of change of flags of end-of-
life vessels, a practice widely considered by experts as one of the major loopholes of 
the Hong Kong Convention.  The paper concludes with the suggestion that uniform 
measures may be administered internationally for the long-term sustainability of the 
marine environment and also for the safety of the workers.

Determinants of Supply in the Ship Recycling Market

Ship owners are highly vigilant about the fluctuations in freight rates as they have a 
direct impact on their profitability.  The age of the vessels is a significant concern as it 
affects the performance and obsolescence of ships. Additionally, they closely monitor 
and update themselves to comply with international maritime regulations that affect 
their operations. A favourable market for international trade reduces the supply of 
ships to the recycling market, and the opposite is true in the case of an unfavourable 
market.

Freight Rates

Knapp et al. (2007)8 observed a negative relationship between earnings from ships 
and the rate of scrapping of ships.  When freight rates are soaring, all rational ship 
owners look to utilise the existing shipping services intensely, either by prolonging 
the life of the existing ships or by adding new or second-hand ships to their fleet.  In 
a booming economy, ship owners may be least interested in selling their ships to cash 
buyers, the intermediaries of the recycling market for demolition.  In other words, 
ship owners send their obsolete ships to recycling yards if the costs of their operations 
exceed the revenue earned.
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Freight indices vary for different shipping markets and Baltic freight indices for 
containers, dry bulks, and dirty tankers represent the major trends in the shipping 
market.  Table 1 shows the freight rates for the last six years, which signify a global 
demand for shipping services.

Table 1: Freight Market Indices (USD)

Years Container index Dry bulk index Dirty tanker index

Jan 2017 1524 1356* 835

Jan 2018 1203 1152 664

Jan 2019 1414 668 848

Jan 2020 1461 487 882

Jan 2021 3452 1452 517

Jan 2022 9293 1418 689

*Indicates figure in Sept. 2017.

Source: Compiled from Baltic Dry Index, 2022, investing.com;9 Baltic Dirty Tanker, 2022 
investing.com;10 Freightos Data, 2022;11 Statista Research Department (b), 2022.12

Container and dry bulk markets improved since January 2021 after experiencing 
a severe fall during the pandemic. However, the market for dirty tankers that 
transport petroleum products that were contracted in 2021 is slowly picking up. 
The slump in the global economy at the beginning of 2020 lowered the demand 
for shipping services, leading to drop-in freight rates. The lockdowns and travel 
restrictions curtailed demand for oil tanker services, lowering the index for dirty 
tankers in 2021. Restricted logistics operations, caused by the pandemic, led to a 
shortage in equipment and containers, unreliable services, congested ports, longer 
delays and dwell times, but indices of container and dry bulk markets moved up in 
2021 and 2022. Logistics operations suffered further delays due to the closure of 
the Suez Canal following the grounding of Ever Given, one of the largest container 
ships owned by Taiwanese company Shoei Kishen Kasha, widening the gap between 
shipping demand and the realised ability of the market to cater to the demand13 and 
causing an increase in freight rates. The new ship building market also could not 
furnish the demand positively as shortages in labour supply plunged the delivery 
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of new vessels by 12%.14 Thus, an inelastic supply from new building market to 
meet the increased demand for shipping services led to an increase in freight rates, 
consequently causing escalation of rates in the resale vessels market too. Thus, after 
the pandemic, recycling market saw a scanty supply of end-of-life vessels.

Age of the Vessels

The physical and technical efficiency of ships to function competitively is an important 
factor determining their physical obsolescence and there is a positive correlation 
between age of the vessel and scrapping.  The average life of a vessel is over 20 years 
but varies for different categories of ships; general cargoes have a higher lifetime of 
26 years.15 In 2021, 42% of the ships were aged more than 20 years globally, with the 
average life of the vessels being 21.6 years (21.2 years in 2020).16  A sizeable number 
of older ships in the global shipping market likely pushes up demand for recycling 
operations. Ship owners are less incentivised to invest on vessels nearing end-of-life to 
enhance safety standards and on other maintenance and repair works.17  Older vessels 
entail a higher operational and maintenance cost, so owners prefer to recycle ships if 
the earnings do not cover the cost of operations.  Moreover, older ships display a poor 
performance and cause enhanced greenhouse gas (GHG) emissions.18

Shipping Regulations

Both operating and to-be-demolished ships are required to comply with the 
International Maritime Organization’s (IMO) regulations on the sulphur content 
of ship fuel oil and those on decarbonisation, and Conventions on Ballast Water 
Management.19  As part of the IMO’s initial strategy to reduce GHG emissions 
from ships, IMO members agreed in 2018 to reduce annual GHG emissions from 
shipping by at least 50% by 2050 compared to the 2008 levels. Decarbonisation 
can be achieved only if zero-emission ships enter the global fleet by 2030 by either 
through technology change or fleet renewal.20  Considering the heavy investment 
required to replace the old technology for lowering GHG emissions, ship owners 
generally prefer to demolish vessels that do not meet regulatory requirements.  Thus, 
the ships are sent for recycling, if the capital expenditure required to convert the 
existing into environment-friendly ships exceeds the expected future cash proceeds. 
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Determinants of Demand in the Ship Recycling Market

More than 90% of the global shipping recycling operations are handled by recycling 
yards in India, Bangladesh and Pakistan.  Recyclers realise revenue from scrap steel 
and other retrieved materials. They incur expenses in the form of labour charges, 
tax paid to the government, and the cost of recycling operations.  Recycling yards 
in the Indian subcontinent resort to several cost-cutting measures to enlarge their 
profits compared to yards elsewhere in the world.  They save on operations cost 
because of cheap labour, lack of environmental safety standards, absence of medical 
insurance for temporary and contract workforce and lack of proper waste disposal 
and management practices.  Ship owners sell off their vessels to such yards with 
potentials to offer competitive rates.21

Prices of Scrap Steel and Other Recovered Materials from End-of-Life 
Ships

The scrap steel recovered from the recycled ships is in high demand from the steel 
rerolling industry operating near the yard.  Moreover, domestic industries procure 
second-hand steel from recycling yards, reducing the burden on steel-making 
industry.22  For example, in Bangladesh, scrap steel supplied by ship recycling yards 
constitute 60% of the demand for raw material from approximately 350 local steel 
industries.23  In Karachi, Pakistan, around 70% of the ship scrap steel sent to rerolling 
mills generated about 95% of the revenue from recycling.24  Rahman and Kim’s 
(2020)25 study found that supply of scrap steel positively contributes to industrial 
development. Thriving second-hand markets also exist for retrieved machineries, 
equipment and other materials near the recycling yards of these nations.

Cost of Ship Recycling Operations

Ship recycling yard owners incur expenditure such as labour cost, cost of clean-up of 
environment, import duties, costs of training and protective equipment for workers 
besides the procedural cost of ship recycling.  These costs vary between developed 
and developing nations, and also on the yard owners’ willingness to adopt responsible 
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recycling. Ship recyclers incur both the fixed costs (yard costs, ship purchasing costs, 
etc.) and variable costs (taxes and duties, waste disposal costs, labour costs, etc.).26  
Moreover, ship recycling operations encompass monetary costs and non-monetary 
costs.  The externalities imposed on the workers and the marine environment are the 
non-monetary costs, which are not internalised into the system.  After completing 
the final sale of ships, ship owners escape responsibility for any such costs, though the 
‘polluter pays principle’ needs to be enforced on ship owners.27

There are two types of risks in the recycling process: risks due to the toxicity of 
hazardous materials and occupational risks.28  Ship recycling is labour-intensive, but 
yard owners in Alang, Chittagong, and Gadani have access to cheap labour, saving 
further on operations costs. Most of the workers are unskilled migrant labourers 
employed on a contractual basis, not protected by labour laws.  They are not provided 
protective equipment and formal training and therefore unaware of the potential 
threats of working in a hazardous environment.  Those sustaining severe injuries 
and even meeting with fatal accidents do not receive compensation. Several studies 
highlight the occupational hazards of ship recycling,29 but they focus only on short-
term implications, leaving aside the long-term effects of recycling operations on 
workers’ health.30 Workers live in unhealthy surroundings without basic amenities, 
experiencing a poor quality of life.  Moreover, the method of beaching in recycling 
operations leave the coastal areas with oil and bilge that permeate to the ground, 
posing a serious hazard to the marine environment and biodiversity.  These costs are 
never internalised, and thus does not affect the final cost of recycling operations.31 
The Hong Kong Convention on Safe and Sound Recycling of Ships 2009 (HK 
Convention) provides directions regarding the treatment, storage and disposal of 
hazardous materials. In the absence of stringent regulations to penalise such unhealthy 
practices, the yard owners engage in exploitative activities, resulting in the generation 
of negative externalities.

The external cost of recycling operations is also highly influenced by the recycling 
methods such as beaching, slipway, alongside/buoy and dry dock. Each method has 
its own advantages and disadvantages.  Beaching is considered to be more profitable 
among them and yards in the Indian subcontinent enjoy the geographical advantage 
of dismantling ships during the intertidal zone of the beach.  However, it imposes 
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costs on the environment and workers, but these externalities are the implicit costs 
of recycling that are often neglected.32

Yard owners are not motivated to invest on capital and operations to comply with 
the Hong Kong Convention.33  If the recycling nations have adopted international 
recycling regulations, yards would be legally bound to abide by domestic laws.  In 
India, the Recycling of Ships Act 2019 mandates statutory standards in ship recycling 
operations and all the recycling yards operating in India are legally bound to get 
approval from the National Authority of Ship Recycling to perform their operations.  
The Act directs yard owners to invest in protective equipment and training for workers, 
basic hygiene and medical facilities, and proper handling, treatment and disposal of 
wastes to improve performance.  The profitability of the yard is also affected by tax 
and import duties imposed on recycling operations.  In India, Integrated Goods and 
Services Tax is high at 18% of the light displacement tonnage recycled compared to 
12% and 17% in Bangladesh and Pakistan, respectively.34  This naturally raises the 
cost of recycling operations in the Indian yards, weakening their competitiveness.

Regulations of Recycling Operations

IMO’s guidelines on responsible recycling and International Labour Organisation’s 
(ILO) labour directives have far-reaching implications on the domestic policies of 
IMO member states. Similarly, environmentally responsible policies of a nation 
can influence its domestic policies of ship recycling.  Realising the environmental 
and health hazards of ship recycling, many developed nations moved ship recycling 
operations to nations with lax laws.  Ship recycling operations therefore shifted to the 
Indian subcontinent by the mid-1980s.35  During the mid-1990s, China garnered 
almost 50% of the recycling market for end-of-life ships but imposed stricter 
national environmental regulations later, ending its import of foreign vessels.36  The 
regulations came into force in China on 1 January 2019, following which a major 
share of ship recycling operations shifted to other nations.  As Chinese yards took 
a hit, the Chinese government subsidised the recycling of Chinese-flagged ships to 
encourage them to continue recycling in their yards.37

The Hong Kong Convention 2009 marks a significant milestone in regulating 
recycling operations.  It will enter into force 24 months after it is ratified by 15 
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nations with 40% of the global merchant fleet earning a recycling capacity of at least 
3% of their fleets.  The RSA 2019 of India emphasises responsible recycling and 
imposes punishments with penalties on yard owners deviating from the stipulated 
norms.  Since India is a party to the Hong Kong Convention, it was expected that 
the UN member states would be interested in sending their ships to Indian yards. 
However, the additional investment incurred to improve the ship recycling standards 
is likely to shrink the competitiveness of Indian yards.

Though the Hong Kong Convention is hailed as a breakthrough, it is not devoid 
of defects. The loopholes in international regulations like the Hong Kong Convention 
and European Union Ship Recycling Regulation (EUSRR), the regulation applicable 
to the EU ships, to penalise and prevent the change of flags to flags of convenience 
provide opportunities to the ship owners to make financial gain during the last voyage 
of end-of-life ships.  According to Knapp et al. (2007),38 flag registrations of vessels 
indicate the relative importance the ship owner has placed on the safety, and security 
along with its journey towards scrapping.  The discrepancies in the international 
regulations, coupled with lax domestic laws, create a favourable ground to ship owners 
to sell their old ships to South Asian yards. NGO Shipbreaking Platform reports that 
more than 75% of the ships dismantled in South Asian yards in the second half of 
2021 changed their flags to grey and black registries such as Comoros, St. Kitts, 
Nevis, Gabon and Palau just a few weeks before arriving at the yards.39  Ships using 
these registries, which are popular among the cash buyers who purchase vessels to 
resell them to the recycling yards but are not preferred during the operational life, 
earn certain discounts during their last voyage.  Sheikh (2021)40 and Alcaidea and 
others (2016)41 observed that by changing flags in order to recycle in non-party 
states, ship owners enjoy higher revenues than recycling in Hong Kong Convention 
complying yards.  Out of 20% of the EU-flagged ships in their operational life, only 
9% remain with the EU flag when they reach recycling yards.42 So, two parallel ship 
recycling markets operate now: party states acceding the Hong Kong Convention 
and non-party states that do not comply with the Convention.43

Ship Recycling Market: Recent Trends

Bangladesh, India, Pakistan, China and Turkey are the final destinations for over 
95% of end-of-life vessels.  China banned importing foreign vessels for recycling 
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but encourages recycling domestic ships with government subsidies.  Recycling in 
China would reach a commendable volume if Chinese ship owners prefer to recycle 
in domestic yards, as China is the third largest ship owning country.  With the strict 
enforcement of the EUSRR since 2019, European nations prefer EU complying 
yards and the relative share of Turkey in the recycling market is likely to increase, as 
it has many EU complying yards.  Table 2 presents the annual gross tonnage of ships 
recycled and the annual share of major recycling nations.

Table 2: Annual Gross Tonnage of Ships Recycled (‘000 GT)

Ship-recycling 
nations 

2014 2015 2016 2017 2018 2019 2020 2021

Bangladesh 4421
(19.60)

8065
(34.34)

9530
(32.41)

6693
(28.93)

8639
(45.60)

6690
(55.60)

6996
(40.66)

7992
(52.13)

India 6928
(30.71)

5156
(21.95)

9467
(32.20)

6776
(29.29)

4649
(24.54)

3278
(27.25)

5026
(29.21)

2700
(17.61)

Pakistan 4140
(18.35)

4521
(19.25)

5480
(18.64)

4137
(17.88)

3986
(21.04)

328
(2.72)

3100
(18.01)

3028
(19.75)

China 5341
(23.67)

4492
(19.13)

3518
(11.96)

3777
(16.32)

466
(2.46)

343
(2.85)

195
(1.14)

140
(0.91)

Turkey 933
(4.14)

835
(3.55)

980
(3.33)

1325
(5.73)

782
(4.13)

1104
(9.18)

1601
(9.30)

1036
(6.76)

Others 797
(3.53)

418
(1.78)

428
(1.46)

430
(1.86)

423
(2.23)

289
(2.40)

289
(1.68)

433
(2.83)

World 22561
(100)

23487
(100)

29403
(100)

23138
(100)

18945
(100)

12031
(100)

17208
(100)

15329
(100)

Note: Figures in brackets indicate the annual share of each nation in the respective years.

Source: UNCTAD 2021. www.unctadstas.unctad.org

Currently, more than 90% of the ships are recycled in Bangladesh, India and 
Pakistan. The share of these nations in ship recycling and their ranking underwent 
significant transformations over the years.  In 2014, by gross tonnage, India was 
ranked first in recycling operations followed by China, Bangladesh, Pakistan and 
Turkey. Since 2017, ship recycling volumes dropped in all recycling nations, but this 
reduction was noticeable predominantly after 2019.  In 2020, the volumes spiked 
slightly due to the economic downturn at the beginning of the pandemic.  The share 
of Bangladesh in ship recycling and recycling volume has been rising consistently 
over the years, and it is the top recycling nation since 2018.  India, which was ranked 
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first at the beginning of the decade, experienced a reduction in the volume and share 
of ship recycling, and its rank has dropped.  Pakistan, another competing nation in 
South Asia, slightly improved its position and share after the pandemic, from third 
to second position.  The share of China declined significantly over the years, whereas 
the share of Turkey increased moderately during the same period, and it is expected 
to increase considerably in the immediate future as many environmentally sensitive 
ship owners of the EU are likely to navigate their end-of-life vessels in Turkish yards 
due to the stringent EUSRR. Market analysis clearly shows declining volume, share 
and position of India in ship recycling over the years.  Recently, India acceded to the 
Hong Kong Convention, following which, many Hong Kong Convention complying 
recycling yards are available in the country.  It is interesting to examine the role of the 
RSA 2019 and also the pandemic on the ship recycling industry in India to gauge the 
reasons, especially the role of external factors, behind India’s declining position. 

Hong Kong Convention 2009 and Recycling of Ships Act 2019

The Basel Convention on the Control of Transboundary Movement of Hazardous 
Wastes and Their Disposal 1989 is the first international Convention designed to 
regulate the transboundary movement of hazardous wastes including end-of-life 
vessels.  Under this, the state of export is bound to seek the consent of the state of 
import before the disposal and often ship owners contravened its clauses.44  Ship 
recycling as an industry received international attention mainly because of the nature 
of occupational hazards and also due to its adverse impacts on the marine environment 
and biodiversity.45   The member nations of the ILO and the IMO deliberated on 
the necessity of developing sustainable and sound ship recycling practices. In 2005, 
the IMO passed a resolution requesting the Marine Environmental Protection 
Committee (MEPC) to propose environmentally sound methods of recycling.  
Further deliberations held in Hong Kong in 2009 led to the adoption of the Hong 
Kong Convention for Safe and Environmentally Sound Recycling of Ships.   The 
Hong Kong Convention 2009 covers different stages of the life of a ship, its design, 
manufacturing, operations, recycling preparation, and demolition.  According to this 
guideline, the ship owners need to produce the certificate of Inventory of Hazardous 
Materials and Certificate of Compliance and recycling yards to declare the Ship 
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Recycling Facility Management Plan and Ship-specific Recycling Plan.46 It will enter 
into force 24 months after it has been ratified by 15 nations that represent 40% 
of the merchant shipping by gross tonnage and also it satisfies a maximum annual 
volume of recycling of not less than 3% of the combined tonnage of the recycling 
nations.47  Though it has been considered as a major breakthrough in the ship recycling 
operations, the guideline is not devoid of defects, including no alternatives suggested 
for beaching, no coverage of ships below 500 GT, unequal sharing of responsibility 
between ship owners and ship recycling nations, no provisions to stop the change of 
flags of end-of-life vessels and ignored ‘polluter pays principle.’48

India, a major ship recycling nation, entered into ship recycling operations 
as early as 1980. The arrival of the French passenger liner Blue Lady in 2007 to 
Alang was opposed by environmental activists and later the matter was brought to 
the consideration of the Supreme Court.49 As directed by the Court, a guideline 
called Ship Breaking Code 2013 to regulate the ship recycling industry was framed 
after drawing from the provisions of the Hong Kong Convention.   India ratified 
the Hong Kong Convention in 2019 by enacting the Recycling of Ships Act.   It 
is mandatory for recycling yards operating in India to strictly adhere to standard 
operating procedures and practices while dismantling ships.  Ahmad (2022)50 stated 
that these regulations of the Act need to be complemented by India-specific rules and 
norms.  It was expected that adherence to the Act would lead to an influx of end-of-
life vessels from environmentally conscious nations.51  Rather it brought down the 
number of ships arriving at Indian yards (Table 2) due to the cost-efficient recycling 
opportunities offered by neighbouring nations.  The incorporation of standards 
necessitated the yard owners to invest in worker-friendly and environment-friendly 
measures and mechanisms which brought down the competitiveness of the Indian 
recycling yards.

Discussion 

The demand and supply determinants of the ship recycling market are uniformly 
applicable to all nations.  Since Hong Kong Convention has not yet been in force, 
those nations which ratified the Convention follow stringent regulations either as 
ship recycling nations or as ship owning nations.  The ratification of the Hong Kong 
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Convention by a few nations led to the coexistence of yards that comply with the 
Convention and those that do not comply with the Convention in ship recycling 
markets.   For those nations that adopt the Convention, ship recycling regulations 
can vary subject to the stringency of such regulations in their respective nations.  In 
the case of the EU nations, EUSRR norms are more stringent as they do not support 
beaching, maintain high standards for the downstream treatment of wastes, and 
emphasis greatly on labour rights.  On the other hand, the non-compliant yards tend 
to maximise their profit without incurring any additional investment costs.  Thus, 
acceding to the Hong Kong Convention makes the Indian yards less attractive and 
competitive and this has brought down the gross tonnage of ships recycled in India.  

Another issue associated with the ship recycling operations that has not been 
addressed by the Hong Kong Convention is the change of flags of end-of-life vessels.  
According to Knapp et al. (2007),52 flag registrations of vessels indicate the relative 
importance the ship owner has placed on the safety, and security along with its 
journey towards scrapping.  The discrepancies in international regulations, coupled 
with lax domestic laws, create a favourable ground for ship owners to sell their old 
ships to South Asian yards.  NGO Shipbreaking Platform reports that almost half 
of the ships dismantled in South Asian yards in 2023 changed their flags to grey 
and black registries such as Comoros, St. Kitts, Nevis, Gabon, and Palau just a few 
weeks before arriving at the yards.53 Ships using these registries, which are popular 
among the cash buyers who purchase vessels to resell them to the recycling yards but 
are not preferred during the operational life, earn certain discounts during their last 
voyage.   Sheik (2021)54 and Alcaidea and others (2016)55 observed that by changing 
flags to recycle in non-party states, ship owners enjoy higher revenues than recycling 
in the Hong Kong Convention complying yards.  Out of 20% of EU-flagged ships 
in their operational life, only 9% remain with the EU flag when they reach recycling 
yards.56 The Convention does not provide any provisions to stop the change of flags 
of end-of-life vessels. As long as those end-of-life ships that changed their flags are 
welcomed by non-party states, there will be double standards and hence ship owners 
prefer cost-effective markets.

The ratification of the Hong Kong Convention by India through the RSA 2019 
led to strict compliance with the Convention’s regulations on workers’ safety and 
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the adoption of environment-friendly measures in India.57 Since the Hong Kong 
Convention has not been made universally obligatory, global variations in the 
enforcement of recycling regulations and environmental concerns have produced 
parallel markets in the ship recycling industry. As long as the system provides 
flexibility to change flags to states of convenience, even the party states prefer to 
recycle in non-party states. For yards to comply with the Hong Kong Convention, 
yard owners have to invest in a set of procedures for cleaning up the environment, 
impart training to workers, ensure proper protective measures, support workers 
with medical facilities, enforce proper treatment, handle and dispose of hazardous 
wastes, all of which raise the cost of recycling, cutting into the profitability of the 
yard operations.  On the other hand, cost-effective non-party recycling yards in 
neighbouring recycling nations attract more ships which indirectly brings down the 
competitiveness of Indian yards.58  In the absence of provisions to check change of 
flags under the Hong Kong Convention and EUSRR, even the EU and party states 
of the Hong Kong Convention can sell their end-of-life vessels to non-party recycling 
yards, further weakening India’s competitiveness in the market.

Another external factor that hit the ship recycling market adversely at the 
beginning of this decade is the closure of economic activities during the COVID-
19 pandemic. Ships sold for recycling to the yards of the Indian subcontinent were 
not able to arrive because of restrictions on crew movements due to lockdown-
induced flight cancellations.59  The volume of recycling drastically dropped.  As the 
migrant labour force hailing from interior parts of the countries left for their homes 
immediately after the lockdown, yards in Alang, Chittagong and Gadani suffered 
manpower shortages.60 Further, the recycling operations at Alang were hit by a 
shortage in oxygen supply as the government imposed restrictions on the supply 
of oxygen to industrial activities during the pandemic.61 Thus the number of ships 
sailing for recycling to the Indian subcontinent slumped which later on improved. 

Conclusion

Ship recycling is a process of extracting equipment, materials, and machineries of 
economic value from end-of-life vessels for resale or reuse and removing hazardous 
materials before dismantling them for scrap steel.62 Freight rate variations bring 
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out the trends in the ship recycling market. The supply-side determinants of ship 
recycling are freight rates, age of the vessels, and ship recycling regulations whereas the 
demand-side factors are earnings from recycling, cost of recycling, and ship recycling 
regulations.  In a ship recycling market, demand depends mainly on the availability 
of ships for scrapping, although it is influenced by a set of demand determinants. In 
the light of the discussions on the factors that influence the ship recycling market 
operations, it has been learnt that along with the demand and supply determinants, 
the external factors also have decisive roles in determining the volume of ship 
recycling.   

Since 2020, the shipping market witnessed an increase in freight rates which led 
to a decline in ship recycling operations in all the recycling nations.  The passing of 
the RSA 2019 in India necessitated yard owners to invest in procedures of responsible 
recycling and worker safety, which made the recycling operations expensive for Indian 
yards and therefore adversely affected the yard’s profitability.  The cost-effective 
competing yards in the neighbouring nations have been able to attract lucrative ship 
owners from non-party states as well as from party states who are keen to change 
their flags to flags of convenience.  Summing up, the passing of RSA 2019 and the 
pandemic that followed had an adverse effect on ship recycling operations in India 
whereas in Bangladesh and Pakistan, recycling volume has gone up. 

The recent fluctuations in the ship recycling markets have shown how a host of 
factors including national and international regulations, exigencies like pandemics 
and other factors play important roles in determining the demand-supply dynamics 
of these markets.  There is no uniform commitment to adhere to international 
conventions on safe ship recycling practices among the ship-recycling nations and 
this has a direct impact on the recycling markets.  Offering cheaper recycling facilities, 
though may be beneficial to their national economy in the short run, is neither 
sustainable nor beneficial to the environment and the workers of these nations in 
the long run.  The competition among the recycling nations to attract end-of-the-
life ships must not be at the cost of long-term commitment to the environment and 
human safety.  There is an urgent need to bring in uniform compliance from all 
recycling nations on international regulations so that ship recycling will emerge as a 
stable, sustainable and economically productive activity. 

30 April 2024
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Sustainable Ship Recycling In India –  
Social, Technological And Environmental Analysis

Ms Ayushi Srivastava and Commodore Debesh Lahiri (Retd)

In the intricate tapestry of global trade, the shipping industry emerges as a vital 
component, facilitating the movement of goods across seas that form the arteries 

of our interconnected world.1  With ships typically boasting a lifespan of 25-30 
years, the question of their disposal becomes a critical decision point where economic 
considerations need to be balanced vis-a-vis environmental responsibility.2  Post 
their operational life, a significant number of vessels find their way to ship-breaking 
yards, transforming into inventories of steel, iron, and other valuable resources.  The 
challenge of environmentally safe disposal of the end-of-life (EOL) ships becomes 
particularly pronounced in a globalized world, where the world trade fleet assumes a 
pivotal role in curbing transport costs.3  Addressing the issue of EOL vessels demands 
responsible disposal methods, where scuttling of vessels in the open oceans should be 
the last resort.4  The array of alternative options  available encompasses vessel reuse 
or land-based recycling or repurposing for use as an artificial reef.5  The principles 
established by the United States Environmental Protection Agency’s Marine 
Protection, Research, and Sanctuaries Act (US EPA-MPRSA) can serve as a guiding 
framework in navigating these choices.6  The above act reinforces the importance 
of prioritizing a balanced and sustainable approach, with a particular emphasis on 
land-based disposal methods such as ship recycling.  The MPRSA underscores the 
significance of ecosystem preservation during ship disposal, marking a notable shift 
towards a heightened awareness of responsible practices that aim to shield marine 
environments from potential adverse effects.7

While the ship breaking industry was predominantly concentrated in Europe and 
the United States before the 1970s, a notable shift occurred thereafter as it migrated 
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Figure 1. Common Ship Disposal Techniques

Source: Collated by the authors

to regions with more lenient legal frameworks.8  This transition was spurred by 
the imposition of stricter social and environmental protection laws in the Global 
North, raising concerns about the standards being followed in ship recycling yards.9  
Currently, South Asia has emerged as the epicentre for the ship-breaking industry, 
with Bangladesh, India, and Pakistan garnering an overwhelming majority of ship 
recycling orders.10  Despite initial apprehensions about environmental damage, 
there is a glimmer of optimism in recognizing ship recycling as the optimal way 
to retire vessels.11  This approach involves repurposing and recycling approximately 
90% of the materials, presenting an efficient method that not only saves resources 
but also aligns with sustainable practices.12  As surprising as it may seem, the ship-
breaking industry, often viewed with scepticism, holds the potential to transform 
into an environmentally friendly enterprise.13  A case in point is Alang in Gujarat, 
India, where a transition towards sustainable ship recycling practices is underway, 
showcasing the possibility of converting what was once a serious environmental 
concern into a beacon of environmental responsibility.
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The International Maritime Organization (IMO) has also played a pivotal role in 
addressing ship recycling concerns since the 44th Marine Environmental Protection 
Committee (MEPC) session in 2000.  Initiated by a correspondence group, the 
IMO developed Guidelines on Ship Recycling, and adopted it in 2003, advising 
stakeholders worldwide.  Recognizing the urgency of incorporating environmentally 
friendly guidelines in ship recycling the MEPC 53 in 2005 prioritized a legally binding 
instrument on ship recycling, emphasizing safety, environmental sustainability, 
and an enforcement mechanism.  This led to the development of the Hong Kong 
Convention (HKC), adopted in 2009 after collaborative efforts.  The convention 
signifies IMO’s commitment to minimizing environmental and safety risks, ensuring 
sustainable ship recycling practices, and addressing the unique challenges of the world 
maritime transport system.14  The HKC enters into force on June 26, 2025.15

India’s Dynamic Ship Recycling Landscape

India stands as the world’s second-largest player in the ship recycling industry, only 
behind Bangladesh.16  The focal point of India’s ship recycling prowess is the Alang 
Sosiya Ship Recycling Yard (ASSRY) in Gujarat, a coastal stretch in the Bhavnagar 
district spanning more than 10 kilometres.17 Alang commands a staggering 98% 
of India’s ship recycling capacity and significantly contributes 32.6% to the global 
recycling volume.18  However, despite its abundant potential, the current state of 
affairs at Alang reveals a surprising statistic — 48% of its existing ship-breaking 
capacity remains idle.19

The ASSRY consists of 153 plots, with 131 plots currently being utilised for 
shipbreaking activities with the balance of 22 plots in disuse pending litigation.  
However, only 80 of these 131 plots are presently operational, hinting at an untapped 
potential waiting to be harnessed.  This under-utilization contrasts with the industry’s 
peak year in 2011-12 when 415 ships, totalling 3.85 million Light Displacement 
Tonnage (LDT), flocked to Alang.  This period was the zenith, with shipbreaking 
activities almost reaching the full capacity of 4.5 million LDT.  Subsequently, a 
decline ensued, exemplified by the fiscal year 2019-2020, witnessing only 202 ships 
with 1.62 million LDT.  The fiscal year 2020-2021, until January 2021, showed a 
modest improvement with 199 ships and 1.8 million LDT.20
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Figure 2. Google Earth View of Alang Sosiya Ship Recycling Yard (ASSRY)

Source: Google Earth21

In a bid to fortify its position in the global ship recycling landscape, India has 
ambitious plans to augment its recycling capacity up to 9 million LDT.22  The 
industry currently provides gainful employment to a substantial workforce of 5.15 
lakh people.  Notably, over the last five years, the ship recycling sector has contributed 
an average revenue of ₹ 55 Crores per annum, emphasising its economic significance 
and sustained growth potential.23  The ship recycling activities in India are also 
conducted in a limited manner at the Kidderpore Docks, Syama Prasad Mookerjee 
Port, Kolkata; the Mumbai Port, and by the Steel Industrials Kerala Limited.24

The ship recycling sector at Alang is emerging as a pivotal player, skilfully 
navigating the delicate balance between economic advancement and environmental 
sustainability.  Alang’s significance extends beyond its contribution to the global ship 
recycling industry; it plays a crucial role in generating approximately 3.50 million 
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Metric Tonnes (MMT) of steel annually, producing substantial quantities of re-
rollable steel without depleting natural resources or triggering the environmental 
impacts associated with traditional steel production processes, such as mining, 
energy consumption, water usage, and toxic effluents.  The potential to produce re-
rolled steel positions Alang as a green route for generating secondary steel, offering 
a sustainable alternative to extracting steel from Iron ore.  A comparison between 
the resource requirements for producing 4 million tonnes (Mt) of steel through the 
conventional route and ship recycling route is illustrated in the accompanying Table 
1 to drive home the environmental advantages and sustainability inherent in Alang’s 
ship recycling practices.

Table 1. Resource Requirements for Producing 4 Mt Steel by Conventional Route and  
by Ship Recycling Route Source: Environmental Impact Assessment and  

Environmental Management Plan25

Sl 
No

Natural Resources Steel Plant Ship Recycling 
Industry

Saving in Ship 
Recycling 

1 Iron Ore (t) 7,000,000 0 7,000,000 

2 Refractory materials / additives (t) 2,800,000 0 2,800,000 

3 Coal (t) 6,200,000 0 6,200,000 

4 Process Chemicals (t) 160,000 0 160,000 

5 Oxygen (Nm3) 260 x 106 72 x 106 188 x 106

6 Water (Million m3) 100 – 240 0.80 99.2 – 239.2 

7 Fuel Oil (t) 120,000 220,000 -100,000

8 LPG (t) 0 16,000 -16,000

9 Energy (as fuel and electricity) (J) 80,000 x 1012* 80,000 x 1012 0

t 	 –	 tonnes
Nm3	 –	 Normal cubic meters. The ‘Normal’ refers to normal conditions of 0 degrees Celsius and 1 atm 

(standard atmosphere = 101.325 kPa) – for particle purposes this is rounded to 1 bar
J	 –	 Joules

* Does not include energy required for transport of raw materials to plant site

According to the Gujarat Maritime Board, a comparison of natural resource 
consumption in the production of 2 million tonnes of steel through a steel plant and 
ship recycling reveals significant savings in the latter in two key aspects.  Firstly, in 
terms of solid waste, the steel plant generates approximately 878,967 tonnes, while 
the ship recycling industry produces only 12,500 tonnes, resulting in a substantial 
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total saving of 866,467 tonnes of solid waste or a savings of 433234 tonnes of solid 
waste per tonne of steel produced.  Secondly, the steel plant incurs a total cost 
exceeding `1000 crore, whereas the ship recycling industry’s total expenses are less 
than `100 crore, culminating in an overall saving of around `900 crore or a saving 
of `450 crores per tonne of steel produced.26

Additionally, ASSRY, with an existing ship recycling capacity of about 4.5 million 
tonnes per annum, has the potential to reduce annual CO

2
 emissions by 7.34 million 

tonnes compared to conventional steel production from iron ore.27  It is therefore 
evident that  responsible ship recycling is a sustainable route towards India becoming 
more environmentally conscious and contributing to the reduction of greenhouse 
gas emissions, in alignment with India’s net-zero emissions target by 2070.28  With 
more than 100 recycling plots adhering to the Hong Kong Convention standards, 
Alang stands as a beacon of environmentally responsible ship recycling.29  

While there are numerous advantages to undertaking ship recycling in India, 
the country must address significant challenges within the Indian Ship Recycling 
Sector.  These challenges, extensively discussed in the first segment of this two-
part series on sustainable ship recycling — an outcome of the “Sustainable Ship 
Recycling in India” project by Team NMF — are diverse and complex, impacting 
the sector’s overall operation and growth trajectory.30  A key challenge involves the 
industry grappling with enhanced legal and administrative costs incurred to comply 
with Health, Safety, and Environment (HSE) regulations.31  The necessity to meet 
rigorous regulatory standards requires substantial investments to ensure worker safety 
and environmental protection, thereby adding a considerable financial burden to the 
sector.  Consequently, there is a pressing need for comprehensive policy reforms, 
strategic planning, and collaborative efforts to address regulatory, operational, and 
financial constraints collectively.  Successfully overcoming these obstacles is crucial 
for the Indian ship recycling sector to thrive, contribute sustainably to the economy, 
and establish itself as a global player in the ship recycling industry.

Alang: India’s Hub for Ship Recycling

Alang, having evolved into the central hub for shipbreaking activities now known 
as recycling, is a testament to India’s dedication to maritime endeavours and 
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environmentally responsible practices.  The Gujarat Maritime Board (GMB) after 
a thorough survey of the coastal region, ultimately designated Alang as the most 
suitable site for developing shipbreaking operations.32  Both the GMB and other 
interested stakeholders endorsed this selection based on key factors highlighted in 
the first part of this two-part article.

The site’s strategic positioning within the high tide zone and ideal weather 
conditions supports continuous ship breaking operations.  Additionally, Alang 
boasts other favourable conditions viz., the seabed’s quick drying capability, even 
during monsoons, which facilitates the handling of various materials and equipment 
involved in the ship breaking process; the sloping coast of Alang, along with a long dry 
area, facilitates the uninterrupted beaching of vessels, thereby enhancing the overall 
handling of EOL vessels.  Moreover, the coastal area of Alang is strategically devoid 
of other competitive users, such as merchant shipping, fishing, and salt pans.33  This 
unique combination of geographic advantages has catapulted the ASSRY as a major 
player in the ship recycling industry.  It not only highlights India’s commitment to 
sustainable maritime practices but also emphasizes the crucial role ASSRY plays in 
fulfilling the escalating demand for steel while adhering to responsible environmental 
practices.  In essence, ASSRY emerges as an invaluable asset for India’s ship recycling 
industry.34

Figure 3. Bhavnagar anchorage area

Source: Captured by authors during the visit
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Upon entering the Indian Maritime Zone for ship recycling, vessels must notify 
both the Maritime Rescue Co-ordination Centre (MRCC) and the Indian Coast 
Guard regarding their intended destination at ASSRY.  Subsequently, the vessel 
seeks permission to drop anchor, a step facilitated following a thorough desk review 
conducted by the Port Authority, Gujarat Maritime Board (GMB), and Customs.35  
The detailed process is already explained in the first part of the duology under the 
heading “Ship Recycling Step-by-Step Procedure.”  The comprehensive ship recycling 
cycle, spanning inspection, preparation, and certification, ultimately culminates in 
the recycling of the ship’s steel and other reusable products.36 

Once a vessel enters a ship recycling yard, it undergoes a planned series of 
steps, starting with the critical process of beaching.  During this phase, the ship is 
intentionally grounded in shallow water, rendering it immobile and irreversible.37  A 
typical beaching scenario in Alang is illustrated in Figure 4. 

The duration for entire ship recycling process varies, ranging from 3.5 to 9 
months, contingent upon factors such as the vessel’s size and type.  Despite the 
specific recycling plans and procedures of each yard, a common and time-tested tacit 

Source: Arya Steel Handbook38

Figure 4. Typical Beaching in Alang
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Figure 5. Typical Ship Recycling Procedure

Source: Collated by Authors
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know-how prevails in Alang, as depicted in Figure 5, illustrating the “typical ship 
recycling procedure.”  This standardized approach ensures economic, procedural, 
environmental, and work-safety advantages, with each work activity’s duration and 
input-output meticulously outlined for efficient execution.

The representatives of the European Union and the media continue to highlight 
serious concerns in ASSRY with respect to pollution in the intertidal area; the absence 
of medical facilities; breaches of labour rights; and challenges in managing hazardous 
waste streams including mercury and radioactive contaminated materials commonly 
found in offshore oil and gas units.  The resale of asbestos-contaminated materials 
in India and the absence of a proper disposal site for PCBs further contribute to 
the negative perception of Alang-Sosiya.39  However, a closer examination of the 
ASSRY reveals noteworthy progress compared to the previous decade.  Out of the 
total 153 plots, approximately 103 are procedurally compliant with the Hong Kong 
Convention (HKC), and about 27 yards are actively striving for compliance with 
the European Union Ship Recycling Regulations (EUSRR).  Recent efforts by the 
authorities has resulted in a more positive impact on the safety and well-being of 
workers and the environment, showcasing a commitment towards addressing the 
previously identified concerns.  These ongoing efforts are indicative of a proactive 
approach to enhance sustainability and compliance within the ship recycling industry 
in Alang.

SOCIAL PERSPECTIVE

Workers Training and Safety

Amidst concerns raised by organisations regarding worker safety and training in 
Alang, interactions with the workers at the Safety Training and Labour Welfare 
Institute reveal a starkly contrasting reality.  The institute, operating in Alang, has 
demonstrated significant success in reducing accidents through its rigorous training 
programs.  Notably, the reported fatalities resulting from yard accidents have been 
limited to eleven between 2020 and 2023, showcasing the tangible impact of safety 
initiatives.  The comprehensive approach to safety is amply evident in the assignment 
of a dedicated Safety Officer to each recycling plot, supported by one or more safety 
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Figure 6. Safety Training and Labour Welfare Institute

Source: Pictures taken during the interaction of Team NMF with the trainees at the institute.

supervisors.  Moreover, the office of the Gujarat Maritime Board (GMB) at Bhavnagar 
has a Safety Department staffed with qualified Safety Officers, emphasizing a systemic 
approach towards ensuring worker safety.

Table 2. Accident Data of ASSRY

Accident Data

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

No. of Fatal 5 15 9 18 4 7 8 12 1 0 2 8 1

Source: Data provided by ASSRY Authorities

Since its establishment in 2003, the Safety Training and Labour Welfare Institute 
has enjoyed the unwavering support of the Gujarat Maritime Board, resulting in 
the proficient training of 1,56,503 skilled professionals.  The training program, 
comprising mandatory 12-day comprehensive safety training, an intensive 2-day gas 
cutter safety training customized for gas cutting activities, and a comprehensive 3-day 
refresher safety training for personnel with prior training, underscores a commitment 
to empowering workers with the necessary skill-sets for their tasks.  Additionally, the 
institute conducts seminars at regular periodicities addressing pertinent subjects to 
meet the distinct requirements of individual yards.
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In line with their commitment towards the welfare of workers, Alang authorities 
have constructed seven residential blocks, providing well-designed accommodations 
for a total of 1008 workers.  These initiatives reflect a proactive stance towards 
enhancing the comfort and safety of workers, challenging the negative perception 
propagated by external vested entities.  The water supply to ASSRY is facilitated 
through a pipeline connected to the Gujarat Water Supply Board. The capacity of 
the clean water supply system is 3 million litres per day, which comfortably exceeds 
the daily requirement ranging from 1.6 to 1.8 million litres. As a result, there is 
generally no issue with water supply. However, occasional shortages may arise during 
the summer months. In such cases, additional fresh water is supplied through tankers 
to ensure that the balance requirement is adequately met.40

Figure 7. Multi-specialty hospital and Accommodation Block

Source: Pictures taken during the visit of Team NMF to Accommodation block and  
multi-specialty hospital
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Medical Facilities

Significant strides have been made in improving the medical facilities in Alang, 
addressing concerns and enhancing the overall well-being of the workforce.  Presently, 
three medical facilities operate in the area — a multi-specialty hospital, a primary 
hospital, and a mobile health unit — all managed jointly by the Indian Red Cross 
Society and the Gujarat Maritime Board.  These facilities are equipped to handle 
routine medical care, attend to minor injuries, perform surgeries, and provide 
immediate relief in the event of significant accidents.  The expenses associated with 
medical treatment are covered by the plot owner where the injured worker was 
employed, emphasizing a collaborative approach to worker health.  Complementing 
these efforts, the Ship Recycling Industries Association (SRIA) is at an advanced stage 
of establishing a Trauma Centre, Health Care Centre, and Welfare Centre dedicated 
to Alang’s workforce. Furthermore, the Gujarat Maritime Board is converting a 
building owned by the Justice Dewan Charitable Trust into a comprehensive hospital 
specifically catering to ASSRY workers, with SRIA covering all associated costs.  
To promote occupational health awareness, the GMB’s Training Centre, SRIA’s 
medical professionals, along with external experts, conduct informative campaigns, 
demonstrating a holistic commitment to improving and expanding medical facilities 
in Alang.

Technological Perspective

Alang has made significant strides in improving its ship recycling infrastructure and 
technology, introducing innovative measures to enhance safety and environmental 
sustainability within the ship recycling industry.  The integration of liquid oxygen 
in the yards has streamlined gas cutting processes, providing a more efficient and 
controlled approach.  Moreover, the strategic plans to transition towards plasma and 
water-jet cutting technologies in the coming years stresses the industry’s commitment 
towards embracing advanced environment-friendly technological capabilities.  
Another noteworthy development is the incorporation of geo-membrane layers 
in a majority of the yards.  Comprising impermeable geosynthetic material, these 
layers act as a robust barrier, preventing the seepage of harmful contaminants and 
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Figure 8. Geo-membrane layer on the yard and Liquid Oxygen supply tank in a yard

Source: Pictures taken during the visit of Team NMF to ship recycling yards

hazardous chemicals into the soil.  This proactive measure not only safeguards the 
soil from potential hazards but also demonstrates a conscientious effort to mitigate 
environmental impact. 

Environmental Perspective

In the pursuit of sustainable ship recycling, Mecon Limited conducted a 
comprehensive environmental assessment survey focusing on air and water quality, 
noise levels, and ecological impact in the Alang region.  The ambient air quality 
at five distinct locations, including Alang village and Sosiya village, was diligently 
monitored for Particulate Matter (PM10 and PM2.5), Sulphur dioxide (SO

2
), 

and Oxides of Nitrogen (NOx).  The results of the survey spanning a twelve-week 
period, revealed that the ambient air quality parameters in the villages adhered to 
the National Ambient Air Quality Standards, 2009 for “Industrial, Residential, 
Rural, and Other Areas.”  Work zone air quality within ship breaking plots and the 
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Alang Waste Treatment Storage Disposal Facility (TSDF) met the stipulated norms 
outlined by the Indian Factories Act.41  Water quality monitoring covered sea water, 
Pasvivali Creek, ground water, and effluents from ships and the Alang TSDF. Sea and 
creek water analysis indicated levels within limits stipulated in the “Primary Water 
Quality Criteria for Coastal Waters,” while ground water from Alang and Mathavda 
villages was deemed unsuitable for drinking.  In terms of noise pollution, continuous 
monitoring at Alang Fire Station and surrounding villages demonstrated that average 
noise levels met the standards for Residential and Industrial Areas prescribed by the 
Central Pollution Control Board.42

The ecological study revealed a semi-arid landscape with sparse vegetation 
dominated by Prosopis juliflora (Gando-baval) and a limited variety of land animals.  
In addition to the absence of ecologically sensitive areas and mangroves, the study 
identified presence of common bird species but reported low biodiversity and 
biomass of marine life in the Alang area, with no commercial fishing activities.43  
Overall, this comprehensive environmental analysis, conducted by Mecon Limited 
and observed by the authors through engagement with stakeholders and authorities, 
forms a crucial foundation for ensuring responsible and sustainable ship recycling 
practices in the region.

Method of Identification, Removal and Disposal of Hazardous 
Inventory 

a.	 Asbestos is normally found in insulation areas like bulk head, pipe insulation, 
cold or hot areas needing insulation in machinery and engine room spaces.  
Ceilings are also often found containing asbestos in ships.  Removal of asbestos 
is done in a negative pressure area wherever required.  Special signage is used 
on vessels and on bags during compilation of the Inventory of Hazardous 
Material (IHM) for identification of items containing asbestos on ship.  
Green Gene Enviro Protection and Infrastructure Private Limited (GGEPIL) 
approved by the Gujarat Pollution Control Board (GPCB) is contractually 
authorised to handle, transport and dispose materials in accordance with laid 
down regulations from hazardous material storage to GGEPIL’s processing 
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plant.  It bears mention that the quantum of asbestos being used on ships is 
constantly decreasing and most ship designs are aiming to be asbestos-free.

b.	 Paints used on vessels in 70s and 80s used to contain asbestos and Tributyltin 
(TBT).  In case, scrutiny of the IHM or available vessel data reveals that the 
paints used onboard the vessel contain any of the hazardous ingredients, then 
the paint chips are removed with utmost care by chipping method. Special 
signage is used on vessel for bags containing paint chips which is sent to the 
Treatment, Storage and Disposal Facility (TSDF) / GGEPIL in Alang.  

c.	O ily Sand and Oily Rags are generated during cleaning of different types of 
tanks and spaces of vessels during the entire ship recycling process.  The sand 
used for cleaning oily tanks is resultantly contaminated with oil contents 
which makes it hazardous in nature.  Oily rags used for cleaning cannot be 
reused in any way.  The oily sand and rags are collected in bags and disposed 
to the TSDF/GGEPIL site with special signage being used on bags containing 
oily sand and rags.  

d.	 Bilge Water is normally removed by pumping out facility at ports but some 
bilge water remains on the vessel during beaching and is required to be 
pumped out by yard resources and sent to TSDF /GGEPIL located in Alang.  
Bilge water records are maintained onboard the vessel being recycled. Special 
signage is used for tanks containing bilge water in the yard.  

e.	 Many usable batteries are recovered from the vessels being recycled and are 
reused in the yard utility equipments such as cranes and winches.  Batteries 
that are found unusable are collected and sent for disposal to the TSDF / 
GGEPIL site.

f.	 Rubber and plastic items are collected in the non-hazardous storage area 
of the yard.  Both materials are collected in bags with special signage for 
identification and are disposed to TSDF / GGEPIL in Alang on periodic 
basis. 

g.	G lass wool is used in insulation onboard vessels like asbestos and normally 
is white or yellow in colour.  The glass wool is collected in bags with special 
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signage for identification and is disposed to TSDF / GGEPIL in Alang on 
periodic basis.  

h.	 Cement and ceramic waste are collected in non-hazardous waste storage 
rooms in the yard in bags and then sent to the TSDF site / GGEPIL on 
periodic basis.  

From Challenges to Opportunities

In specific reference to ship recycling and India’s evolving maritime practices, Gujarat 
Chief Minister, Shri Bhupendra Patel, made a significant announcement at an 
International Seminar on Ship Recycling and Vehicle Scrap Policy in September 2022 
at Gandhinagar.  Drawing attention to Gujarat’s extensive coastline and maritime 
heritage, he underscored the state’s pivotal role in India’s port-led development.  
The Chief Minister specifically addressed the burgeoning field of ship recycling, 
accentuating a transition towards green practices.  He stated that this transformation 
aligns with the vision set forth by the government of India through the enactment 
of the Recycling of Ships Act, 2019 and reiterated Gujarat’s aspiration to position 
Alang as a leading green ship recycling hub, showcasing India’s commitment to 
environmentally friendly practices while invigorating the ship recycling industry.  
The event served as a testament to Gujarat’s integral role in India’s economic 
development, shedding light on advancements in ship recycling and the broader 
maritime sector.44

Continuing the narrative on India’s ambitious plans for the ship recycling industry, 
the government’s forward-looking document, Maritime Amrit Kaal Vision 2047, 
extends the trajectory defined by the Maritime India Vision 2030 (MIV 2023).  The 
2047 vision outlines a timeline and the collaborative efforts required from various 
stakeholders to address the major challenges confronting the Indian Ship Recycling 
Industry.  The focused efforts outlined in Maritime Amrit Kaal Vision 2047 and 
enumerated in the table below represent a proactive approach to transform challenges 
into opportunities and position India as a global hub for environmentally sustainable 
ship recycling practices. 
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Table 4. Action Plan of the Indian Government for the Ship Recycling Sector. 

Sl 
No.

Issues/ 
Challenges

Present status Proposed 
Consideration

Action Plan for 
Implementation

Timeline

1 Underutilization of 
the available infra-
structure, of the 153 
plots in Alang, 131 
have been allotted 
and 22 are vacant.

Approximately 48 
percent under-uti-
lization of working 
plots handling an 
average 2 MMTPA 
of LDT.

Resize the plots in 
ASSRY and create an 
extra recycling cluster 
on the East Coast of 
India to bolster ship 
recycling infrastruc-
ture under the MIV 
2030 initiative. 

Enhancement of ex-
isting utilized

capacity of 2 Million 
Metric Tonnes Per 
Annum (MMTPA) 
(131 plots) at AS-
SRY to

5.24 MMTPA

•	 Relaxation in Annual fixed 
Charges

•	 Amendment in Constitution 
changes of plot holder

•	 Transfer of Plots

Q4, 2023

Adding 22 plots to enhance ca-
pacity to 0.88 MMTPA

•	 Auction of 8 plots as directed 
by the Honourable Supreme 
Court of India

•	 Amendments in Reservation 
Policy in a non-arbitrary 
manner, as directed by the 
Honourable Supreme Court 
of India

Auction of 14 plots

Q3, 2025

Adding 15 plots to enhance ca-
pacity to 1.20 MMTPA

Coastal Regulatory Zone (CRZ) 
Clearance, Land Acquisition and 
Extension of road. 

Adding 30 plots to enhance ca-
pacity to 2.40 MMTPA

CRZ Clearance, Land Acquisi-
tion and Project Management 
Consultant (PMC) Finalization

Q3, 2025

2 Higher Taxes Import Duty 2.5% 
and GST 18% being 
levied.

Reduction in tax rate 
in line with imported 
baled scrap

Detailed study to arrive at revised 
tax rates

Q4, 2023

Ministry of Ports, Shipping and 
Waterways (MoPSW) to send 
representation to Income Tax 
department

Q4, 2023

Approval from Income Tax de-
partment

Q1, 2024

3 Overcoming the BIS 
Non-Recognit ion 
Barrier: Exploring 
Solutions for the In-
tegration of Recycled 
Steel in Diverse Sec-
tors, with a Focus

BIS not recognizing 
recycled Steel.

Projects already 
identified under the 
initiative: - (Source: 
MIV 2030)

Modification of

Amend BIS Regula-
tion (IS 1768:2008) 
for Thermo Me-
chanically Treated 
steel (TMT) bar 
production to permit 
the use of ship scrap, 
focusing on material

Proposal to Bureau of Indian 
Standards (BIS) based on de-
tailed study

Q4, 2023
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on the Real Estate 
Industry

BIS regulations (IS 
1786:2008) govern 
ing TMT bar pro-
duction to allow us-
age of ship scrap basis 
material composition 
and strength/ quality  
in place of existing 
requirement of met-
allurgical history

c o m p o s i t i o n , 
strength, and quality, 
as an alternative to 
the current metallur-
gical history require-
ment

Approval from BIS Q4, 2023

4 Limited Ship Recy-
cling Clusters

Development of 
other ship recycling 
clusters

Development of oth-
er ship recycling clus-
ters at West Bengal 
and Visakhapatnam

Conduct a comprehensive loca-
tion study encompassing strategy, 
business model, finance, taxa-
tion, commerce, industry, policy 
law, foreign trade, etc., to finalize 
destinations

Q4, 2023

Prepare and submit a proposal to 
the MoPSW with the rationale, 
tentative budget, and suggested 
action for approval

Q4, 2023

Land acquisition and CRZ clear-
ance

Q4, 2024

Issue Request for Proposal (RFP) 
for development of ship recycling 
clusters with suitable business

Model

Q1, 2025

Development of facility Q4, 2026
5 Limited Market-

ability of ship by-
products and lack of 
transparency

Collaborate with 
other countries 
through MEA to 
establish a ship 
recycling facilitation 
centre, promoting 
recycling activities 
and enhancing 
marketability of ship 
by-products via trade 
fairs at ship breaking 
yards, involving 
stakeholders from 
shipowners to down-
stream industries, as 
identified under the 
MIV 2030 initiative

Intervention of 
MEA, Government 
of India with Euro-
pean Union, OECD 
countries for sending 
their vessels directly 
to ASSRY without 
routing through 
Flag of Convenience 
(FOC) with subsi-
dized selling price 
like Turkey. MEA 
may also intervene 
with EU countries to 
send their vessels to 
Alang at subsidized 
rates considering 
HKC compliance 
status

Detailed study to arrive at subsi-
dised rates in line with interna-
tional bodies

Q4, 2023

Proposal to Ministry of Exter-
nal Affairs (MEA) to collaborate 
with countries to send their ves-
sels directly to

Alang without routing through 
FOC with subsidized selling 
price

Q4, 2023

Approval from MEA Q2, 2024

Source: Maritime Amrit Kaal Vision 2047, Maritime India Vision 2030 and through interactions 
of Authors with stakeholders45,46
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Recommendations

The ship recycling industry in Alang has witnessed positive changes in recent years, 
yet challenges persist, especially in environmental and safety aspects.  To foster further 
improvement and sustainability, the following recommendations are proposed: 

Promotion of India’s Ship Recycling Sector:

•	 Organize annual seminars to promote sustainable ship recycling, emphasizing 
benefits and solutions.

•	 Improve transparency to enhance the industry’s global image and showcase 
Alang’s development.

Inspection and Worker Rights:

•	 Increase administrative and financial capacity for regular inspections.47

•	 Establish a comprehensive database on migrant workers with regular 
updates.48

•	 Provide detailed education on workers’ rights under labour laws.

Environmental Monitoring and Transparency:

•	 Develop a transparent environmental monitoring system.

•	 Conduct a GAP analysis to identify areas for improvement in medical 
facilities and waste management.

Enhanced Drainage System and Cutting Methods:

•	 Address the effectiveness of the drainage system in the secondary cutting 
zone.

•	 Examine alternative cutting methods, especially water jet cutting to minimize 
risks.49

Sustainable Coat-Stripping Techniques:

•	 Explore sustainable coat-stripping methods, such as dry ice blasting, to 
reduce emissions of hazardous pollutants.50

•	 Investigate the transition from traditional sand blasting to environmentally 
friendly alternatives.
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Circular Economy Transition:51

•	 Work towards transitioning ship recycling into a circular economy.

•	 Implement circular economy policies for improved scrap steel availability.

•	 Utilize optical recognition and artificial intelligence for precise scrap quality 
assessment.

These recommendations encompass short-, medium-, and long-term strategies 
aimed at addressing immediate concerns while fostering the long-term sustainability 
of Alang’s ship recycling industry.  The implementation of these measures will 
contribute to enhancing environmental practices, worker safety, and the overall 
reputation of Alang on the global stage.

Conclusion

India’s ship recycling industry, centred around the ASSRY, stands at a critical juncture 
where challenges and opportunities intersect.  The historical shift of ship recycling 
activities from the Global North to South Asia, driven by stringent regulations, has 
positioned India as a key player in the sustainable disposal of End-of-Life vessels.52  The 
economic and environmental advantages of responsible ship recycling, exemplified 
by the ASSRY, highlight the potential for India to become a global leader in this 
sector.

The challenges faced by the Indian ship recycling sector, including underutilization 
of plots, high compliance costs, tax burdens, demand a comprehensive approach 
for policy reforms and strategic planning.  The significant strides made in Alang, 
especially in addressing concerns related to worker safety, environmental pollution, 
and regulatory compliance, reflect a positive trajectory.  Recent developments, such 
as the commitment to green practices and the vision outlined in Maritime Amrit 
Kaal Vision 2047, further reinforce India’s commitment to sustainable ship recycling 
practices.

The recommendations put forth, ranging from promoting India’s ship recycling 
sector and capacity building to addressing environmental concerns and adopting 
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circular economy principles, provide a roadmap for the industry’s sustained growth.  
These recommendations, if implemented diligently, can contribute to enhancing 
Alang’s global standing, ensuring responsible ship recycling practices, and aligning 
with India’s aspirations for a green and economically robust maritime sector.  The 
evolution of Alang from facing challenges to embracing opportunities symbolizes 
a commitment to environmental stewardship and responsible industry practices, 
setting the stage for India to become a beacon of environmental sustainability in the 
ship recycling landscape.
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Towards Zero-Emission Shipping for India —  
The Case for Ammonia versus Hydrogen as the Fuel 

of Choice

Ms Ayushi Srivastava 

As the maritime sector charts its course into the future, it finds itself at a critical 
juncture, confronting the challenges of decarbonisation amidst economic and 

geopolitical uncertainties.  Greenhouse gas emissions from the shipping industry, 
constituting 3% of the global total, have surged by 20% in the past decade and, in 
the absence of decisive action by all stakeholders, threaten to soar to 130% of 2008 
levels by 2050.1  Adding to the complexity is an ageing global fleet, one wherein the 
average ship’s age, as of early 2023, is over 22 years, presenting a dilemma where 
many vessels are either too old for retrofitting or too new to be scrapped.2 

The urgency to reduce emissions is palpable, yet the sector grapples with 
substantial uncertainty in terms of identifying optimal transition strategies.  While 
alternative fuels hold promise, their current utilisation remains in a nascent stage, 
with a staggering 98.8% of ships still being reliant upon fossil fuels.  Encouragingly, 
however, a notable 21% of vessels on order are slated to operate on cleaner alternatives 
such as liquefied natural gas, methanol, and hybrid technologies.  

Adding another layer of complexity is the question of accountability in this 
transition.  While major flag States, such as Liberia, Panama, and the Marshall 
Islands, which taken in aggregate, are responsible for a third of shipping’s carbon 
emissions, are indeed poised to enforce new green standards, the economic burden 
of investing in alternative fuels, bunkering infrastructure, and greener vessels largely 
falls upon ship owners, ports, and the energy sector as a whole.  Navigating this 



112

intricate web of economic, regulatory, and environmental imperatives constitutes the 
industry’s next significant trial.3  

At COP 21 in Paris, on 12 December 2015, the “United Nations Framework 
Convention on Climate Change” (UNFCCC) adopted the “Paris Agreement”, which 
aims to achieve global climate-neutrality by the middle of the current century.4  For 
its part, the global shipping industry is aware of its adverse impact on the climate 
and has vowed to achieve net-zero CO

2
 emissions by 2050.5  The “International 

Maritime Organisation” (IMO), too, is focusing on controlling GHG emissions, and 
its “Marine Environment Protection “Committee (MEPC), has taken a number of 
remedial measures in this regard.  On 13 April 2018, for instance, the 72nd meeting 
of the MEPC (MEPC-72) adopted the “Initial IMO Strategy on Reduction of GHG 
emissions from Ships” vide ‘Resolution MEPC.304(72)’.6  

The principal objectives of this ‘Initial Strategy’ are to enhance IMO’s contribution 
in addressing GHG emissions and identifying actions and measures to reduce the 
GHG emissions from international shipping by at least 50 per cent by 2050, when 
compared to 2008.  The strategy envisages a decline in carbon intensity through the 
phased implementation of the “Energy Efficiency Design Index “(EEDI) for new 
ships and sets a target of reducing CO

2
 emissions per transport work, by at least 40 

per cent by 2030, and 70 per cent by 2050, compared to 2008.7  

In July of 2023, IMO member States unanimously endorsed the “2023 IMO 
Strategy for the Reduction of Greenhouse Gas (GHG) Emissions from Ships”, 
which incorporates even more ambitious targets to address the detrimental impact 
of emissions.8  This updated IMO GHG Strategy, adopted in the 80th session of the 
MEPC (MEPC 80), features a strengthened shared vision to achieve near-zero GHG 
emissions from international shipping by the vicinity of 2050.  It also emphasises 
a firm commitment to promoting the adoption of alternative ‘zero- and near-zero 
GHG-emitting fuels by the year 2030.  Additionally, the strategy establishes key 
interim milestones, with a baseline reduction target of at least 20%, while striving 
for 30%; and with a base reduction goal of at least 70%, striving for 80%, by 2040.  
This marks a significant advancement in global efforts to mitigate the environmental 
impact of maritime transportation.9
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Heavy Fuel Oil (HFO) is, even today, the predominant fuel used in ships 
undertaking long distance voyages.  However, it has a high sulphur content and, 
hence, results in high levels of environmental pollution.  “Exhaust Gas Cleaning 
Systems” (EGCS), commonly referred-to as “scrubbers”, are being retrofitted in the 
machinery of merchant ships, with the aim of reducing sulphur emissions from 3.5% 
to 0.5%.  However, this measure alone is considered insufficient to achieve IMO 
targets, at least not by its 2050 deadline.  Consequently, alternative fuels need to be 
considered in order to decarbonise shipping.  

Shipping is a complex and capital-intensive industry.  A 2020 study undertaken 
by the “University Maritime Advisory Services” (UMAS) and the “Energy Transitions 
Commission” found that to achieve the IMO’s carbon reduction ambition by 2050, 
funding support of the order of US$ 1 to 1.9 trillion would be needed.10  Moreover, 
at least at this point in time, there is no readily available and affordable replacement 
for conventional fossil fuels.  Thus, the decarbonisation of shipping is unlikely in the 
near-term. 

The transition of the shipping industry away from fossil fuels has certainly begun 
but there is much that must be done before merchant ships can be propelled by 
zero-carbon fuels.  This sobering realisation notwithstanding, there are a variety of 
non-fossil fuels that have been tentatively identified as having the potential to reduce 
GHGs emission.  Amongst these, hydrogen (H

2
) and ammonia (NH

3
) are notable.  

Both consist of carbon-free and sulphur-free molecules; are versatile; and can power 
applications using fuel cells or internal combustion engines (ICEs).  

Comparative Analysis of H
2
 and NH

3
 Properties 

Both hydrogen and ammonia, whether produced from renewable energy or fossil 
fuel associated with carbon capture technology, can become carbon-neutral fuels.  
However, the combustion of ammonia and hydrogen can generate nitrogen oxides 
(NO

x
), which have a “Global Warming Potential” (GWP)11 273 times that of CO

2
.  

GWP measures how much energy one tonne of a gas absorbs over a given period, 
relative to one tonne of CO

2
 emission.  The period generally used for GWPs is 

100 years.  So, NO
x
 emitted today would remain in the atmosphere for more than 
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a century.12  Thus, H
2 

and NH
3
 might well be carbon-free, but they will require 

additional technology capable of capturing or significantly reducing NO
x 
emissions.

Hydrogen has an impressive energy content per unit mass, with a value of 120.2 
MJ/kg13, which compares very favourably with HFO (40.2 MJ/kg) and ammonia 
(a poor 18.6 MJ/kg).14  Clearly, hydrogen can increase the effective efficiency of an 
engine and reduce specific fuel consumption15 far better than other fuels.  However, 
motorised ships are seagoing vehicles that must, until replenished from an external 
source, carry the fuel that they consume.  Therefore, the amount of fuel that can be 
carried for a given delivery of energy is another important factor.  This is indicated by 
the “volumetric energy density” (the amount of energy that can be contained within 
a given volume) of a given fuel.  

Here, unlike the case with energy content per unit mass, hydrogen fares the 
poorest amongst the fuels under consideration, namely, HFO, ammonia, and 
hydrogen.  While HFO has a volumetric energy density that varies from 39,564 MJ/
m3 to 42,036 MJ/m3, hydrogen gas (even when compressed to 350 bar of pressure) 
yields a ‘volumetric energy density’ of just 5,040 MJ/m3.  Even if it is liquified, the 
‘volumetric energy density’ of hydrogen is 8,500 MJ/m3 — a mere quarter of that of 
HFO.16  Thus, to deliver the same quantum of energy as HFO, hydrogen requires 
around four times the volume of space than HFO would have needed. 

Even in comparison with liquid ammonia, which has a ‘volumetric energy 
density’ of 14,100 MJ/m3,17 hydrogen would require almost double the space for an 
equivalent amount of energy.  Moreover, since liquid hydrogen requires a temperature 
of less than minus 253o C, the requirement of space would increase in order to allow 
for the necessary layers of insulating material for cryogenic storage18, as well as other 
ancillary structural arrangements.  

Ammonia, on the other hand, can be brought to liquid form at room temperature 
(25o C) when pressurised to 9.9 atm or, if the temperature is lower than minus 33.4o 

C, at normal atmospheric pressure (one atm).  Being 10.6 to 30.2 times cheaper than 
hydrogen, it is clearly a more cost-efficient option, particularly since its facilities for 
its transportation and storage already exist, with over 18 million tonnes of ammonia 
being traded internationally on an annual basis (as of the year 2020).19
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It may thus be seen that although hydrogen as a marine fuel is characterised by 
low Greenhouse Gas (GHG) emissions, its storage and handling are challenging.  
The development of this form of marine fuel requires more advanced technology, 
considerable innovation, and significant cost reduction.  Moreover, the shipping 
industry has fairly limited experience in dealing with hydrogen as a marine fuel, 
when compared with ammonia and HFO.  The technology maturity20 of both 
hydrogen and ammonia need time and the infusion of considerable capital if either 
is to achieve the end goal of zero-carbon emissions.21  A brief comparison of maritime 
fuel characteristics can be found in Table 1,22 which compares HFO, hydrogen, and 
ammonia on various aspects.

Table 1.  Matrix for maritime fuel characteristic

Fuel Technology 
maturity

Applicability 
to shipping

Well-
to-tank

Tank-
to-wake

Fuel 
Safety & 
Storage

Fuel cost

Hydrogen Combustion Medium Medium Low Low Low High

Electric (Fuel cell) Low High

Ammonia Combustion Medium High Low Low Medium Medium

Electric (Fuel cell) Low High

HFO Combustion High High High High High Low

	 Low Medium High

Source: Collated by the Author

A 2017 study by Lloyd’s Register (LR) and the University Maritime Advisory 
Services (UMAS) suggests that as a shipboard fuel, ammonia is more economically 
viable than hydrogen as there are lower costs that are associated with its onboard 
storage.23  This notwithstanding, there is no gainsaying the fact that the cost of either 
of these alternative fuels is, at present, much higher than that of HFO.  Likewise, 
while both hydrogen and ammonia have much lower values of GHG emission when 
compared to that of HFO, the impact of their respective production processes is 
likely to erode this advantage.  There are four types of hydrogen and ammonia in 
terms of emissions released during production:24

•	 ‘Brown’, produced from the processing of coal.
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•	 ‘Grey’, produced from natural gas or by processing of fossil fuels other than 
coal.

•	 ‘Blue’, produced from processing of fossil fuels but with carbon-capture 
technologies.

•	 ‘Green’, produced from renewable energy sources such as wind, solar, 
geothermal, water, etc.

Currently, ‘grey’ production is dominant, although a definitive shift to ‘blue’ or 
‘green’ hydrogen and ammonia is clearly needed.  In the case of hydrogen, this could 
be achieved by electrolysis, high-temperature water-splitting, or by photobiological 
water-splitting, or by photoelectrochemical water-splitting.  However, none of these 
methods are as yet capable of large-scale hydrogen production.25  The situation with 
respect to ammonia is far more encouraging, given that its production through 
alkaline electrolysis and air separation powered by hydropower (the Haber-Bosch 
process), is an industrial method that has been around for the past 100 years — since 
1920 at least.26  

There are several research and development projects that are focussed upon using 
hydrogen and ammonia as marine fuels for sustainable shipping.  These include, 
inter alia, “The Green Ammonia Consortium”, in Japan (active since 2019),27 and the 
“Zero Emission Energy Distribution at Sea” (ZEEDS) project (ongoing since 2019 
in Northern Europe).28  The “Golden Gate Zero Emission Marine Hydrogen Fuel Cell 
Vessel”, initiated by Zero Emission Industries, incorporated the launch of a catamaran 
fuelled by a proton-exchange membrane fuel cell (PEMFC) in 2021.29 Likewise, for 
liquid hydrogen, there are Norway’s “PILOT-E” project30 and Australia and Japan’s 
“Hydrogen Energy Supply Chain Project”.31  Several commercial industries, too, 
are working on clean energy — MAN Energy Solutions, for instance, which has 
announced that its first ammonia unit could soon be in operation.32  Likewise, M/s 
Alfa Laval, a marine fuel system developer, has announced its move to the next 
generation of fuel gas supply system to replace LPG with ammonia.33  

As would be evident, the world is still in a transition phase, despite several projects 
throwing up very encouraging results, especially for vessels of limited size.  However, 
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large merchant vessels designed for global cargo movement still have a long way to 
go before they can reach the goal of zero-carbon emission.  According to a report 
by the “International Chamber of Shipping” (ICC), significantly higher levels of 
investment and research are required for ongoing projects to reach technical maturity.  
The report identifies 265 projects that address key technical and systemic challenges 
to accelerate zero-carbon emissions and opines that to reach even a pre-commercial 
deployment stage, funding of around US$ five billion would be required.34  

India and its Transition

As highlighted in the recently released “Climate Change Performance Index 2023”35 
report, India has secured the 8th position, marking a remarkable jump of 2 positions 
from the previous edition, and now holds the highest rank among the G20 nations 
in transitioning to a greener future.36  India has also presented its “Nationally 
Determined Contributions” (NDC) to the UNFCCC through an initiative known as 
LiFE, which stands for “Lifestyle for Environment.” LiFE is a widespread movement 
that advocates the thoughtful and purposeful utilisation of resources instead of 
thoughtless and harmful consumption practices.  This commitment entails eight 
overarching goals, including three specific quantitative targets for the year 2030,37 
namely:

1.	 Increasing the capacity for non-fossil power generation to 50%.

2.	 Reducing the emissions intensity of GDP by 45% compared to 2005 levels.

3.	 Establishing a cumulative additional carbon sink of 2.5-3 billion tonnes of 
CO

2
 equivalent through the expansion of forest and tree cover.

However, if we look into the maritime sector of India as of 2019, the Inland 
Waterways Transport (IWT) sector was responsible for approximately 277,000 tonnes 
of CO

2
 (t CO

2
) emissions.  During the same year, India had a fleet of approximately 

970 coastal shipping vessels, resulting in the consumption of 1.6 million tonnes of 
fuel oil and the emission of 5.1 million tonnes of CO

2
 (Mt CO

2
).38  Government 

policies anticipate a nearly threefold increase in annual cargo and passenger 
movement on inland waterways and a 1.2-fold increase in cargo movement via coastal 
shipping from 2019 to 2030.  It is clear that the growth in fuel consumption and 
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emissions will more than offset the benefits of increased trade or human connectivity, 
making it imperative to implement appropriate measures to mitigate these adverse 
consequences.39  

The government has put into action several initiatives, including the 
“SAGARMALA” programme,40 the National Waterways Act,41 and the Inland 
Vessels Bill,42 with the aim of advancing the waterways sector and promoting a shift 
in transportation modes.  However, these policies have a constrained emphasis on 
transitioning to cleaner fuels.   On the other hand, “Maritime India Vision 2023” 
(MIV 2030) introduces measures to ensure that all ports and maritime bodies adhere 
to global benchmarks for health, safety, security, and environmental standards, thus 
addressing broader concerns within the sector.43  Additionally, under the ambit 
of the “Maritime Amrit Kaal Vision 2047”,44 a concerted effort is being made to 
decarbonise the maritime industry.  This vision outlines specific targets, indicated 
in Table 2 as Target (2030) and Target (2047), to gauge progress against the 202145 
status of the shipping sector.

Table 2. Targeted Benchmarks for Decarbonising India’s Shipping Sector by 2030 and 2047

Plan Status (as of 2021) Target 
(2030)

Target 
(2047)

Carbon neutral ports - 1 14

Developing hydrogen/ ammonia hubs at 
major ports

- 3 14

Develop circular ports - - 14

LNG Bunkering in major ports 1 4 8

Port equipment electrification (%) - 50 >90

Area under green belt (%) <10 20 33

Share of renewable energy at ports (%) <10 >60 >90

GHG emission reduction in domestic/ short 
sea shipping ferries, port vessels (tugs/craft/
dredgers) & OSVs/PSVs

- 30 70

GHG emission reduction in all coastal/ EXIM 
vessels

- 10 50

Source: Maritime Amrit Kaal Vision 2047
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India’s Ministry of Ports, Shipping & Waterways has launched a “National Centre 
of Excellence for Green Port and Shipping” (NCoEGPS), whose mission is to develop 
a regulatory framework and technology roadmap for Green Shipping, promoting 
carbon neutrality and a circular economy in India’s maritime sector.  India also aims 
to boost the share of renewable energy in major ports to 60% from the current 
value of less than 10%, primarily through solar and wind power.46  In line with 
India’s vision to become a global leader in green shipbuilding by 2030, the Ministry 
also introduced the “Green Tug Transition Programme” (GTTP).  This programme, 
launched during the inauguration of the NCoEGPS in Gurugram, Haryana, begins 
with the introduction of “Green Hybrid Tugs” equipped with advanced green hybrid 
propulsion systems.  The GTTP will gradually integrate alternative fuels such as 
methanol, ammonia, and hydrogen. Targets have been set for deploying these “green” 
tugs in major ports by 2025, with a goal of converting at least 50% of the entire tug 
fleet into “green” tugs by 2030.  This will play a significant role in reducing emissions 
and advancing India’s sustainable development efforts.47

India also recently came up with a major policy enabler by the government 
for the production of green hydrogen/ green ammonia, using renewable sources of 
energy.  The implementation of this policy is expected to provide clean fuel to the 
common people of the country, while reducing dependence on fossil fuel and also 
reduce crude oil imports.  Another objective is to have India emerge as an export 
hub for green hydrogen and green ammonia.48  While these are steps in the right 
direction, further research and innovation on future marine fuels is needed to ensure a 
smooth transition.  Fortunately, India’s engineering capacity for large-scale renewable 
hydrogen and ammonia projects is not likely to be a bottleneck.49  

To unlock India’s potential in the field of renewable hydrogen and ammonia, the 
Cabinet has recently introduced the “National Green Hydrogen Mission” (NGHM), 
with substantial ($2.4 billion) funding support.50  The “India Hydrogen Alliance” 
(IH2A), an industry-driven coalition, is actively engaged in the conversion of the 
NGHM into large-scale commercial projects.  An essential element of this initiative 
involves establishing “Hydrogen Valleys”, where production and consumption 
centres are co-located, thereby adopting a comprehensive value-chain approach, and 
fostering public-private partnerships, along the lines of similar hubs currently being 
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developed in Europe.  This approach encompasses not only hydrogen production 
and utilisation, but also encompasses the vital aspects of storage and infrastructure of 
hydrogen and its derivatives.  This comprehensive strategy is critical to ensuring that 
production and utilisation centres are interconnected, preventing investments from 
turning into stranded assets.51

It is crucial for India to consider the establishment of “Green Shipping Corridors”, 
aligning with the “Clydebank Declaration”, which aims to support the creation of at 
least six green corridors by the middle of this decade, with aspirations for additional 
ones by 2030.52  Although India is not a signatory to this declaration,53 embracing 
green shipping corridors can pave the way for decarbonisation by establishing a 
green marine fuel value chain and accelerating the transition from ‘brown’ to ‘green’ 
practices. 

However, the “Climate Action Tracker”, an international scientific initiative 
monitoring global government efforts to combat climate change, has assessed India’s 
net-zero goals as “inadequate”.54  According to its assessment, India’s “Long-Term 
Low-Carbon Development Strategy”, while addressing specific sectors such as power, 
industry, transport, buildings, and urban development, lacks a clear direction for 
achieving net zero emissions beyond the existing initiatives.  The strategy fails to 
present emissions reduction pathways or demonstrate how current policies will lead 
to the necessary emissions reductions by 2070.  Additionally, it lacks transparency 
regarding the use of technologies such as CCUS (carbon capture, utilisation, and 
storage)55 for meeting the net-zero target.  India’s net zero objective falls short in 
terms of its comprehensiveness, target framework, and transparency.56  

Thus, it is necessary to understand the fuel pathway for the shipping sector 
for a proper transition, and for a balance to be struck between policies and their 
implementation.  Indian shipping industries, too, have to get more actively 
involved in innovations and could help in achieving the country’s net-zero target by 
specifying the scope of emissions, quantifying mitigation measures and pathways, 
and establishing a review process for the target.57  
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Recommendations

•	 Indian policymakers must commit themselves to establishing green shipping 
corridors to accelerate the development of zero-emission fuels, low-carbon 
enabling infrastructure, and effective legislation and regulation. These 
corridors would serve as testbeds for alternative fuel infrastructure and 
operations, promoting the adoption of low-carbon fuels, encouraging the 
development of sustainable infrastructure, and facilitating the transition to 
eco-friendly practices along key maritime routes. 

•	 India should collaborate with leading global green-transition countries such as 
the US, the UK, Denmark, and Norway, to access best practices, technology, 
and resources for developing green shipping corridors and promoting 
sustainable maritime practices, aligning with international initiatives such as 
the Clydebank Declaration and the Zero Emission Shipping Mission.58

•	 The government needs to leverage digital innovations such as GHG emission 
calculators, digital twinning, and collaborative platforms, to raise energy 
efficiency in the maritime sector.

•	 Leverage the “LeadIT 2.0 Initiative” announced at COP28.  The ITP represents 
a pivotal partnership between India and Sweden, targeting expedited and 
more ambitious transitions within the industry sector.  Facilitated by LeadIT, 
the ITP would facilitate collaboration between governments, industries, 
technology providers, researchers, and think tanks of both nations, offering 
customised bilateral and multilateral technical and financial assistance to 
support India’s transition priorities.59

•	 Increase funding for research and development (R&D) initiatives focused 
on advancing technologies for green shipping, including hydrogen fuel 
cells, ammonia propulsion systems, and carbon capture and storage (CCS) 
technologies.  Establish collaborative research partnerships between industry, 
academia, and government agencies to drive innovation in sustainable 
maritime solutions.
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Conclusion

While maritime transport is undeniably a linchpin of global trade and supply chains, 
the sector faces formidable challenges in terms of reducing GHG emissions.  Yet, a 
transition away from conventional marine fossil fuels is crucial, especially given the 
fact that alternative fuels like hydrogen (H

2
) and ammonia (NH

3
) offer promising 

paths toward decarbonisation.  However, the challenges should not be underestimated, 
as transitioning to these alternative fuels is a complex and costly endeavour, requiring 
significant technology innovation and capital investment.  

Hydrogen boasts a high energy content but suffers from low volumetric energy 
density, necessitating larger storage space.  Ammonia presents itself as a more cost-
efficient option due to its existing infrastructure and lower storage costs.  However, 
both hydrogen and ammonia face similar challenges related to NOx emissions, the 
addressal of which requires significant additional investments of time, money, and 
effort, in technology.  Further, the production of green hydrogen and ammonia using 
renewable energy sources is essential to minimise their carbon footprint.  Currently, 
grey production methods predominate, underscoring the need for a shift to ‘blue’ 
or ‘green’ production techniques.  Numerous research and development projects are 
underway to harness hydrogen and ammonia as marine fuels, with promising results 
for smaller vessels.  However, achieving zero-carbon emissions for large merchant 
vessels involved in global cargo transportation remains a formidable challenge.

Given the ambitious targets set by multiple stakeholders, including those within 
India, concerted efforts by policymakers, the shipping industry, and the research 
community, are imperative. Scaling up investment in research, development, and 
innovation, along with government subsidies for alternative fuel infrastructure, 
will be crucial to navigate these challenges and steer the maritime sector toward a 
sustainable, low-carbon future.

27 May 2024
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Book Review

“The Next Stop: Natural Gas and India’s Journey  
to a Clean Energy Future”

Vikram Singh Mehta, Ed. Noida: Harpercollins Publishers, 2021. 
640 Pages, Rs 490 (Hardcover)

Ms Harshita Dey

The world is yearning for a breath of fresh air — a more sustainable and secure 
energy future. This burning desire is especially evident in India, a nation 

grappling with its ever-growing energy needs. Vikram Singh Mehta’s edited volume, 
“The Next Stop: Natural Gas and India’s Journey to a Clean Energy Future,” makes 
a timely entry into this conversation and throws open the hood on India’s natural 
gas sector.  The authors collectively propose natural gas as a “bridge fuel”, that is, a 
temporary solution to help India navigate away from “dirty” coal towards a cleaner 
energy future.  The book delves into the nitty-gritty of India’s natural gas landscape, 
leaving practically no stone unturned.

The book is helmed by Vikram Singh Mehta, a well-known veteran in the field 
of India’s energy, who transitioned from the corporate trenches to become a respected 
analyst.  Mehta, formerly the CEO of Shell India, brings his industry expertise to the 
table as an editor.  While international experts lend their voices throughout the book, 
the section “India – The Current Setting” is firmly grounded in the perspectives of 
domestic specialists, offering a nuanced view of India’s unique energy landscape.

The book opens with a stark reality check: India’s economy is on a tear, but its 
continued reliance on fossil fuels, particularly the dirty king coal, is wreaking havoc 
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on the environment. Renewable energy sources are emerging as strong contenders, 
but they are not yet quite ready to plug the energy gap for the foreseeable future.  So, 
what then, is the plan?  The book proposes a strategic pit-stop on the road to clean 
energy: natural gas, the “cleanest”1 of the fossil fuels.  Mehta and his team advocate 
for natural gas as a bridge fuel, a temporary solution to wean India off coal and steer 
it towards a cleaner energy future.

The book casts a spotlight on the roadblocks that threaten to derail India’s 
natural gas aspirations. One major obstacle is the scarcity of recoverable reserves 
of natural gas within the country’s sedimentary basins.  These reserves often reside 
in geologically treacherous areas, making extraction a backbreaking and expensive 
endeavour.  Compounding this challenge is the lack of a robust national gas pipeline 
network.  Think of it as a highway system with missing links — it hinders the 
smooth flow of gas from production sites to hungry consumers.  The book further 
criticises the current policy framework for natural gas, pointing to a labyrinthine 
pricing structure and complex formulae that leave consumers scratching their heads 
in bewilderment.  To make matters worse, natural gas is currently excluded from the 
Goods and Services Tax (GST).   However, central excise duty, state VAT, and central 
sales tax, are all levied, leading to inflated costs for end users.

The book takes the reader on a deep dive into the intricate world of natural gas, 
meticulously dissecting each step in the value chain.  From the initial stages of gas 
production and liquefaction to transportation via specially designed cryogenic ships, 
the book unpacks the entire natural gas odyssey.  It explains how contemporary 
solutions such as ‘Floating Liquefied Natural Gas’ (FLNG) units — essentially 
miniature gas-processing plants on ships — and ‘Floating Storage Regasification Units’ 
(FSRUs) — giant, floating gas-storage tanks — are transforming the industry.

Shifting gears, the book delves into the dynamics of the global natural-gas market, 
highlighting the growing trend of market-based pricing and flexible contracts.  It 
analyses the emergence of Australia as a major natural gas exporter, contrasting the 
Australian approach with the long-term, oil-indexed contracts favoured by many 
Asian countries.  This comparison also sheds light upon the evolving power dynamics 
within the global natural-gas market.
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Refreshingly, the book prescribes a slew of recommendations and solutions as 
well.  At the broad level, the authors advocate a major shake-up in the natural-gas 
import landscape so as to capitalise upon these sorts of advancements.  For one, they 
propose restructuring GAIL (Gas Authority of India Limited) to foster competition 
within the sector, potentially leading to a more efficient and responsive gas market.  
They strongly recommend a shift towards market-based pricing — a more dynamic 
approach that reflects real-time market forces.  Additionally, they push for more 
flexible contracts, allowing India to adapt to changing circumstances.  The book also 
emphasises the need for a policy overhaul that prioritises natural gas.  This includes 
streamlining the inclusion of natural gas within the Goods and Services Tax (GST) 
to reduce end-user costs.  

“The Next Stop” champions a multi-pronged approach to propel India’s natural gas 
ambitions.  First, it calls for a policy shift that prioritises natural gas and streamlines 
the current labyrinthine pricing structure.  Secondly, it proposes including gas under 
the GST to ease the burden on consumers and advocates for restructuring GAIL to 
foster competition within the sector.

Recognising that government intervention alone is insufficient, the book 
emphasises the need for robust collaboration between central and state governments, 
the private sector, and even consumers. This echoes the importance of a well-
oiled machine — all parts working together to overcome roadblocks such as land-
acquisition disputes and disagreements over pipeline routes.  While acknowledging 
the environmental concerns surrounding natural gas, the book does not shy away 
from its potential to displace “dirtier” options in sectors such as transportation and 
industry, offering a glimpse into a cleaner future.

“The Next Stop” shines brightest in its comprehensive approach and meticulously 
crafted flow of information.  Authored by a team of industry veterans, each chapter 
delves into a specific aspect of the natural gas value chain or a related policy issue.  
The book does not avoid complexity, but instead fortifies understanding with detailed 
charts, graphs, and references.  The authors even take a brave dive into the often-
opaque world of “Shipping Liquefied Natural Gas,” a topic that strikes a nerve with 
natural gas carrier owners due to the current lack of profitability.  This commitment 
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to transparency is further bolstered by a later chapter that makes a compelling case 
for India to take control of its natural-gas destiny.  The book proposes domestic 
ownership of natural gas carriers, essentially exhorting India to “get behind the wheel” 
of its natural gas imports.  This bold suggestion foretells a future where India plays a 
far more proactive role in the global natural gas market.

While “The Next Stop” boasts a wealth of information, its sheer volume can be 
overwhelming.  Writing styles vary across chapters, and key points are repeated like 
well-worn records, leaving first-time readers, especially those unfamiliar with the energy 
sector, struggling to absorb the information. Although the book acknowledges the 
rise of new-natural gas producers, a deeper exploration of the geopolitical chess game 
surrounding India’s growing dependence on imported gas would have added another 
layer of intrigue.  Perhaps most striking is the fact that the book’s recommendations, 
published in 2021, remain as relevant today as they were then.  And yet, despite 
the book’s compelling arguments, the government has not implemented any of the 
suggested changes.  This highlights the often-glacial pace of policy implementation, 
even in the face of pressing challenges.

“The Next Stop” meticulously dissects India’s natural gas sector, but it stops short 
of delivering a truly impactful punch.  While it acknowledges the suffocating grip 
of air pollution on public health, this critical issue is relegated to the sidelines.  A 
dedicated chapter exploring the potential for natural gas to improve the lives of 
ordinary Indians would have resonated more deeply amongst readers.  Imagine 
the book quantifying the potential for cleaner air to translate into fewer hospital 
visits and healthier lungs for millions.  It could even propose specific strategies for 
incorporating natural gas into the energy mix of India’s 14 most polluted cities.  
This granular approach, focusing on the human cost of air pollution in real places, 
would have driven home the emotional argument for natural gas far more tellingly. 
By connecting with the plight of everyday people struggling to breathe, the book 
could have become a much more persuasive advocate for a cleaner energy future 
approached across the bridge of natural gas.

Despite this expressed desire for more, it must be admitted that “The Next Stop” 
certainly does offer a valuable and meticulously drawn roadmap for India’s journey 
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towards a cleaner energy future.  While some portions of the book’s deep dive into 
the natural gas sector might leave lay readers scrambling for a life raft, its value as a 
resource for policymakers and energy professionals is undeniable.  While advocating 
for natural gas as a stepping stone on the path to renewable energy, “The Next Stop” 
offers a clear-eyed view of the hurdles and challenges facing India’s quest for just such 
a future.  

21 April 2024
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ENDNOTES

1	 Natural gas produces 40% less carbon dioxide (CO
2
) than coal and 30% less than oil, which 

makes it the cleanest of the fossil fuels.
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Unlocking the Need for Sustainability in  
Blue Tourism

Ms Ayushi Srivastava and Commodore Debesh Lahiri (Retd)

Coastal and marine tourism constitutes approximately 50 per cent of all global 
tourism, equal to US$4.6 trillion or 5.2 per cent of global gross domestic 

product (GDP).1  It is a vital component of the economy of small islands and coastal 
communities.2  In 2021, the estimated size of the global coastal and maritime tourism 
market was USD 2.9 trillion, and it is anticipated to grow at a compound annual 
growth rate (CAGR) of 5.7% from 2022 to 2030.3  Marine and coastal destinations 
were not impervious to the repercussions of the COVID-19 pandemic.  The complete 
disruption of the steady influx of tourists via air travel and cruise ships had far-reaching 
consequences on businesses, governments, and communities. Nevertheless, even 
though the pandemic underscored the tourism sector’s susceptibility to economic, 
political, and health crises, it also presented an opportunity for fundamental changes 
within the industry, aiming for a more sustainable future.4

The cruise-ship tourism industry is one of the most significant subsectors of 
marine and coastal tourism.  Cruise-ship tourism contributes US$150 billion to 
the global economy every year and supports 1.2 million jobs, paying US$50 billion 
in wages.5 According to the UN World Tourism Organization and Asia-Pacific 
Tourism Exchange Center, cruise-ship tourism is a ‘relatively young phenomenon’ 
that emerged 50 years ago, yet is outperforming general annual tourism growth by 
around 8 per cent, becoming the fastest-growing type of leisure tourism.6  The growth 
of the cruise-ship tourism sector has introduced new socio-economic opportunities, 
including improved standards of living, increased employment and training options, 
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diversification for local communities, and the socio-cultural benefits that come from 
interactions between individuals from diverse cultural backgrounds.  Nonetheless, 
the adverse effects of the conventional model of unrestricted tourism sector growth 
are quite evident.7 

The burgeoning cruise-ship tourism industry is witnessing a notable surge 
in vessel dimensions and an enhanced array of travel destinations to cater to the 
rising customer demands. Consequently, the magnificence of these destinations, 
characterised by their inherent natural beauty, plays a pivotal role in satisfying 
the escalating demand.  It is imperative to acknowledge that the cruise industry is 
intricately tied to environmental stewardship and regulatory adherence. For instance, 
research reveals that the cruise-ship tourism sector produces a considerably larger 
quantity of waste and pollutants compared to any other segment within the maritime 
industry.8  

Cruise-ship Tourism and Pollution

Cruise ships make a substantial contribution to environmental pollution, encompassing 
air pollution, water pollution, solid-waste contamination, chemical pollutants, 
noise, ballast-water issues, coral-reef degradation, and harm to marine ecosystems. 
Environmental organisations have likened cruise ships to “floating cities” that have 
a significant impact on the environment.9 Research findings indicate that during a 
seven-day voyage, passengers on an Antarctic cruise can release carbon emissions per 
traveller equivalent to the annual average for an individual in Europe.10  

Analysis reveals that a single person aboard a typical cruise-ship generates 
approximately 421.43 kilograms of CO

2
 per day.  Conversely, an individual who 

opts for a high-end hotel stay, utilises carbon-intensive transportation, and engages 
in higher-carbon activities, emits a significantly lower 81.33 kilograms of CO

2
 per 

day.  In comparison, the carbon footprint of an average vacationer on land stands 
at approximately 51.88 kilograms, which is less than one-eighth of that of the 
typical cruise-ship passenger.11  Cruise ships, despite industry efforts to promote 
environmentally friendly practices, are recognised as significant contributors to carbon 
emissions, exerting an inequitable influence on the well-being of port communities 
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Figure 1: Impact of a cruise-ship upon the environment

Source: Collated by the Authors

and destinations.  In 2019, cruise vessels sailing from Seattle to Alaska during the 
six-month cruise season collectively released a substantial 1,120,324 tonnes of CO

2
 

equivalent — roughly equivalent to 1.1 million tonnes of gas emissions.12  

According to a June study conducted by the European Federation for Transport 
and Environment, 63 cruise ships under the ownership of the parent company, 
Carnival Corporation, emitted 43% more sulphur oxides — a harmful group of air 
pollutants — in 2022 than all of Europe’s 291 million cars combined.  This statistic, 
although alarming, represents a significant reduction compared to a few years ago 
when Carnival Corporation’s ships visiting European ports in 2017 emitted ten times 
the sulphur oxides produced by all European cars.13  This decline can be primarily 
attributed to a 2020 rule established by the International Maritime Organization, 
which lowered the sulphur content limit of ship fuel from 3.5% to 0.5%.14 However, 
despite reducing sulphur emissions per ship, the increasing number of cruise ships 
and their extended stays in European ports has led to an overall 9% increase in 
sulphur oxide emissions from cruise ships in 2022 compared to 2017, as reported by 
Transport & Environment.15
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The cruise industry transports thousands of individuals worldwide on a single 
voyage, and these passengers generate substantial quantities of sewage, grey water, 
oily bilge water, solid waste, and hazardous waste.  Regrettably, this waste poses a 
threat to the delicate marine ecosystem, as even the least harmful substances can 
harm the surrounding flora and fauna.  According to the Bureau of Transportation 
Statistics, a 3,000-passenger cruise-ship generates the following amount of waste on 
a typical one-week voyage: 

Table 1: Waste discharged by a 3000-passenger cruise-ship on a typical one-week voyage

Type of waste Estimated amount 
generated (typical  
one-week voyage)

Content/type

Sewage (blackwater) 7,94,936.475 litres Wastewater and solids from toilets

Greywater 37,85,411.8 litres* Wastewater from sinks, showers, galleys, laundries. 
Contains detergents, cleaners, oil and grease, metals, 
pesticides, medical and dental wastes

Hazardous wastes 416.395 litres Photo chemicals

18.9271 litres Drycleaning waste (perchloroethylene and other 
chlorinated solvents)

416.395 litres Used paint

18.9271 litres Expired chemicals, including pharmaceuticals

Solid waste 8 tonnes Plastic, paper, wood, cardboard, food, cans, glass

Oily bilge water 94635.295 litres Liquid collected in the lowest point in the boat 
when the boat is in its static floating position

* The interim Alaska report indicates that on average, cruise ships release 757082.357 litres of treated 
blackwater and greywater per day, with larger cruise ships potentially discharging up to 1324894.1244 
litres per day

Source: Summary of Cruise-ship Waste Streams, Bureau of Transportation Statistics16

Ballast water, crucial for safe shipping operations, maintains balance and stability 
for ships. However, its improper disposal poses a significant risk to marine ecosystems, 
introducing new species to foreign waters.  For instance, signs of an introduction of 
an alien species were initially identified by scientists during a widespread outbreak 
of the Asian phytoplankton algae Odontella (Biddulphia Sinensis) in the North 
Sea in 1903.  However, it wasn’t until the 1970s that the scientific community 
began to scrutinise this issue in-depth.  In the late 1980s, Canada and Australia 
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faced significant challenges related to invasive species, prompting them to raise 
their concerns with the International Maritime Organization’s Marine Environment 
Protection Committee (MEPC).17  This discharge of contaminated ballast water 
presents hazards like introducing exotic species, altering ecosystems, and causing 
species extinctions through predation or competition.18

Cruise ships, while insulated internally for noise and vibration, lack exterior 
insulation, disrupting communication and sonar for sea mammals. Ship noise 
pollution, which can travel great distances, harms marine species reliant on sound for 
orientation, communication, and feeding. It has disrupted typical behaviour patterns, 
hindered feeding, heightened stress levels, and obscured communication.  These 
effects can lead to injuries and fatalities.19  Wildlife collisions pose risks to marine 
mammals such as whales and manatees, with even a ship traveling at just 15 knots 
having a 79% chance of causing lethal collisions.20  Over the past five years (and since 
2021 in particular), the National Oceanic and Atmospheric Administration (NOAA) 
has identified at least 112 dead whales that washed-up with injuries consistent with 
ship collisions. However, this alarming statistic does not account for whales that do 
not wash ashore, leaving the actual number of harmed whales currently unknown.21 

Ships generally have a detrimental impact on oceans and sea life, with 90 countries 
reporting severe damage to coral reefs due to anchorage and sewage disposal.  A 
single day of anchor drops can destroy extensive coral reef areas.  Addressing these 
environmental concerns is essential to maintaining comfort and profit while reducing 
harm to coral reefs.22 

India and Cruise-ship Tourism

Cruise-ship tourism plays a vital role in India’s economic development, attracting 
substantial foreign capital and significantly contributing to the country’s revenue 
generation.  In coastal regions, there is a noticeable convergence of economic, 
environmental, and demographic pressures, resulting in a complex situation that 
poses multifaceted challenges to the effective and sustainable management and 
governance of these coastal zones.23  India possesses substantial potential in the 
realm of cruise tourism, particularly in its coastal and river sectors.   This potential 
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is underpinned by a variety of factors.  To begin with, India boasts an extensive 
coastline stretching over 11,804 km24 along both the western and eastern coastal and 
islandic areas, featuring 12 major ports and over 200 non-major ports.  Additionally, 
the country has an intricate network of navigable waterways spanning over 20,000 
km, interconnecting around 400 rivers.  Moreover, India’s coastal regions, riverbanks, 
and national waterways are dotted with numerous states, union territories, and over 
1300 islands, further enhancing its appeal for cruise tourism.25  

Indeed, India envisions itself as a “Global Hub for Cruise-ship Tourism”.26  In 
pursuit of this vision, it is crucial to understand the industry through a SWOT 
analysis (a SWOT analysis is a strategic planning tool used to assess the Strengths, 
Weaknesses, Opportunities, and Threats (SWOT) of an organization or industry).  
It provides valuable insights into internal and external factors that can impact the 
industry’s performance and helps in formulating effective strategies for growth and 
development.)27  

India has set itself ambitious goals to grow cruise passenger traffic from its current 
0.4 million to 4 million passengers.30  The economic potential of the cruise tourism 
industry is expected to increase significantly, going from USD 110 million to a 
projected USD 5.5 billion in the coming years.31  To bolster the cruise-ship tourism 
sector in the country, the Government of India has initiated a number of significant 
measures, including upgrading infrastructure, rationalising port fees, eliminating 
ousting charges, prioritising berthing for cruise ships, and offering e-visa facilities.  

Cruise-ship tourism has witnessed remarkable year-on-year growth at a rate of 
35%.33  India is actively committed to enhancing cruise-ship tourism within the 
nation. This commitment is reflected in the Government of India’s “Maritime Vision 
Document 2030”,34 which places strong emphasis on various forms of tourism 
circuits, including heritage tourism, Ayurveda tourism, coastal tourism, and river-
cruise tourism.  These circuits include Gujarat Pilgrimage tours, Cultural and Scenic 
tours along and off the country’s western coast, Ayurvedic Wellness tours along and 
off the country’s southern coast, and Heritage tourism along and off the country’s 
eastern coast — all designed to stimulate demand for cruise-ship tourism. Additionally, 
efforts are underway to create appealing attractions such as lighthouses and islands 
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Figure 2: SWOT Analysis of Cruise-ship Tourism Industry

Source: Collected by Authors, Draft National Strategy for Cruise Tourism, and Incredible India 
International Cruise Conference 2022

along the coast to draw in more tourists.  India also recognises the potential of river 
and inland cruises as valuable components of its cruise-ship tourism offerings.

Significant upgrades and modernization efforts are underway at seven major 
ports across the country, with the flagship project being the New International 
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Figure 3: Key Port Initiatives for Cruise-ship Tourism

Source: Sagarmala Post (March) 2020 Edition32

Cruise Terminal in Mumbai, incorporating a financial outlay of approximately Rs 
495 crores.  The iconic sea cruise terminal at BPX-Indira Dock is scheduled for 
commissioning by July 2024 and will be capable of handling 200 ships and up to 1 
million passengers annually.  Similar infrastructure enhancements are being carried 
out in other ports such as Goa, New Mangalore, Kochi, Chennai, Visakhapatnam, 
and Kolkata.35

Conclusion

Tourism possesses the capacity to impact — directly and indirectly — all 17 of the 
Sustainable Development Goals (SDGs) goals, especially SDGs 8, 12, and 14.  These 
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goals lay focus on fostering inclusive and sustainable economic growth, promoting 
sustainable consumption and production (SCP), and ensuring the sustainable 
utilization of oceans and marine resources, respectively.  Within the 2030 Agenda, 
sustainable tourism holds a crucial position.  However, actually realising this agenda 
necessitates the creation of a well-defined implementation framework, and substantial 
investments in technology, infrastructure, and human resources.36  

The International Maritime Organization (IMO) defines sustainable development 
as a type of development that satisfies current needs without jeopardising the capacity 
of future generations to fulfil their own needs.  Additionally, it articulates that this 
concept encompasses two fundamental elements: first, the concept of ‘needs’, with 
a particular emphasis on addressing the critical needs of the world’s impoverished 
populations as a top priority; and secondly, the notion of ‘constraints’ imposed by the 
state of technology and social organisation on the environment’s capacity to satisfy 
both present and future needs.37

	 To prevent irresponsible discharge of pollutants and invasive species into the 
sea, governments and agencies must enforce the guidelines stipulated in the Ballast 
Water Management Convention of 2004.  These guidelines include implementing 
Ballast Water and Sediments Management Plans, maintaining Ballast Water Record 
Books, and adhering to ballast water management procedures.  Sustainable practices 
in transportation operations, including minimising non-renewable resource-
consumption and promoting reuse and recycling, can further enhance environmental 
sustainability.38	
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The Implementation of the Notion of Seaport 
Tourism for Seaport Sustainability

Mr Mahendrran Selvaduray et al

Seaports are major gateways for the functioning of international trade and play 
an essential role in the growth of both developed and developing countries. 

Seaports are multifaceted, dynamic systems with numerous interacting elements.1 
The primary goal of a seaport business is to increase port throughput and maximize 
resource utilization, including the usage of berthing, quay crane operation, loading 
and unloading operations, warehousing, as well as the dry port role in the hinterland. 
The second goal is to reduce handling time, minimize port congestion, disruption, 
demurrage, and operational costs.2  Shipping lines and shippers are the main customers 
for a seaport, and the role of a port operator is to sustain the customers by providing 
the services they require.3  However, within the shipping industry, seafaring labour is 
a critical element determining the functioning of shipping operations and indirectly 
impacting port operations in terms of arrival, preparation for berthing, getting cargo 
ready for loading and unloading, and handling ancillary conservancy services from 
ports.

A study reported that 323 seafarers employed on 22 container ships were 
experiencing high-stress levels while contemplating their jobs onboard.  The 
underlying causes being identified are sailing route, trip duration at sea, physical 
stressors (e.g., noise and seasickness), and psychosocial stressors (e.g., shift to a new 
ship).  Furthermore, a study showed that depression, anxiety, general psychiatric 
disorders, and poor health status were major causes of stress in 439 multinational 
seafarers out of 470 seafarers5.  It found that watchkeepers had significantly shorter 
sleeping periods than daytime workers in ships.6 People with inadequate engagement 
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in outdoor social activities were more likely to develop mental illnesses and have a 
negative impact on their health.7 The operational constraints that seafarers face on 
board ships have caused unanticipated consequences on their health.8  This highlights 
the need to address the mental health issues of seafarers in the shipping industry.

In addition, the Maritime Labour Convention in 2006 has developed a guideline 
on minimum working hours and living standards for all seafarers working on onboard 
to significantly improve the living and working conditions of seafarers. Nevertheless, 
the implementation was not maintained.  This is due to the fact that the welfare of 
seafarers is still compromised in numerous ways, including social isolation, fatigue, 
stress, and the feeling that their occupation may be criminalised and targeted in 
many parts of the globe.9  Apart from that, the noise and vibration during the voyage, 
environmental conditions, voyage cycle, not estimated number of port calls, and poor 
cargo handling hinder the seafarer’s ability to obtain restful sleep.10 Nevertheless, 
seafarers are also harmed by unethical crewing practises, including the use of unfair 
contracts, the abandonment of ship-owners, the delay or non-payment of their 
wages, the denial of shore leave, the inability to communicate with their families 
while onboard, and the refusal to repatriate them when their contracts expire.11

Inadequate maritime legislation pertaining to the welfare of seafarers indicates 
that a significant number of seafarers are owed enormous sums of money.   In many 
instances, months pass with no signs of payment. Without pay, seafarers “cannot 
even afford to escape and return home on their own.”  The reduction of crew size has a 
significant impact on the living and working conditions of seafarers in the twenty-
first century. Additionally, the crew reduction in the modern shipping industry is 
driven by technological advancement and the increased efficiency of larger vessels, 
as well as the desire of permanent shipowners to reduce labour costs. Nonetheless, 
in the name of business efficiency, ships typically operate with minimal crews, 
requiring seafarers to work long hours and for extended periods.12 Since shipping is 
the only industry that operates non-stop, seafarers frequently work long and irregular 
hours.  As a result, seafarer fatigue may be caused by the small number of crew 
members aboard commercial ships, as well as the extensive quantity and duration of 
work. Furthermore, shore leave or a short-term break is frequently rendered nearly 
impossible due to the isolation of modern ports. Historically, old ports like Liverpool, 
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San Francisco, and Yokohama were situated close to city centres. However, new ports 
or modern ports are constructed 15–20 miles away from cities resulting in an absence 
of people, public transportation and welfare centres.13 

The Concept of Seaport Tourism

The concept of maritime tourism has been initiated where port activities is not 
only limited to the port operation.14 Maritime tourism has been segregated into 
three main areas, which are foreland, seaports and hinterland.15 This is because, the 
port activities not only benefits the seaport itself but to the city and its regional 
development.  To overcome the issues on seafarers’ mental health, this short research 
note was designed to introduce a seaport leisure city on the bridge in the port limit.  
Figure 1 below depicts the idea of an illustration of the proposed concept of a seaport 
leisure city on the bridge in the port limit.  Providing tourism activities during the 
lay hours will make the seafarers more relaxed and bringing energy to the next port 
of call. This is because, there is a strong relationship between travel, tourism, and 
mental health.  Tourism activities could foster mental health and well-being among 
seafarers.  Developing a tourism spot could improve the health and well-being of 
the seafarers.16 The concept of developing a leisure city on the bridge in the port 
limit is still new.  In light of the growing concern for seafarers’ mental health during 
sea voyages, this research proposes that bringing in seaport tourism would be an 
effective solution.  The leisure city should comprise many facilities, for example, of 
hospitality facilities package. It may include lodging, food services, event planning, 
theme parks, transportation, seaport museum and other tourism-oriented products 
and services to help the seafarers improve their mental health.  The bridge concept 
is shown in Figure 1.  The bridge will not interrupt any port operations, and it will 
function as a mini leisure-town within the port limit. While waiting for cargo to be 
discharged, seafarers could enjoy themselves in the leisure city. This will benefit both 
the port and the seafarers in addition to the local economy. This will also promote 
the port as a cruise port as the factors for port selection by cruise ships are also in line 
with the elements of the proposed leisure park on the bridge.  The port can generate 
additional income, and the seafarers can improve their mental health and well-being.  
The concept proposed will assist in safeguarding the seafarer community as frontline 
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workers in global trade from both short-term and long-term in terms of their well-
being and the current high turnover.  Vessel crews could be motivated by making 
their next port of call more pleasant while increasing their deal for work. 

The Notion of Sustainable Seaports Through Utilisation of  
Inland Facilities 

In the current trade system, the integration of seaports and inland components has 
become essential to ensure the competitiveness of seaports especially in the agenda 
of international trade.  However, this cooperation is not effective in some seaports 
system due to the complexity and rigidness of seaport operations.17 Consequently, 
limitation in strategies implementation, challenges in energy transformation, poor 
monitoring and evaluation systems, innovation barriers, low stage of development, 
cross-sectoral issues as well as lack of resources utilisation plan have been detected. 
Underpinned by these critical consequences, the inland ports are proposed to rebrand 
the seaports towards sustainable trade nodes.  Besides enforcing these entities to 
cooperate, this paper has proposed a new dimension to ease the cooperation between 
them. The application of geologistics notion has been proposed to improve the 
sustainability of seaports in the complex business ambience.  This concept focuses 
on the role of inland ports by identifying the resources, classifying the resources and 
coordinating the distribution of the resources for the benefit of mankind.  In this 
situation, the assistance of inland ports is substantial to push the role of seaports 
in various locations in the specific country (regardless of whether the countries are 
coastal or landlocked).18  The enforcement of this new dimension through inland 
ports may improve the strategies implementation, minimising energy transformation, 
monitoring and evaluation systems through information sharing, innovating in 
freight logistics, optimising stage of development in seaports, inspiring the horizontal 
and vertical integration as well as improving the resources utilisation.  Owning to 
these outcomes, the sustainability of seaports is anticipated to improve especially on 
natural resources, capital resources, human resources as well as man-made or cultural 
resources. 

This paradigm shift may diversify seaport operations in the future. For example, 
the introduction of geologistics application between seaports and inland ports, new 
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seaport business is expected to grow and nourishing the volume of gross domestic 
product (GDP) in the particular nation.19  In addition, the introduction of leisure 
city, port city, seaport based economic activities may provide significant impact on 
the inland economy of the country. The introduction of leisure city can be directed 
to the ship crews as well as professional and non-professional labour forces in the 
seaports.  This is crucial for the labours to regain their motivation and energy in 
the leisure city which is located adjacent to the seaports.20 The new role of inland 
ports through geologistics application may reduce the rigidness of seaports in the 
maritime business and they may diversify the nature of the business towards inland.  
In that case, the cooperation between inland ports and seaport will be prolific and 
nourishing the interaction of seaport-city especially through the new dimension of 
inland ports.21

Conclusion

The introduction of seaport tourism will not only reduce the mental stress of seafarers 
but also increase port competitiveness.  A developed or developing seaport should 

Figure 1: Depicts an illustration of the proposed concept of a leisure city on the  
bridge in the port limit
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not only focus on port operations but also prioritize the mental health of its workers.  
A seaport should provide a happy and harmonious working environment, not a 
“Stress Seaport.”  By introducing seaport tourism, it will attract more ports of call 
from around the globe. This is because the new concept of seaport tourism will add 
value for maritime consumers, eventually impacting the seaport’s competitiveness 
and the nation’s Gross Domestic Product (GDP). Future studies will be conducted 
to identify significant factors that contribute to seaport tourism.
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A Study of Critical Sustainable Factors in the 
Malaysian Seaport Sector for the Implementation of 

Industrial Revolution (IR) 4.0

Mr. Nurul Haqimin Mohd Salleh and Mr. Mahendrran Selvaduray

As the world accelerates its adoption of Industrial Revolution (IR) 4.0 and embraces 
the digital economy, players in the maritime industry must remain informed with 
technological trends in accordance with the change and thrive in the digital era. To 
accomplish this, a comprehensive approach is required to bring stakeholders up to 
pace with the globalist agenda shaped by IR 4.0.1 The German government became 
acquainted with the latest Industrial Revolution mechanism in November 2011, 
which it believes will shake up the maritime industry. IR 4.0 has been demonstrated 
to have a positive impact on the global industrial sector.2 The maritime industry 
plays an essential role in a nation’s economic development.

Malaysia is a Southeast Asian country with a strategic location along the Strait of 
Malacca, which serves as a major sea route connecting the Far East to Asia, Europe, 
and the Middle East. Malaysia as a maritime nation has always relied on maritime 
trade. Malaysia will not be able to thrive in the maritime sector solely because of its 
location. As a result, a global standardisation framework must be established to ensure 
the efficacy and long-term implementation of IR 4.0 strategic and inventiveness 
in the Malaysian seaport industry. Most stakeholders are still hesitant to spend a 
significant amount of money on IR 4.0 without knowing what benefits they will 
reap in the future.4 Most of the reasons for this are that organisations lack a proper 
organisational strategy for implementing IR 4.0.5 The most difficult challenge to 
implementing IR 4.0 is an absence of a coherent strategy for creating value, as well as 
a lack of leadership support. Malaysia highly depends on national ports to facilitate 
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trade and economic development as the main ports to this maritime trade. Seaports 
are major players in the international supply chain.6

As a result, seaport competitiveness and profitability would be critical for ensuring 
the smooth operation of foreign trade. Nonetheless, the introduction of IR 4.0 in 
early 2010, at the beginning of the age of immersive digitization, demonstrated 
that the maritime industry, for example, the seaport sector, must be prepared to 
meet unexpected developments in dynamic maritime commerce.7 The subject of 
IR 4.0 is still understudied, even though research on it has grown tremendously in 
recent years.8 The goal of this research is to determine the most important Critical 
Sustainable Factors (CSFs) for implementing IR 4.0 in Malaysian seaports. CSFs 
must be considered as a critical component in the sustainable implementation of 
Malaysian seaports. Given that digitalization is a critical component of the maritime 
industry’s future, not only in terms of operational and technical aspects, but also 
in terms of implementing the IR 4.0.9 Based on the literature, this study discusses 
several potential CSFs that may influence the implementation of IR 4.0. A conceptual 
model will be developed in future research to illustrate the CSFs outcomes in IR 
4.0 implementation at the seaport industry, which will contribute to the eventual 
development of a decision-making guideline. 

Industrial Revolution 4.0

The term “Industrial Revolution (IR) 4.0” refers to new technologies such as the 
Internet of Things (IoT), Big Data, and Cyber-Physical Systems (CPS) (CPS). 
Computers, automation, and robots have existed for decades, but the internet 
has revolutionised their use and opportunities.10 IR 4.0 is transforming corporate 
structures and practises, reshaping business strategies, and boosting customer 
satisfaction.11 Furthermore, it is the same in the seaport industry, which starts with 
the arrival of the ship. Ships calling at the port will be received based on community 
circles. As soon as a ship is within range of a terminal, a harbour coordination centre, 
vessel traffic managers, tug masters, and pilots form a technology circle. All same 
principles are applicable on a shipment level, and it ends with the ship’s departure.12

It accelerates communication developments by using a Cyber-Physical System 
(CPS). As a result, businesses will find it easier to establish global networks that 
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integrate warehousing systems and run CPS seaports.13 Without a doubt, CPS in 
maritime aims for the tight integration of wireless communications, control, and 
computing technologies into the navigation transportation system, which possesses 
the typical CPS characteristics of revolutionising the navigation pattern to be safer 
and more efficient through real-time embedded systems for distributed sensing, 
computation, and control between cyber and physical systems.14 

The Internet of Things (IoT) can commonly provide advanced system, service, 
and physical object connectivity, allowing for object communication and data sharing. 
IoT can be achieved in a variety of industries by controlling and automating aspects 
such as remote control.15 The development of global trade and globalisation has 
resulted in a noticeable trend in traffic and cargo, obliging numerous seaport ports 
to accept changes and use the (IoT) in their seaports for more effective practises. Big 
Data has recently become a hot topic in IR 4.0. Importantly, big data refers to the 
use of digital technology to conduct analysis.16 In port terminals, we have very big 
amounts of data generated by the hour. Some examples of these data are ships that are 
being serviced, types of cargo stored within the terminal, current productivity of the 
equipment and workers, out-and inbound traffic, payment and billing information 
and details, cargo loading and unloading deadlines, ongoing contracts, etc. All this 
information can be stored in real-time in Data Warehouses, because it constitutes Big 
Data, that will ultimately help the Terminal grow.17

Critical Sustainable Factors

There is no clear consensus on the concept of sustainable development, but the 
most generally recognized interpretation is the following: “to provide for the needs 
of the present generation without compromising the abilities of future generations 
to meet their needs”.18 In contrast, most of the sustainable development taken 
into consideration and find a balance among economic, social, and environmental 
factors, which are also referred to as the triple bottom line.19 In this research, the 
identification of Critical Sustainable Factors (CSFs) for the implementation of IR 
4.0 appears to focus on the additional narrow dimension such as political and legal, 
communication and cooperation, and operational and technical qualities These 
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dimensions are extended the “Triple Bottom Lines” strategy.20 Additionally, there are 
many issues in maritime ports and related activities that are constantly emerging and 
becoming a competitive factor. CSFs has thus become a major research focus and 
continues to attract the attention of many scholars for sustainable implementation.21 
In this study, researchers had identified the main dimension along with the CSFs 
which will influence the implementation of IR 4.0 in Malaysia seaports.

Environmental Protection

The environmental sustainability of the ports has been a matter of concern to the 
port users, policymakers, port authorities, and the local community. For ensuring 
sustainable development, environmental protection was promoted by international 
and national legislation. As well as that, the industrial businesses be required to realize 
that environmental responsibility should be included in the company policies.22 The 
port environment including the channels of entry, water management, dredging, 
beaches, soil, and other natural areas be required to be protected.23 Owing to the 
appropriate use of the resources, a decrease in energy consumption, waste reduction, 
waste recycling, and a lower release of poisonous gases. This was possible when the 
technological innovations were related to the sustainability of a country wherein the 
environmental-based technological changes improve the environmental quality.24 

Waste minimization was described as a technique for removing wastes like 
the defects which needed reprocessing, transport of goods and people, excessive 
processing.25 Some seaport operations use a lot of energy and hazardous materials or 
generate solid waste which can pollute the environment. Besides, Malaysia is facing 
a problem with marine derbies, for example, plastic pollution. Artificial Intelligence 
(AI) drones can help to identify the waste, for example, plastics, oil spills, and 
company waste. By using this, we can easily identify and measures the obstacles at 
the seaport, this shows the advantages of IR 4.0. AI in maritime technologies have 
undergone a significant change after the introduction of IR 4.0.26

The consumption of natural resources is a matter of great concern to the port 
authorities. The ports have realized the importance of acquiring a green status by 
using novel technologies, redesigning their infrastructure, and preventing the massive 
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consumption of energy.27 Renewable energy was seen to a vital component in the 
maritime sector, since this sector aimed to reuse the electronic wastes to minimize 
their environmental effect.28 Waste recycling refers to the processing of used materials 
or wastes to develop useful and novel products. IR 4.0 could help in reducing the 
use of raw materials for developing new products. It also requires lesser energy and 
was seen to be an effective technique for controlling water, air, and land pollution at 
the seaports.29

Social Equity and Culture

The shipping companies focus primarily on balancing the main concerns of the 
employees such as their health and safety during work, their well-being, and job 
satisfaction, providing incentives for improving the skills of the workers while 
transferring the new knowledge related to IR 4.0.30 The employees are seen to be 
more successful in their work and are more dedicated to the shipping business if all 
standards are successfully met.31 The Internet of Things (IoT) is a novel concept that 
has revolutionized all lives and society. This concept was developed for connecting 
the objects to a network, which helped the people access all the global information. 
The employees must consider the trade-offs for promoting the “digital trust” 
amongst the working staff if they attempt to collect all data at their workplaces. This 
is necessary for understanding the actual benefits of the IoT and actual sharing of 
the information.32 The workers have to be more ready to adopt novel technologies 
of IR 4.0 which helps in preserving competitiveness and offers them a competitive 
advantage in the maritime industry.33 

Cloud Computing in IR 4.0 has helped in making the information more 
transparent by significantly increasing the number of objects and individuals who are 
interconnected. A virtual copy of the world could be generated by linking all sensor 
data and the digitized plant models. Hence, the results of the data analytics should 
be included in the support systems which can present all the IR 4.0 characteristics.34 
All the data related to the port operations are made transparent and then it is 
optimized for improving the usage of productive equipment, developing optimized 
energy schedules, and saving energy.35 IR 4.0 could embrace the transition expertise, 
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work-task rotation, make all work-related adjustments (i.e., uncertainty tolerance), 
including the versatility of time and position, and the different leadership skills 
during the different seaport operations.36 Developmental techniques could affect the 
tasks related to the engineering design behavior, research areas and development of 
cost-effective, Research and Development (R&D) project. Furthermore, the use of 
a digitization strategy provided a solution to the ports which helped them achieve a 
competitive advantage and increase their competitiveness.37

Economical Values

IR 4.0 offered a near-real-time accuracy of the various port operations and improved 
their economic performance. The Cyber-Physical System (CPS) can reduce the cost 
due to interconnection played a vital role, fed knowledge, and added value to the 
maritime industries so that they operated in a cost-effective manner.38 Furthermore, 
the interconnection between objects, humans, and systems has led to the creation 
of a real-time optimized, dynamic, and self-organized inter-company value system, 
which is optimized and evaluated using criteria like resource efficiency, costs, and 
availability. IR 4.0 is a lean process that presented cost-effective logistics, which 
could be fulfilled by the managers who planned efficient operations for decreasing 
the stocks, decreasing the lead times, reducing the number of resources, hiring fewer 
employees, eliminating the non-value adding operations, decreasing redundant 
efforts and removing all wastes from the seaport operations.39 

Shipbuilding industries are a major activity carried out in the maritime 
ports. Shipbuilding 4.0 refers to a digitization process included in IR 4.0, which 
contributed significantly to the economy. It was stated that this technique would 
save 15% additional costs compared to the conventional shipbuilding techniques.40 
The company-level technology users of IR 4.0 ought to improve their capacity 
utilization and rapidly market their products, according to the changing needs of 
the market. Adaptability and the IT changes were seen to be important achievement 
variables affecting an assembly process, which can influence financial performance.41 
Implementation of the IoT has offered many cost-reducing benefits to several 
organizations. IR 4.0 provides a real-time precision, enables a cross-sectional plant 
optimization of port services, and improves the economic output.42
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Operational Value and Technical Qualities

IoT was complemented by the Internet of Services (IoS) since the smart services 
offered their abilities as an intelligent service. The application of such technologies 
presents many technological improvements and advantages. IR 4.0 is giving a higher 
utilization rate of resources, and it can be considered as one of the lean principles 
which make, the seaport operations more convenient and fluently.43 IR 4.0 helps in 
improving the efficiency of resource usage while also reducing while balancing the 
resource utilization in the environment which is affected by the destruction of the 
seaports or pollution. The use of resources at the ports indicates the application of 
various equipment related to the vessel arrival times and rates during the seaport 
operations. The usage metrics estimate the rate of use of different port facilities, i.e., 
the occupancy rate of berths and the yard usage compared to the actual usage of the 
seaport services.44 

Just-in-Time (JIT) Practices, is an IR 4.0 activity which follows the lean approach 
and is mainly pull-oriented, indicating that the material was produced and supplied 
only in the case of real demand. JIT is a novel technique that increases productivity and 
decreases wastes by acquiring the products only when the inventory decreases, which 
reduces expenses.45 The increasing use of Information Technology (IT) has made the 
system more efficient, faster, cost-effective, and allowed a reliable development of the 
information-related transport services in a maritime port sector. IR 4.0 implements 
the ICT processes, such as digitization and automation, for improving the seaport 
operations.46 IR 4.0 has offered many administrative-efficiency processes, which 
help in decreasing administrative and documentation activities. Cloud data storage 
is one of the best examples from the IR 4.0, which makes the seaport operations 
more reality without any interruption. More, the smart machines which use as self-
configuration, self-optimization, or man-made optimization for completing tasks 
are required to offer better services during the port operations.47 IR 4.0 makes all 
services safer, flexible, and effective. Furthermore, IR 4.0 improved the efficiency and 
transparency of the management decisions and processes since the real-time data was 
made available for all the port operations.48
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Communication and Cooperation

Cooperation and communication were the major components that were involved in 
the knowledge and information sharing along with partnering with the main players. 
The research on the sustainability of the port operations stated that cooperation and 
involvement of the stakeholders was the main factor that helped the ports become 
more sustainable.49 Early cooperation was needed between the stakeholders for 
implementing sustainable development activities. The successful implementation 
of the IR 4.0 activities was based on how the workers responded to the various IR 
4.0 activities. Organizational readiness is based on communication, organization, 
and decision-making initiatives.50 The vision, mission, and direction of a company 
must allow the implementation of novel technologies by the seaport operators, who 
are familiar with the IR 4.0 processes. The port authorities usually encourage the 
shipping companies to decrease waste and pollutant emissions at the ports. This was 
the major initiative undertaken by the port authorities for implementing the IR 4.0 
activities at the seaports. They work with the shipping companies for eliminating 
their environmental issues by conducting business meetings and introducing relevant 
regulations/rules or campaigns.51

The implementation of the IR 4.0 principles in the organizations of the shipping 
lines can affect the deep structure of the organizations owing to their horizontal, 
vertical, and end-to-end integration. Furthermore, this changes the primary 
assumptions regarding the management processes since the existing business practices 
have started implementing the principles of digitization and automation.52 The 
culture of the organization and other systems is also altered after the introduction of 
the IR 4.0 principles. Freight forwarders used digitization in their real-time activities 
for increasing the consistency of their planning, operation, management, control, 
and coordination activities for different tasks. One of the first factors which are 
considered in IR 4.0 is strategic management using an operational approach for 
maritime ports. The company strategy acts as a guide for various business decisions. 
The short and long-term success of the company is based on the performance of its 
operational strategies.53
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Political and Legal Parameters

The government ministries have formulated and implemented many industrial 
schemes and rules for developing novel business models which are based on the growth 
requirements or objectives of the countries. There is an increasing pressure to enhance 
the digital civilization of the seaport operators, along with different circumstances 
that encourage the financial growth of the company and society. For preventing risks 
to the workers after the implementation of the digital transformation process, the 
company management needs to involve them in the early planning processes. IR 4.0 
allows for a flexible replica of the working time.54 The workers, management, and 
the representative groups need to define arrangements which make the work hours 
more flexible while taking into consideration issues like the time enforcement and 
the restrictions on the overtime policies in the shipping and maritime sector.55 

Furthermore, the skills of the existing workforce need to be assessed for 
understanding the emerging digital technology era. Many changes implemented in 
the intellectual property laws have altered the market strategies and made them more 
liberal and global. This also led to the initiation of new activities which encouraged 
the maritime organizations to develop their Intellectual Property Rights. IR 4.0 
significantly affected intellectual property protection laws. The IR 4.0 encourages 
organizations to make several efforts for mastering the legal reforms related to IT 
security, data privacy, labor laws, and liability after the digital conversions. Company 
should be responsibility for the accidents and damages resulting due to the use of the 
autonomous vehicles.56

From the outcome of the comprehensive literature review, in total, 6 main 
dimensions and 36 critical sustainable factors are identified as critical to IR 4.0 
implementation. Based on the sub section 2.2.1 - 2.2.6, Table 1 summarizes the 36 
CSFs for the implementation of IR 4.0 in Malaysian seaports.
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Table 1. Summary of literature review on critical sustainable factors

Critical Sustainable Factors References

Environmental Protection

Waste Minimisation Mrugalska & Wyrwickah, 2017; Rasidi et al., 
2019; Roh et al., 2016

The efficiency of Natural Resource Consumption Chiu et al., 2014

Renewable Energy Initiatives Kuhl et al., 2016

Environmental Impact Minimisation Kuhl et al., 2016; Bonilla et al., 2018;

Waste Reuse Kuhl et al., 2016; Rasidi et al., 2019

Waste Recycling Chiu et al., 2014; Barquet et al., 2016; Kuhl 
et al., 2016

Social Equity and Culture

Employees’ Trust on the Internet of Things Schuh et al., 2014; Jayashree et al., 2019

Employee’s Acceptance of IR 4.0 Technologies Schuh et al., 2014; Jayashree et al., 2019

Employee’s Expertise for the IR 4.0 Technologies Hareide et al., 2018

Data Transparency owing to the IR 4.0 Implementation Hermann et al., 2016; Vaidya et al., 2018

Demographic Transition and Social Changes with the 
adoption of IR 4.0

Singh, 2018

Research and Development Culture Required for the 
implementation of IR 4.0

Singh, 2018; Oh et al., 2018

Economical Value

Cost Reduction through the Interconnection Bahrin et al., 2016

Non-value-adding Effort Reduction Waters, 2007

Maintenance and Operational Costs of the IR 4.0 
Technologies

Stanić et al., 2018

IR 4.0 Technologies Replacement Costs Bonilla et al., 2018; Mrugalska & Wyrwicka, 
2017

Cost and Benefits of IR 4.0 Implementation on the Seaports Haddud et al., 2017

Economic effectiveness of the IoT Singh 2018

Operational Value and Technical Qualities

Higher Utilisation Rate of Resources Zhou et al., 2016; Rasidi et al., 2019; Salleh 
et al., 2017

Shorter Lead-Time Rasidi et al., 2019; Ha et al., 2017

Just-in-Time (JIT) Practices Singh & Ahuja, 2012; Rasidi et al., 2019

Information Spreading through the Network Rasidi et al., 2019; Bahrin et al., 2016

Documentation and Administration Reduction Müller et al., 2018

Service Flexibility Enhancement Bahrin et al., 2016; Roblek et al., 2016); 
Müller et al., 2018



168

Communication and Cooperation

Readiness of the Seaport Operators for the implementation 
of IR 4.0

Sony & Naik, 2019; Schuh et al., 2014; 
Jayashree et al., 2019

Readiness of the Seaports Authorities to Implement the IR 
4.0 principles

Roh et al., 2016

Cargo-owners’ Acceptance Related to the IR 4.0 
Implementation by the Seaports

Sony & Naik 2019

Shipping Lines Acceptance of the IR 4.0 Implementation by 
the Seaports

Ancarani et al., 2019; Manavalan & 
Jayakrishna, 2019; Sony & Naik, 2019

Freight forwarders’ Acceptance of the IR 4.0 Implementation 
by Seaports

Sony & Naik, 2019

Align the Implementation of the IR 4.0 principles with the 
maritime port organisational strategy

Sony & Naik, 2019

Political and Legal

Government enhancement in the shipping industries Schroeder & Bigdeli, 2018; Singh, 2018; Oh 
et al., 2018

The role of Maritime Administration and the Ministry of 
Transport

Singh, 2018; Yunus & Yang, 2012

Sony & Naik, 2019

Social-democratic pressure on the digital culture Singh, 2018; Schroeder & Bigdeli, 2018

Onboard working policies and labour laws Bhattacharjea, 2006; Singh, 2018

Intellectual property rights in the Shipping and Maritime 
Industries

Basant, 2004; Singh, 2018

Liability and Regulations for the autonomous devices and 
machines used by the seaport operators

Singh, 2018

Source: Compiled by Author

The finding in Table 1 above can conclude that, the literature had shown there 
can be further investigate on the “Triple Bottom Line” sustainability. Operational 
Value and Technical Qualities, Communication and Cooperation, Political and 
Legal Parameters are the main dimension which is an extension for the normal 
sustainability concept. There are 6 major dimension which indicates the sustainable 
implementation of IR 4.0 in Malaysian seaports. Moreover, these findings addressing 
the research questions on: What are the most critical sustainable factors for the 
implementation of Industrial Revolution 4.0 in Malaysian Seaports. 
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Methodology

To identify the most Critical Sustainable Factors by using the Compatibility Analysis, 
there are six steps needed to be followed:

Step 1: Identifying Critical Sustainable Factors by using literature review.

Step 2: CSFs were validated by expert consultation.

Step 3: The CSFs that relevant to the implementation of IR 4.0 were finalized.

Step 4: Paper-based questionnaire surveys were distributed again to the experts.

Step 5: The reliability of each CSFs was tested.

Step 6: Cronbach’s Alpha more than 0.5 and the mean value of more than 3 were 
accepted for future study.

Figure 1 : Compatibility Analysis of IR 4.0 Implementation

Source: Author

Figure 1 identifies the most Critical Sustainable Factors for IR 4.0 implementation, 
the methods (i.e., Compatibility Analysis) were used. The CSFs are first identified 
from the secondary data (literature review). Then, factors validation through an 
expert’s consultation. After the expert’s validation, the CSFs that relevant to the 
implementation of IR 4.0 were finalized. In this study, the data was collected by 
a structured questionnaire. “Questionnaire is a popular method of collecting data 
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because researchers can gather information fairly easily and the questionnaire responses 
are easily coded”.57 A paper-based survey comprising a closed-ended questionnaire 
was used to collect the data. The quantitative data are gathered from 38 maritime 
domain experts-i.e., academic researchers, strategy managers, and senior executives 
of the port operators from Malaysian seaports with over 10 years of experience in 
managing seaport operations. The experts were given equal chances to answer the 
designed questionnaire by evaluating and rating the compatibility of CSF for the 
implementation of IR 4.0. After that, the reliability of each CSFs was tested, and 
the mean value had been calculated. Cronbach’s Alpha more than 0.5 and the mean 
value of more than 3.5 were accepted for future study.58

Analysis of Findings and Discussion

In designing the questionnaire, the outcomes from the comprehensive literature 
review were used. The paper-based questionnaires contain five-point scale Likert-
type questions. Likert scale starts from 1 (strongly disagree) to 5 (strongly agree). The 
main reason for choosing a Likert scale is because it reflects the level of agreement 
on the importance of certain constructs and dimensions which is important for the 
implementation of IR4.0 in Malaysian seaports. Secondly, it provides the optimal 
length of rating to maximize the reliability and validity of the results. In total, 41 
questions were generated for the questionnaire, grouped into two different sections- 
i.e., Section A: Respondent’s background and Section B: Critical Sustainable Factors 
for IR 4.0 implementation. All the questions were generated precisely to answer 
the research question and only consume approximately 15–20 minutes of the 
respondent’s time. This strategy reduces the length of the survey, reduces the amount 
of time needed for respondents to answer the questions, and increases the response 
rate.

The CSFs are filtered by choosing them with a 3.5 mean value and above. The 
CSFs which are lower score than 3.5 will be exempted. The results had been shown 
below in Table 3. Generally accepted rule is that 0.6-0.7 alpha value indicates an 
acceptable level of reliability, and 0.8 or greater a very good level. However, values 
higher than 0.95 are not necessarily good, since they might be an indication of 
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redundancy. It cannot be denied 0.5 alpha value can be considered to be moderately 
reliable.59 This section disclosed the findings of the paper-based survey with 38 
experts. Apart from that, this section will also give the analysis of the demographic 
information of 38 experts, followed by results of compatibility analysis and discusses 
the findings. Table 2 summarize the CSF with average value for each criterion.

Table 2.  Summary of CSFs with average value for each criterion

Factors Cronbach’s 
Alpha

Mean Standard 
Deviation

Environmental Protection 0.506

Waste Minimisation 4.08 0.487

Efficiency of Natural Resource Consumption 4.08 0.632

Renewable Energy Initiatives 4.03 0.592

Environmental Impact Minimisation 3.92 0.587

Waste Reuse 3.76 0.820

Waste Recycling 3.68 0.842

Social Equity and Culture 0.551

Employees’ Trust on the Internet of Things 3.71 0.732

Employee’s Acceptance of IR 4.0 Technologies 3.87 0.665

Employee’s Expertise for the IR 4.0 Technologies 4.08 0.632

Data Transparency owing to the IR 4.0 Implementation 3.84 0.823

Demographic Transition and Social Changes with the adoption of IR 4.0 3.87 0.623

Research and Development Culture Required for the implementation of 
IR 4.0

4.29 0.611

Economical Value 0.805

Cost Reduction through the Interconnection 3.76 0.943

Non-value-adding Effort Reduction 3.63 0.714

Maintenance and Operational Costs of the IR 4.0 Technologies 3.55 0.891

IR 4.0 Technologies Replacement Costs 3.95 0.804

Cost and Benefits of IR 4.0 Implementation on the Seaports 3.97 0.592

Economic effectiveness of the IoT 4.03 0.716

Operational Value and Technical Qualities 0.795

Higher Utilisation Rate of Resources 3.63 0.786

Shorter Lead-Time 3.82 1.010

Just-in-Time (JIT) Practices 3.92 0.941

Information Spreading through the Network 4.03 0.822
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Documentation and Administration Reduction 3.95 0.655

Service Flexibility Enhancement 4.05 0.733

Communication and Cooperation 0.786

Readiness of the Seaport Operators for the implementation of IR 4.0 4.16 0.679

Readiness of the Seaports Authorities to Implement the IR 4.0 principles 4.24 0.714

Cargo-owners’ Acceptance Related to the IR 4.0 Implementation by the 
Seaports

3.95 0.567

Shipping Lines Acceptance of the IR 4.0 Implementation by the Seaports 4.13 0.529

Freight forwarders’ Acceptance of the IR 4.0 Implementation by Seaports 3.87 0.623

Align the Implementation of the IR 4.0 principles with the maritime port 
organisational strategy

4.18 0.692

Political and Legal Parameters 0.775

Government enhancement in the shipping industries 4.24 0.675

The role of Maritime Administration and the Ministry of Transport 4.45 0.795

Social-democratic pressure on the digital culture 3.87 0.529

Onboard working policies and labour laws 3.79 0.704

Intellectual property rights in the Shipping and Maritime Industries 4.05 0.695

Liability and Regulations for the autonomous devices and machines used 
by the seaport operators

4.16 0.638

Source: Author

The following formula used to calculate the mean value.

 is the average value,

f is the number of occurrences,

 is the sum of the product f x,

Σf is the total number of occurrences.

Cronbach’s Alpha reliability analysis was conducted to measure the internal 
consistency of the two constructs (see Table 3). This Cronbach’s Alpha value were 
calculated from Statistical Package for Social Sciences (SPSS). SPSS is a statistical 
program that is developed by the IBM company and commonly used by researchers 
or academics around the world. This statistical program is very user-friendly and 
numerous statistical tests could be carried out using this programme. In the form of 
univariate, bivariate and multivariate analyses, both parametrical and non-parametric 
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statistical techniques are performed for comparison and correlation statistical 
examination.

The demographic information from the survey was used to review the 
characteristics of experts. Table 3 presents a summary of the experts’ work positions 
and the years of experience that they had in their respective fields. Out of the 38 
experts, 9 (23.7%) were senior lecturers, 20 (52.6%) were executives and another 
9 (23.7%) were companies’ manager. The responses from these groups are expected 
to produce significant findings for this research. In respect to the experts’ working 
experience, almost (50%) of them possessed 15 to 20 years of experience in their 
respective fields, while experts having work experience between 10 to 14 years are 
39.5% of them. In total, 10.5% of the experts had more than 20 years of work 
experience in the maritime sectors. None of them who have a working experience 
of less than 10 years were chosen. Experts with more working experiences are 
expected to provide more precise information than those with fewer experiences, 
which ensures the quality of the research. Apart from that, the education background 
had considered for this research. More than 50% experts having a bachelor’s degree, 
while another half of them had their master’s and Doctoral Degree. A paper-based 
questionnaire survey is effective only when experts have knowledge of the topic and 
they are competent to answer the questions.

Based on the results above, economic value dimension is becoming a driving 
force in the globalization of sustainable development. This is because, it has the 
greater value of Cronbach’s Alpha with 0.805. The assessment of the economic value 
dimension of a seaport is an important subject for both the political and the public 
debate. Seaport is considered a determinant of economic growth; it contributes to 
private sector development and economic gain. By implementing IR 4.0, it enhances 
the service quality of the seaport business and the operation sector. It has been noted 
that port sector investment can sustain the implementation of IR while it helps to 
economic growth of a nation. The Internet of Things (IoT) adoption has the potential 
to enhance operating processes, to reduce costs and risks due to its adaptability and 
versatility. IR 4.0 helps to boost economically and cutting down the operational 
costs.
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Table 3. Summary of expert demography

No. Position Response Percentage (%)

1. Senior Lecturer 9 23.7

2. Manager 9 23.7

3. Executive 20 52.6

No. Experience Response Percentage (%)

1. 0-9 years 0 0

2. 10- 14 years 15 39.5

3. 15- 20 years 19 50.0

4. than 20 years 4 10.5

No. Education Response Percentage (%)

1. Bachelor’s Degree 20 52.6

2. Master’s Degree 9 23.7

3. Doctoral Degree 9 23.7

Source: Authors

Conclusion

This study concludes that, six main dimension and 36 critical sustainable factors are 
identified as critical for the implementation of IR 4.0 in Malaysian seaports. This 
paper has conducted an extensive literature review in the field of maritime sectors 
to identify the CSFs affecting the IR 4.0 implementation. Therefore, future research 
can significantly investigate those CSFs that could give a positive or negative impact 
on the implementation of IR 4.0 in the Malaysian maritime industry. A Focus 
Group Discussion (FGD) can conduct to enhance the quality of the CSFs with the 
more stakeholders, port operators and government agencies. Moreover, Analytical 
Hierarchy Process (AHP) method can be applied in this study to rank and prioritize 
the CSFs. Exploratory Factor Analysis (EFA) approaches can be conducted to explore 
and validate the relationship among the factors influencing the implementation of 
IR 4.0 in Malaysian seaports.
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The Panama Canal’s Battle Against Climate Change

Cdr Y Hemanth Kumar

Sweltering under an intense heat wave exacerbated by the El Niño weather system, 
India’s capital city New Delhi is feeling the effects 1 of a global climate phenomenon 

that extends far beyond India’s borders. This same El Niño is contributing to an 
unprecedented drought in Panama, leading to historically low water levels in the 
Panama Canal - a vital artery for global trade that facilitates the movement of $270 
billion2 worth of merchandise annually.  The canal, crucial for the seamless passage 
of vessels worldwide, is now grappling with a 20-year decline in freshwater levels. 
The resulting water scarcity has forced the Panama Canal Authority to impose 
reduced draught limits and daily vessel passage restrictions, leading to longer wait 
times, higher tolls, and a freshwater surcharge increase surpassing 10 percent. These 
measures are causing shipping companies, especially those operating bulk carriers and 
tankers, to resort to auctions for canal slots, significantly escalating passage charges 
and forcing some to consider alternative routes, thereby potentially disrupting global 
trade dynamics.  The ramifications of the Panama Canal’s water crisis ripple across 
the globe, including India.  India’s trade, heavily reliant on efficient international 
shipping routes, faces potential delays and increased costs.  The diversion of bulk 
carriers and tankers to alternative routes could lead to a significant rise in shipping 
costs for Indian importers and exporters operating on this route.

To alleviate the canal’s water scarcity, the Panama Canal Authority has proposed 
a US$2 billion initiative to redirect additional rivers into the canal.  This initiative 
underscores the urgent need for a delicate balance between water resource management, 
environmental sustainability, and sustained economic growth.  As New Delhi battles 
the severe heat wave, it serves as a stark reminder of the interconnectedness of global 
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climate events and their far-reaching impacts.  The El Niño induced drought in 
Panama and its cascading effects on global trade highlight the critical importance 
of addressing climate change and managing our natural resources wisely to ensure 
economic stability and growth.

In recent months, the Panama Canal, which handles approximately 40 per 
cent3 of worldwide vessel traffic, has encountered an unprecedented challenge of 
low water levels created by severe drought conditions, intensified by El Niño.  This 
has had far-reaching effects on industries, shipping, and global commerce.  The 
initial phase of the crisis saw a reduction in booking slots, restricting the number 
of vessels permitted to traverse the Panama Canal. Draft limitations were imposed, 
mandating that vessels passing through the canal carry less weight, thereby reducing 
their overall cargo-carrying capacity.  Simultaneously, booking slots continued to 
shrink, compounding the challenges faced by shipping companies and disrupting 
supply chains.  As a result, by the end of August 2023, the Panama Canal faced a 
backlog of around 200 ships, some stalled for more than 20 days 4, signaling a crisis 
in this historic waterway. 

Panama Canal: Dwindling Freshwater supply

Since its inauguration in 1914, the Panama Canal has played a crucial role in global 
shipping by connecting the Atlantic and Pacific Oceans, reducing travel time between 
the two by approximately five days.  This strategic waterway, managed by the Panama 
Canal Authority, handles around 55 per cent of all container cargo5 destined for the 
United States from Asia, with approximately 13,000 transits6 occurring annually 
under normal circumstances.  The canal’s unique system of locks elevates ships to 
about 85 feet above sea level before lowering them to the opposite end (Figure 1).   
However, each transit results in the loss of up to 50 million gallons7  of fresh water to 
the sea, drawn from freshwater lakes sustained by rainfall, which is enough to fill as 
many as 76 Olympic-sized swimming pools 8.

Panama, ranked as the world’s 5th rainiest country in the world, faces challenges 
due to a 20-year decline in precipitation.  Despite being rich in rainfall, Panama 
normally experiences a dry season from December to April, with the rainy season 
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Figure 1: Schematic - Panama Canal being fed from freshwater

Courtesy: Hindawi Publishing Corporation9

typically starting in May and ending in November.  However, during El Niño year, 
the onset of rain is delayed, prolonging the dry season.  In particular, the El Niño 
phenomenon has adversely impacted Gatun Lake which is dependent on rainfall. 

As per reports10, while the water body usually receives 7hm³ (cubic hectometres) 
daily from rainfall and river flow, combined outflows from canal operations, 
evaporation, human consumption, and industry totalled 10 hm³, resulting in a 

Figure 2: Drastic reduction in Water Level in Gatun Lake

Courtesy: Canal De Panama12
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daily deficit of 3 hm³.  In a typical rainfall year, the daily water inflow averages 15 
hm³.  For the year 2023, water consumption exceeded Gatun Lake’s intake, forcing 
the canal to rely on water accumulated during the previous year’s rainy season and 
transfers from other lakes. 

The daily deficit of 3 hm³ is equivalent to the volume of water in 1,200 Olympic-
sized swimming pools11, leading to a record seven-foot drop in the Gatun reservoir’s 
level (Figure 2) during the current rainy season. 

Navigating Drought: Draught limits and Cargo reductions

Between March-May 2023, the maximum authorised draught of a ship in the Panama 
Canal was reduced from 14.78m13 to 13.41m14.  For a container vessel, on average, 
every foot of draught represents about 300 to 350 containers15.  By 01 Aug 2023, 
the daily transit capacity was reduced to an average of 32 vessels per day16 and as of 
01 Nov 2023, the daily slot booking was reduced to 25 per day17.  This translates to 
an approximate 30 per cent18 reduction in the cargo-carrying capacity of container 
vessels.  The trend is likely to continue into 2024. This reduction in the number 
of vessels translates to an approximate 40-50 per cent19 reduction in container 
volume which is in addition to the volume reduction due to draught restriction on 
every vessel.  When analysing transit times, it is seen that by mid-November 2023, 
there was a 250 per cent20 increase in the maximum transit time increasing from 
approximately 1.7 days to 6 days in 202321 (Figure 3).  This has increased to 22 days 
as of 20 Jan 24 (Figure 4)22, whilst anchorage time awaiting passage through the 
canal has increased between 100-143 per cent23, which is leading to vessel congestion 
near the entrance. 

Changes in Shipping Practices

Exacerbating the challenges faced by these vessels, bulk carriers and tankers that 
primarily transport goods from the US East Coast to Asian destinations are redirecting 
traffic from the Panama-transpacific route to either the Suez Canal or around the 
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Figure 3: Increase in transit times of Panama Canal [24]

Figure 4: Increase in transit queue time to 22 days in the Panama Canal as of 20 Jan 202425

Courtesy: Project 4424

Courtesy: Canal De Panama

Cape of Good Hope.  This rerouting increases transit times by two weeks26.  Delays 
for unreserved bookings have surged by approximately 280 per cent since June 
202327, particularly affecting Dry bulk and LNG/LPG carriers28. 

Recent reports indicate that the limited slot bookings available are often pre-
booked by container lines operating on fixed routes29.  Consequently, these vessels 
must sail with reduced loads from their port of origin and seek alternative destinations 
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Figure 5: Decrease in Average daily transits through Neopanamax locks

Figure 6: Decrease in Average daily transits through Panamax locks

Courtesy: Freightwaves30

Courtesy: Freightwaves31

to augment their cargo after navigating the canal.  As a result, the average daily 
transits through Panamax and Neopanamax dropped by 4.3 per cent and 5.9 per 
cent (Figure 5 & Figure 6) respectively, relative to Nov 23. 

Another approach arising from this crisis involves transferring cargo onto trains32.  
Containers are unloaded from ships on one side of the canal, transported by rail, and 
reloaded onto vessels before they resume their journey33.  However, this method 
cannot be applied to bulk carriers due to the nature of their cargo.  In response to the 
limited cargo capacity offered to customers, major players like Maersk, the world’s 
second-largest cargo shipping carrier in terms of capacity, are deploying additional 
vessels34 to compensate for cargo shortages and reduced water draught. 
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Figure 6: Escalation in Shipping Rates for Gas Carriers Panama

Courtesy: BIC Magazine 38

Financial impact

Container vessels which now pay a transit fee of around $400,00035 to cross the canal 
are also required with an additional freshwater surcharge of up to 10 per cent36 due to 
lower water levels.  As a result, shipping companies are charging customers an extra 
US$600 per container 37, impacting the cost-effectiveness of using the canal. Bulk 
carriers, owing to scarcity of slots are facing auctions where they have to bid for the 
limited time slots available, thereby increasing transit costs.    

Global Trade Implications

With delays increasing, some bulk carriers are seeking alternate routes, potentially 
diverting away from the Panama Canal. According to recent findings40, the situation 
is anticipated to have significant repercussions for both Southern hemisphere 
exporters and Northern hemisphere importers.  This will affect diverse industries, 
encompassing Brazilian meat, Chilean wines, and Ecuadorian bananas, among 
others, which routinely traverse the canal for global trade.  Essential commodities 
such as copper from Chile and natural gas from the US. Gulf Coast also rely on the 
waterway for transit. 

The Panama Canal serves as a swift and cost-effective route for transporting 
grains and various agricultural commodities from the port of New Orleans to China. 
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Figure 7: Escalation in Auction Price of Spot Booking for Neo Panamax slot

Courtesy: Freightwaves39

Since approximately 73 per cent41 of the canal’s traffic involves shipments either 
destined for or originating from the United States, which has significant implications 
for the country.

Impact on India

India’s trade relationship with Panama in 2022-23 amounted to a total of US$ 
597.91 million42, with exports to Panama at US$ 314.56 million43 and imports from 
Panama at US$ 283.35 million44.  The main items exported from India to Panama 
include minerals, apparel and textiles, pharmaceuticals, miscellaneous manufactured 
articles, man-made fibers and filaments, electrical and electronic equipment, soap 
and washing preparations, and medical/surgical instruments and accessories.  On 
the other hand, India’s imports from Panama consist of iron and steel, teak and other 
wood pulp, aluminium and its articles, mineral fuels, oils and waxes, mineral products, 
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and hides and skins.  This robust trade relationship is mutually beneficial, with 
both nations relying on the seamless transit of goods across crucial maritime routes. 
However, the recent severe drought affecting the Panama Canal has significantly 
disrupted this vital trade route.  With more than 50% decrease45 in shipping activity 
due to water scarcity, vessels are forced to divert to alternative routes like the Suez 
Canal, adding an additional six days to their transit time.  This shift has profound 
economic implications for India. Increased transit times and the necessity of longer 
routes result in higher shipping costs, contributing to a general rise in global freight 
rates. This directly impacts the cost and efficiency of India’s exports to Panama and 
other destinations, making Indian goods less competitive due to higher logistical 
expenses. Similarly, the import of essential commodities from Panama becomes 
more expensive and delayed, affecting industries that rely on these materials.  The 
prolonged bottlenecks at the Panama Canal necessitate strategic adjustments in 
India’s trade and logistics policies to mitigate these economic challenges and ensure 
the resilience of its trade infrastructure.

Figure 8: Reduction in EXIM trade between India and Panama due to Drought

Courtesy: Research and Information System for Developing Countries46
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Future Outlook

To deal with the situation, the Panama Canal Authority has instituted a $2 billion47 

initiative, which aims to redirect four additional rivers (over and above the existing 
three rivers) to feed the canal. This endeavour has its own set of challenges, such as 
high costs, protracted timelines, and adverse ecological impact in the region due to 
additional infrastructure.  The proposed initiative is also likely to stretch the region’s 
already limited water resources and this would be a significant challenge, since the 
region houses over 2 million people and also hosts a rich rainforest ecosystem48. 
Competing demands between ship transits, human consumption and environmental 
requirements could possibly flare tensions, leading to unrest and even conflict.

Beyond Panama Canal

The utilisation of freshwater in the Panama Canal, a vital waterway connecting the 
Atlantic and Pacific Oceans, underscores a fundamental paradox in our approach 
to problem-solving.  While the engineering marvel of the canal has undeniably 
enhanced global trade and economic efficiency, its sole reliance on scarce resources 
freshwater prompts a deeper reflection on the interconnectedness of technological 
progress and environmental stewardship.  In an era of climate crisis and water scarcity, 
the use of freshwater for maritime transit challenges conventional wisdom and raises 
questions about economic solutions that may not have adequately addressed broader 
ecological and ethical concerns.  Overall, the problem extends beyond the confines 
of the Panama Canal alone and reflects a larger tension between the development 
and utilisation of finite resources.  It presents an opportunity to reconsider priorities 
and adopt a more holistic perspective that transcends immediate gains in favour of 
long-term sustainability. 

The Sustainable Development Goals identified by the UN are an example 
of conscientious progress and offer insight into more responsible economic 
development. Speaking at the COP 26 in Glasgow on 1st of November 2021, the 
Indian Prime Minister, Shri Narendra Modi, articulated the concept of ‘Lifestyle 
for the Environment (LiFE), calling upon the global community of individuals and 
institutions to drive LiFE as an international mass movement towards, “Mindful 
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and Deliberate Utilization, instead of Mindless and Destructive Consumption” to 
protect and preserve the environment.49  LiFE puts individual and collective duty 
on everyone to live a life that is in tune with Earth and does not harm it.  Those 
who practice such a lifestyle are recognised as Pro Planet People under LiFE. His 
statement is exemplified by India’s approach to human-centric progress, captured in 
the two words “Vasudhaiva Kutumbakam” – The world is one family. 

Disclaimer: Views expressed are of the author and do not necessarily reflect the views 
of the Government of India.
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Coastal Erosion and Adaptation Measures:  
An Assessment

Dr Chime Youdon

The Earth boasts an extensive coastal line, where the interface between land and 
sea dominates its geographic features, distinguished by its expansive aqueous 

expanse of 361.13  million sq. km, constituting approximately 71% of its total 
surface area, juxtaposed against the remaining 29% of (148.94  million sq km) 
terrestrial terrain.  The intricate interplay between these elemental domains unfolds 
along the vast expanse of the coastline, extending over an impressive 1,634,701 
kilometres.1  Remarkably, 84% of the world’s nations possess coastlines that interface 
with open oceans, inland seas, or both, thereby underscoring the pervasive presence 
and significance of coastal environments on a global scale.  These coastal areas are 
home to over 40% of the world’s population and support diverse ecosystems that 
provide numerous valuable services.2  Coastal zones have consistently attracted 
human settlement and activity owing to their abundant amenities, aesthetic appeal, 
and diverse ecosystem services.  Consequently, these areas have witnessed significant 
population growth and development globally.  

Despite their allure, coastlines present dynamic landscapes, posing both intriguing 
scientific questions and complex management challenges.  One such challenge is the 
escalating issue of coastal erosion, which affects over 75% of the world’s coastlines.3  
Coastal erosion, characterised by the gradual loss of land adjacent to water bodies, 
results in long-term changes that are often challenging to reverse.  Defined as “the rate 
of change in the position of horizontal displacement of land surfaces, beachfronts, shoreline, 
or dunes over time,”4  coastal erosion is driven by a multitude of interconnected factors.  
It stems from the relentless forces exerted by waves and currents, although it can also 
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be influenced by mass wasting processes on slopes and land subsidence.  Moreover, 
extreme weather events like coastal storms, surges, heavy rainfall, and flooding 
frequently trigger significant episodes of coastal erosion.5 Similarly, tsunamis and sea-
level rise can exacerbate erosion due to the intensification of waves and currents, 
which can, during inundation events, reach previously unaffected landforms.  
Notably, over half of the world’s 513 cities with populations exceeding one million 
in 2015 were located within 100 km of a coastline.6  Therefore, these changes pose 
threats to buildings, infrastructure, people, and natural ecosystems — such as salt 
marshes, mangroves, and coral reefs— that provide valuable ecosystem services and 
benefits.  These services encompass protection from erosion, improvements in water-
quality, benefits to recreation and tourism, and fish production.  The loss of natural 
coastal protection features such as dunes, mangroves, and coral, exposes proximate 
areas to water and wave damage, leading to the destabilisation of land and harm 
to communities.  Furthermore, human activities such as the exploitation of coastal 
resources, concentration of populations, settlements, socio-economic endeavours, 
and alterations to sediment dynamics exacerbate coastal erosion and worsen its 
impact on economic and environmental activities.  These impacts include the loss of 
homes, lives, and livelihoods, human displacement, disruptions to economic sectors, 
increased water insecurity, and disruptions to key infrastructure like transportation 
and communication. 

This paper aims to highlight prevailing global trends in coastal erosion and 
examine region-specific protection measures against coastal erosion. Through 
comparative analyses, it will discuss the effectiveness of existing mitigation measures 
and identify best practices from a variety of geographical contexts.  The paper will, 
of course, focus on evaluating the potential applicability of these practices in the 
specific context of India. 

Global Coastal Erosion Trends

At the global level, coastal erosion presents a formidable challenge across several 
regions, each with its own distinct patterns and consequences.  From 1984 to 2015, 
global coastal erosion resulted in the loss of 28,000 square kilometres of permeant 
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land.7  This net loss of land translates into a reduction of approximately 14,000 square 
kilometres of surface area available for human settlements and terrestrial ecosystems.  
Notable regions experiencing substantial changes in coastal dynamics include the 
Caspian Sea, with an average net cross-shore land-loss of approximately 600 metres.  
South Asia follows closely with an average land erosion of 158 metres.  Additionally, 
Pacific Asia, Southern America, Eastern Africa, and Western Australia demonstrate 
average cross-shore erosion exceeding 50 metres.8  Regions facing extreme levels of 
coastal erosion, such as the Mekong River delta, the Indus River delta, Small Island 
Developing States (SIDS), and the Gulf of Mexico, among others, are discussed in 
the succeeding paragraphs. 

Mekong River Delta.  From 2016 to 2020, the Mekong River delta in Vietnam 
experienced significant erosion, totalling 2307 hectares along the coastline.9  Cai 
Be faced erosion across 2.1 kilometres, requiring repairs costing approximately 27.7 
billion VND (about 1.2 million USD).10  Additionally, serious erosion threatens 
the beach of Cua Dai in Quang Nam Province, with an estimated 20% expected to 
disappear soon.11  

Indus River Delta. Moving to the Indus River Delta in Pakistan, continuous 
coastal erosion from 1972 to 2017 has led to significant landward movement and 
flooding of floodplain areas.12  This erosion has degraded approximately 42,607 
hectares of land due to seawater intrusion, with 31,656 hectares now submerged and 
10,951 hectares having been converted into a floodplain.13  The left bank’s floodplain 
area is approximately 4,208 square kilometres, double that of the right bank (at 
2,220 square kilometres), and projections suggest further loss by 2050.14  

Gulf of Mexico.  The Gulf of Mexico region,15 encompassing states such as 
Florida, Mississippi, Alabama, Louisiana, and Texas, confronts significant coastal 
erosion, especially along the Louisiana Gulf coast.16  Louisiana has experienced the 
highest rate of wetland loss in the US, accounting for 80% of the nation’s coastal 
wetland loss since 1932, amounting to approximately 1,900 square miles.17  Despite 
efforts to combat erosion, wetlands continue to disappear.  Natural habitats such 
as oyster reefs and marshes that protected the Gulf Coast, have been significantly 
eroded, leaving maritime infrastructure vulnerable to damage.  
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Yellow River Delta.  Similar challenges are observed in China, where significant 
land loss along coastlines has occurred since the 1990s, with approximately 22% of 
coastlines eroded.  The Yellow River Delta has experienced a notable retreat, with 
the mangrove coastline in Fangchenggang City eroding by 4 km over the past three 
decades.18 

West Coast of South Africa.  South Africa’s western coast, too, experienced 
significant erosion, leading to the disappearance of vast portions of beaches that have 
been submerged into the Atlantic Ocean.19  Studies show that 95% of the beach has 
experienced erosion, with an average loss of 38 metres.  The most severely eroded 
area is 6 km north of Ysterfontein, where the shore is 100 m closer to the dunes 
compared to a century ago. Scientists predict that the ocean could reach the foot of 
the dune by 2040.20  

European Union. The European Union has also witnessed the loss of land 
that has considerable economic and ecological importance.  Coastal areas such as 
De Haan, Sylt, Mamaia, Vecchia Pineta, Giardini Naxos, Sable d’Olonnes, Ghajn 
Tuffieha, Essex, and Haute-Normandy, are all grappling with erosion.  Furthermore, 
ecologically significant sites such as Scharhoern Island, located along the Elbe estuary, 
are facing similar challenges.21  

India and Bangladesh.  Bangladesh’s coastline also loses 34 square kilometres 
of land annually, which may increase further with sea level rise.22  In India, as well, 
between 1990 and 2018, some 33.6% of India’s coastline was vulnerable to erosion, 
posing severe threats to land, habitats, and the livelihood of fishermen.  Essential 
spaces for activities like boat berthing and fishing operations are at risk due to this 
coastal retreat.23  

Small Island Developing States (SIDS).  Small Island Developing States (SIDS) 
face escalating coastal erosion challenges, which are further compounded by extreme 
weather events such as storm surges, coastal flooding, and sea level rise linked to 
global warming.  Current estimates suggest around 118,000 inhabitants of SIDS 
are exposed to coastal floods,24 a number projected to exceed one million by 2070.  
Sea-level rise has already caused substantial damage to infrastructure and habitats 
in regions such as the Solomon Islands, where 50% of houses have been lost due 
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to erosion.25  Projections indicate further sea-level rises by 2050, 2080, and 2100, 
posing severe consequences for coastal communities of SIDS in terms of erosion.26 

It is clear that coastal erosion presents a complex and multifaceted challenge 
globally, requiring coordinated efforts to address its impacts on communities, 
economies, and ecosystems.

Protection against Coastal Erosion: An Assessment of Adaptation Measures.  
Adaptation measures in respect of coastal erosion have grown drastically over the 
past 30 years in parallel with the increasingly obvious impact of erosion across the 
coastal stretches of the world.  In 1990, the IPCC Coastal Zone Management Sub-
group report discussed the three main types of adaptation response to coastal climate 
change, namely, “retreat”, “accommodate”, and “protect” (with “protection” being 
further categorised into “hard” and “soft” protection).27  More recently, additional 
categories, terminologies, and distinctions have been added such as “no action”, 
“advance”, “ecosystem-based adaptation”, and ‘‘hybrid measures”.  Table 1 illustrates 
some of the various measures undertaken by countries worldwide to combat coastal 
erosion, categorised into hard structures, soft measures, and ecosystem-based 
approaches.

Table 1: Protection of Coastal Protection Measures

Country Hard Structures Soft Measures Ecosystem-Based Solutions Remarks

Vietnam Concrete sea dykes, 
revetments

Beach nourishment, 
dune creation, sandbags

Mangrove reforestation, 
submerged biomass such as 
seagrass, macro-algae, coral reefs, 
etc.

Pakistan Migration, 
seawalls, dikes

Mangrove conservation, 
Living Indus Initiatives 

Mangrove restoration Forced Retreat

SIDS

Antigua and 
Barbuda

Seawalls, 
revetments, groynes

Reef and mangrove 
conservation

Mangrove regeneration, coral reef 
protection

Bahamas Seawalls, raised 
dock height

Beach nourishment, 
sand dune restoration

Mangrove restoration, coral reef 
preservation

Barbados Revetments, 
groynes, 
breakwaters

Beach improvement, 
dune restoration

Dune stabilization, mangrove 
rehabilitation



203

Belize Hard structures, 
beach nourishment

Mangrove restoration, 
gradual retreat

Mangrove conservation, 
sedimentation support

Dominica Gabion baskets, sea 
defences

Traditional methods 
(e.g., coconut-leaf 
walls)

mangrove protection Hybrid 
measures

Guyana Concrete coastal 
structures, earth 
embankments, 
Dike

sand ridge protection mangrove planting

Jamaica Revetments, 
groynes

Mangrove regeneration Beach nourishment, coral 
replanting

St Kitts & 
Nevis

Seawalls, 
breakwaters

Habitat restoration, 
no-regret measures

Coastal protection structures, 
elevated buildings

St Lucia Beach 
replenishment, sea 
defences

Natural defences (e.g., 
mangroves, corals)

Mangrove protection, coral reef 
preservation

St Vincent 
& 
Grenadines

Seawalls Natural defences (e.g., 
dunes)

Dune stabilization, reef 
preservation

Suriname Polders, clay dams Mud bank 
nourishment, mangrove 
restoration

Mud bank management, 
mangrove rehabilitation

Trinidad & 
Tobago

Seawalls, 
breakwaters

Coral reef protection, 
mangrove conservation

Mangrove rehabilitation, coastal 
ecosystem protection

Pacific (15 
SIDS)

Cook Island Seawalls, raised 
houses

Coral replanting, 
Coastal Protection 
Energy Dissipater 
(COPED)

Coastal protection measures, reef 
rehabilitation

Fiji Seawalls Beach nourishment Mangrove restoration, coral 
replanting, coastal vegetation 
planting 

Kiribati Seawalls Mangrove replanting Mangrove rehabilitation, coastal 
protection

Marshall Is Protective 
structures, 
temporary beach 
rock, Elevated 
homes, raised coral 
islands

Beach nourishment, erosion defence, elevated 
structures

retreat 
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Micronesia Seawalls, coral 
rubble banks

Mangrove rehabilitation Re-vegetation, elevated homes

United 
States

Sea walls, 
breakwaters, reef 
balls

Living shorelines, oyster 
reef restoration, beach 
nourishment, reef balls

Oyster reef restoration, living 
shorelines (marshes, reefs), 
Coastal Resilience 2.0 (oyster 
reef restoration, ecosystem 
preservation), Emerald Tutu 

Hybrid 

Netherlands Dyke 
improvements, 
river widening, 
multifunctional 
dykes, retention 
areas, raise and 
strengthening 
dykes 

Regarding river 
widening, lowering 
floodplain

Multifunctional dykes, 
wide green dykes, dykes for 
overtopping

Construction of secondary or 
flood channels, dyke relocation 
and the use of retention areas

hybrid 

Source: Compiled by the Author

Hard Stabilisation 

Historically, coastal protection strategies have predominantly involved the fortification 
of coastal lines through the implementation of physical infrastructure, commonly 
referred to as “hardening.”  This approach encompasses the construction of engineered 
structures such as seawalls, dykes, breakwaters, groynes, and revetments, among 
others.  These structures are fabricated using a diverse range of materials, including 
boulder revetments, concrete, steel, wooden bulkheads, gabions, and sandbags. 
These installations are designed to impede the longshore movement of sand and 
thereby mitigate coastal erosion.  Over time, advances in engineering techniques 
and materials have significantly improved the design and construction of sea walls, 
rendering them more robust and adaptable to evolving coastal dynamics.  Typically, 
these structures provide the highest level of protection for designated assets and their 
functional lifetimes can range from 50 to 200 years.28  

Despite their robustness, however, the construction of sea walls entails 
considerable costs, necessitating trade-offs and accepting associated side-effects.  
These rigid defences disrupt natural sediment transport processes, resulting in erosion 
downstream and the loss of crucial habitats such as beaches and dunes, and destroy 
habitats, leading to a decline in biodiversity and the marine life dependent on these 



205

areas.29  Many countries, including those bordering the Gulf of Mexico, Vietnam, Sri 
Lanka, Indonesia, Thailand, and others, have implemented hard defence structures 
and experienced similar cases of erosion despite these measures.30  The construction 
of large-scale coastal defence structures, such as colossal breakwaters and concrete 
walls, has also been a common method to protect against sea surges. 

However, relying solely on these hard structural measures is impractical and can 
lead to maladaptation.  Quite apart from the fact that they require substantial capital 
investment as well as ongoing maintenance, and can disrupt ecosystems, they may 
create a false sense of security and encourage development in high-risk areas, thereby 
exacerbating vulnerability.  Unplanned construction of harbours and deep-water 
ports can worsen erosion and property damage during storm surges.  For example, 
in Pakistan, the unplanned construction of harbours, notably observed in areas like 
Damb and Pasni, worsens erosion during storm surges, leading to significant property 
damage. Similarly, development projects for deep-water ports, such as Gwadar East 
Bay, also contribute to erosion due to wave refraction and construction-related 
activities.31  

Soft Measures/ Non-Structural Coastline Protection

In response to the numerous challenges associated with flood and erosion control 
structures, there has been a notable shift in recent years towards non-structural 
shore stabilisation techniques, such as beach nourishment, stabilising dunes with 
fences and vegetation, creating or restoring wetlands, protecting, nourishing, or 
constructing dunes, etc.  “Beach nourishment” has become the most commonly 
employed response to erosion today, largely due to the negative aspects of hard 
stabilisation.  It involves adding sand to widen beaches, often dredged from adjoining 
areas or brought in by trucks.  Although nourished beaches adapt naturally to the 
ocean, they require frequent replenishment (every three to four years) and have a 
limited functional lifespan of between one and ten years.  This process has been 
repeated over 20 times in places like Carolina Beach, North Carolina since its first 
beach nourishment project.32  Moreover, beach nourishment has negative impacts on 
ecosystems and water quality and poses governance challenges, including compliance 
issues and conflicts with short-term development goals.  
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Ecosystem-based Approach (EbA)

Soft measures, particularly the ecosystem-based approach, are increasingly gaining 
popularity across the world.  Despite nature being the provider, protector, and 
regulator since time immemorial, it was not until the Millennium Development Goals, 
and notably the Millennium Ecosystem Assessment (MA 05) in 2001, that a report 
on the state of the world’s ecosystems finally established a functional link between 
biodiversity, health, and human well-being.33  With this recognition, countries across 
the world began conserving, protecting, and restoring nature and natural ecosystem 
as a natural defence system against extreme weather events, hazards, and sea level rise.  
Now EbA appears more regularly than engineered interventions, both in general and 
across all income groups, especially in developing and least developing countries.  A 
total of 76% of all Nationally Determined Contributions (NDCs) with adaptation 
components refer to at least one Nature-based Solution (NbS).  Of these, over 
half (53%) have mentioned NbS in the context of three or more distinct types of 
ecosystems.34 EbA measures such as coral reefs, mangrove forests, and salt marshes 
have proven effective in protecting communities and infrastructure from the impacts 
of climate change while offering numerous co-benefits.  Specifically, in Small Island 

Figure 1: Photomontage of the Emerald Tutu Project in Boston

Source: MIT News, https://news.mit.edu/2020/emerald-tutu-design-wins-nsf-grant-protect-boston-
coastline-0903
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Developing States (SIDS), as also in States of Southeast- and South Asia, EbA and 
NbA strategies are centred upon the leveraging of protective services of coral reef 
and mangrove systems.  Coral reefs serve to dissipate waves and safeguard coastal 
erosion, whereas mangroves mitigate inland flooding and minimise the impact 
of strong winds during storms. Many low-income and middle-income countries, 
including numerous SIDS, have shown a preference for NbS and EbA approaches 
over engineered interventions, largely due to the lower costs of the former, and the 
attendant beneficial economic spin-offs in sectors such as tourism and fisheries, and 
a broader aspiration to transition to a sustainable “blue economy.”

Apart from the mangrove forest ecosystem, an innovative solution has been 
adopted by East Boston, Massachusetts, called the “Emerald Tutu” (the latter word 
being the name of the stiff, frilly skirt worn by ballerinas).  This approach involves 
a biomass-based coastal protection infrastructure designed for urban areas. As 
shown in Figure 1, “Emerald Tutus” comprise a floating network of interconnected, 
anchored massive organic growing modules that effusively dampen wave energy, 
reduce flooding, storm damage, and erosion along the shore, while simultaneously 
improving nearshore water quality.  These biomass modules are seeded with marsh 
grass on the surface and harbour a variety of seaweeds below the waterline, increasing 
mass and frictional surface area providing habitat for diverse marine life.  Functioning 
as a marsh-like structure, the Emerald Tutu dissipates the strength of storm swells 
in coastal areas and contributes to carbon dioxide and pollutants absorption from 
the atmosphere and sea.  Additionally, it introduces progressive social values in 
landscaping practices.35

“Accommodation” Strategies 

“Accommodation” primarily involves the physical raising of buildings or structures 
to mitigate coastal erosion and flood risks.  These are traditionally practised in the 
Cook Islands, Belize, and Guyana.  In Singapore, the focus is on raising the level of 
reclaimed land and studying long-term protection strategies.  Papua New Guinea 
employs elevated buildings and raised houses to mitigate climate change impacts on 
high volcanic islands, atolls, raised atolls, cays, coral reefs, and beach forests.  The 
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Marshall Islands has adopted elevated structures, created homes for atolls, and raised 
coral islands, coral reefs, beaches, beach rocks, and mangroves.  The Netherlands’ 
Delta program involves dyke improvements, which raise and/or strengthen dykes, 
alongside river widening, constructing secondary or flood channels, dyke relocation, 
and the use of retention areas.  However, the implementation of such measures 
depends heavily upon resource availability and responsibility, whether at the 
individual or government level.  Household-level adaptation depends upon factors 
such as awareness, perceived responsibility, and available resources.  The lifespan of 
these raised structures hinges upon their design and projected rates of future sea level 
rise.  

“Retreat” from High-risk Areas 

As an adaptation strategy, “Retreat” involves strategically and permanently relocating 
settlements, households, infrastructure, and activities from hazardous locations to 
safer ones.  This measure is commonly adopted in low-lying coastal zones susceptible 
to sea level rise, storm surges, and inland areas prone to river floods and erosion 
exacerbated by climate change.  Relocating assets away from hazard-prone areas 
enhances citizen safety and protects goods.  Additionally, it creates space for nature 
to expand, promoting coastal ecosystem restoration.  In Europe, successful retreat 
and relocation measures are evident.  For instance, in southwestern France, a road 
in Sète and Marseillan was moved inland to counter erosion threats, enabling 
the reconstruction of a larger beach and dune system for enhanced protection.36  
Similarly, in Austria, the government organised a managed process of “retreat” along 
the Danube River, relocating over 500 households.  Compensation covering 80% of 
the building’s value and demolition costs was offered, although vulnerable groups 
living in less highly valued assets were disadvantaged by this mechanism.37  

In extreme cases, particularly in SIDS that are challenged by erosion and 
inundation exacerbated by sea-level rise and extreme weather events such as 
cyclones and flooding, migration becomes a necessary adaptive measure.  However, 
adaptation by way of human migration is certainly not limited to SIDS.  For 
instance, significant erosion along the Western Indus Delta coastline in Sindh has 
forced local communities in areas like Shah Bundar, Jati, Khar Chann, Keti Bundar, 
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and Ghorabari, to migrate as a crucial adaptive response.38  By 2019, approximately 
1.2 million people from the coastal areas of the province of Sindh in Pakistan had 
been displaced by erosion, compelling them to migrate to Karachi.39  Sea-level rise 
has led to the loss of nearly 50% of the houses in Nantambu, Solomon Islands, 
leading residents to migrate.40  Similarly, in Vietnam, there are 751 eroded areas 
totalling 976 km in length, with around 20,000 households in the cities of Can 
Tho and the provinces of Dong Thap, An Giang, Vinh Long and Ca Mau residing 
in erosion-prone areas, necessitating relocation to safer regions.41  In response to 
such challenges, the Maldives has initiated an ambitious project to construct the 
world’s first floating city, offering citizens refuge from losing their lands and homes.  
Furthermore, Kiribati is implementing a “migrating with dignity” policy, empowering 
its citizens with the necessary resources and legal framework to relocate to countries 
like Australia and New Zealand, where they can secure employment opportunities.  
This proactive approach aims to safeguard the well-being and security of Kiribati’s 
population amidst the imminent threats posed by climate change.

Due to their small size, limited land, and low-lying nature, many SIDS face 
challenges in adopting “retreat” strategies. For instance, total population removal is 
considered an option of last resort in places like Papua New Guinea and is reserved for 
worst-case sea level rise scenarios, as seen in the Marshall Islands.  “Managed retreat” 
is prioritized in Guyana, while Belize considers “gradual retreat” to be a viable long-
term option. Grenada, on the other hand, leans towards future abandonment and 
relocation in cases where the cost of protection work becomes excessive.

“Retreat” measures can be effective when combined with other protective 
measures, but planned “retreat” is often seen as a potentially irreversible option of 
last resort.  There are serious concerns about the loss of property, cultural values 
and identity, livelihoods, and territorial integrity associated with retreat measures.  
Furthermore, the implementation of managed retreat necessitates meticulous 
coordination across various levels of governance, strict adherence to regulations and 
land-use plans, and seamless integration into broader spatial planning endeavours.  
Collaboration amongst stakeholders at local, national, and subnational tiers becomes 
imperative to navigate the intricate landscape of retreat and ensure the protection of 
vulnerable communities and ecosystems.  
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Hybrid Measures

In many developed countries like the United States, “hybrid measures” are being 
increasingly adopted to provide robust and cost-effective protection against coastal 
erosion.  One successful example is the use of “Living Shorelines”.  The Mississippi-
Alabama Sea Grant (MASGC), for instance, advocates the use of living shorelines 
as an alternative to bulkheads to address coastal erosion.42  Bulkheads, while being 
a traditional option, can have adverse effects such as restricting water access for 
residents and wildlife, causing erosion of neighbouring properties, and disrupting 
coastal habitats.  On the other hand, “living shorelines” utilise materials such as 
living plants and oyster shells, along with offshore breakwaters, to combat erosion.  
MASGC-funded scientists are actively assessing the efficacy of various types of living 
shorelines and developing tools to help individuals choose the most suitable option 
for their needs. 

In Bangladesh, where annual floods relentlessly erode earthen dykes along the 
coast, the ECOBAS project (Eco-engineering in Bangladesh) offers a promising 
solution.43  Supported by funding from the “Dutch Partners for Water” programme, 
this innovative initiative focuses on cultivating oysters to counteract the destructive 
forces of nature.  Through a pilot project in southeast Bangladesh, the efficacy of 
oyster reefs is being tested.  These reefs not only bolster sedimentation, safeguarding 
vulnerable coastlines from erosion, but also double as a sustainable food source.  
Oysters thrive within the semi-natural reefs formed on concrete block walls, offering 
a harmonious blend of environmental protection and economic opportunity for 
the region.  “Living shorelines” offer several benefits, including maintaining natural 
coastal processes and coastal dynamics, creating, or preserving habitats for native 
aquatic flora and fauna, preserving access for aquatic and terrestrial organisms, 
maintaining land-to-water access for property owners, and offering cost-effective 
means of facilitating sediment accumulation.  Moreover, “living shorelines” create a 
natural buffer to mitigate the effects of erosion, trap and retain runoff and pollutants, 
and contribute to improving water quality.  
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Arresting Coastal Erosion in India 

The Government of India, too, recognises the severity of coastal erosion in its coastal 
states and territories and has taken several measures to address the issue.  Regrettably, 
however, coastal protection primarily relies upon hard infrastructure such as 
seawalls, groynes, and breakwaters.  These are commonly encountered in states 
such as West Bengal, Kerala, Karnataka, Mumbai, Tamil Nadu, Goa, and Odisha.44  
More encouraging are the artificial beach nourishment techniques that have been 
deployed through sand bypass systems at ports such as Visakhapatnam and Paradip.  
The beach nourishment project initiated by the Puducherry government, utilising 
300,000 cubic metres of material, has proven effective in combating erosion.45  In 
some regions, hybrid measures combining hard infrastructure with softer materials 
or techniques have been adopted.  For instance, seawalls reinforced with coir bags 
are used in Kerala, while seawalls reinforced with chains, used in Udwada and Valsad 
in Gujarat, demonstrate innovative approaches to coastal protection against coastal 
erosion.46   Puducherry is employing hybrid measures by combining the construction 
of artificial reefs using steel structures with beach nourishment.47

The Central Water and Power Research Station (CWPRS), Pune, has a major 
role to play in coastal protection work in India.  It is the nodal agency for the 
country’s Coastal Data Bank and conducts training programmes for various State 
Government Agencies.  It has proposed a slew of innovative methods such as flexible 
gabion, Chain-O-Block (chains), concrete pipes, etc., using locally available material 
such as sand-filled rubberise coir bags for temporary protection.  However, despite 
the prevalence of hard infrastructure, there have been fairly limited attempts to 
implement build-with-nature solutions and to adopt ecosystem-based approaches, 
including mangrove forest restoration or other nature-based solutions.

In extreme cases of coastal erosion-induced displacement, the 15th Finance 
Commission has allocated 13.51 million US$ (INR 1000 crore) for the resettlement 
of displaced individuals affected by erosion including losses of land, shelter, and 
livelihoods, especially for vulnerable coastal communities from 2021 to 2026 under 
the National Disaster Response Fund (NDRF).  Additionally, 202.70 million US$ 
(INR 1500 crore) has been earmarked for mitigation measures aimed at preventing 
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river and coastal erosion during the same period, under the National Disaster 
Mitigation Fund (NDMF).48  

Notably, the Ministry of Environment, Forest & Climate Change (MoEFCC) 
issued the Coastal Regulation Zone Notification, 201949, with the objective of 
balancing conservation efforts with livelihood security for coastal communities.  Given 
that human developmental activities are amongst the causes of coastal erosion, it is 
imperative to focus efforts on regulating the coastal zone to achieve a balance between 
conservation and development.  Ironically, however, this notification significantly 
reduced the No Development Zone (NDZ) from 200 metres to 50 meters from 
the High Tide Line (HTL) in densely populated areas, allowing construction of 
resorts, hotels, and tourism facilities right up to the HTL.  Such decisions raise 
concerns, especially considering India’s vulnerability to coastal erosion and sea level 
rise, exacerbated by the high population density within the Low-Elevation Coastal 
Zone (LECZ). 

Mitigating coastal erosion remains a critical challenge under this notification, 
especially given that previously, the Coastal Regulation Zone ‘One’ (CRZ)-1 
encompassed the most ecologically sensitive areas, including mangroves, coral reefs, 
sand dunes, and intertidal zones.  This designation rendered these areas off-limits 
for tourism activities and infrastructure development, with exceptions made only for 
defence, strategic, and rare public utility projects.  However, the 2019 notification 
introduced further categorisation within CRZ-1, permitting “eco-tourism activities 
such as mangrove walks, tree huts, nature trails, etc.” in designated eco-sensitive areas, 
designated them “CRZ-IA”. 

Unfortunately, these relaxed regulations may inadvertently facilitate the mining 
of the strategically important mineral sands, a significant contributor to erosion, 
particularly in coastal areas of Kollam, Alappuzha, and Ernakulam districts of 
Kerala.50  Additionally, activities such as sea links, salt harvesting, desalination plants, 
and roads on stilts are allowed in CRZ-IA.  Controversially, land reclamation, which 
has known significant impacts on coastal ecology, has been sanctioned in intertidal 
or CRZ-IB areas for ports and sea links.  Such increased development in coastal 
sensitive zones is likely to exacerbate erosion and have adverse impacts on the coastal 
ecosystem and communities.
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Simultaneously, the recent draft amendment of the 2020 Environment Impact 
Assessment (EIA)51 has proposed excluding local decision-makers and communities 
from the decision-making process, thereby disregarding, and marginalising their 
concerns and traditional environmental knowledge.  Indigenous and resource-
dependent communities possess invaluable insights into natural disasters and coping 
mechanisms.  Excluding their participation results in the loss of essential knowledge 
about resources integral to their livelihoods. Such exclusionary policies not only 
display arrogance and condescension but also perpetuate structural inequalities 
within the socio-environmental system.

Conclusion

Coastal erosion poses a significant and multifaceted challenge to India’s coastal regions, 
leading to land loss, displacement of communities, and ecological degradation.  The 
prevailing approach to coastal protection relies unduly upon hard infrastructure, 
which not only disrupts natural processes but also incurs substantial capital and 
maintenance costs.  While soft measures offer temporary relief, they, too, come with 
their own set of challenges.  Ecosystem-based approaches, such as the preservation 
of mangrove and coral reef ecosystems, hold great promise in mitigating erosion. 
However, their effectiveness is hindered by limitations such as difficulties in scaling 
up the measures, as also logistical complexities.  Further, the Coastal Regulation 
Zone Notification of 2019 introduces regulatory concerns regarding the delicate 
balance between conservation imperatives and developmental aspirations.  Success in 
implementing ecosystem-based adaptations depends on a range of factors, including 
geographical suitability and community engagement.  These challenges are further 
complicated by regulatory ambiguities, particularly evident in the Environmental 
Impact Assessment (EIA) 2020 amendments.  Addressing these complex challenges 
requires a comprehensive and nuanced approach that integrates scientific insights, 
regulatory frameworks, and community participation to effectively safeguard India’s 
coastal areas from the perils of erosion while ensuring sustainable development.

The necessity for India to adopt an integrated approach, combining EbA with 
hard infrastructure, to mitigate coastal erosion is evident.  EbA interventions need 
to be tailored to local contexts, ensuring resource efficiency, social acceptability, 
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economic viability, and overall benefit. Moreover, exploring alternative strategies, 
including hybrid approaches, is crucial to identifying the most optimal and cost-
effective solutions.

In light of this, adaptation measures for coastal erosion in India necessitate further 
in-depth research and scrutiny.  Tailored solutions, supported by comprehensive 
research and a deep understanding of coastal dynamics, are essential for ensuring 
the sustainability of coastal protection efforts.  These strategies must demonstrate 
adaptability and responsiveness to the evolving spectrum of climate risks and the 
dynamic needs of local communities.
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Towards a Holistic Blue Economy Framework: 
Adoption of High-Level Principles for Blue 

Economy by the G20

Dr Pushp Bajaj and Dr Chime Youdon

Under India’s presidency, the G20 forum achieved an important milestone in 
the global discourse on Blue Economy.  A striking example was the “Chennai 

High-Level Principles for a Sustainable and Resilient Blue/Ocean-based Economy”,1  
unanimously adopted by G20 members at the meeting of Environment and Climate 
Ministers, which was held in Chennai in July 2023.  This unique document provides 
a set of fundamental principles that can guide further development of national-level 
strategies and policies on Blue Economy by G20 members and other countries as 
well, on a voluntary basis, as per national circumstances and priorities. 

The Ministerial Meeting of the Environment and Climate Sustainability 
Working Group (ECSWG) was chaired by the Hon’ble Minister of Environment, 
Forest and Climate Change of the Government of India, Shri Bhupender Yadav.  
The meeting saw active participation from 41 Ministers and their deputies from 
the G20 members and invited countries.  The “Outcome Document” and “Chair 
Summary” of the Environment and Climate Sustainability Working Group were 
released at the meeting wherein the Chennai High-Level Principles for a Sustainable 
and Resilient Blue/Ocean-based Economy were appended as an Annex.  Ten 
Presidency Documents were also released during the meeting, and these provided 
best practices and knowledge-inputs on several themes related to land restoration, 
biodiversity conservation, water management, marine plastic litter, blue economy, 
circular economy, and resource efficiency. 
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Indian G20 Presidency’s Contribution to the Discourse on  
Blue Economy 

Historically, most international forums (including the G20) have dealt with issues 
related to the ocean and the Blue Economy in a somewhat disjointed manner, as 
a subset of broader discussions on climate change, biodiversity conservation, or 
sustainable development.  It was only in 2020 that the first dedicated Ocean and 
Climate Change dialogue was held under the aegis of the UNFCCC, while the first 
dedicated UN Ocean Conference was held only in 2017.  

In contrast, the G20 has been far more active.  G20 deliberations on ocean-
related issues began soon after the “Rio+20 Conference” held in 2012.  At the 
Hamburg G20 Summit in 2017, under the German Presidency, G20 members 
adopted the “G20 Action Plan on Marine Litter”.  Building on that momentum, the 
“G20 Implementation Framework for Actions Against Marine Plastic Litter” was 
established in 2019 under the Japanese Presidency.  In the same year, the G20 also 
agreed upon the “Osaka Blue Ocean Vision” and committed to reducing additional 
pollution by marine plastic litter to zero by 2050.  In 2020, the G20 took an important 
step towards the conservation and restoration of coral reefs with the launch of the 
“Coral Research and Development Accelerator Platform” (CORDAP) under the 
Saudi Arabian Presidency.  Last year, in 2022, under the Indonesian Presidency, the 
“Ocean 20 Launch Event” was conducted in Bali to discuss ocean-related issues in a 
comprehensive manner.  

The Indian Presidency, in 2023, took the metaphoric baton from Indonesia 
and conducted the “Ocean 20 Dialogue” in Mumbai, where cross-cutting themes 
of science, technology and innovation, policy and governance, and sustainable 
blue finance, were discussed in great detail.  For the first time in the history of 
G20, the “Blue Economy” was added as a dedicated priority agenda point within 
the Environment and Climate Sustainability Working Group (ECSWG), under 
the Indian Presidency, to deliberate upon challenges and opportunities associated 
with the sustainable and equitable utilisation of coastal and marine resources.  This 
epitomises India’s commitment to elevating issues related to ocean health and the 
Blue Economy within the ongoing international discourse on the environment and 
sustainable development. 
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The “High-Level Principles for Blue/Ocean-based Economy” were developed 
through a comprehensive consultative process, which involved the active participation 
of the G20 member-States, invited countries, and international organisations, during 
all four ECSWG meetings and several virtual meetings as well.  In addition to the 
“High-Level Principles”, the Indian Presidency also produced two major knowledge 
outputs relevant to the Blue Economy, namely, a technical study on “Accelerating 
the Transition to a Sustainable and Resilient Blue Economy”, jointly produced by 
the Ministry of Environment, Forest and Climate Change and the United Nations 
Development Programme (UNDP), and the 5th edition of the G20 Report on “Actions 
Against Marine Plastic Litter”, produced by the Ministry of Environment Forest and 
Climate Change and supported by the Ministry of Environment of Japan. 

Distinguishing Between “Blue Economy” and “Ocean Economy” 

Traditionally, the ocean and its ecosystems have been viewed as sources of limitless 
resources and cost-free spaces to dispose-off waste, resulting in excessive use and, 
in some cases, irreversible changes to the coastal and marine environments.  The 
term “Ocean Economy” has been conventionally used as an umbrella term to refer 
to all economic activities that take place in the coastal and marine spaces, including 
activities such as shipping and transportation, offshore oil and gas exploration, 
marine tourism and recreation, fisheries and aquaculture, marine renewable energy, 
and marine biotechnology.  The Ocean Economy primarily emphasises the economic 
value generated by these activities, together with the goods and services, regardless of 
their impacts on the coastal and marine environments.

A 2020 study showed that nearly all of these economic activities have shown 
remarkable rates of growth in the last 50 years, with a sharp increase at the onset 
of the twenty first century — a phenomenon that is frequently referred-to as ‘blue 
acceleration’.2  This can be attributed to a growing realisation by countries of the 
economic opportunities provided by the ocean space.  Figure 1 depicts these trends 
in respect of marine aquaculture production, deep offshore hydrocarbon extraction, 
deep-sea mining for minerals, seawater desalination capacity, marine genetic 
resources, accumulated number of casts added to the “World Ocean Database”, 
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Figure 1: The Blue Acceleration

Source: J B Jouffray, R Blasiak, A V Norstrom, H Osterblom, and M Nystrom, “The Blue 
Acceleration: The Trajectory of Human Expansion into the Ocean”,  

One Earth Perspective No 2, 2020.

containerised port-traffic, the total length of submarine fibre-optic cables, cruise-
ship tourism (number of cruise passengers), installed offshore wind energy capacity, 
marine protected areas, and areas of the seabed claimed as the extended continental 
shelf.   

Unfortunately, yet predictably, this acceleration in economic activity has been 
accompanied by an accelerated degradation of the coastal and marine environments, 
caused by increasing marine pollution, overexploitation of resources, and the growing 
impacts of climate change including ocean warming, ocean acidification, intensifying 
extreme weather events, and sea level rise. 

In the light of these developments, the term “Blue Economy” was first introduced 
at the global platform at the Rio+20 conference in 2012, as a sort of an oceanic 
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parallel to the “Green Economy”.  The term “Blue Economy” emerged out of the 
demands of Small Island Developing States (SIDS) and other coastal nations to 
address the failures of the Green Economy model to adequately capture the unique 
characteristics and importance of the coastal and marine environments.  The term 
therefore corresponds to a relatively novel concept which promotes the sustainable and 
equitable use of coastal and marine resources for economic growth and job creation, 
while preserving the health of the ocean and its biodiversity.  Over time, the policy 
discussions around the Blue Economy have evolved significantly.  However, different 
countries and organisations have contextualised the Blue Economy differently, based 
on their specific circumstances and priorities.  This has contributed to confusion 
about what the term actually means.  This formed the primary motivation to facilitate 
more deliberate discussions on Blue Economy under the Indian G20 Presidency and 
the need to develop a common and comprehensive set of principles to characterise 
the Blue Economy. 

Decoding the “Chennai High-Level Principles for a Sustainable and 
Resilient Blue/Ocean-based Economy”

The High-Level Principles adopted by the G20 represent a crucial first step towards 
the development of coherent national and regional Blue Economy strategies and 
policies.  After many hours of intense negotiations, the following nine principles 
were unanimously adopted by the G20: 

Principle 1: Prioritise Ocean Health: Address Marine Pollution, Halt and Reverse 
Biodiversity Loss, and Conserve Coastal and Marine Ecosystems 

Principle 2: Acknowledge and Address the Links between Ocean and Climate 

Principle 3: Promote Social and Inter-generational Equity and Gender Equality 

Principle 4: Promote the use of Marine Spatial Planning (MSP) for an Integrated 
Approach to the Blue/Ocean-based Economy

Principle 5: Leverage Science, Technology, and Innovation

Principle 6: Recognise, Protect, and Utilise Indigenous and Traditional 
Knowledge
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Principle 7: Establish and Implement Blue/Ocean-based Economy Monitoring 
and Evaluation Mechanisms

Principle 8: Strengthen International Cooperation to Tackle Shared Maritime 
Challenges

Principle 9: Enhance Ocean Finance

A brief description of each of the principles is also provided in the final document 
that was released at the Ministerial Meeting.3  Arguably, the first three principles define 
the core aspects of a “Blue Economy”, which include the protection and preservation 
of the coastal and marine environments, and the promotion of social equity and gender 
equality.  The last six principles highlight the key enablers for a sustainable and resilient 
Blue Economy.  Importantly, the principles also lay stress upon the importance of 
aligning Blue Economy initiatives with the goals and targets of existing international 
agreements and frameworks such as the “Convention on Biological Diversity” and its 
recently adopted “Kunming-Montreal Global Biodiversity Framework”, the “BBNJ 
Agreement” under UNCLOS, the UNFCCC and the Paris Agreement, the “2030 
Agenda for Sustainable Development”, amongst others.  Indeed, pursuing a Blue 
Economy provides significant opportunities to contribute towards the international 
goals on climate change, pollution, and sustainable development.  

Principle 2 explicitly highlights the need to acknowledge the interlinkages 
between ocean and climate, and in turn, the Blue Economy.  While all sectors of the 
Blue Economy are directly or indirectly affected by the impacts of climate change, 
the Blue Economy also provides a framework to mitigate and adapt-to climate 
change, which is briefly outlined in Principle 2.  For instance, ocean-based renewable 
energy could be utilised to diversify the renewable energy portfolio, particularly in 
land-scarce countries such as India.  The conservation and restoration of coastal 
and marine ecosystems provide multiple benefits in the context of climate change, 
particularly since these ecosystems act as natural carbon sinks and also serve as natural 
barriers against coastal erosion and extreme weather events.  Principle 3 highlights 
the need for Blue Economy approaches to promote social and inter-generational 
equity and gender equality.  This is a core aspect that determines the effectiveness of 
any Blue Economy strategy, to facilitate effective participation of all stakeholders in 
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the planning and decision-making processes, as also to ensure equal sharing of the 
benefits. 

Along these lines, Principle 4 calls for an integrated approach towards the Blue/
Ocean-based Economy by employing Marine Spatial Planning (MSP), which 
recognises “the full array of interactions within an ecosystem, balances diverse human uses, 
and takes into account the need for marine protection and conservation”.  Importantly, 
Principles 5 and 6 talks about the need to leverage modern science, technology and 
innovation, as well as the need to respect and include indigenous and traditional 
knowledge, cultures, and practices.  Blue Economy approaches and initiatives must be 
informed by the latest science and facilitated by technological and social innovations 
to generate and implement solutions for contemporary environmental challenges. 

Recognising the inherent interconnected nature of the maritime space, Principle 
8 calls for enhanced international cooperation at all levels to address the shared 
challenges of biodiversity loss, climate change, and marine pollution.  This Principle 
highlights the importance of capacity building, knowledge sharing, technology and 
the sharing of best practices and common projects and investments, amongst the 
G20 and beyond.  Finally, Principle 9 recognises the significant financing gap facing 
ocean-related protection and conservation efforts and calls for the strengthening 
of financial resources, including for developing countries, from diverse sources — 
national, international, public and private.  Importantly, it also emphasises the 
opportunities to utilise existing finance mechanisms under the UNFCCC, the Paris 
Agreement, and the CBD, towards ocean-related actions. 

Way Forward 

As mentioned earlier, different countries have contextualised the Blue Economy 
differently in their national policies/strategies, which may or may not cover all the 
fundamental aspects discussed above.  Under the Indian G20 Presidency, the Ministry 
of Environment, Forest and Climate Change (MoEFCC) and the United Nations 
Development Programme (UNDP) jointly produced a technical study entitled, 
“Accelerating the Transition to a Sustainable and Resilient Blue Economy”,4 wherein 
the authors identified and analysed the Blue Economy approaches of the G20 
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members.  It was found that none of the G20 members had developed a targeted, 
comprehensive Blue Economy Strategy thus far.  While some nations are currently in 
the process of formulating such a strategy, others have in place comprehensive ocean-
centric strategic plans that also encompass elements of the Blue Economy.  Most 
coastal and island countries (within G20 and beyond) have sectoral plans/strategies 
for individual maritime sectors, some of which may include the basic concepts of the 
Blue Economy.

In this regard, the “Chennai High-Level Principles on Sustainable and Resilient 
Blue/Ocean-based Economy” document, adopted by the G20, could serve as a 
starting point to shape future national and regional strategies on Blue Economy and 
contribute towards the generation of greater coherence amongst those strategies.  The 
principles cover all the core aspects of sustainability, inclusivity, equity, resilience, 
integrated management, and finance, which together characterise the Blue Economy.  
Further studies could provide recommendations and technical guidance on how to 
effectively operationalise these principles and ensure greater harmony between future 
economic growth and the natural capacities of our ocean and the planet. 
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