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East Asia and the Pacific’s maritime sector sits 
at the heart of the region’s economic resilience, 

competitiveness, and future growth. As the back-
bone of trade, connectivity, and supply chains, ports 
and shipping underpin food and energy security, 
industrial production, and access to global, regional, 
and domestic markets.

Delivering an efficient, safe, and sustainable mar-
itime sector will require coordinated action across 
ports, ships, and fuels. The rewards, however, are 
substantial: stronger value chains, lower logistics 
costs, improved competitiveness, safer workplaces, 
more environmental and climate gains, and more—
and better—jobs.

Maritime transport is already one of the region’s 
most powerful engines of employment and inclusive 
growth. Across the EAP region, the sector directly 
employs an estimated 8–9 million people in water 
transport, ports, and maritime-related logistics, and 
supports a further 8  million indirect and induced 
jobs across supply chains, services, and house-
hold consumption. In total, 16–18 million livelihoods 
depend on the performance of the maritime sector. 
Maritime transport also exhibits strong multiplier 
effects: improvements in shipping and port perfor-
mance generate two to four times as much addi-
tional economic activity and employment in basic 
commodities, manufacturing, and consumption. 
Few sectors combine such scale, spillovers, and 
strategic importance.

This report identifies efficiency, safety, and sus
tainability as the three critical strategic challenges 
shaping the future of the maritime sector in East 
Asia and the Pacific—and as the levers through 
which the sector can deliver “more and better jobs.”

Efficiency is the sector’s most immediate oppor-
tunity. In ports, time is value: vessel turnaround, 

berth productivity, and cargo dwell times directly 
determine costs, reliability, and competitiveness. 
The report highlights significant scope to improve 
operational performance through better planning, 
digitalization, coordination across terminals, hin-
terland connections, and shipping services. These 
measures can simultaneously reduce costs, improve 
safety, and lower environmental impacts. While parts 
of the shipping industry have begun an efficiency 
transition, these gains remain uneven. Extending 
efficiency improvements across all subsectors and 
scales of operation is essential to unlock broader 
productivity, safety, and sustainability benefits.

Safety remains a persistent and systemic weak-
ness. Maritime transport continues to be among 
the worst‑performing industrial sectors in terms 
of occupational safety, imposing high human and 
economic costs. The report underscores that 
addressing the sector’s safety record is not only 
a social imperative but also a prerequisite for effi-
ciency and sustainability. This challenge becomes 
more acute as the sector transitions toward alter-
native fuels, many of which introduce new and 
complex safety risks. Successfully managing these 
risks will require decisive policy and regulatory 
action, particularly to establish clear and consis-
tent rules for the storage, handling, transport, and 
use of alternative fuels in ships and ports across 
the region. Jobs associated with alternative fuels—
across supply chains, ports, and vessels—will be 
more technically demanding, require more inten-
sive training and certification, and carry higher 
consequences in the event of failure.

For sustainability the maritime sector is at 
a decisive inflection point. Achieving long-term 
sustainability will depend on the availability, 
affordability, and scalability of alternative fuels. 

FOREWORD
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The report emphasizes that progress toward 
sustainability requires guaranteed fuel supply, with-
out which investment in dual‑fuel and low‑emission 
vessels will stall. Expanding alternative fuel supply 
is therefore central to maintaining momentum and 
enabling a fully sustainable fleet by mid‑century. At 
the same time, the report recognizes that alternative 
fuels will remain an economic (and safety) challenge 
for the foreseeable future, underscoring the need for 
coordinated policy, infrastructure investment, and 
regional cooperation.

Taken together, efficiency, safety, and sustainability 
define both the challenge and the opportunity for 
East Asia and the Pacific’s maritime sector. Getting 
this transition right will strengthen competitiveness, 
reduce costs, improve resilience, and support mil-
lions of jobs today—while creating higher‑quality, 
safer, and more skilled jobs for the future.

Delivering efficiency, safety, and sustainability at 
scale will require very large and sustained invest-
ment. The report estimates that investment on the 
order of $280 billion in fleet renewal across all levels 
of the shipping sector is fundamental to achieving 
these objectives. In the short and medium terms, 
this requires policy and regulatory measures that 
encourage investment in dual-fuel ships, and tar-
geted support for the development of alternative fuel 
production and associated supply chains

For specific subsectors—particularly domestic 
shipping, short‑sea shipping, and inland water-
ways, with an estimated investment requirement of 
$180 billion—new approaches to mobilizing private 
capital are needed. These approaches should focus 
on aggregating newbuild demand, developing eco-
friendly vessel designs, and delivering optimized 
technical solutions through leasing, hire‑purchase, 
and related financing structures.

The report notes that domestic and short‑sea 
shipping can transition more rapidly than interna-
tional shipping because technical solutions are more 
mature. The binding constraints in these subsectors 
are access to finance and technical capacity, partic-
ularly among small and state‑owned shipping com-
panies. These are areas where the World Bank can 
play a catalytic role in accelerating efficiency, safety, 
and sustainability—and, in doing so, support more 
and better jobs.

The report highlights continued investment needs 
in ports, estimated at $12 billion per year, to expand 
capacity, improve efficiency, and prepare for the 
future. Historically, a significant share of this invest-
ment has been met by private capital, supported by 
policy frameworks that enable private participation. 
At the same time, some emerging areas of investment
—such as infrastructure for alternative fuels and the 
provision of onshore power supply—have character-
istics that make their commercial viability less cer-
tain. Government regulatory, financing, and institu-
tional arrangements applied to these investments will 
influence how ports adapt to evolving operational, 
safety, and environmental demands. In this context, 
the World Bank Group has engaged with countries 
through analytical work, policy dialogue, and financ-
ing to support the development of ports and ship-
ping, and their contribution to connectivity, employ-
ment, and sustainable economic activity.

Carlos Felipe Jaramillo
Vice President
East Asia and Pacific Region
The World Bank
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REPORT HIGHLIGHTS

•	 Maritime transport is the economic lifeblood 
of East Asia and the Pacific (EAP), underpin-
ning the region’s trade- and connectivitydriven 
development through ports, ships, and fuels. 
Together, these systems knit EAP’s econo-
mies by supporting food and energy security, 
industrial production, and access to domestic, 
regional, and global markets. The sector is also 
a major engine of jobs and inclusive growth. 
Across EAP, an estimated 16–18 million liveli-
hoods depend on the performance of maritime 
transport and related logistics. With economic 
multipliers of two to four times, improvements 
in port and shipping performance generate 
economywide gains in productivity, employ-
ment, and incomes well beyond the maritime 
sector itself.

•	 Today, maritime transport in East Asia and the 
Pacific stands at a critical juncture. The sector’s 
future performance will shape economic com-
petitiveness, regional and global integration, food 
and energy security, access to markets, and 
the resilience of trade and supply chains more 
broadly. At the same time, EAP’s ports, ships, 
and fuels face mounting pressures. Continued 
economic growth coincides with aging shipping 
fleets, rising congestion at major ports, uneven 
performance across smaller ports, persistent 
safety risks, and emerging challenges linked to 
alternative marine fuels. The central challenge 
is to ensure that ports, ships, and fuel supply 
chains can continue to support growth and 
jobs while becoming increasingly efficient, safe, 
and sustainable. If left unaddressed, these con-
straints risk perpetuating outdated fleets and 
operational practices, with implications for effi-
ciency, safety, and reliability.

•	 How EAP navigates this transition will depend 
on its ability to balance efficiency, safety, and 
sustainability and to harness the synergies 
between them. Achieving this balance will be 
shaped not only by technological progress, but 
also by strategic investment decisions and effec-
tive collaboration between public and private 
stakeholders. The choices made during this tran-
sition will influence the reliability and resilience of 
trade and supply chains across the region. Within 
this framework, efficiency presents the most 
immediate opportunity for performance improve-
ments, safety serves as a binding prerequisite for 
sustained progress, and long-term sustainability 
depends on fuel choices, affordability, safety, 
and reliable supply.

•	 Investment needs are substantial. Between 2025 
and 2040, financing requirements to modernize 
ports are estimated at around US$180  billion, 
with a further US$280 billion or more required for 
fleet replacement and upgrades across domes-
tic and regional shipping. Experience across 
the region indicates that well‑designed policy 
frameworks and targeted interventions can help 
mobilize private capital at scale. Given the sec-
tor’s size and systemic importance, how EAP 
responds will have significant implications for the 
region’s long‑term economic development.

ANALYTICAL AND POLICY 
HIGHLIGHTS

•	 Efficiency, safety, and sustainability are mutually 
reinforcing pillars of a resilient maritime sector. 
Improvements in one domain can strengthen 
the others. Enhancing fuel efficiency lowers 
emissions and advances environmental goals. 
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Upgrading vessels and strengthening mainte-
nance boosts safety while reducing incidents, 
downtime, and operating costs. And investing in 
sustainable port development lays the ground-
work for reliable, highperforming trade logistics.

•	 Misalignment between these goals can create 
real tradeoffs. Aggressive costcutting may erode 
safety standards. Rapid transitions to new fuels 
without an adequate safety framework can raise 
operational risks. And ultraslow steaming to 
reduce emissions may disrupt supply chains

•	 An integrated maritime strategy should align 
incentives across regulators, service providers, 
asset owners, and clients (public and private 
alike) so the system as a whole becomes profit-
able (efficient), reliable (safe), and environmentally 
responsible (sustainable).

•	 Well-designed regulations and market frame-
works must ensure that these goals converge 
rather than compete, creating a resilient and 
futureready maritime ecosystem.

•	 When public and private roles are well aligned, 
their synergies foster an efficient maritime logis-
tics system that ultimately “wins the market.” Effi-
ciency here means that ports are modern, pro-
ductive, and quick to turnaround ships; shipping 
networks are willing to connect ports; shipping 
costs are competitive; schedules are depend-
able; and fuel and equipment are used effectively.

NUMERICAL HIGHLIGHTS

•	 Every additional 1 million tons of cargo moved 
is associated with roughly 300 jobs in port hin-
terlands, while each ton of cargo corresponds to 
about $155 in overall economic output and 
about $75 in direct GDP.

•	 Since 2008, as global shipping activity expanded 
by nearly 50 percent, energy use increased by 
just 5 percent. The improvements saved about 
1.8 million barrels of oil a day and $60 billion 
annually in fuel costs.

•	 Shipping is the most energy-efficient way to 
move goods and passengers. On average, ships 
emit 11–17 grams of carbon dioxide (CO2) per 
ton-nautical mile, compared with 70–410 grams 
for road transport and 380–515 grams for 
aviation.

•	 A newly built 50,000–80,000 DWT bulk carrier 
(Panamax) typically costs $30–40  million, a 
14,000 TEU container vessel exceeds $100 mil-
lion, and even small 500 TEU feeder container 
ships cost $5–10 million.

•	 EAP accounts for roughly 40–50  percent 
of global bunker fuel consumption, most of it 
imported to the region.

•	 In 2025, more than 99 percent of marine fuel 
was conventional, and most of the world’s 
approximately 100,000 commercial ships 

Ports Ships Fuels

•	 Ports in EAP range from world-class 
transshipment hubs to small lifeline 
terminals. This diversity demands tailored 
strategies to ensure efficiency, safety, and 
sustainability at ports in all circumstances.

•	 Each type of port faces distinct constraints 
and priorities, requiring context-specific 
approaches to improve efficiency, safety, 
and sustainability at the appropriate scale.

•	 Effective port development requires “right-
sizing” solutions—ranging from advanced 
operational practices in major hubs to 
resilient, fit-for-purpose infrastructure and 
basic service reliability in smaller and remote 
ports.

•	 Increasing port efficiency requires reducing 
ship wait times, easing berth congestion, 
and accelerating cargo handling through 
improved equipment and operational 
practices.

•	 Across all port types, efficiency gains 
are anchored in common productivity 
fundamentals: sound operational 
management, appropriate equipment 
provision, and consistent delivery of reliable 
services.

•	 Many vessels operating in EAP remain below 
global efficiency benchmarks—a reflection 
of aging fleets, dated technologies, and 
suboptimal operating practices.

•	 Targeted fleet renewal and welldesigned 
retrofit programs, particularly in domestic 
and shortsea segments, offer some of the 
most immediate pathways to improved 
performance.

•	 Priority measures include enhanced 
speed‑management practices, deployment 
of digital voyage‑planning tools, selective 
technical upgrades, and—over the longer 
term—a strategic transition toward 
alternative fuels.

•	 Progress is in these areas is shaped by 
diverse ownership structures across the 
region.

•	•	 International shipping is largely driven by 
private operators operating in competitive 
markets.

•	•	 Domestic services in many countries 
are provided by state-owned or small 
operators facing significant financing and 
capacity constraints.

•	 The transition toward sustainable maritime 
fuels introduces both opportunities and 
risks.

•	 Alternative fuels such as LNG, methanol, 
and ammonia offer the potential to reduce 
emissions but also introduce new safety and 
operational challenges that require careful 
management – particularly in high-traffic 
ports and densely populated coastal areas.

•	 Across EAP, progress toward 
decarbonization has been uneven, reflecting 
uncertainty around future fuel pathways, 
regulatory frameworks, and supporting 
infrastructure.

•	 Many EAP-based shipping lines adopting 
cautious, incremental strategies, while 
governments face trade-offs between 
advancing sustainability objectives and 
maintaining competitiveness.

•	 A stable, long-term policy environment 
is essential to reduce uncertainty, guide 
investment and innovation, and align 
decisions across shipbuilding, fuel 
production, workforce development, and 
bunkering infrastructure.
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burned conventional fuels (heavy fuel oil, very low 
sulfur fuel oil, marine gas oil).

•	 Bunker fuel typically represents 40–60 percent 
of a vessel’s operating costs, making fuel-price 
competitiveness central in a highly consolidated 
yet contested market.

•	 Investment needs for alternative marine fuels 
between 2025 and 2040 will depend on future fuel 
demand, production pathways, renewable elec-
tricity availability, and infrastructure costs. Esti-
mates suggest that by 2040, supporting global 

maritime fuel supply could require about $310 bil-
lion for green ammonia, $81  billion for green 
methanol, and $42 billion for renewable LNG.

•	 LNG is currently the most widely deployed alter-
native marine fuel, with approximately 470 LNG-
fueled ships in service globally and more than 
400 on order—well ahead of other alternatives. 
These numbers, however, are driven by the inclu-
sion of LNG carriers, which rely on boil-off gas 
from their cargo rather than dedicated bunkering 
supply.

About this report
Maritime transport is the economic lifeblood of the East Asia and Pacific region. Bustling ports and long 

ocean voyages knit together economies, communities, and opportunities. From the container transshipment 

terminals of Singapore to the lifeline harbors of Tuvalu, efficiency, sustainability, and safety are not abstract 

ideals; they are the arteries of growth, development, and job creation.

The Infrastructure (Transport) Department of the World Bank East Asia and Pacific region prepared this 

regional report Ports, Ships, and Fuels: Maritime efficiency, safety, and sustainability in East Asia and Pacific. 

Drawing on analyses of big data and in-depth stakeholder consultations, the report examines maritime ship-

ping and supply chains, assesses challenges, identifies opportunities, and delivers practical advice and 

insights.
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Integration into regional and global markets 
through seaborne trade has been a key enabler of 

economic development in the East Asia and Pacific 
region (EAP1) since 1965. As one of the world’s 
most trade‑dependent regions—spanning global 
manufacturing hubs, sprawling archipelagos, and 
remote Pacific islands—EAP relies on ports, ships, 
and their fuel supply chains to move food, energy, 
and manufactured goods and to connect people to 
each other and to essential services. Maritime trans-
port clearly underpins competitiveness and growth. 
It also provides a critical assurance of food and 
energy security, particularly for island and coastal 
communities with no viable alternatives.

Maritime transport is the channel for trade, food, 
and energy security to translate into employment. 
Ports, shipping services, and the wider logistics 
ecosystem connect producers to markets through 
regional and global value chains, supporting jobs 
far beyond the sector. In EAP, the maritime sector 
employs an estimated 18 million people, including 
around 9  million directly in ports, shipping, and 
port-related logistics. A further 8 million jobs or so 
are generated through supply-chain linkages and 
consumption effects. The sector thus has a strong 
multiplier effect: Improvements in shipping and 
port performance generate between two and four 
times their economic activity through employment 
in commodities, manufacturing, and household 
consumption.

As the region continues to expand, EAP’s mari-
time sector is entering a new phase of development, 
defined by both opportunity and urgency. Container 
trade over the next decade is projected to grow by 
3.5–4.0 percent annually.2 This growth will require 
EAP ports to handle an additional 300 million 20-
foot equivalent units (TEUs) by 2040. At the same 

time, the domestic and regional shipping fleet is 
aging. A significant share of vessels, now more than 
25 years old, increases operating costs and the risk 
of breakdowns and accidents.

Against this backdrop, EAP’s maritime sector 
faces mounting pressures. Congestion is rising at 
major ports, while turnaround performance remains 
slow at smaller ports. Safety risks persist in domes-
tic and regional shipping, alongside emerging safety 
and sustainability challenges associated with marine 
fuels. The central challenge for EAP is to ensure that 
ships, ports, and fuel supply chains continue to sup-
port economic growth and employment by being 
increasingly efficient, safe, and sustainable. Given 
the scale of the sector, how EAP responds to these 
challenges will have far‑reaching implications for 
global trade, emission trajectories, economic devel-
opment, and the quantity and quality of jobs. Mari-
time development thus sits at the core of the region’s 
economic, social, and environmental agenda.

With the right investments and policy reforms, 
EAP can convert these challenges into gains in pro-
ductivity, resilience, and long-term competitiveness. 
Inaction or delay carries significant risks: Conges-
tion, aging fleets, and poorly managed fuel transi-
tions could harden into structural constraints that 
raise logistics costs, undermine reliability, and erode 
economic performance. Its maritime trajectory will 
ultimately be shaped by progress across three inter-
dependent goals: Efficiency drives competitiveness 
and often reinforces sustainability; safety is funda-
mental to reliability, and operational performance; 
sustainability is essential to securing long-term 
development on a livable planet (figure 1).

Efficiency, safety, and sustainability are mutu-
ally reinforcing pillars of a resilient maritime sector. 
Improvements in one domain can strengthen the 

EXECUTIVE SUMMARY
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others: Fuel efficiency reduces emissions, vessel 
upgrades improve safety while lowering operating 
costs, and sustainable port development provides 
the infrastructure for reliable logistics.

Where these goals are not aligned, however, 
trade-offs emerge. Aggressive cost‑cutting can 
undermine safety; poorly managed fuel transitions 
can raise operational risk; and emissions-driven 
practices can disrupt supply chains. The sector’s 
future thus hinges on finding the right balance 
between these pillars, with a focus on capitalizing 
on the synergies between them. Achieving this bal-
ance requires technological innovation, integrated 
governance, strategic investment, and effective col-
laboration between public and private stakeholders.

Stakeholders may prioritize efficiency, safety, or 
sustainability differently (table 1). Ship owners, ter-
minal operators, and their financial investors empha-
size efficiency to maximize returns, while ships and 
ports must ensure compliance with safety and envi-
ronmental standards to remain competitive. Cargo 
owners, passengers, and other users value safety 
and reliability within cost constraints. Regulators 

place greater weight on safety and sustainability 
outcomes. Government policy is therefore deci-
sive, particularly in domestic shipping. Clear tar-
gets, robust enforcement, and supportive policy 
frameworks are essential to steer the private sector 
toward safer, more efficient, and more sustainable 
outcomes.

An integrated maritime strategy should align 
incentives across regulators, service providers, 
asset owners, and clients (public and private alike), 
so that efficiency, safety, and sustainability reinforce
—rather than undermine—each other. Technology 
plays a critical enabling role in this alignment, with 
digitalization and electrification improving oper-
ational performance, strengthening safety, and 
reducing emissions, while also lowering costs.

EFFICIENCY: THE ENGINE OF 
GROWTH, COMPETITIVENESS, 
AND LIVELIHOODS

For a container ship, spending 24 hours instead of 36 
hours in port at Laem Chabang or Manila means faster 

FIGURE 1 Maritime efficiency, safety, and sustainability

Efficiency
Enabling EAP ships and ports 

to keep pace with rapidly 
evolving global logistics

Sustainability
Encompasses long-term 

economic viability of 
maritime infrastructure

Safety
The backbone of 

reliable, predictable, and 
efficient operations

Source: World Bank staff.
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Port throughput and 
shipping generate 
value far beyond 
the direct output 
of port services 
captured in GDP

cargo delivery, lower business costs, and stronger con-
nections between local producers and global markets. 
Efficient maritime systems are the economic arteries of 
EAP, enabling trade by providing competitive transport, 
lifting millions of people out of poverty. To consolidate 
these gains and make further progress, EAP must prior-
itize investments in the capabilities and capacities of its 
ports. This means introducing automated or electrically 
powered cargo-handling equipment, eliminating con-
gestion, improving asset use through advanced digital 
systems, and preparing to support ships as they switch 
to alternative fuels—all this while improving air quality 
to boost health.

Trade and connectivity underpin the 
region’s economic transformation

EAP’s economic success is deeply rooted in trade. Ports 
and ships have been the backbone of the region’s eco-
nomic transformation, enabling countries to connect to 
markets, attract investment, and lift millions out of pov-
erty. Without the infrastructure and efficiency of mari-
time trade, the region’s remarkable economic transfor-
mation would not have happened.

Ports, ships, and fuels underpin EAP’s trade, con-
nectivity, and prosperity. The region’s economic 
transformation has been driven by integration into 
global markets through seaborne trade (figure 2).3 
Yet the gains from improved maritime efficiency 
are often undervalued, as national accounts tend 
to understate the wider multiplier effects on trade-
dependent industries, consumer prices, and 
regional development. As a result, ports and ship-
ping are typically recorded within the transport 
sector as making a relatively modest contribution to 
GDP—around 6.5 percent in EAP—despite their far 
broader economic impact.4

Port throughput and shipping generate value far 
beyond the direct output of port services captured 
in GDP. Efficient ports and shipping systems enable 
factories across the region to import inputs and 
export finished goods. They allow farmers in Indo-
nesia to reach new markets, and they enable retail-
ers in Viet Nam to offer a wider variety of goods at 
lower cost. A recent study on China introduced the 
concept of the “port economy” to better capture this 
broader value creation. In 2024, port-related eco-
nomic activity in Chinese coastal cities was valued 
at 6.7 trillion yuan (around $933 billion), accounting 

TABLE 1 Stakeholder perspectives on maritime efficiency, safety, and sustainability

Stakeholders

Operations

Efficiency Safety Sustainability

Regulators/policymakers

Governments, regulatory agencies, 
port authorities, International 
Maritime Organization

Impact on trade and 
economic development 
(indirect responsibility)

Core mandate and 
enforcement

Seek consensus, 
increasingly championed

Service providers (public/private)

Port authorities, terminal operators, 
stevedores, carriers

Competition tool, service 
reliability

Compliance and 
continuity of operations, 
liability

Balance compliance, 
operating costs, and 
image

Asset owners (public/private)

Ship owners, owners of port 
infrastructure (port authorities, 
private port owners, and public–
private partnership)

Financial performance/
profitability: Private 
sector driven by rate of 
return, public sector may 
prioritize reliability and 
strategic presence over 
returns on investment

Asset protection, and 
liability

Balance compliance, 
profitability, and image

Clients/users

Cargo owners, shippers, 
passengers

Cost and reliability 
matter most

Implicit expectations, 
sometimes overlooked 
until incident

Link user choice 
with environmental 
performance

Source: World Bank staff.

Note: Service providers and owners sometimes overlap.
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for 13.6 percent of their GDP.5 Much of this value 
reflects manufacturing and commercial activity that 
depends on ports functioning as efficient gateways 
for trade. The figures underscore that ports and 
shipping in EAP—as elsewhere—are critical engines 
of prosperity. The importance of maritime transport 
is even more evident in domestic markets: In the 
Philippines, 98 percent of inter‑island trade in food, 
fuel, and goods relies on domestic shipping. With-
out efficient ports, ships, and fuel systems, large 
parts of the EAP economy would falter.

Efficiency is a catalyst for 
development and job creation

Efficient trade systems deliver and multiply the bene-
fits of EAP’s market integration. When ports operate 
smoothly, and shipping networks minimize delays and 
costs, the ripple effect is profound, boosting economic 
growth, job creation, and inclusive development. Effi-
ciency is more than a technical metric: It drives prosper-
ity across the region.

Maritime efficiency gains stem from faster port 
turnaround, more reliable shipping schedules, and 

seamless fuel supply chains, directly strengthening 
economic performance (box 1).

By reducing transit times, inventory require-
ments, and trade costs, efficiency boosts GDP, 
trade volumes, and competitiveness across domes-
tic, regional, and global markets. Impact studies 
show that each additional 1 million ton of cargo 
supports about 300 hinterland jobs, while every ton 
moved generates roughly $155 in economic output 
and $75 in direct GDP.6 Top‑tier ports across EAP 
illustrate how low turnaround times, strong con-
nectivity, and high logistics performance together 
underpin sustained global competitiveness.

Maritime trade spans objectives from 
food security to lifeline commerce

Maritime trade and connectivity in EAP is diverse, under-
scoring the strategic importance of shipping for both global 
commerce and local livelihoods. The region has world-
leading container hubs, provides vital rice shipments that 
secure food supplies, and delivers lifeline trade that sus-
tains sprawling archipelagos and remote Pacific Islands.

Southeast Asia’s rice trade
Maritime shipping is central to food security across 
EAP, shaping food availability and prices in both 
exporting and import‑dependent countries. South-
east Asia plays a major role in global rice trade, with 
small and Panamax bulk carriers supplying more 
than 60  million people. An aging fleet, combined 
with growing safety concerns, threatens the reli-
ability of this trade. In 2024, Viet Nam exported a 
record 9 MMt of rice (about $5.7 billion), supported 
by efficient ports and shipping capacity, with the 
Philippines importing 46 percent of these exports by 
value. More broadly, efficient maritime connectivity 
acts as a food‑security valve across the region, par-
ticularly for staples such as wheat, which Indonesia 
imports at scale by sea.

Pacific supply lines
Greater efficiency in the maritime supply chain 
lowers food prices by reducing shipping and logis-
tics costs that are passed on to customers. Where 
port turnaround is slow, connectivity is weak, and 
volumes are small, costs rise sharply—particularly 
in remote markets. Kiribati and Tuvalu have among 
the world’s highest transport cost factors, well 

FIGURE 2 Port capacity has grown alongside merchandise 
trade, selected countries, 2010–23
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For shipping, 
efficiency reflects a 
continual trade‑off 
between cost 
minimization and 
service reliability

above the global average of 7.5  percent.7 In Kiri-
bati, imported food faces a 19.2 percent trade-cost 
markup driven by shipping, port handling, and logis-
tics. By contrast, Fiji benefits from economies of 
scale as a regional transshipment hub, resulting in 
lower food prices than in smaller island markets.8

Local food distribution
In archipelagic countries, domestic shipping is 
essential for moving food between surplus and defi-
cit regions. Java and Bali often have rice surpluses, 
while eastern Indonesia—including Papua and 
Maluku—relies on shipments from the west. Perish-
able goods from islands such as Flores and Timor 
face transit losses of up to 50 percent as they journey 
to Java. Rice and flour entering via Java can double 
in price by the time it reaches eastern Indonesia on 
small infrequent vessels. Combined sea and land 
logistics costs can exceed 15,000 Indonesian rupiah 
per kilogram, driving large retail price gaps.9 Simi-
lar dynamics mean that cement costs two to three 
times more in Maluku than in Java. To address these 
disparities, Indonesia launched the Sea Toll (Tol Laut) 
program in 2015 to improve inter‑island connectivity 
and subsidize shipments of basic commodities.10

Markets, scale, fuel, and regulations 
are the main drivers of shipping 
efficiency

Scale matters in shipping, but it is not the only thing. The 
scale of ships must match the ability of ports to accom-
modate them and the total cargo to be carried. Fuel is a 
critical cost item for ships, often more than 50 percent 
of daily operating costs. Shipping in EAP works within 
developed national and international regulatory regimes, 
though it is often criticized for safety and labor violations.

Maritime efficiency is defined by what markets 
reward.11 In EAP, ports, shipping lines, and fuel 
suppliers balance cost, speed, reliability, environ-
mental performance, and service integration. The 
optimal mix is shaped by competition and customer 
demand. Ports function as critical intermodal nodes, 
and in container shipping their efficiency is judged 
largely by shipping lines, which concentrate services 
where logistics ecosystems are strongest—spurring 
the development of distribution centers, free‑trade 
zones, and value‑added services. For shipping, effi-
ciency reflects a continual trade‑off between cost 
minimization and service reliability. Scale and fuel 

BOX 1 Investments in port infrastructure and efficiency enabled China’s export boom

Chinese ports dominate global rankings in throughput and connectivity. In 2024, Shanghai Port 
became the first port to handle more than 50 million 20-foot equivalent units of cargo in a single 
year. This scale is supported by technology, with world-leading automation delivering unparalleled 
efficiency. Shanghai’s newest container terminals need 70 percent less labor and still boast 30 percent 
higher productivity. The average container ship spends 1.0–1.2 days in Chinese ports, compared with 
2.0 days in Los Angeles ports. This efficiency allows China’s industrial supply chains to run smoothly. 
On an average day, Shanghai Port handles $4 billion in trade value (almost ¥1.24 billion per hour) 
moving in or out of China. Efficient ports are the engines of China’s GDP growth, enabling factories to 
reliably import components and export goods at competitive cost.

Chinese ports also enable extensive employment beyond their gates, from trucking and ware-
housing to manufacturing for consumption and export. China’s port-centric coastal cities (such as 
Shanghai, Shenzhen, and Ningbo) have become vibrant economic zones, in large part because port 
efficiencies have lowered trade costs and attracted business. Every gain in port efficiency stimulates 
additional trade, production, and jobs. A port expansion that adds capacity for millions of tons of cargo 
relies on creating or indirectly supporting hundreds of thousands of jobs in shipping, logistics, and 
industry. EAP’s experience shows that world-class port operations create a virtuous cycle of greater 
trade competitiveness, spurring GDP growth and employment and boosting trade.

Source: Shanghai International Port (Group) Co, Ltd. 2024; Worldports.org 2023; International Services Shanghai 2024.
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The limited uptake 
of premium 

services illustrates 
that customers 

are generally 
unwilling to pay for 

higher reliability

economies dominate costs. While reliability is fre-
quently requested, the limited uptake of premium 
services—such as Maersk’s “absolute reliability” 
offering through the Daily Maersk illustrates that 
customers are generally unwilling to pay for higher 
reliability.12

Shipping efficiency also varies by market seg-
ment. Liner (container) shipping rewards reliable port 
performance and integrated logistics. Bulk shipping 
is primarily cost‑driven, with risks allocated through 
charter arrangements. Tanker markets prioritize 
safety, compliance, and reliability under long‑term 
contracts. And marine services (pilotage, towage, 
harbor craft) affect efficiency through service 
availability and coordination. Fuel markets reward 
scale, availability, and price competitiveness, with 
a small number of major hubs—led by Singapore—
dominating global bunkering activity (table 2).

Government policy in EAP shapes how effi-
ciency is defined and delivered in maritime 

markets—through regulation, investment, and facil-
itation.13 When public and private roles are well 
aligned, ports are productive, shipping networks 
connect reliably, and costs remain competitive; 
when misaligned, regulation and state intervention 
can inhibit performance.

In domestic and Pacific Island markets, where 
scale is limited, conventional efficiency metrics can 
be inappropriate, and public support is essential 
to maintain connectivity. In archipelagic systems, 
fleet renewal and well‑designed subsidies—such 
as the Philippines inter‑island ferry reforms—can 
deliver transformative gains in efficiency, safety, and 
reliability.14

Shipping is the most efficient and 
lowest emission mode of transport

Among transport modes, shipping stands out as the most 
energy-efficient way to move goods and passengers. 

TABLE 2 Efficiency, risk, and flexibility across maritime segments

Segment
Ship ownership and 
operation Market structure Efficiency drivers Risk allocation Operational flexibility

Liner 
(container)

Vertically integrated: 
Operators typically own 
vessels or holds them on 
long-term charter

Scheduled network 
services; competition 
based on cost, reliability, 
and service quality

Service reliability and port 
performance are critical 
to customer satisfaction 
and network efficiency

Carrier bears most 
commercial and 
operational risk to 
maintain schedules and 
high vessel utilization

Low: Fixed routes and 
schedules limit the 
ability to adjust capacity 
or routing quickly to 
demand changes

Bulk 
(dry bulk)

Often separated: Cargo 
owners charter vessels 
from a large pool of 
independent ship owners

Cargo-owner-led “tramp” 
trades (point-to-point 
charters) driven primarily 
by cost considerations

Cost minimization and 
full-capacity utilization; 
scheduling flexibility 
managed via laytime and 
demurrage agreements

Shared through charter 
contracts—demurrage 
and laytime clauses 
allocate delay costs 
between ship owner and 
charterer

High: Vessels are 
deployed based on cargo 
demand with routing and 
timing varying by voyage 
(no fixed schedule)

Tanker 
(liquid bulk)

Mixed: Oil majors 
and large operators 
own fleets or shipping 
companies alongside 
many independent ship 
owners (similar to bulk 
shipping)

Mixed: A combination of 
long-term term contracts 
and spot or bulk-style 
trades, with stringent 
safety standards 
and limited market 
participants

Mixed: Strong emphasis 
on safety, environmental 
compliance, and reliability 
under contractual 
obligations, alongside 
cost considerations in 
spot trades

Mixed: Multiyear contracts 
can reduce market risk 
for operators, while others 
function as spot and bulk 
trades; stringent safety 
and quality requirements
mitigate risk

Moderate to high: Some 
routes are standard 
and can be fixed under 
contracts, but spot 
trades and other forms 
provide options

Marine 
services 
(such as port 
pilotage, 
towage)

Port-bound essential 
services delivered 
by port authorities or 
licensed private operators 
(sometimes via public–
private models)

Typically a local 
monopoly (expect in the 
largest ports) or regulated 
service attached to each 
port’s operations

Availability and speed 
of response: Close 
coordination with vessel 
schedules; high asset 
utilization may conflict 
with minimizing ship 
turnaround

Service provider (port or 
concessionaire) bears 
full performance risks; 
service lapses directly 
affect vessel turnaround 
and port productivity, 
managed through service 
standards and oversight

Low: Services are 
location-specific and 
must respond on 
demand to variable daily 
traffic and emergencies

Marine 
fuel supply 
(bunkering)

Provided by bunker 
suppliers (oil majors, 
energy traders, or 
specialized firms) at major 
hub ports; often vertically 
integrated from refinery to 
storage

Highly competitive 
within a small number 
of global hub ports that 
achieve scale (such 
as Singapore); part of 
a globally integrated 
petroleum supply chain

Fuel availability, price 
competitiveness, and 
service speed; diverse 
fuel offerings (low-sulfur 
fuel, LNG, biofuels) to 
attract vessel calls

Global integration 
mitigates supply 
risk through multiple 
sourcing; price volatility 
risk largely borne by ship 
operators but moderated 
by transparent global 
pricing and hub 
competition

Moderate: Ships can 
choose where and when 
to refuel based on cost-
time trade-offs; major 
hubs operate 24/7 to 
minimize vessel diversion 
or waiting

Source: World Bank staff.



E x e c u t i v e  s u m m a r y � 7

Sustained 
improvements in 
technology and 
operations underpin 
shipping’s position 
as the most 
energy-efficient 
mode of transport

Over the past 50 years, technological advances and 
operational improvements have dramatically enhanced 
shipping efficiency and reduced costs and emissions 
while supporting EAP economies. This progress positions 
shipping as a cornerstone of sustainable trade in EAP.15

Over the past 50 years, advances in engines, hull 
design, ship scale, and operational practices (such 
as containers and slow steaming) have sharply 
improved shipping efficiency. Since 2008, global 
shipping activity has grown by nearly 50 percent, 
while energy use increased by only 5 percent. This 
has saved an estimated 1.8 million barrels of oil per 
day and about $60 billion annually (figure 3).16

These sustained improvements in technology and 
operations underpin shipping’s position as the most 
energy-efficient mode of transport. On average, 
shipping emits 11–17 grams of CO2 per ton‑nautical 
mile—far below road and aviation—with emissions 
even lower for ultra‑large container ships (figure 
4). This inherent efficiency supports 80 percent of 
global merchandise trade, positioning shipping as 
the backbone of climate‑smart logistics. At the same 
time, the transition toward alternative fuels intro-
duces new safety challenges that must be carefully 
managed to preserve these efficiency gains while 
safeguarding lives, assets, and the environment.

SAFETY: A NON- NEGOTIABLE 
PILLAR OF MARITIME 
DEVELOPMENT

In a region that handles the bulk of global seaborne 
trade and carries millions of passengers by sea every 
year, the stakes could not be higher. Human lives, envi-
ronmental health, and economic security all depend on 
safe shipping and port operations. The EAP maritime 
sector does not have a good safety record. Too many 
ferry disasters, major tanker spills, and catastrophic 
container ship fires suggest that more attention to safety 
improvements at sea and in ports is overdue.

East Asia and Pacific must build a 
stronger safety culture in shipping

Shipping has developed a safety culture over the cen-
turies, but EAP shipping safety remains far from the 
ideal. While governments, industry leaders and the 

International Maritime Organization have made great 
strides in improving standards and practices, accidents 
and operational risks persist. Continuous improvement 
and vigilance are needed to protect lives, assets, and the 
environment.

Persistent operational risks and accidents highlight 
uneven enforcement of maritime standards across 
the region. While many countries have ratified IMO 
conventions, these frameworks largely apply to 
international shipping and larger vessels (above 500 
gross tons or 80 meters), leaving domestic fleets 
often weakly regulated and more critically, weakly 
enforced.17 International frameworks establish a 
common baseline, but national maritime safety reg-
ulations and institutional capacity vary widely across 
the region. Middle‑ and high‑income countries
—such as China, Japan, Republic of Korea, and 
Singapore—closely align with IMO standards, while 
in the Pacific Islands18 and much of ASEAN—apart 
from Malaysia and Singapore—ratification has fre-
quently outpaced implementation (figure 5).19,20 As a 
result, international standards often exist on paper, 
while overloaded or substandard vessels continue 
to operate where oversight is limited.21 Port State 
Control inspections under the Tokyo Memorandum 
of Understanding (Tokyo MOU) reveal persistently 

FIGURE 3 Decoupling of international shipping emissions from 
trade growth, 2008–24
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Source: IMO estimates (2000–22) and World Bank staff calculations (2024).

Note: Dotted lines indicate interpolated data. Solid lines indicate modeled data.
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high levels of deficiencies, underscoring systemic 
enforcement gaps (figure 6).

Safety outcomes are further shaped by vessel 
quality, equipment, training, and human capital. 
Aging fleets—particularly vessels over 25 years 
old—feature disproportionally in incident statis-
tics, reflecting weaker structural integrity, outdated 
systems, and higher failure risks. Newer vessels 
introduce different challenges, including system‑
integration complexity and crew skill gaps, which 
can undermine safety if not properly managed.

Classification societies—particularly members 
of the International Association of Classification 
Societies—play a critical role in upholding safety 
standards for international ships,22 including hull 
integrity, corrosion control, and long‑term structural 
strength under the Safety of Life at Sea framework. 
But their effectiveness ultimately depends on strong 

oversight by flag states, which retain responsibility 
for enforcement even when inspections are dele-
gated. Recent incidents illustrate the consequences 
of uneven safety performance (box 2).

Countries remain responsible for enforcing safety 
standards on vessels flying their flags. They often 
delegate inspections to classification societies but 
remain accountable for oversight. Weak enforce-
ment leads to ship detentions and placement on 
Tokyo MOU grey or black lists, while Port State 
Control inspections frequently reveal deficiencies 
in lifesaving appliances, fire safety, and crew cer-
tification. Although countries with major ports typ-
ically maintain stronger inspectorates, many EAP 
countries face acute capacity constraints. Since 
Covid‑19, safety deficiencies have risen after years 
of gradual improvement,23 while digitalization has 
introduced new vulnerabilities, including escalating 

FIGURE 4 Shipping is the world’s most energy-efficient mode of transport (total lifecycle 
emissions)

Transport asset (example)

Typical energy 
intensity range  

(grams CO2/
ton-mile)

Boeing 747F 
(dedicated long-haul freighter) 515

Toyota Prius 
(hybrid electric vehicle) 410

Airbus A350-1000 
(dedicated long-haul freighter) 380

Heavy goods truck 
(Euro V, 44 tons) 70

Small container ship 
(about 1,000 TEU) 17

Small product tanker 
(Small oil tanker) 14

Handy size bulk carrier 
(Small bulk carrier) 11

Ultra-large container ship 
(over 20,000 TEU) 5

Very large crude carrier 
(Largest oil tanker) 3

Ultra-large ore carrier 
(Largest bulk carrier, Valemax) 2

Source: World Bank staff based on data from UK Department of Transport 2019 Conversion Factors.

Note: The carbon intensity indicator measures the grams of CO2 emitted per deadweight tonnage-nautical mile (gCO2/

dwt-nm). TEU is twenty-ton equivalent unit. Total lifecycle emissions measure well-to-wake intensity, the sum of upstream 

(well-to-tank) and downstream (tank-to-wake) emissions in carbon dioxide equivalents (CO2e). Emissions are calculated 

as CO2e (t) = Distance (nm) × Weight (t) × Emission factor (gCO2/tnm) ÷ 1,000.
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FIGURE 5 International Maritime Organization conventions and protocols ratified by East Asia 
and Pacific economies, December 2025

10

20

30

40

50

Micronesia
(Fed. States of)

Timor-Leste

Papua New Guinea

Thailand

Cambodia

Nauru

Myanmar

Cook Islands

Samoa

Niue

Viet Nam
Tuvalu Philippines

Malaysia

Fiji

Kiribati

Indonesia

Solomon Islands

Palau

China

Hong Kong SAR, China                    

Japan

Tonga

Marshall IslandsVanuatu

Source: IMO n.d.; Port State Control annual reports of the United States Coast Guard and the Paris, Tokyo, Mediterra-

nean, Black Sea, Indian Ocean, Riyadh, Abuja, Caribbean, and Viña del Mar MOUs. Data refer to inspections conducted 

in 2023; reports published in 2024.

FIGURE 6 Inspections and deficiencies within the framework of the Tokyo Memorandum of 
Understanding on port state control compared with other MOUs, 2023
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cyber risks.24 Aging fleets, uneven enforcement, 
unmet standards, and insufficient training continue 
to undermine safety culture across much of South-
east Asia and the Pacific.

East Asia and Pacific lead the move 
toward safer, regulated bunker fuel 
markets

Over the past 20 years, EAP has had a pivotal role in 
transforming the bunker fuel market to be more reg-
ulated, safer, and transparent. This leadership has 
reduced risks associated with fuel quality and handling 
by setting a benchmark for global shipping and re-
inforcing EAP’s position as a driver of maritime safety.

EAP countries have progressively aligned their 
bunker fuel policies with IMO standards, includ-
ing the adoption of low‑sulfur fuel under MARPOL 
Annex VI. MPA Singapore has set a global bench-
mark as the world’s leading bunkering hub (figure 
7), using strict licensing, mandatory mass flow 
meters, and real‑time transaction tracking to 

enhance transparency and accountability. Other 
EAP countries—including China, Japan, and the 
Republic of Korea—have followed with tighter 
licensing requirements, routine fuel sampling, and 
penalties for noncompliance, strengthening safety, 
building trust among market participants, and 
reducing the prevalence of substandard and con-
taminated fuels.

Human capital is at the core of safety: 
Training and certification for shipping 
crews

Almost half of the world’s seafarers, both officers and 
crew, come from EAP and 5 of the top 10 countries 
supplying international seafarers are in EAP. Through 
training and certification programs, the region deter-
mines the competence and preparedness of much of the 
world’s seafarer professions. Investing in human capital 
ensures that ships are operated safely and that crews 
can respond to emergencies.

Crew quality is central to maritime safety and 
operational reliability. East Asia and the Pacific 
supplies more than 40 percent of the world’s sea-
farers (figure 8), with the Philippines alone account-
ing for about 13 percent of officers and ratings on 
international voyages. Seafaring is thus a major 
source of employment, remittances, and foreign-
exchange earnings for the region. National maritime 
authorities—such as the Maritime Industry Author-
ity in the Philippines, the Directorate General of Sea 
Transportation in Indonesia, and the China Mari-
time Safety Administration—oversee certification 
and training in line with IMO standards, and EAP 
countries have invested heavily in maritime acad-
emies, simulators, and certification systems cover-
ing navigation, engineering, safety, and emergency 
response.

Despite these investments, the sector faces a 
global shortage of seafarers, compounded by con-
cerns over working conditions, delayed wages, and 
ship detentions, which reduce the attractiveness 
of maritime careers. Continued investment in crew 
competence is therefore essential, particularly as 
alternative fuels introduce more complex and haz-
ardous onboard systems that demand higher skill 
levels, a stronger safety culture, and continuous 
training to manage evolving risks.

BOX 2 Safety incidents

In July 2025, a ferry sank in the Bali Strait, kill-
ing 17 people. Although weather conditions 
were within normal operating parameters, the 
vessel was not designed for the conditions 
encountered. Water entered over a low free-
board during a turn, compounded by safety 
lapses such as open watertight doors. Casu-
alties were exacerbated by delayed emer-
gency response and inadequate life‑saving 
equipment. By contrast, in November 2025, 
a collision between a ferry and a chemical 
tanker near Batam and Singapore resulted in 
the safe evacuation of all 165 passengers. The 
Batam incident benefited from stronger vessel 
design, strict adherence to safety standards, 
effective emergency response, and proximity 
to rescue infrastructure. The Bali Strait trag-
edy reflected design vulnerabilities, opera-
tional lapses, and inadequate preparedness.

Source: World Bank staff.
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The new risks of alternative fuels 
need to be managed

The transition to alternative fuels introduces new haz-
ards and risks that must be managed to avoid compro-
mising safety. These fuels have different physical and 
chemical properties than conventional fuels, including 
different handling and storage requirements. New acci-
dent risks include fires, explosions, toxic clouds, and 
other environmental threats. These can lead to consider-
able loss of life, severe harm to sustainability, and dam-
aging economic effects. EAP countries need to update 
safety regulations, port infrastructure, and crew compe-
tencies to accommodate alternative fuels and reduce the 
risk of alternative fuel–related disasters.

Alternative fuels such as LNG, methanol, and 
ammonia offer emissions benefits, but they also 
introduce new and potentially severe safety risks. 
In high‑traffic, densely populated EAP waters, 
the consequences of incidents are substantial. In 
2024, seven shipping incidents were reported in 
the Singapore Straits, three involving fuel releases. 
While spills of conventional fuel are damaging, the 

release of toxic ammonia would be deadly. Alter-
native fuels have distinct chemical properties and 
storage requirements—often involving high pres-
sure or low temperatures—which raise the risks of 
fire, leaks, toxic exposure, and environmental harm. 
To manage these fuel-specific risks, EAP countries 
need to accelerate updates to safety regulations 
and crew competencies, strengthen onboard emer-
gency response capability, and align national frame-
works with IMO guidance.

Safety is the foundation for reliability, 
efficiency, and sustainability

Safe shipping in EAP is not only about preventing acci-
dents; it is a core enabler of reliable, efficient, and sus-
tainable maritime operations. Strong safety standards 
promote disciplined operating practices that support 
efficiency, reduce disruptions, and limit emissions and 
environmental damage. EAP governments therefore 
need to prioritize safety through robust enforcement, 
including flag and port‑state inspections and detentions, 
where warranted. Safety must remain the cornerstone of 
maritime development and operations.
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FIGURE 7 Singapore sells three to four times more marine fuel than the next largest bunkering port, 2024

Source: Ship & Bunker 2024 (https://shipandbunker.com/).

Note: Ship & Bunker represents the 17 largest bunkering hubs with a total bunker volume in 2024 of 143.5 million tons, about 60 percent of global bun-

kering demand and sales (estimated at 242.1 million tons, according to the International Maritime Organization).

https://shipandbunker.com/
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Safety is both a moral obligation and an economic 
imperative. Strong safety standards reduce acci-
dents and service disruptions, lowering insurance 
and operating costs25 while building investor confi-
dence in fleet renewal and infrastructure investment. 
By minimizing human error and mechanical failure, 
safe shipping underpins reliability, efficiency, and 
emissions control. It also supports predictable cargo 
flows and just‑in‑time supply chains. For the region, 
maintaining high safety standards is central to global 
trade competitiveness and environmental outcomes.

Leading ports demonstrate how safety underpins 
reliability at scale. MPA Singapore enforces strict 
protocols for vessel traffic management, bunkering, 
and crew certification, ensuring predictable and safe 
operations and reinforcing its role as a trusted global 
transshipment hub. Similarly, digital safety monitor-
ing and standardized inspection protocols imple-
mented by China’s Maritime Safety Administration 
have reduced ship turnaround times by streamlining 

compliance checks and minimizing delays from 
safety violations.

More broadly, ships designed and operated 
to high safety standards experience fewer break-
downs, fewer safety-related detentions, and lower 
operational risk. Sustained attention to safety is 
therefore essential for EAP to maintain its leading 
position in global maritime markets.

SUSTAINABILITY: SAILING 
TOWARD A LIVABLE FUTURE

Every additional ton of cargo moved through EAP’s ports 
and shipped across its seas generates large economic 
benefits. But unsustainable practices threaten to erode 
these gains by pushing ecosystems beyond their limits to 
damage the planet as a living space. For EAP, maintain-
ing a livable planet is not a distant ecological ideal; it is 
an immediate economic and social imperative. Integrat-
ing environmental considerations into maritime policies, 
infrastructure projects, and daily operations is critical. 
Charting this course is essential for EAP to secure pros-
perity while safeguarding its natural capital for future 
generations.

Improving efficiency is an immediate 
win for decarbonization

Improving efficiency in port and shipping operations 
is the most practical near-term pathway to maritime 
sustainability in EAP. Efficiency gains reduce fuel con-
sumption, lower emissions, and deliver cost savings 
without requiring radical changes in technology or 
large-scale new infrastructure investments. Aggressively 
improving efficiency therefore represents the “low hang-
ing fruit” that allows EAP shipping to make measurable 
progress on decarbonization in the short term.

Operational efficiency improvements in ports and 
ships are a no‑regret strategy that cuts fuel use, 
emissions, and costs without requiring new vessels 
or alternative fuels. Measures such as improved crew 
training, speed optimization, hydrodynamic adapta-
tion, and port‑call optimization can deliver double‑digit 
emissions reductions—outcomes already demon-
strated by many EAP ports and shipping operators.

Ports have achieved significant emission reduc-
tions by shifting from diesel to electric cargo‑
handling equipment, including electric rubber‑tired 

FIGURE 8 East Asia and Pacific countries 
supply more than 40 percent of the world’s 
seafarers, 2021
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gantry cranes.26 Terminal transport is increasingly 
using compressed natural gas (CNG), liquefied nat-
ural gas (LNG), and electric vehicles where infra-
structure allows. A typical diesel rubber‑tired gantry 
(RTG) crane consumes more than 10 gallons of fuel 
per hour, emitting roughly 100 kilograms of CO2 per 
year along with harmful particulates. The introduc-
tion of partially electric RTGs in 1997—and fully elec-
tric versions by 2005—marked a turning point, and 
many ports have since reduced emissions intensi-
ty.27 Experience shows that where efficiency gains 
and cost advantages exist, private operators invest 
in sustainability.

Digitalization further amplifies efficiency gains. 
Systems such as Singapore’s digitalPORT@SG, 
AI‑driven scheduling at Malaysia’s Port of Tanjung 
Pelepas, and data‑enabled routing by major ship-
ping lines have reduced congestion, waiting times, 
and fuel use. Large shipping companies such as 
Mitsui O.S.K Lines of Japan and COSCO Shipping 
leverage big data for dynamic routing and just-in-
time speed adjustments. They achieve fuel savings 
of up to 8  percent on trans-Pacific routes.28 So, 
technology, economics, and environmental priorities 
intersect to transform maritime operations.

Beyond port operations, many ships can improve 
efficiency and reduce emissions through operational 
practices and targeted retrofits. These include hull 
condition and biofouling management,29 propeller 
and bulbous bow retrofit where vessels operate 
below original design speed; air lubrication systems; 
engine tuning; and power take-off/power take-in 
technologies on their main shafts.

Despite the clear benefits, adoption has been 
slower than expected due to structural, financial, 
and operational constraints. High upfront costs for 
electric yard equipment, charging infrastructure, 
and related upgrades remain significant barriers
—especially for smaller ports that must prioritize 
capacity expansion over sustainability investments. 
Regulatory fragmentation across the region weak-
ens incentives to move away from legacy systems, 
while misaligned incentives mean that fuel savings 
accrue mainly to carriers, even as ports bear much 
of the cost. Workforce readiness, operational risk, 
competitive pressures, and limited access to green 
finance further constrain uptake.

Improving ship and port efficiency today lays the 
foundation for the next generation of zero‑carbon 

vessels. A culture of efficiency and data‑driven oper-
ation will ease the future adoption of alternative‑fuel 
technologies as they enter service, reducing both 
technical and safety risks during the transition.

The fuel transition will be a long, 
complex journey toward carbon 
neutrality

A technically and commercially complex change in 
marine fuels is needed for ships to achieve near-zero 
emissions, requiring massive investment over decades 
as the entire commercial shipping fleet is replaced. The 
private sector, driven by investment returns, will invest 
only when returns are high enough and at an appropri-
ate level of security. Some private actors have stronger 
incentives than others to move to near-zero. This will 
create early adopters and laggards. Misleading signals 
to early adopters may confuse the market, leading to 
further delay. This potential underscores the need for 
clear, technically credible, and commercially practical 
pathways for transition.

Amid rapid change in global energy markets, many 
EAP countries committed to net-zero emissions.30 

China aims to have peak emissions by 2030 and 
reach net zero by 2060; Cambodia, Fiji, and Viet 
Nam aim to reach net-zero by 2050 and Indone-
sia by 2060. Under revised Nationally Determined 
Contributions, EAP countries have also committed 
to significant emissions reductions by 2030—Viet 
Nam by 8 percent, Indonesia by 32 percent, and the 
Philippines by 70 percent from business‑as‑usual. 
Achieving energy resilience and net-zero objectives 
will depend critically on near‑term progress in scal-
ing renewable energy deployment.31

Today’s commercial shipping fleet runs almost 
entirely on conventional fossil fuels, primarily heavy 
fuel oil and low‑sulfur variants introduced under 
IMO 2020. Biofuels offer a near‑term, drop‑in option 
to improve sustainability. However, achieving net-zero 
in EAP shipping requires a fundamental change in 
ship fuels. This transition is technologically complex 
and capital‑intensive and will occur over decades 
as a new generation of vessels is built. Retrofitting 
existing ships is costly, technically challenging, and 
generally less practical than investing in newbuilds.

Four alternative fuels dominate current consid-
eration for international shipping: green ammonia, 
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green methanol, sustainable biofuels, and liquefied 
natural gas (LNG) (box 3). Which fuel will emerge as 
the primary long-term solution remains uncertain, 
and even vessels designed for alternative fuels typ-
ically retain partial reliance on conventional fuels. In 
practice, the EAP fleet is likely to operate with mul-
tiple fuels over time, reflecting different ship types, 
routes, and operating profiles. For short‑range 
vessels—such as harbor craft, domestic ships, and 
ferries—electrification or hydrogen provide an addi-
tional pathway, with electrification emerging as the 
preferred option where operationally feasible.32

Private shipping companies will invest in alter-
native‑fuel vessels only when regulations require it 
or when market conditions make such investments 
commercially viable. Early adoption is therefore 
expected to remain limited, with a few front runners 
and many cautious followers. Unclear regulations 
or inconsistent policy signals, or delays in enabling 
infrastructure risk deterring investment and slowing 
the transition.

The proliferation of alternative pathways to net 
zero, each with differing technical maturity, has 
created confusion among decisionmakers and 
investors. Information asymmetries make it difficult 
to compare options and undermine confidence in 
long‑term planning, highlighting the need for more 
robust and commercial assessments. Fuel availabil-
ity remains a binding constraint, driven by limited 
green electricity supply and constrained availability 
of alternative fuel,33 while cost considerations con-
tinue to shape investment decisions.34

Scarcity of renewable electricity further com-
plicates the transition. Where renewable power is 
available, it may deliver greater emissions reductions 
if allocated to sectors outside maritime transport.35 
Clear and credible regulatory signals are therefore 
essential, requiring close coordination between 
the International Maritime Organization, govern-
ments, and industry to de‑risk the large investments 
needed for maritime decarbonization.

Government support is required to 
reduce the costs and challenges of 
transforming the fuel supply chain

Decarbonizing shipping in EAP will require building new 
fuel supply chains and making large investments in fuel 
production, transport, storage, and bunker technology. 

Because these investments do not have clear commercial 
investment returns, substantial and rapid private invest-
ment is unlikely, affecting the speed of decarbonization. 
Several EAP governments are investing in research and 
preparing for alternative fuels, laying the groundwork 
for future progress.

The shipping industry’s net‑zero commitment 
requires not only fuel switching but also the devel-
opment of integrated supply chains for alternative 
fuels. Infrastructure and regulatory challenges are 
substantial—particularly for volatile, flammable, or 
toxic fuels—and ships cannot be relied on as anchor 
customers during early stages of fuel production.

China illustrates how governments can lead this 
transition by actively developing fuel supply chains. 
In recent years, alternative fuels—including LNG, 
methanol, ammonia, and biofuels—have been ele-
vated to national priority status.36 The Ministry of 
Commerce’s Green Trade Plan authorizes bonded 
zones to blend biodiesel, sell duty‑free LNG, and 
supply green methanol and ammonia to interna-
tional vessels. The Ministry of Industry and Informa-
tion Technology’s shipbuilding action plan targets 
an international market share of more than 50 per-
cent for green‑powered vessels.37 Complemen-
tary measures include large‑scale LNG bunkering 
infrastructure at ports such as Yangshan and Yan-
tian and coordinated institutional support through 
state‑owned enterprises—such as Sinopec, CNPC, 
and COSCO—backed by ministries that set rules 
and convene stakeholders.

The scale of China’s public support underscores 
that alternative fuels are not yet commercially viable 
for private investment. Bunkering terminals, green 
methanol plants, and ammonia safety systems 
require billions of dollars in upfront capital. In the 
absence of quotas, subsidies, or state guarantees, 
the risk–return profiles are unattractive. Other EAP 
governments are also responding: Malaysia and the 
Republic of Korea have designated LNG bunkering 
pilot zones; Singapore is sandboxing green ammo-
nia and biofuel blends; and regional bodies such as 
Asia-Pacific Economic Cooperation (APEC), and the 
Association of Southeast Asian Nations (ASEAN) are 
advancing bunkering safety and certification stan-
dards. Across the region, governments are invest-
ing in research, setting targets, and developing pilot 
infrastructure to prepare for future demand.
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BOX 3 New fuel use in the EAP region

Methanol-and ammonia-capable ships can already use alternative fuels, while methanol- and ammonia-
ready ships allow for easier future conversion. But there is no standardized definition or benchmark of what 
constitutes “capable” or “ready,” complicating assessment of conversion costs, timelines, and feasibility.

Methanol and LNG dual-fuel vessels: Republic of Korea and Japan
The Republic of Korea’s HMM company launched its first methanol dual-fuel container ship, HMM Green, 
in 2025, part of a 1.5 trillion won investment in nine such vessels. These ships can run on methanol or 
conventional fuel, offering flexibility when green methanol becomes available. Japan’s Mitsui O.S.K. Lines 
(MOL), Nippon Yusen Kabushiki Kaisha, and K Line operate dozens of LNG-fueled ships and are ordering 
ammonia- or methanol-ready vessels. MOL’s head noted a near-term focus on LNG and methanol, along-
side wind-assisted technologies like hard sails and rotor sails (an efficiency measure). These moves, often 
supported by government research and development, position Korean and Japanese firms as early leaders 
in alternative-fuel shipping.

Ammonia and hydrogen demonstrations: Republic of Korea and China
The Republic of Korea unveiled its first ammonia-fueled ship in 2024, a 500-ton vessel co-firing ammonia and 
diesel engine in an initiative supported by 31.6 won billion in public funding. Trials commenced in January 
2025 within a regulatory sandbox in Gyeongsang Province. In China, a 2025 pilot at Dalian Port achieved the 
world’s first ship-to-ship green ammonia bunkering, using renewable ammonia from Inner Mongolia to fuel a 
harbor tug. These pilots are important for learning about infrastructure requirements for using ammonia as 
fuel.

Biofuels and electric ferries: Southeast Asia and Pacific
Yang Ming (Taiwan, China) and the China Ocean Shipping Company have begun biofuel trials on regional 
routes. While biofuels are drop-in ready, supply and certification remain challenging. Since January 2025, 
Indonesia has implemented a B40 biodiesel mandate (40 percent palm-based biofuel) for domestic marine 
fuel to cut dependence on pure diesel.1

Electrification is emerging as a realistic alternative for domestic ferry services. China operates electric 
ferries in Guangzhou, and Bangkok has electric commuter boats on the Chao Praya River. Pacific Island 
nations like Fiji and Tonga are piloting solar-assisted and biodiesel-powered vessels under the Pacific Blue 
Shipping Partnership, which includes Fiji’s Project Cerulean catamaran.

Green corridors and collaborative trials: Singapore and partners
Singapore is leading green shipping corridor initiatives, including a partnership with Rotterdam to deliver the 
ability to undertake methanol and ammonia bunkering by 2027. MPA Singapore is collaborating with Yoko-
hama and Los Angeles, expanding LNG bunkering, and launching ammonia safety trials through the Global 
Centre for Maritime Decarbonization. MPA’s mandate for all new harbor craft to be fueled by electricity or 
biodiesel by 2030 is driving early adoption of electric harbor craft.

Note
1.	 PIS 2025.

Source: HMM 2025; MOL 2025; Seoul Economic Daily 2026; Marine Insight 2025; Yang Ming Marine Transport Corp. 

2024; Government of Indonesia, Ministry of Energy and Mineral Resources 2025; THAIest 2026; Port of Rotterdam 

Authority 2025; PIS 2025.
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For most alternative 
fuels, production 

volumes remain far 
below the potential 
demand from ships 

already capable 
of using them

A reality check on supply and 
investment in alternative fuels 
reveals large challenges

The production and planned production of alterna-
tive fuels for shipping is far below that needed to sup-
port large-scale adoption. Investment plans in the past 
10 years have been largely aspirational. The shipping 
sector is not the only potential market for these alter-
native fuels, and early adopters are vulnerable to supply 
shortages and the associated financial and image risk. 
Without a robust and reliable fuel supply chain, commit-
ments to net-zero targets are dreams rather than prac-
tical plans.

Across EAP, governments have announced pilot pro-
jects, green and digital shipping corridors, and dual-
fuel mandates to accelerate the transition to alterna-
tive fuels. Yet for most alternative fuels, production 
volumes remain far below the potential demand from 
ships already capable of using them (figure 9).

For green methanol, the Methanol Institute 
records projects38 with a total announced capac-
ity of 18.5 million tons (8.64 million toe),39 but only 
0.037 million tons (0.018 million toe) are currently 

in production, while 14.6 million tons (7 million toe) 
remain at the feasibility stage. Despite strong policy 
signals and stated ambitions, production remains 
nascent.

Green ammonia faces similar constraints, and 
ships are not the only potential large consumer.40 In 
2024, agriculture consumed more than 200 million 
tons of ammonia as a base chemical, while pro-
jected production in 2030 is 30 million tons (13.2 mil-
lion toe), with much of the required capacity yet to 
be developed. The chemical industry can outbid 
shipping for green ammonia because the cost rep-
resents a smaller share of final product value.

Biodiesel production is also constrained by lim-
ited feedstock availability. Its use and production are 
controversial, if less so in EAP.41 Estimates indicate 
that production volumes will not be adequate to 
meet demand because there is not enough feed-
stock.42 Sustainable aviation fuel often competes 
for the same inputs, and airlines are generally more 
able and willing than ship operators to pay price pre-
miums.43 As a result, early adopters—except LNG 
users—risk being stranded, as fuel supply chains for 
most alternative fuels are unlikely to be ready before 
well after 2030.

FIGURE 9 Consumption and potential demand for alternative fuels in shipping, 2024 and 2033
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A pragmatic, 
no‑regret framework 
is needed to 
guide action 
across the diverse 
country contexts 
in the region

Effective strategies and policies 
matter for catalyzing decarbonization

Shipping will not decarbonize on its own. Clear govern-
ment targets, backed by effective strategies and policies, 
are essential to drive change. Regulations and incentives 
create the certainty for industry investment and innova-
tion, ensuring that sustainability goals move from ambi-
tion to action.

Most investment in the EAP maritime sector is driven 
by international private investors focused on returns. 
Achieving net zero requires a full-scale transformation 
of the shipping fleet, including vessel replacement. 
Alternative fuels are expected to be more expen-
sive than conventional fuels, potentially reducing the 
competitiveness of new ships and creating significant 
commercial challenges.44 The investment required is 
unlikely when alternative-fuel choices remain uncer-
tain and fuel supply infrastructure is not in place.

Safety concerns further complicate the transition. 
Some alternative fuels introduce new risks. Early 
adopters have faced negative publicity and financial 
setbacks. These facts underscore the need for clear 
standards, robust safety protocols, and coordinated 
support to ensure a secure and viable transition.

Incentives are therefore essential to advance 
decarbonization. Without strong and coordinated 
strategies, supportive policies, and targeted invest-
ment from governments and international institutions, 
progress will remain slow and net‑zero goals out of 
reach. The sector requires not just ambition, but a 
clear roadmap backed by financial and regulatory 
support to make net zero a competitive proposition.

Ports have also made notable progress in energy 
efficiency and decarbonization over the past two 
decades. Significant additional emission reductions 
remain achievable through operational efficiency 
gains—often without major capital investment or 
transformative technologies. Accelerating these 
improvements would deliver both environmental and 
economic benefits. Progress remains uneven, how-
ever, and lagging performers will require targeted 
incentives to catch up.

FRAMEWORK FOR ACTION: 
IMMEDIATE AND BEYOND

A pragmatic, no-regret framework is needed to guide 
action across the diverse country contexts in the region. 

Foundational actions strengthen core operations, 
safety, and data systems that deliver immediate bene-
fits across all settings. Enabling actions support targeted 
modernization of ports, ships, and institutions as capac-
ity and demand grow. Next-generation actions, pur-
sued by front runners, accelerate the transition toward 
cleaner fuels, advanced infrastructure, and new busi-
ness models.

EAP’s maritime sector is characterized by striking 
disparities in performance across its diverse geog-
raphies, market segments, and service levels. At 
one end of the spectrum, the region hosts some of 
the world’s most advanced maritime infrastructure 
and operations. International hubs such as Singa-
pore, Shanghai, and Busan operate with cutting-
edge technologies, high productivity, and seamless 
global connectivity. These ports, along with major 
shipping lines headquartered in the region, consis-
tently match or exceed global benchmarks in effi-
ciency, safety, and digital integration. Their perfor-
mance reflects decades of investment, innovation, 
and institutional strength, and they serve as critical 
arteries for global trade.

In contrast, many domestic and regional mar-
itime services face persistent and systemic chal-
lenges. Domestic shipping, inter-island ferries, 
smaller ports, and aging coastal vessels often 
operate under conditions that compromise safety, 
efficiency, and environmental performance. These 
segments are frequently underfunded, underreg-
ulated, and underserved. High accident rates, low 
operational efficiency, and limited enforcement of 
safety and environmental standards are common. 
In countries such as Indonesia and the Philippines, 
and across Pacific Island states, ferries and cargo 
vessels—many over 30 years old—continue to 
operate without modern safety equipment or fuel-
efficient engines. Smaller feeder ports and remote 
jetties often lack basic infrastructure such as shore 
cranes, digital systems, and all-weather storage, 
resulting in prolonged turnaround times, vulnera-
bility to weather disruptions, and unreliable service 
delivery.

This divergence reflects not systemic failure but 
uneven development and investment. The region 
simultaneously demonstrates global leadership 
in some areas while facing foundational gaps in 
others. Bridging this divide is not only a matter of 
equity and safety, but a strategic imperative. The 
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Closing 
performance gaps 
requires targeted 

interventions 
that uplift 

underperforming 
segments without 
compromising the 
strengths of high-

performing ones

maritime transition will be shaped not solely by the 
performance of global leaders, but by the resilience 
and modernization of domestic and regional trans-
port networks that connect communities, enable 
inclusive growth, and underpin food and energy 
security.

Closing these performance gaps requires tar-
geted interventions that uplift underperforming 
segments without compromising the strengths 
of high-performing ones. Modernizing domestic 
fleets, upgrading secondary ports, and extending 
best practices across the region can dramatically 
reduce accidents, lower emissions, and improve 
service reliability where the needs are greatest. 
These improvements will also reinforce the compet-
itiveness of the entire maritime network, ensuring 
that the benefits of trade and connectivity are more 
evenly distributed. In doing so, EAP can build a mar-
itime sector that is not only globally competitive but 
also inclusive, safe, and sustainable.

To guide diverse EAP countries toward improved 
efficiency, safety, and sustainability in maritime trans-
port, this reports adopts a pragmatic, “no-regret” 
three-tier framework (table 3). No-regret actions are 
those that yield net economic, social, and environ-
mental benefits under any plausible future scenario 
for the shipping sector—meaning they remain sound 
investments regardless of how technology, markets, 
or regulations evolve. The three tiers—foundational, 
enabling, and next-generation—ensure that policies 
and investments are aligned with each country’s 
capacity and stage of development, avoiding a one-
size-fits-all approach.

Tier 1 — Foundational actions 
(universal, low or no regret basis)

Scope
Foundational actions are low or no-regret measures 
that every country in the EAP region can implement 
immediately. Typically low-cost, they strengthen 
maritime efficiency, safety, and data systems. They 
are feasible for all countries regardless of size, 
capacity, or readiness for alternative fuels. By focus-
ing on fundamentals—from port operations and 
seafarer training to basic fuel safety—foundational 
actions deliver immediate benefits under any future 
scenario.

Cross- cutting foundations
Better data use and coordination are paramount. 
EAP countries should strengthen data collection 
and sharing, optimize vessel scheduling, and imple-
ment robust monitoring, reporting, and verification 
systems for operations and emissions.

Port-call data exchange and just-in-time arrival 
systems can reduce ship waiting times and conges-
tion. For example, leading ports like Singapore have 
deployed smart berth reservation and arrival man-
agement platforms, enabling many vessels to berth 
on arrival and drastically cut idle time at anchor. 
Incentive-based policies are preferred over punitive 
measures to maintain competitiveness and not risk 
diverting traffic to less-regulated neighbors. Govern-
ments can reward efficiency and compliance.

Regional cooperation is a foundational require-
ment. EAP countries are strengthening joint safety 

TABLE 3 Three-tier framework of action

TIER 1 TIER 2 TIER 3

Foundational actions
Universal, low or 

no-regret

Enabling actions
System building and 
market shaping

Next-generation 
actions

Frontier and future-ready

Who: All countries Who: Countries scaling reform and 
investment

Who: Advanced and frontrunner 
systems 

Focus areas: Operational efficiency 
(ports, vessels); core safety 
standards and enforcement; data, 
coordination, and monitoring 
systems

Focus areas: Advanced digital 
platforms, including Port Community 
Systems; asset upgrading and 
maintenance regimes; regulatory 
clarity and risk-sharing frameworks

Focus areas: Advanced automation 
and AI-enabled operations; zero and 
low-emission vessels; alternative 
fuels and bunkering

Delivers: Faster turnaround and 
lower costs, fewer disruptions and 
incidents, stronger evidence for 
future investments

Delivers: Improved investment 
bankability, better public-private 
coordination, stronger compliance at 
scale

Delivers: Long-term competitiveness 
and resilience, alignment with global 
climate goals, strategic positioning in 
future value chains

Source: World Bank staff.
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EAP countries 
should strengthen 
data collection and 
sharing, optimize 
vessel scheduling, 
and implement 
robust monitoring, 
reporting, and 
verification systems

and training standards through mechanisms like the 
Tokyo MOU on Port State Control (covering Pacific 
Rim nations) and ASEAN port forums. These facili-
tate information-sharing on marine safety, seafarer 
training, and incident reporting. By collaborating on 
common safety standards and certification recogni-
tion, countries ensure that even the smallest ports 
and fleets adhere to international norms.

Ports
Foundational actions focus on operational excel-
lence and safety (see table 3). Ports can imple-
ment “quick wins” such as better communication 
between port authorities, shipping lines, and hinter-
land transport to reduce delays and congestion. All 
ports should strive to optimize berth planning, ship 
arrivals, and turnaround times. This means planning 
for and sequencing ship arrivals to minimize wait-
ing. Some EAP ports have introduced coordinated 
arrival systems and “traffic light” schemes for ves-
sels. All ports should also focus on improving cargo 
handling, so that ships spend less time in port.

Effective digitalization is another foundational pri-
ority. Many small and mid-size EAP ports continue 
to rely on paper-based systems. Introducing port 
community systems (PCS)—even “PCS Lite”—with 
limited modules such as truck appointment systems 
to streamline cargo movements, can significantly 
streamline cargo movements. Ports in Indonesia, 
notably Tanjung Priok,45 have piloted PCS platforms 
to improve coordination among regulators, termi-
nal operators, and hinterland logistics. International 
evidence from PCS implementations in developing 
country ports shows that such systems significantly 
reduce paperwork and speed up cargo handling.46

Safety remains a core concern across all EAP 
ports. Foundational actions include strengthening 
internal port safety management procedures such 
as accident investigation and penalties for noncom-
pliance. High-profile port accidents (for example, 
chemical explosions and vessel collisions) under-
score the need for robust safety oversight. All ports, 
regardless of size, should have up-to-date emer-
gency response plans and conduct frequent safety 
drills to protect workers, communities, and the envi-
ronment. Port authorities in countries like Malaysia 
and Viet Nam, for instance, have introduced manda-
tory annual emergency exercises and stricter safety 
audits after learning from incidents in the region.

Ships
Foundational actions emphasize operating existing 
fleets more efficiently and safely. High fuel costs 
and emissions provide strong no-regret reasons to 
improve vessel operations. Simple steps like opti-
mizing ship speed (slow steaming where appropri-
ate), improving voyage planning to avoid delays, and 
regular hull and propeller cleaning reduce fuel con-
sumption and emissions. Many EAP shipping lines 
are already instructing captains on speed optimiza-
tion and weather routing, measures that cut fuel use 
and costs without requiring new technology. They 
are also enhancing maintenance cycles, including 
timely dry-dock inspections, to keep ships operat-
ing efficiently. These actions also improve safety and 
reduce unplanned downtime.

Investing in human capital is a critical founda-
tional action. With a large share of the world’s sea-
farers originating from EAP, strengthening crew 
training, certification standards, and a safety culture 
have global benefits. Countries such as the Philip-
pines and Indonesia are upgrading maritime training 
academies and compliance with the IMO’s Stan-
dards of Training, Certification, and Watchkeeping 
conventions. Better crew training means fewer acci-
dents and more efficient operations. For example, 
the Philippines’ MARINA has been working with 
international partners to enhance seafarer training 
curricula and certification processes, helping main-
tain its position as a top source of competent crew 
worldwide.

Foundational ship actions also include more rig-
orous flag-state and port-state control enforcement. 
This can target high-risk segments such as aging 
domestic ferries, bulk carriers, and other vessels 
with poor compliance records. In EAP, domes-
tic and short-sea ships tend to be older and have 
higher incident rates than international liner ships. 
Viet Nam and China have in recent years intensified 
port-state inspections for aging cargo ships on intra-
Asia routes, detaining substandard vessels. Such 
enforcement saves lives and incentivizes companies 
to maintain their ships to higher standards.

Fuels
Foundational actions focus on getting the basics 
right and preparing for alternative fuels (table 4). 
Improving energy efficiency and safety for conven-
tional fuel is essential. All EAP countries should 
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enforce fuel quality standards (such as adherence 
to IMO’s global 0.5  percent sulfur cap) and pro-
mote efficient fuel consumption practices. This 
could include providing guidance on efficient engine 
tuning, preventing fuel wastage, and monitoring 
fuel quality to avoid engine damage or excessive 
emissions.

As pathways for alternative fuels (such as LNG, 
methanol, or hydrogen fuels) begin to mature, coun-
tries should ensure that they are able to respond 
to emergencies onboard ships using these fuels. 
This requires updating emergency response frame-
works, crew training, and onboard procedures to 
manage fuel‑specific risks, including fire, explosion, 
toxic exposure, and loss of containment. In addition, 
port regulations, equipment, and training require 
updating to safely manage alternative fuels, which 
often have unique hazards such as flammability 
or toxicity. For instance, Hong Kong SAR, China’s 
Marine Department issued comprehensive safety 

and operational guidelines for alternative-fuel bun-
kering (including LNG) in mid-2025, recognizing the 
need for standardized safety protocols as alternative 
fuels emerge. Maritime authorities and port compa-
nies across EAP are conducting training programs 
on LNG bunkering safety and investing in firefighting 
and spill-response equipment suitable for alternative 
fuels.

Building human capacity for alternative-fuel 
safety is a foundational step. This includes devel-
oping training curricula, certification standards, and 
emergency response protocols for handling fuels like 
LNG, methanol, and ammonia. Some leading EAP 
countries have already started this process. Singa-
pore, for example, has started training programs 
and technical reference standards for LNG and 
methanol bunkering operations to ensure crews, 
bunker operators, and regulators can manage these 
fuels safely. Japan and the Republic of Korea have 
also sponsored training initiatives on hydrogen and 

TABLE 4 Tier 1 foundational actions

Category Key foundational actions applicable to all countries EAP illustrative examples

Ports Optimize port operations
Implement berth planning, ship arrival scheduling, and faster 
vessel turnaround.

Digital tools
Introduce port community system modules (“PCS Lite”), such 
as truck appointment systems to streamline cargo flow.

Singapore’s major ports use just-in-time arrival and digital berth 
reservation, allowing more ships to berth on arrival.

Ports in Indonesia, Thailand, and the Philippines are piloting PCS 
platforms to replace paperwork with electronic data exchange, 
speeding cargo clearance and providing truck booking systems.

Ships Boost operational efficiency
Enable voyage planning with met-ocean forecasting, 
encourage regular hull/propeller maintenance.

Crew training and a safety culture
Invest in seafarer training, certification, and a safety-first 
culture onboard vessels.

Enforce maritime regulation
Improve flag-state and port-state enforcement of safety; 
detain substandard vessels.

Global liner companies operating in EAP have widely adopted slow 
steaming and optimized routing to save fuel and cut emissions (a no-
regret measure that also lowers costs).

The Philippines, which supplies 13 percent of the world’s seafarers, 
has bolstered maritime education and safety training programs to 
improve crew competency and safety culture.

Across the region, authorities are ramping up inspections of aging 
domestic ships. Viet Nam and China have increased port-state control 
for old bulk carriers and ferries, reducing accidents in high-risk segments.

Viet Nam has initiated soft loan programs for coastal ships to install 
modern radar, GPS navigation, and more efficient engines, boosting 
performance on busy domestic routes.

In Malaysia, state-owned ferry operators implemented strict preventive 
maintenance regimes and installed new propulsion systems on inter-
island vessels, leading to fewer breakdowns and fuel savings.

Fuels Put efficiency and safety first
Focus on improving energy efficiency of current fuels, strict 
enforcement of fuel quality, develop safety measures for 
future fuel options.

Upgrade fuel handling systems
Adopt mass flow metering; provide emergency response 
equipment for newer fuels.

Human capacity for alternative fuels
Train personnel in emergency response for low-carbon fuels; 
develop protocols and coordination mechanisms for fuel-
related emergencies.

Hong Kong SAR, China released new safety guidelines for LNG and 
alternative fuel bunkering in 2025 to help ports and operators handle 
fuels like LNG more safely.

Singapore, preparing to be a multifuel bunkering hub, has conducted 
extensive multi-agency safety exercises for alternative fuels—including 
the world’s first ship-to-ship methanol bunkering in July 2023 with 300 
tons of bio-methanol, after nearly a year of safety drills and studies. 
These efforts build a skilled workforce and safety regime ready for 
future fuels.

Source: World Bank staff.
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Enabling actions 
typically require 
moderate investment 
and strengthened 
institutional 
capacity, and their 
applicability depends 
on country-
specific needs

ammonia fuel safety in ports. By acting early to train 
personnel and create clear protocols, countries 
set the stage for a smoother and safer transition to 
alternative fuels.

Tier 2 — Enabling actions (for growing 
capacity and modernization needs)

Scope
Enabling actions are context-dependent measures 
that build on Tier 1 foundations to improve asset uti-
lization, efficiency, and system performance. They 
typically require moderate investment and strength-
ened institutional capacity, and their applicability 
depends on country-specific needs. Tier 2 focuses 
on upgrading infrastructure, modernizing shipping 
fleets, and enhancing systems to intermediate levels, 
particularly for domestic shipping and medium-
sized ports that have growing trade volumes.

Cross- cutting enablers
A defining principle at this tier is designing “right-
sized” solutions for smaller ports and domestic 
shipping. Rather than importing “mega-port” tech-
nologies suited for high-volume hubs, countries 
should adopt appropriate, cost-effective upgrades. 
For example, many Pacific Island and remote South-
east Asian ports have minimal infrastructure, some-
times little more than a concrete wharf serving as 
a community lifeline. Basic improvements can yield 
dramatic results. In Funafuti, Tuvalu’s main port, a 
World Bank-supported project paved the cargo 
yard and improved drainage, eliminating rain-related 
disruptions. Cargo handling breakdowns fell 80 per-
cent, and average ship turnaround dropped from 7 
days to 2–3 days. This underscores the importance 
of tailoring solutions to contexts: Simple measures 
like mobile cargo-handling equipment, all-weather 
yards (for rain drainage), solid wharf maintenance, 
and multipurpose cranes can significantly boost 
productivity and resilience in smaller ports. Coun-
tries with expanding trade and larger domestic 
markets should seek to invest in digitalization and 
electrification.

Ports
Tier 2 actions include expanding from basic digi-
tal tools to full port community systems with more 

advanced modules and integrating systems across 
stakeholders. Ports like Laem Chabang in Thailand 
and Tanjung Priok in Indonesia are in the process 
of upgrading their community systems or consid-
ering single digital platforms for port users, moving 
toward seamless information flow. Systematic gate 
automation—including optical character recognition 
cameras, electronic gates, and appointment-based 
truck entry—becomes a priority to reduce truck 
congestion and turnaround times at container termi-
nals. The combined effect is better asset utilization 
and shorter cargo dwell times.

Where the power grid is clean and reliable, ports 
can electrify cargo-handling equipment (such as 
replacing diesel yard cranes, forklifts, and trucks) 
to cut fuel costs and local pollution. Several Chi-
nese ports, such as Shanghai and Shenzhen, have 
made substantial progress in electrifying rubber-
tired gantry cranes and port vehicles. In Viet Nam, 
new container terminals are procuring electric yard 
cranes and forming plans to source renewable 
energy for port operations. But smaller ports must 
ensure grid stability or consider on-site generation 
before electrifying equipment. So, a complementary 
enabling action is to introduce ports’ own renew-
able power generation for terminals. Singapore’s 
terminals have invested in on-site solar farms that 
yield about 4.3 GWh of electricity annually to power 
cranes and warehouses while cutting carbon emis-
sions by about 1,700 tons per year. Similarly, Suva 
Port in Fiji is exploring solar installations to provide 
power and reduce reliance on diesel generation. 
These steps reduce emissions and fuel costs and 
improve energy security for ports.

Ships
Tier 2 emphasizes modernizing domestic fleets and 
improving vessel performance (table 5). A press-
ing need in many EAP countries is fleet renewal. 
The average age of ferries, coastal cargo ships, 
and inter-island vessels in several developing EAP 
nations is high—often well above global averages. 
Older ships are more inefficient and less safe. Gov-
ernments are crafting policies to replace old ves-
sels. For example, the Philippines’ Maritime Industry 
Development Plan 2028 introduced a “ship retire-
ment” regulation that sets a maximum age of 30 
years for steel-hulled vessels (20 years for wooden 
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ships). This systematically phases out old vessels 
and encourages newer, safer ships. Under the plan, 
over-age ships will be de-registered, and operators 
must retire and replace them. This spurs investment 
in more efficient tonnage. Indonesia is providing 
incentives for ships owners to procure new vessels.

Tier 2 ship actions also intersect closely with 
safety. As new vessels are built, they can imple-
ment higher safety standards and modern operat-
ing practices. These measures may include broader 
adoption of safety management systems on smaller 
vessels, installing automatic identification systems 
(AIS) on all passenger and cargo craft for track-
ing, and incentivizing the use of international stan-
dards of classification for ships in domestic trade. 
The objective is to close the safety gap between 
world-class international operations and local fleets, 

bringing domestic shipping in line with international 
norms for safety and environmental performance.

Fuels
Enabling actions prepare selected ports to handle 
multiple fuel types and manage the transition to 
low-carbon fuels when ready. A critical step is 
to enhance port zoning and bunkering protocols 
to safely accommodate alternative fuels such as 
LNG, methanol, or hydrogen. This often means 
designating specific areas in ports for storage and 
bunkering alternative fuels (to keep these activities 
isolated from human activity and cargo operations) 
and updating regulations to cover alternative fuels. 
Malaysia and China, for example, have established 
clear LNG bunkering zones in major ports (like 
Johor, Shenzhen, and Shanghai), complete with 

TABLE 5 Tier 2 enabling actions

Category Key enabling actions applicable to all countries EAP illustrative examples

Ports Deepen digitalization
Upgrade to full port community systems with more modules and 
integrate customs, logistics, and port data (beyond initial “light” 
systems).

Implement systems to optimize gate operations (ensuring that 
container trucks arriving with a container also leave with one; 
arrival appointment systems).

Equipment electrification
Convert cargo-handling equipment (cranes, yard tractors) from 
diesel to electric.

On-site green energy
Install sustainable power generation, such as solar panels and 
wind turbines.

Indonesia is rolling out a nationwide port community system 
linking major ports to streamline documentation and cargo 
tracking, as are Viet Nam and Thailand.

Philippines’ Manila International Container Terminal has 
introduced an AI-driven gate automation system, cutting average 
truck turnaround times and congestion.

Several Chinese ports—Shanghai, Ningbo, and Shenzhen—have 
electrified a large share of their yard cranes and rubber-tyred 
gantries, reducing diesel consumption and local air pollution.

At Singapore’s new Tuas Mega-Port, on-site solar farms and 
energy storage are being deployed to power port operations and 
reduce reliance on the grid.

Smaller ports in the Pacific (Fiji, Vanuatu) are exploring portable 
solar generators to ensure energy for critical port equipment.

Ships Fleet renewal
Implement programs to retire aging domestic vessels, replacing 
them with newer, more efficient ships.

Philippines—Under its Maritime Industry Development Plan 2028, 
the government set a 30-year age limit for ships (20 years for 
some vessels), forcing renewal of the domestic fleet. This policy 
ensures that older, inefficient ferries and cargo ships are phased 
out, improving safety and fuel efficiency.

Fuels Alternative fuel readiness
Develop port zoning and bunkering protocols for multiple fuel 
types, such as separate LNG bunkering areas and designated 
storage for methanol or hydrogen.

Stronger oversight
Build regulatory and institutional capacity for monitoring fuel 
operations and safety supervision, including training inspectors 
and first responders for new fuel handling.

Piloting clean fuels in niche markets
Encourage initial use of low-carbon fuels (LNG, biofuel, electrified 
ships) in specific domestic routes or port operations (such as 
marine services) to build experience.

Malaysia has dedicated LNG bunkering facilities at Port Klang 
and Johor Port, complete with specialized safety protocols and 
designated zones to keep LNG handling separate from other 
operations.

China is integrating multifuel considerations into port plans—-
e.g., Shanghai and Guangzhou ports have mapped out areas 
for potential future ammonia and hydrogen storage, anticipating 
broader fuel transition.

To bolster oversight, the Republic of Korea created a specialized 
unit under its maritime safety agency to monitor alternative-fuel 
bunkering operations and train personnel in emergency response.

Several EAP countries are supporting pilot projects. For 
instance, Thailand’s Bangkok Metropolitan Authority is testing 
electric ferries on the Chao Phraya River, and Japan is running 
demonstrations of hydrogen fuel-cell coastal vessels—initiatives 
that build local know-how for larger future transitions.

Source: World Bank staff.
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specialized piers or tanker-truck fueling areas and 
emergency shutdown systems in case of leaks. 
Building on Tier 1 efforts, countries at the enabling 
stage must also strengthen monitoring and safety 
supervision capacities. Doing this includes creat-
ing dedicated teams or units within port authori-
ties to oversee alternative fuel operations, to con-
duct safety audits, and to liaise with ship operators 
on fuel-related risks. Training inspectors and first 
responders needs local expertise to keep pace with 
alternative fuels entering use.

On the demand side, enabling actions encour-
age market uptake of alternative fuels. While fully 
transitioning national fleets is a longer-term goal 
(Tier 3), some domestic vessels can start using 
transitional fuels like LNG or biofuels. Government 
programs can support pilot projects such as grant 
programs or tax incentives for ferry operators to 
convert vessels to LNG or electric-diesel hybrid 
propulsion on key routes. Thailand, for instance, 
launched a pilot to convert several Bangkok com-
muter ferries to electric-battery hybrids in the 
mid-2020s, demonstrating the feasibility of lower-
emission local vessels. In Papua New Guinea, a 
partnership with international donors is explor-
ing biofuel blends for community supply ships to 
reduce reliance on diesel. Enabling actions set the 
stage by upgrading port infrastructure and ensuring 
regulatory readiness for alternative fuels. They also 
start the gradual introduction of cleaner ships and 
fuel technologies in niches where they are more 
competitive.

Tier 3 — Next- generation actions (for 
alternative- fuel transition leaders)

Scope
Next-generation actions are advanced measures 
suited for countries and industry players at the 
forefront of maritime innovation and decarboniza-
tion. This tier applies where markets, fleets, and 
institutions are actively preparing for or embracing 
alternative fuels and cutting-edge technologies. 
They are context-specific and can be complex and 
require high-investment. They focus on large-scale 
pilots, new infrastructure, and broad policy frame-
works that facilitate a shift to low- or zero-carbon 
fuels.

Cross- cutting transformations
At this level, individual efforts can merge into regional 
strategies. Coordinated subregional approaches are 
crucial for success in alternative fuels, which require 
significant infrastructure and market development. 
EAP countries are encouraged to collaborate on fuel 
infrastructure, safety standards, and shared invest-
ments to ensure that alternative fuels are available 
at scale. For example, recognizing that no single 
small country can alone create a full supply chain for 
green ammonia or hydrogen, Fiji, Marshall Islands, 
Solomon Islands, Tuvalu, and Vanuatu formed the 
Pacific Blue Shipping Partnership. This coalition is 
pooling resources to decarbonize Pacific shipping 
by 2050, including a target to cut regional shipping 
emissions 40 percent by 2030 and raise $500 mil-
lion for low-carbon vessels and infrastructure. Such 
subregional initiatives exemplify how collaboration 
can attract the financing and knowledge needed for 
transformational change.

Larger EAP economies are partnering on 
green and digital shipping corridors—dedicated 
low-carbon trade routes. In 2025, Singapore and 
Republic of Korea signed an MOU to create a cor-
ridor between their ports, coordinating support for 
zero-emission fuels, clean bunker infrastructure, and 
aligned digital standards to accelerate decarboniza-
tion on a key route. These cooperative approaches 
reduce risk and ensure that fueling and safety stan-
dards are harmonized across borders, preventing 
a patchwork of regulations that could hinder the 
adoption of alternative fuels.

Ports
In ports, next-generation actions actions involve 
deploying state-of-the-art infrastructure that enables 
alternative fuels and energy transformation. This 
includes installing advanced bunkering systems 
for alternative fuels—such as LNG, green metha-
nol, ammonia, or hydrogen—with full compliance 
to the latest safety standards. Some EAP ports are 
already active in this area. Singapore, the world’s 
largest bunkering hub, has provided LNG bunker-
ing since 2017, and achieved the world’s first ship-
to-ship methanol bunkering of a commercial vessel 
in 2023. Similarly, Japan and the Republic of Korea 
have pilot programs for ammonia fuel bunkering at 
select ports.
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Many foundational 
and enabling 

measures deliver 
strong returns and 

can be pursued 
incrementally

Another next-generation action is to integrate 
port power systems with renewable or hybrid energy 
hubs. This means moving beyond simply adding 
some solar panels to rethinking ports as energy 
players. A prime example is Singapore’s Tuas Port 
development, which is planned as an energy-smart 
mega-port. Tuas will feature an integrated smart grid 
that uses on-site renewable energy, battery storage, 
and grid power to optimize energy use for hundreds 
of cranes and charging stations. In China, major 
coastal ports like Shenzhen are exploring connec-
tions between port electrical grids and nearby off-
shore wind farms to supply green electricity for port 
operations and even for visiting ships (through shore 
power). These efforts decarbonize port operations 
and transform ports into nodes of clean energy 
distribution.

Ships
Next-generation actions seek to stimulate a large-
scale shift toward zero-emission vessels and 
advanced technologies. Rather than imposing 
blanket mandates, the focus is on incentives to 
encourage adoption of cleaner vessels. For exam-
ple, Singapore’s Green Ship Program provides sub-
stantial port-fee reductions for ships that exceed 
IMO energy efficiency standards or use alternative 
fuels, rewarding early movers with up to 50 percent 
lower port dues. Such incentives send a market 
signal, encouraging shipping lines to invest in LNG-
fueled or methanol-ready ships before they become 
mandatory.

Fuels
With fuels at the heart of the next-generation tier, 
countries can craft comprehensive strategies and 
market mechanisms for a transition to alternative 
fuels on a national and regional scale (table 6). 
Governments leading the way—such as Australia, 
China, Japan, Republic of Korea, and Singapore—
are formulating multifuel transition plans and blue-
prints for decarbonizing maritime transport. These 
plans identify the mix of fuels, such as LNG, as a 
bridge fuel to biofuels, green ammonia, green meth-
anol, and electrification. They also set the timeline 
for adoption, alongside required infrastructure and 
regulations. Japan’s Green Growth Strategy and 
Singapore’s Maritime Decarbonization Blueprint 

(2021–2050) are examples of long-term plans out-
lining how to achieve net-zero emissions in shipping 
and ports, including intermediate targets for alterna-
tive fuel infrastructure by 2030 and 2040.

Next-generation actions also encompass the 
broader ecosystem, fostering research, innovation, 
and finance for green maritime solutions. EAP’s 
advanced economies are investing in R&D for next-
generation marine fuels and safety systems. For 
example, Japan and Singapore are collaborating 
through the Global Center for Maritime Decarbon-
ization (headquartered in Singapore) to research 
ammonia bunkering safety and carbon capture for 
ships and sharing findings regionally.

Financially, governments are looking to catalyze 
private investment through green bonds, blended 
finance facilities, and public-private partnerships 
dedicated to maritime decarbonization. But mobi-
lizing private capital at scale—potentially hundreds 
of billions of dollars by 2040—will be necessary for 
EAP’s full maritime transformation. So, next gen-
eration policies also include creating enabling reg-
ulatory environments and investment frameworks 
that de-risk these large-scale sustainable maritime 
investments.

Implementing these actions outlined above will 
require sustained and well‑sequenced investment 
across ports, ships, and fuel supply chains. While 
many foundational and enabling measures deliver 
strong returns and can be pursued incrementally, 
others—particularly those related to port upgrades, 
renewal of aging fleets, and alternative fuels—
demand significant upfront capital and coordinated 
risk‑sharing. The pace and credibility of the mari-
time transition will thus depend not only on policy 
choices and institutional capacity but also on the 
ability of governments and the private sector to 
mobilize finance at scale.

Mobilizing capital for EAP’s maritime 
transformation

East Asia and Pacific must mobilize major investment 
by 2040 to upgrade ports, renew aging fleets, and pre-
pare for cleaner fuels—all essential steps to keep mar-
itime transport efficient, safe, and sustainable. These 
upgrades can maintain reliable connectivity and sup-
port long‑term economic growth. Port expansion, vessel 
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replacement, and alternative‑fuel systems require sub-
stantial capital, and not all elements are as yet com-
mercially viable. So, strong public‑sector leadership 
and clear regulatory frameworks will be vital to attract 
private investment and drive the region’s maritime 
transition.

Mobilizing capital across ports, ships, and fuel 
supply chains is one of the central challenges—and 
opportunities—of the region’s maritime transition. 
The scale of this ambition implies sustained multibil-
lion‑dollar annual investment through 2040, invest-
ment well beyond the capacity of any single actor. 
Achieving the shared objectives of efficiency, safety, 

and sustainability will therefore require coordinated 
public–private investment, effective risk‑sharing, 
and aligned incentives across stakeholders.

Between 2025 and 2040, EAP countries will 
need substantial financing to modernize ports 
(around $180  billion), replace and upgrade fleets 
(more than $280  billion), and develop fuel supply 
chains (estimated at $430 billion) (figure 10). These 
investments will advance the region’s competitive-
ness, resilience, and societal value, while ensuring 
reliable connectivity, improved safety, and lower 
environmental impact. As global trade patterns 
evolve and imperatives for sustainability intensify, 
the region’s ability to mobilize and deploy capital at 

TABLE 6 Next-generation actions

Category Key next-generation actions applicable to all countries EAP illustrative examples

Ports Alternative fuel bunkering systems
Install and operate advanced bunkering infrastructure for 
alternative fuels—LNG, green methanol, ammonia, hydrogen—
with full compliance to international safety standards.

Clean energy integration
Integrate port power systems with renewable or hybrid energy 
hubs—connecting ports to offshore wind farms, large-scale solar 
arrays, or energy storage—to supply green electricity for port 
operations and vessel charging.

Singapore has LNG bunkering facilities and in 2023 performed 
the world’s first ship-to-ship methanol bunkering of a container 
vessel.

Japan is piloting ammonia fueling.

The Republic of Korea is investing in multifuel terminals capable of 
supplying LNG and planning for ammonia.

For clean power, China’s major ports (like Guangzhou) are trialing 
integrated on-site renewable energy with nearby wind and solar 
farms.

Ships Lower-emission vessels
Subject to the availability of alternative fuels, use incentive-based 
schemes to encourage shipping lines and domestic operators to 
adopt zero or low-emission vessels, such as tax credits, reduced 
port fees, and preferential berthing for green ships.

Singapore’s Green Port and Green Ship programs offer 
25–50 percent rebates on port dues for ships that exceed 
IMO emission standards or adopt approved clean fuels and 
technologies.

Hong Kong SAR, China and Shenzhen have lower fees and 
priority berthing for vessels using shore power or ultra-low-sulfur 
fuel.

China’s COSCO and Japan’s NYK Line have ordered newbuilds 
capable of running on LNG or methanol and are piloting retrofits 
of newer vessels (such as converting a bulk carrier to dual-fuel 
LNG) in cooperation with government subsidy programs. These 
voluntary measures encourage innovation

Fuels Comprehensive transition planning
Develop national and port-level multifuel transition strategies 
mapping out timelines, infrastructure needs, and policies to 
achieve maritime decarbonization (net-zero emissions) 
Provide incentives such as rebates, preferential treatment (priority 
berthing) for alternative-fueled ships to create near-term markets.

Regional and global collaboration
Partner with other countries and industry (through such forums 
as IMO, ASEAN, Pacific Community, Global Maritime Forum) to 
harmonize fuel standards, safety regulations, and investments for 
alternative fuels.

Japan’s Ministry of Land, Infrastructure, Transport and Tourism 
has published a Carbon Neutral Ports and Shipping Roadmap 
outlining switches to LNG, biofuel, and zero-carbon fuels by set 
dates, supported by R&D funding and infrastructure plans at key 
ports.

Singapore’s maritime Decarbonization Blueprint 2050 similarly 
lays out a strategy for a multifuel future, identifying interim targets 
(like supplying 1 million tons of sustainable marine fuel by 2030) 
and the needed regulations and incentives to get there.

To shape the market, Green Shipping Corridors are being studied. 
The Singapore–Republic of Korea Green and Digital Corridor 
will concentrate support for alternative-fuel vessels on the route, 
including aligned standards and joint R&D on fuel safety.

The Pacific Blue Shipping Partnership is mobilizing funding to help 
island nations acquire zero-emission vessels and infrastructure 
collectively. These coordinated efforts ensure that fuel suppliers, 
ports, and ship operators move forward together, creating the 
critical mass for a successful fuel transition.

Source: World Bank staff.
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scale will increasingly determine its long‑term eco-
nomic performance and development outcomes.

Expanding port capacity, reducing conges-
tion, accommodating larger vessels, and deploy-
ing advanced automation and digital systems will 
demand significant capital. If container trade contin-
ues to grow at 3.5–4.0 percent annually, container‑
handling capacity will need to nearly double by 
2040—an expansion requiring roughly 300 million 
TEU of additional handling capacity and an esti-
mated $90 billion in investment, about $6 billion a 
year. Additional dry bulk and liquid bulk capacity 
will further increase financing requirements. Over-
all, annual port investment needs are expected to 
reach $12 billion, with China accounting for about 
65 percent and ASEAN‑5 about 25 percent, and the 
remaining developed EAP economies for the rest.

Preparing ports for alternative fuels
As the maritime sector pursues decarbonization, 
ports—especially in developing EAP countries—
will need substantial new investment in storage, 
bunkering, and safety systems for alternative fuels. 
A regional assessment suggests three investment 
pathways through 2040:
•	 Main scenario (about $1.2  billion): Moderate 

regionwide development of alternative fuel stor-
age, bunkering, and emergency systems.

•	 Domestic scenario (about $0.5 billion): Targeted 
investments in selected domestic ports, relying 
more heavily on regional hubs.

•	 Minimum scenario (about $50 million): A basic 
safety‑focused approach centered on major 
hubs, limiting flexibility for domestic shipping.
Given low‑transaction volumes and the volatility of 

alternative fuels, such infrastructure is unlikely to be 
financially self‑sustaining in most developing ports. 
Operating costs—including specialized handling, 
stringent safety protocols, skilled workforce devel-
opment, and maintenance—are expected to exceed 
revenues. As a result, alternative‑fuel infrastructure 
will require ongoing public support or targeted sub-
sidies to ensure reliability and safety. Current policies 
and observed actions suggest that, in practice, the 
minimum scenario is being adopted by default.

To realize the main scenario, the first generation 
of alternative‑fuel infrastructure will require explicit 
government support. This support could be pro-
vided through public–private partnership (PPP) 
structures that allow for capital subsidies or ongoing 
viability‑gap funding. Alternatively, governments 
could choose to invest in and operate such infra-
structure directly. A key advantage of PPPs is that 
they can position the private sector to finance sub-
sequent generations of alternative‑fuel infrastructure 
if and as markets mature.

FIGURE 10 Estimated investment needs in ports, ships, and alternative fuels: 2025–2040
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EAP will require 
major investment 
to replace aging 
vessels and upgrade 
fleets to meet rising 
efficiency, safety, 
and environmental 
standards

Replacing aging vessels to secure safe and 
efficient shipping
Between 2025 and 2040, the EAP region will require 
major investment to replace aging vessels and 
upgrade fleets to meet rising efficiency, safety, and 
environmental standards. The domestic fleet alone 
will require approximately $150 billion for vessel 
renewal, with an additional $22 billion if dual‑fuel 
capability is adopted. The regional fleet will require 
about $97 billion, plus a $14.5 billion premium for 
dual‑fuel capability. Efficiency retrofits for roughly 
1,412 domestic vessels—primarily 10–15 years 
old—will require an estimated $1.4 billion. These 
estimates exclude additional investment needs for 
monitoring, reporting, and verification systems and 
digitalization packages, which will be essential for 
compliance monitoring and targeted operational 
improvements.

The scale of required investment suggests that 
new financial structures will be needed, particularly 
for domestic and subregional shipping, segments 
are often dominated by small companies operat-
ing fewer than 10 vessels. For such firms, limited 
access to finance is compounded by constraints in 
technical and commercial capacity to procure and 
operate new, more advanced ships. This points to 
the need for corporate entities—such as leasing 
companies and infrastructure investment funds—
that can aggregate ship orders and ownership to 
reduce procurement costs, provide technical and 
procurement support, and access debt at lower 
cost. Governments can encourage such models 
through tax incentives, seed equity, and targeted, 
time‑limited regulatory waivers for domestic com-
mercial shipping.

Fuel supply chains: Scaling production to 
power a sustainable transition
Investment needs for alternative marine fuels 
between 2025 and 2040 will depend on fuel 
demand, production pathways, renewable elec-
tricity availability, and facility capital costs. With no 
commercial‑scale plants yet operating for several 
fuels, cost estimates remain preliminary. By 2040, 
supporting maritime fuel demand could require 
approximately $310  billion for green ammonia, 
$81 billion for green methanol, and $42 billion for 
renewable LNG.47

Sustainable diesel presents additional challenges 
related to feedstock availability and uneven interna-
tional recognition of what constitutes “green” inputs.

Some EAP countries may be able to leverage 
locally available, lower‑cost feedstocks to develop 
viable marine biofuels, even if these are not univer-
sally classified as sustainable. More broadly, alter-
native fuels for shipping compete with other sectors
—particularly chemicals and fertilizers—that often 
have a higher willingness to pay. As a result, invest-
ment in fuel production must be considered within 
the wider energy and chemical‑sector transition. 
A lack of large‑scale alternative‑fuel development 
is already slowing—and could ultimately stall—the 
transition of shipping to alternative fuels.

The enabling environment and private sector 
contributions
Across ports, ships, and fuels, sequencing and 
coordinating investment is critical. A credible invest-
ment case depends on a predictable policy and 
regulatory framework, effective dispute‑resolution 
mechanisms, secure midstream offtake arrange-
ments, interoperable technical standards, and 
consistent enforcement of safety and sustainability 
requirements. Early and visible participation by both 
public and private actors can anchor confidence 
and reduce risk. In the absence of these founda-
tions, even substantial financial commitments are 
unlikely to translate into durable outcomes.

Achieving these investment levels will depend 
heavily on an enabling policy and regulatory envi-
ronment that lowers risk and attracts private cap-
ital. Historically, the private sector has contributed 
most of port, ship, and fuel supply chain invest-
ment in the region, underscoring its central role 
in financing expansion, efficiency upgrades, and 
safety infrastructure. Clear long‑term policies, 
predictable regulation, transparent procurement, 
and fair competition frameworks are essential 
for mobilizing private investment. Public‑sector 
actions, such as establishing consistent technical 
standards, ensuring land‑use and permitting clar-
ity, and providing risk‑mitigation instruments can 
reduce uncertainty and enable private operators, 
terminal companies, shipping lines, and fuel pro-
viders to contribute to the sector’s modernization 
and decarbonization.
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By aligning 
operational 

improvements 
with inclusive 

labor policies, the 
region can expand 

employment 
while raising job 

quality, skills, and 
formalization

EAP’S MARITIME TRANSITION: 
FOR MORE AND BETTER JOBS

The transition to greater efficiency, safety, and 
sustainability in the East Asia and Pacific maritime 
sector is not only a technological and environmental 
imperative—it is a powerful driver of job creation and 
workforce skill development. By aligning operational 
improvements with inclusive labor policies, the region 
can expand employment while raising job quality, skills, 
and formalization across the maritime value chain.

Building on the maritime sector’s central role in 
employment and growth, the future of EAP mari-
time jobs will be shaped by three interlinked goals: 
greater efficiency, stronger safety practices, and a 
shift toward sustainability. Each of these priorities 
has direct labor-market implications. As EAP ports, 
shipping companies, and related businesses invest 
in new technologies, stricter safety measures, and 
cleaner energy solutions, labor demand will be 
redistributed, skill requirements will evolve, and job 
quality will increasingly reflect higher levels of pro-
fessionalism and formalization.

Efficiency: Operational improvements 
and skill shifts
Ongoing efficiency measures—such as digital 
port‑community systems, end‑to‑end supply‑chain 
visibility, tighter vessel scheduling, predictive 
maintenance programs, and data‑enabled yard 
management—are reshaping the skills valued in 
the maritime sector and the types of jobs created. 
As routine and manual processes are automated 
or streamlined, labor demand is shifting away from 
low‑skill manual roles toward higher‑skill opera-
tional, technical, and supervisory functions. Ports 
are increasingly seeking planners, dispatchers, 
control‑room operators, data‑driven maintenance 
technicians, safety and quality supervisors, and 
integrated logistics coordinators, rather than tradi-
tional stevedores and manual labor.

Digitalization and automation can significantly 
boost productivity, but they also reduce demand 
for some categories of port work. Evidence from 
advanced ports suggests that while automation 
diminishes the need for manual jobs, it may increase 
demand for technicians, IT specialists, and systems 

managers to operate and maintain sophisticated 
equipment.

In EAP’s trade-dependent economies, however, 
the potential for net job creation through efficiency 
gains is high. Higher berth productivity, faster 
vessel turnaround, and shorter cargo dwell times 
allow ports to handle greater volumes, which in turn 
stimulates trade growth. Operational improvement 
translates quickly into new employment opportuni-
ties. More cargo moving through ports generates 
demand for additional skilled operators, techni-
cians, supervisors, and specialized service provid-
ers along the port-logistics chain. To ensure that 
productivity gains lead to more jobs and better 
work, the jobs agenda must focus on managed 
transitions in the workforce. Policymakers and 
industry leaders should invest in targeted training 
and reskilling programs to help current workers 
adapt to new systems and fill emerging skill roles. 
Establishing credentialing and certification path-
ways for new technical occupations—from crane 
automation operators to digital logistics analysts
—can speed this transition and give workers clear 
opportunities for advancement. At the same time, 
proactive redeployment and social protection 
strategies are needed for workers at risk of dis-
placement due to automation, ensuring they can 
transition into new roles or related sectors. With 
well-designed support, EAP’s push for efficiency 
can foster a virtuous cycle modernizing maritime 
infrastructure and operations, which boosts trade 
and port throughput, while expanding employment 
and improving job stability and earnings for the 
region’s workforce.

Safety: Enhancing job quality and 
professionalization
Strengthening safety directly improves worker wel-
fare, ensures operational continuity, and improves 
the sector’s ability to attract and retain talent. High 
accident rates and unsafe conditions not only 
endanger workers but also disrupt port services and 
shipping schedules. So, improving safety standards 
is both a protective measure for workers and a strat-
egy for reliable, efficient operations. In ports, the 
highest-risk activities include: fuel bunkering, haz-
ardous cargo handling, working in confined spaces, 
heavy lifting, and vessel traffic management. These 
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The shift toward 
environmental 
sustainability—from 
cleaner fuels to 
greener ports—will 
reshape maritime 
employment

areas where greater professionalization and training 
will pay off in creating better jobs. Enforcing stan-
dardized safety procedures, ensuring competent 
supervision, and requiring rigorous skills training all 
help shift employment toward certified roles with 
clearer career ladders. For instance, port workers 
handling dangerous goods may become licensed 
safety operators or supervisors once they undergo 
specialized training, turning once low-skilled jobs 
into safer, higher-skilled positions.

For seafarers, job quality is inseparable from 
adherence to international safety and labor 
conventions—notably the International Maritime 
Organization’s Standards of Training, Certification, 
and Watchkeeping, which set baseline qualifications 
for crews. As ships carry riskier cargoes and adopt 
alternative fuels, properly trained and certified crews 
will be essential for safe operation. Ensuring com-
pliance with such standards means not only fewer 
accidents and injuries, but also more professional 
recognition and mobility for EAP’s seafarers, who 
make up a large share of the world’s maritime labor 
force.

In a region, where informality and fragmented 
subcontracting remain common, stronger safety 
standards also advance inclusion. When backed by 
enforcement, safety regulations encourage formal 
contracts and investment in worker training, reduc-
ing vulnerability to exploitation and improving job 
stability. Requirements that port crane operations or 
truck drivers be certified and employed by licensed 
service providers help curb abusive labor practices 
and create demand for accredited training institu-
tions, safety auditors, and compliance officers. A 
robust safety culture and regulatory framework thus 
not only protects workers but elevates overall job 
quality, making maritime careers more attractive 
and sustainable over the long term.

Sustainability: New energy, new skills, 
and broader opportunities.
The shift toward environmental sustainability—from 
cleaner fuels to greener ports—will reshape mari-
time employment through three main channels: new 
energy systems, new compliance requirements, and 
new industrial services.
•	 New energy systems: The transition to low-

carbon fuels and electrified infrastructure is 

increasing demand for technicians and engineers 
with expertise in alternative fuels and energy sys-
tems. As ports and vessels adopt fuels like LNG, 
biofuels, hydrogen, or ammonia and install elec-
trified equipment, workers will be needed in fuel 
handling and storage, electrical systems, port 
energy management, and emergency response. 
These roles—typically requiring advanced tech-
nical training—are more skilled and formal than 
many traditional roles, contributing to better pay 
and job security.

•	 New compliance requirements: Sustainability 
raises the premium on robust monitoring, report-
ing, and verification systems, and credible green 
certification. Without them, low‑carbon fuels and 
green shipping initiatives cannot scale. Stricter 
environmental standards will increase demand 
for environmental auditors, emissions‑data ana-
lysts, and regulatory‑compliance officers. For 
example, biofuel‑blending mandates or emission 
caps create new roles dedicated to fuel‑quality 
assurance, emission monitoring, and compli-
ance documentation. These positions expand 
white‑collar employment while underpinning 
the credibility and market access of sustainable 
shipping.

•	 New industrial services: The drive for greater 
maritime sustainability also presents a strate-
gic jobs opportunity. Upgrading fleets and port 
equipment to meet environmental standards will 
spur demand for retrofit, repair, and maintenance 
services, anchoring domestic value chains in 
marine engineering, equipment manufacturing, 
and ship repair. At the short‑sea and harbor level, 
electrified ferries and harbor craft are particularly 
relevant for archipelagic and tourism‑intensive 
economies. Deploying electric ferries and bat-
tery‑powered harbor vessels creates localized 
employment in propulsion systems, charging 
infrastructure, and maintenance. These invest-
ments deliver co‑benefits of improved air quality, 
reduced noise, and enhanced safety, strength-
ening the attractiveness of port cities and coastal 
destinations across EAP.
By pursuing efficiency, safety, and sustainability 

together, EAP’s maritime sector can create more 
and better jobs (table 7). These three pillars are 
mutually reinforcing. Efficiency drives industry 



30�E  x e c u t i v e  s u m m a r y

growth and new employment. Safety improvements 
elevate working conditions and promote formal, 
skilled labor. And sustainability investments open 
new opportunities in technology and energy. With 
supportive policies to manage workforce transitions 

and skill development, the modernization of EAP’s 
ports, shipping, and fuel systems can translate into 
significant gains in job quantity and quality, solidify-
ing maritime transport’s role as a powerful engine 
for inclusive growth in the region.

TABLE 7 EAP’s maritime transition: Labor market impacts and policy implications

Driver of change Labor market impacts Policy implications

Efficiency enhancements 
(digitalization, automation)

Shift from manual labor toward higher-skill operational, 
technical, and supervisory roles.

Potential reduction in some traditional port worker 
positions due to automation

Higher demand for technicians, IT specialists, and data-
savvy managers.

Higher port productivity and throughput stimulates job 
growth in the broader economy—in EAP, every extra 
1 million tons of cargo is linked to about 300 additional 
port and logistics jobs.

Invest in training and upskilling programs to help workers 
gain digital and technical skills.

Establish certification systems for new roles to 
professionalize the workforce.

Implement managed transition policies (reskilling, job 
placement, social protection) for displaced workers.

Stronger safety standards 
(workplace safety, training, 
labor conditions)

Improved working conditions and reduced accident 
rates.

Greater need for certified professionals in high-risk areas.

Increased formal employment as safety regulations curb 
informal labor and subcontracting.

Enforce international safety conventions and strengthen 
national regulations.

Expand training and accreditation for safety-critical roles.

Link safety mandates with labor reforms to improve job 
quality.

Sustainability transitions 
(decarbonization, 
alternative fuels, green 
ports)

Growth of “green jobs” in renewable fuel production, port 
electrification, and vessel retrofitting.

New positions in environmental compliance and auditing.

Expansion of domestic green maritime industries.

Support skill development for the transition.

Develop robust monitoring, reporting, and verification 
systems and certification frameworks.

Provide incentives for sustainable investment with high 
job multipliers.

Source: World Bank staff.
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NOTES

1.	 World Bank EAP maritime countries: American 

Samoa; Australia; Brunei Darussalam; Cambodia; 

China; Fiji; French Polynesia; Guam; Hong Kong 

SAR, China; Indonesia; Japan; Kiribati; Macao SAR, 

China; Malaysia; Marshall Islands; Federated States 

of Micronesia; Myanmar; Nauru; New Caledonia; New 

Zealand; Northern Mariana Islands; Palau; Papua New 

Guinea; Philippines; Republic of Korea; Samoa; Sin-

gapore; Solomon Islands; Taiwan, China; Thailand; 

Timor-Leste; Tonga; Tuvalu; Vanuatu; Viet Nam.

2.	 IMF 2026.

3.	 This relationship exhibits a very strong linear associa-

tion (R2 = 0.9951).
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PORTS: THE NEXUS OF 
EFFICIENCY, SAFETY, 
AND SUSTAINABILITY

PORTS AS STRATEGIC GATEWAYS 
AND LOGISTICS CENTERS

Ports do more than load and unload ships. They are 
strategic storage locations. They are intermodal nodes 
where ships meet roads, railways, and inland water-
ways. They are supply chain links where cargo is aggre-
gated or split, loads are assembled, and commodities in 
transit are resized and repacked. They are strategic gate-
ways that connect regional production centers to mar-
kets. To support these activities, ports are often in urban 
centers and prime locations for industry. Ports in EAP 
range from world-class container transshipment hubs to 
small lifeline terminals. This diversity demands tailored 
strategies to ensure efficiency, safety, and sustainability 
at ports in all circumstances.

Ports are more than harbors for ships. They are 
often urban hubs that enable economic growth in 
their hinterlands. They operate at the intersection 
of two worlds: the open sea, with ships as moving 
islands for transport, and land, with human activity 
and geography interacting with those ships. Defin-
ing what constitutes a port is important. A broad 
definition includes industrial zones and transport 
links into the hinterland.1 A more restricted definition 
limits a port to the facilities that enable ships to call, 
load, unload, fuel, and obtain a wide range of sup-
plies including crew, food, and spares. This report 
refers to a port in its restricted, functional sense, as 
a node in the transport chain. Understanding these 
definitions is fundamental to making effective policy 
and investment decisions.

In the EAP region, ports often host a wide array 
of industrial activity, from refineries to smelters to 
power stations and steel mills. These industries, 
while co-located with ports, are not themselves 

ports. For example, a refinery may operate a tanker 
berth; a steel mill may utilize a bulk terminal. In both 
cases, only the berth, terminal, and associated stor-
age are within the port’s operational domain. The 
refinery and steel mill, while adjacent, are external to 
the port’s function and definition.

Both benefits and challenges to manage
For the past 30 years, EAP has had a strong record 
of port and terminal development and investment.2 
Examples include Thailand’s Laem Chabang Port, 
Viet Nam’s deep-water terminals near Ho Chi Minh 
City (Cai Mep–Thi Vai), and Indonesia’s new port 
projects in Patimban and Tanjung Priok. Laem 
Chabang Port was developed as a greenfield proj-
ect in the 1990s, initially through investments in 
public infrastructure and later with substantial pri-
vate terminal investments. The port has helped 
convert Thailand’s eastern seaboard from an agri-
cultural economy to a manufacturing and logistics 
powerhouse in 30 years.3 Similarly, Viet Nam’s new 
terminals have unlocked large industrial potential 
with associated trade volumes in the lower Mekong 
Delta.4 Indonesia has launched public investments 
in two new port projects, delivering urgently needed 
container handling capacity and regional connectiv-
ity and provided potential for industrial expansion in 
the Patimban area.5

At the same time, ports also generate substan-
tial unintended impacts on their often-urban loca-
tions. While reducing trade costs and “economic 
distance” for hinterland producers, ports can con-
tribute significantly to congestion, pollution, and 
broader urban externalities.6 The Port of Manila—an 
essential gateway for the Philippines—illustrates 
these tensions. High volumes of truck traffic led to 
the imposition of a daytime truck ban in 2014, which 

1
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Effective port 
development 

requires “right-
sizing” solutions to 
each port’s context

in turn triggered severe terminal congestion and 
maritime delays.7 Such cases highlight the need 
to align port operations with urban infrastructure, 
land‑use planning, and traffic‑management policies. 
Strengthening hinterland connectivity—through 
improved roads, rail links, and inland waterways—is 
essential to maintaining efficient port traffic flows 
and preventing congestion spillovers onto already 
overburdened urban transport networks.

 From global hubs to lifeline terminals
Ports in EAP range from some of the world’s larg-
est and most sophisticated container hubs to small, 
multi-purpose, lifeline landing stages serving remote 
island communities (box 1.1). This extraordinary 
diversity necessitates differentiated and context-
appropriate strategies.

Shanghai’s port system handled more than 
50 million 20-foot equivalent units of cargo (TEUs) 
in 2024—equivalent to 1.3 billion tons of cargo from 
53,800 port calls. Singapore, one of the world’s pre-
mier transshipment hubs, processed 41.2  million 
TEUs and 3.1 billion tons of cargo from 85,000 port 
calls (box 1.2). Together with other major EAP ports, 
these ports handle more than half of the world’s 
containerized trade (figure 1.1) and consistently rank 
among the world’s most efficient.8 Their ability to 
accommodate the largest vessels, deploy state-of-
the-art equipment, and maintain high connectivity 
allows them to offer unmatched competitiveness to 
shipping lines and the economies they serve.

At the other end of the size spectrum are the 
small ports in Pacific Island countries and Papua 
New Guinea (figure 1.2). Ports such as Funafuti 
(Tuvalu) and Betio (Kiribati) handle only a few vessels 
per month—including inter‑island ferries9—but they 
are critical lifelines, enabling the delivery of essential 
food, fuel, and consumer goods. These ports typi-
cally operate with minimal infrastructure, sometimes 
just a single wharf or ramp, and serve populations 
measured in the thousands rather than millions. 
Despite their scale, their role is existential for the 
communities they support.

Between these extremes lies a broad spectrum 
of ports differing in size, function, geography, and 
operating environment. A typology developed for 
this report—based on comprehensive big-data 
analytics—helps to characterize this diversity (see 
box 1.2). The data set includes specialized ports 

for dry and liquid bulk such as Incheon (Republic 
of Korea), Qinhuangdao (China), and Map Ta Phut 
(Thailand).

Different ports, different challenges
Each type of port faces distinct constraints and pri-
orities, requiring tailored strategies that allow each 
port, big or small, to improve efficiency, safety, and 
sustainability at the appropriate scale. Large global 
hubs must continually provide adequate capacity, 
enable calls by ever larger vessels, and maintain 
competitiveness. Small island ports must ensure 
basic operational reliability despite limited revenues, 
and aging equipment. Many Pacific Island ports 
operate with rudimentary infrastructure—unpaved 
yards, aging handling equipment, and limited 
storage—which reduces productivity.10

Small, well-targeted investments can yield sub-
stantial returns in these environments. For exam-
ple, in Funafuti, Tuvalu, a World Bank–supported 
climate‑resilient operations project paved the port 
yard and improved drainage, eliminating rain-
related disruptions. Cargo‑handling breakdowns 
fell by 80 percent, and average vessel turnaround 
time dropped from seven days to two–three days.11 

This experience highlights a key principle: Effective 
port development requires “right-sizing” solutions to 
each port’s context—ranging from global best prac-
tice operations in major hubs to basic resilient infra-
structure in remote island landing stage.

CLOSING THE GAP: PRINCIPLES 
FOR EFFICIENCY AT ALL SCALES

While top-tier EAP ports are among the most compet-
itive and efficient in the world, many smaller ports 
must offer best-in-class productivity. Efficiency involves 
operational productivity that delivers competitiveness, 
reduces congestion, shortens dwell time, and improves 
turnaround even at domestic wharves and roll-on–roll-
off terminals.

Leading container ports in East Asia12—including 
Singapore, Shanghai, and Ningbo—achieve 
world‑class performance across indicators such 
as berthing time, container moves per minute, and 
total vessel turnaround time (figure 1.3). In 2023, 
EAP ports occupied 13 of the top 20 positions in 
the World Bank’s Container Port Performance 
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BOX 1.1 Distribution and scale of maritime activity across EAP ports: A dense network

These ports highlight both the concentration of maritime flows, and the relative intensity of port use 
across the region’s principal gateways.

Total vessel tonnage: Northeast EAP dominates tonnage volumes, with dense clusters of high-capacity 
ports in China, Japan, and the Republic of Korea. Many exceed 600–1,000 million GT of vessel traffic, 
with a few surpassing 1,200 million GT, reflecting the region’s central role in global manufacturing and 
trade. In ASEAN, significant concentrations occur in Singapore, Malaysia, Indonesia, Thailand, and 
Viet Nam, though with greater variation in scale. Singapore is among the largest global tonnage hubs.

Port call frequency: High call-frequency patterns align broadly with tonnage distribution. Ports in 
China, Japan, and the Republic of Korea often record 16,000–32,000 annual calls, reflecting dense 
short‑sea, feeder, and coastal‑shipping networks. ASEAN ports show a mix of highly connected hubs 
(e.g., Singapore; major Indonesian, Malaysian, and Vietnamese ports) and mid‑range vessel traffic in 
emerging gateways.

BOX FIGURE 1.1.1 EAP ports exceeding 20 million gross tons (GT) of vessel traffic and 
recording more than 1,000 port calls, 2025

Source: World Bank staff based on data from Clarksons Research (retrieved: December 2025).
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BOX 1.2 Typology of representative EAP ports

Ports across the EAP region operate under vastly different economic, geographic, and institutional contexts. To 
support analysis across counties and port systems, this typology uses deadweight tonnage (DWT) handled annu-
ally as the primary classification criterion, supplemented by functional, geographic, and operational indicators. 
DWT is used because it (i) captures total traded mass, across container, bulk, and liquid bulk cargoes; (ii) enables 
comparison across different cargo mixes; (iii) is widely reported by port authorities and international datasets. This 
DWTbased typology is enriched with port function, network role, and operating environment to reflect realworld 
diversity.

Classification criteria
•	 Step 1: Annual throughput (primary criterion): Total annual throughput expressed in million deadweight tons 

(DWT/year)
•	 Step 2: Network function: Global hub/international gateway/major or large port/domestic/inter-island connector
•	 Step 3: Geographic context: Continental coastline/archipelago/small island
•	 Step 4: Operational indicators: Callings by vessel type and age range

BOX FIGURE 1.2.1 EAP five typical ports: Location port typology and quantitative thresholds

•	 Large global hub port (> 500 million DWT): Singapore
•	 International gateway (150–500 million DWT): Laem Chabang, Thailand
•	 Major port (archipelago) (50–150 million DWT): Tanjung Perak, Indonesia
•	 Large port (archipelago) (25–50 million DWT): Cebu, Philippines
•	 Small Island port (< 25 million DWT): Lautoka, Fiji

Each port type has some key characteristics:
•	 Large global hub port (core node in global shipping network, dominated by transshipment traffic, high contain-

erization and automation, strong integration with global logistics and bunkering services)
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•	 International gateway (national or regional gateway with global liner connectivity, mix of gateway and transship-
ment traffic, serve large continental hinterland or industrial corridors)

•	 Major archipelago port (serves large metropolitan or industrial regions, lower transshipment shares, strong 
hinterland linkages)

•	 Large archipelago port (critical node in inter-island supply chains, high frequency, short-sea shipping, lower 
economies of scale than major ports)

•	 Small island port (functions as lifeline infrastructure, limited hinterland and capture area, high unit operating 
costs, potentially vulnerable to climate and sea-level risks)

For EAP port services, liner feeder container ships are dominant at around 40 percent of the DWT in representa-
tive ports, irrespective of their size. The exception is Singapore, where in line transshipment and feeder volumes 
are masked by the substantial role of the port as a petrochemical center and in bulk trades such as cement. The 
diversity of shipping in Singapore is underlined by lower shares of ships across container, tanker and bulk ship cat-
egories and a larger share of ships in categories accounting for less than 5 percent of the world’s total DWT. Laem 
Chabang is primarily a container port, and it serves as Thailand’s main container gateway. Thailand has another 
port, Map Tha Phut, that focuses on petrochemicals. In Indonesia Tanjung Perak serves as a hub for domestic 
services and connections to international trade but has significant bulk trade associated with Indonesia’s primary 
resources. Because it is a major city in the archipelago of the Philippines, ferries are very important in Cebu. The 
isolation of Lautoka in Fiji underlines its niche role as a local hub; its bulk cargo is related to domestic needs and 
specialized exports, including sugar. Lautoka also handles notable passenger volume in the form of cruise ships.

BOX FIGURE 1.2.2 Share of port calls in representative EAP ports by ship categories in DWT, 2025
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International gateway
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Major archipelago port

12,807 port calls
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7.7 million DWT
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Index, underscoring their global competitiveness.13 
By contrast, ports in the Pacific and many small 
domestic ports elsewhere in the region lag behind, 
hampered by limited cargo volumes, aging equip-
ment, and connectivity constraints.

While EAP’s top-tier ports are globally compet-
itive, many smaller ports have much lower produc-
tivity, taking longer to turn around ships and handle 
cargo. This gap in efficiency can be narrowed 
considerably by applying fundamental productivity 

FIGURE 1.1 EAP’s top 25 container ports, 2023

Source: Data compiled by Dr. Jean-Paul Rodrigue from port authorities, national government statistics, and regional trade groups.
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FIGURE 1.2 EAP ports in Pacific Islands and Papua New Guinea, vessel traffic (GT and port calls), 2025

Source: World Bank staff based on data from Clarksons Research (retrieved: December 2025).
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principles to ports of all scales. Because ships are 
the customer in all ports, their needs are paramount: 
If a ship is not moving cargo, it is not earning a return 
on investment. Thus, efficiency means minimizing 
the duration of port calls.14

Many major Asian container ports have deployed 
advanced operational systems to maximize produc-
tivity and efficiency.15 Smart berthing-reservation 
platforms allow vessels to dock immediately upon 
arrival, and integrated customs, immigration, and 
quarantine processes often clear ships before they 
reach the quay.16

High‑capacity cranes—frequently semi‑auto-
mated or fully automated—enable rapid cargo han-
dling, allowing even ultra‑large container ships to 
complete port calls in under 24 hours (see figure 
1.3 for minutes per container moves by call size in 
TEUs).17 In stark contrast, small island ports or minor 
coastal jetties may require several days to unload a 
small vessel due to equipment limitations and labor 
constraints.

Narrowing this efficiency gap requires reducing 
ship wait times, easing berth congestion, and accel-
erating cargo handling through improved equipment 
and operational practices. The focus should be on 
core productivity principles applicable across all 
port types: sound operational management, appro-
priate equipment provisioning, and consistent deliv-
ery of reliable services.

Basic improvements in port management can 
generate substantial performance gains for smaller 
EAP ports. Smaller ports could replicate many of the 
more efficient systems used in large ports, reducing 
the length of port calls and delivering efficiency. For 
example, small ports could introduce berthing res-
ervation systems to ensure vessels berth on arrival 
(avoiding delays caused by local craft occupying the 
quay). Customs, immigration, and quarantine pro-
cesses can be streamlined so vessels are cleared 
immediately upon arrival. Instead of high‑capacity 
gantry cranes, which are unsuitable for low‑vol-
ume ports, small ports can deploy container‑ca-
pable mobile harbor cranes, which offer flexibility 
and require less capital investment. Reducing con-
tainer dwell times and improving truck turn‑around 
at gates can significantly ease congestion.18 In 
ASEAN‑5 countries, TEU‑weighted port turnaround 
times range from one to nearly two days (figure 1.4). 
Even low‑volume ports can use scheduling systems 

FIGURE 1.3 Selected EAP leading container ports and 
international comparators: Minutes per container moves by 
call size in TEUs, 2017–25 (average)
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FIGURE 1.4 ASEAN-5 average port turnaround time, 2022
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Managerial and 
operational 

practices strongly 
influence port 
performance 
regardless of 

size or location

to prevent excessive truck arrivals and improve 
equipment maintenance to reduce downtime.

Examples across the region demonstrate the 
impact of such measures. In the Philippines, sev-
eral secondary ports have introduced simple termi-
nal appointment systems that distribute container 
deliveries more evenly across the day, reducing 
yard congestion and lowering container dwell times 
from weeks to days.19 In Indonesia, the introduction 
of standardized operating procedures at domestic 
ferry terminals—such as organized vehicle mar-
shalling and fixed embarkation windows—has 
improved roll‑on/roll‑off (RORO) turnaround times 
and enhanced service reliability between islands.20

These examples show that efficiency is not 
solely determined by high-tech automation or 
scale. Rather, it is driven by process optimization, 
and effective human‑resource management.21 
Empirical studies using Data Envelopment Analysis 
and the Malmquist Productivity Index22 confirm 
that managerial and operational practices strongly 
influence port performance regardless of size or 
location.23

EAP’s leading ports are increasingly support-
ing smaller ports through knowledge exchange 
and capacity‑building initiatives. Regional train-
ing programs—often supported by development 
partners—promote modern port‑management 
principles, demonstrate the use of digital systems, 
and strengthen maintenance practices across the 
region. Combined with targeted investments in 
infrastructure such as tugboats, weighbridges, and 
warehouses, these efforts enable ports of all scales 
to enhance their efficiency and productivity.

EMISSIONS AFFECT BOTH 
EFFICIENCY AND SUSTAINABILITY

Port-related emissions are shaped by the scale of port 
operations, the number of ships calls (and waiting 
times), and the efficiency of port processes. Although 
emissions from the land-side operation of ports repre-
sent a relatively small share of supply-chain emissions, 
they have significant implications for local air quality 
and operational sustainability.

Port efficiency is directly linked to environmen-
tal performance, primarily through its impact on 
scope  3 emissions from ships and hinterland 

transport. While ports’ own scope 1 and 2 emis-
sions are modest, inefficiencies that extend vessel 
waiting times, anchorage queuing, and truck con-
gestion materially increase fuel burn and emissions 
outside direct port control. Improving operational 
efficiency therefore reduces both absolute emis-
sions and emissions intensity, making it the most 
immediate and scalable lever ports have to influence 
their wider emissions footprint.24

It is important to distinguish port‑operation 
emissions from emissions generated by indus-
tries located at ports (e.g., power stations, refiner-
ies, smelters). In developing EAP countries, emis-
sions from port operations reached approximately 
21.5 million tCO2e in 2025, rising steadily since 2018 
in line with increasing port calls (figure 1.5). Idle and 
operational emissions vary by ship type. Bulk carri-
ers, for example, often spend extended periods at 
anchorage—sometimes several days—waiting for 
berths or cargo availability, significantly increasing 
their share of idle emissions.

Congestion and emissions in major 
port cities
In many major EAP port cities, congestion produces 
visible and measurable environmental impact. Long 
queues of idling trucks and ships waiting at anchor 
emit large amounts of carbon dioxide (CO2), nitro-
gen oxides (NOx), sulfur oxides (SOx), and particu-
late matter, worsening local air quality and wasting 
fuel.25 EAP ships spend 4–6 percent of their oper-
ational time waiting at anchor, burning fuel, and 
emitting pollutants; these emissions could be cut 
by up to 25 percent through optimized arrival plan-
ning.26 During peak disruption periods—such as the 
Covid-19-related congestion in Singapore and Viet 
Nam’s Cai Mep terminals—ships waiting days at 
anchor created concentrated emissions hotspots.27 
Similar patterns are evident on land: Heavy truck 
congestion at Jakarta’s Tanjung Priok Port contrib-
utes significantly to particulate pollution in nearby 
neighborhoods.28

Although port calls typically account for only a 
small share of a ship’s total voyage emissions in EAP
—typically between 1 percent and 4 percent of CO2 
emissions (figure 1.6), for example—their impact 
on local air quality is considerable because ships 
operate auxiliary engines and generators to main-
tain onboard systems, releasing CO2, NOx, SOx, 
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and particulate matter into densely populated port 
areas.29

Big data analysis for this report finds that, 
although most emissions from ships occur at sea, 
70–95 percent of emissions associated with port 
areas originate from ships during port calls, making 
ships the dominant contributor to port air pollution 
(see figure 1.7 later in the chapter). The next largest 
contributor is truck traffic, particularly in and around 
terminal gates.

Shortening port calls delivers multiple benefits: 
lower operating costs for shipping lines, faster cargo 

transit, and materially reduced emissions from ships 
and trucks. Global evidence shows that coordinated 
scheduling, digital arrival systems, and improved 
berth‑planning can reduce idle anchorage time by 
up to 20 percent, significantly lowering emissions.30 
S&P Global31 and the Global Maritime Forum32 both 
emphasize the importance of vessel‑arrival optimi-
zation in reducing port‑area emissions and improv-
ing sustainability performance.

Efficiency at all scales—berth management, 
landside flow optimization, digital coordination, and 
equipment modernization—is the most immediate 

FIGURE 1.5 Developing EAP country port emissions and port calls by segment, 2020–25
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Source: World Bank staff and consultants based on data from AXSMarine (retrieved: January 2026). For CO2 emissions calculations, see annex 1.1.
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lever ports can use to reduce scope 3 emissions. 
Direct levers include berth scheduling, congestion 
management, truck appointment systems, and 
incentives for cleaner operations. Indirect levers 
operate through national standards, modal-shift pol-
icies, and regional harmonization. By contrast, ship 
design and fuel choice remain largely non-levers for 
individual ports in the short term, underscoring the 
importance of efficiency-driven action. Efficiency 
therefore serves as the operational mechanism for 
ports to influence emissions beyond their direct 
control.

For example, if a major EAP hub port handling 
tens of thousands of calls annually were to cut 
average anchorage waiting time from 10 hours to 
5 hours, port‑related CO2 and pollutant emissions 
would decline substantially, benefiting surround-
ing urban populations.33 The Pacific Island port of 
Funafuti, Tuvalu, demonstrates the scale of poten-
tial gains: Efficiency improvements there halved ship 
turnaround time and reduced emissions in support 
of the country’s decarbonization goals.34

Another important avenue for reducing sup-
ply‑chain emissions is improving hinterland trans-
port and enabling modal shifts from trucks to rail 
and inland waterways. Rail and barge transport emit 

far less CO2 per ton‑kilometer than trucks, making 
them helpful in reducing the environmental footprint 
of port‑related logistics.35 Several EAP countries
—including China, Viet Nam, and Thailand—are 
investing in port‑rail links, multimodal corridors, and 
dry‑port development to streamline cargo flows, 
relieve road congestion, and cut emissions across 
entire supply chains.36

Context- specific measures for 
greening ports

Growing public concern has prompted ports across the 
EAP region to place greater emphasis on environmental 
sustainability. The combination of regulatory expecta-
tions, social responsibility, and corporate sustainability 
reporting has sharpened attention to port-related emis-
sions, air-quality impacts, and operational practices. 
Increasingly, port authorities are expected not only 
to act as terminal landlords but also as “stewards of 
coastal health and air quality management.”

Ports across EAP are embracing environmental 
sustainability in ways that are context specific and 
that vary by port size, cargo, and power supply, 
among other variables.37 What works in one large 
container port might not suit one of the same size 
in another location or country or a much smaller 
container port in the same country. The transition 
toward “green ports” is thus differentiated, driven 
by both government directives and broader public 
good expectation that ports must mitigate their 
environmental impact.38 Many ports now publish 
sustainability reports and pursue green-port cer-
tifications39 to demonstrate environmental perfor-
mance and uphold their social contract to operate. 
Recognizing the contribution of ships to port-area 
emissions, the International Association of Ports 
and Harbors has prioritized the Environmental Ship 
Index (ESI) as a key tool, enabling ports to offer 
incentives to vessels demonstrating strong environ-
mental performance.40

A widely adopted emission-reduction strategy 
in EAP ports is electrifying cargo-handling equip-
ment, especially rubber-tired gantries (RTGs), fork-
lifts, and increasingly terminal tractors and service 
craft (e.g., harbor tugs, pilot boats, and marine 
support craft). In ports with access to reliable and 
affordable electricity grids, this shift is advancing 

FIGURE 1.6 EAP international voyages and CO2 emissions by 
market segment, 2020–25
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Each port must 
determine which 
sustainability 
measures align 
with its operational 
profile, energy 
context, and 
financial capacity

rapidly and delivering operational and environmen-
tal benefits.
•	 Shenzhen Port in China has electrified more than 

70 percent of its cargo-handling equipment and 
is piloting e-trucks to move the share close to 
90 percent.41

•	 Shanghai and several terminals in Japan and 
the Republic of Korea have retrofitted diesel-
powered RTGs to operate on electricity, greatly 
reducing local emissions.
However, electrification yields meaningful 

sustainability gains only when the grid supplying 
the port is itself low carbon. Many smaller or remote 
ports, especially in Pacific Island countries, often face 
constraints due to inadequate electricity capacity or 
high-emissions diesel-based grids. In such contexts, 
alternative measures become more appropriate, 
including more efficient diesel equipment, improved 
waste management systems, and low-cost energy-
saving technologies such as LED lighting.

Beyond the port yard, electrifying tugs and 
domestic ferries becomes increasingly challenging as 
power demands and travel distance increase.42 High 
bollard pull requirements, other high power require-
ments, or routes exceeding 100 kilometers typically 
necessitate nonelectric solutions since current bat-
tery technology cannot easily support electrification 
in these situations. Interim strategies include drop-in 
biodiesel, liquefied natural gas (LNG), and hybrid pro-
pulsion systems combining diesel engines with elec-
tric boost. Japan is testing hybrid-electric tugboats, 
and one tug in Tokyo Bay has had an ammonia fuel 
engine installed so it can run on ammonia, achiev-
ing a 95  percent reduction in emissions.43 These 
innovations are complex and expensive. They often 
require collaboration among port operators, private 
operators, and government agencies to enable pilot 
projects and identify scalable deployment potential.

In EAP, there is no universally applicable defi-
nition of a green port. Each port must determine 
which sustainability measures align with its opera-
tional profile, energy context, and financial capacity. 
Large ports can pursue ambitious initiatives such 
as full electrification, onshore power supply for ves-
sels (cold ironing), green-infrastructure investments, 
and port-wide emissions-management systems. 
Medium-sized ports may prioritize energy efficiency, 
targeted electrification, and improved waste and 
storm-water management. Small and remote ports 

often focus on resilience, equipment efficiency, and 
incremental improvements.

Across scales, the policy trend is clear: Gov-
ernments are increasingly requiring ports to adopt 
greener practices. These policies deliver tangible 
benefits in terms of cleaner air, improved commu-
nity health, and alignment with national climate 
objectives. Singapore’s domestic harbor‑craft man-
date offers a notable example (boxes 1.3 and 1.4), 
demonstrating how regulatory pressure can accel-
erate adoption of low‑emission technologies.

Cutting scope 1 and scope 2 emissions: 
Electrifying port operations and 
adapting marine services

Electrification of port operations—covering cargo-
handling equipment, cranes, forklifts, and yard vehicles
—is currently the most effective strategy for reducing 
direct (scope 1) and indirect (scope 2) emissions in EAP 
ports. Where technically and operationally feasible, 
ports can extend electrification to short-range marine 
services, including harbor craft and ferries. When com-
bined with renewable-energy sources and digital opti-
mization, these measures deliver practical and scalable 
decarbonization within the port perimeter.

The first steps for ports seeking to reduce their 
environmental footprint is to identify and eliminate 
scope 1 emissions (on-site fuel use) and scope 2 

BOX 1.3 Singapore’s bold harbor craft decarbonization plan

Singapore is leading the way in maritime sustainability through its Mari-
time Singapore Decarbonisation Blueprint. By 2030, all new harbor craft 
operating in Singapore’s port waters must be fully electric, capable of 
using 100  percent biofuels (B100), or compatible with net-zero fuels 
such as hydrogen and ammonia. By 2050, the entire harbor craft fleet is 
expected to achieve net-zero emissions.

To enable this transition, MPA Singapore is piloting electric ferries 
and lighter craft, developing charging infrastructure, and building supply 
chains for alternative fuels including ammonia, hydrogen, and methanol. 
These initiatives align with Singapore’s national pledge to reach net-zero 
emissions by mid-century, reinforcing its position as a global maritime 
hub committed to sustainability.

Source: MPA Singapore 2022.



48� Ch a p t er  1 Por t s :  T  he  ne xus  o f  e f f i c i enc y,  s a f e t y ,  a nd  sus ta in a b i l i t y

emissions (purchased electricity) (see box 1.5 for 
a simple framework for scope-based emissions).44 
Responsibility for reducing these emissions varies 
depending on the port’s governance and operating 
model45 and rest with the port authority, terminal 
operators, or stevedoring companies. At a mini-
mum, port authorities can decarbonize their own 
vehicle and vessel fleets, which may include patrol 
boats and tugs for marine services. In some cases, 
port authorities may also oversee other marine serv-
ices. Terminal operators typically control emissions 
from cranes, yard equipment, and buildings. Steve-
doring companies may be responsible for mobile 
handling equipment and provide transport for their 
labor force. Clear delineation of responsibilities is 
essential to ensure coordinated, system-wide prog-
ress toward sustainability goals (table 1.1).

Electrifying port operations directly reduces 
scope 1 emissions and is one of the most effec-
tive strategies for decarbonization. Many ports in 
EAP have announced commitments to fully elec-
trify container-handling equipment within the next 
decade.46 Reducing scope 2 emissions, those 
from purchased electricity, requires equal attention, 
focusing on the carbon intensity and reliability of the 
electricity supply. Increasingly, ports are investing 
in on-site renewables—solar array on warehouses, 
administrative buildings and container yards; wind 
turbines on breakwaters, and pilot projects using 
tidal or current-based power solutions. An exam-
ple is Singapore’s Tuas Mega-Port, designed with 
all-electric automated yards and integrated on-site 
solar panels to help meet its energy needs while 
advancing toward net-zero goals.

After terminal operations, the largest source of 
scope 1 emissions in many EAP ports is harbor 
and inter-island craft. These include tugs, pilot 
boats, work boats, and ferries. Because these ves-
sels operate on predictable, short-distance routes, 
electrification is widely viewed as the most practical 
pathway for decarbonization.47

Several EAP ports are introducing electric ferries. 
In Bangkok, a fleet of battery-electric commuter fer-
ries now operate on the Chao Phraya River, signal-
ing a shift toward zero-emission passenger trans-
port.48 Similarly, while outside the developing EAP 
region, Auckland operates an all-electric harbor tug 
named Sparky, demonstrating the viability of elec-
trification for high-powered port craft.49 However, 

BOX 1.4 Singapore’s Pyxis: A harbor craft prepared to deliver 
under regulatory pressure

Singapore’s Pyxis illustrates the potential of electric harbor craft using 
rechargeable batteries to meet tightening environmental regulations 
while maintaining key operational capabilities. Designed by a consortium 
of existing operators, the vessel reflects a deep understanding of user 
requirements and operational realities. Its electric propulsion system—
optimized for predictable harbor‑duty cycles—prioritizes maneuverabil-
ity, reliability, and service availability rather than maximum range. Electric 
systems reduce maintenance demands, noise, vibration, and downtime, 
while improving system monitoring and fault prediction. Although not the 
sole pathway to decarbonizing harbor operations, Pyxis demonstrates 
that electric harbor craft can deliver both environmental and operational 
benefits, making them viable for certain port services. Its development 
reflects how collaboration, innovation, and regulatory clarity can bring 
new technologies into commercial operation.

Source: World Bank staff and consultants.

TABLE 1.1 Typical EAP port stakeholders: Roles and examples

Stakeholder Role Examples

Port authorities Oversee infrastructure, 
regulations, and public asset 
management

MPA Singapore, Port Authority 
of Thailand, PT Pelindo 
Indonesia, Cebu Port Authority, 
Fiji Ports Corporation Limited

Terminal 
operators

Operate terminals under lease 
agreements

PSA International, Hutchison 
Ports, APMT, DP World etc.

Shipping 
companies and 
owners

Transport cargo and manage 
vessel operations

Maersk, COSCO, MSCS

Bunker suppliers Provide marine fuel 
(LNG, MGO)

Shell, BP Marine, SK Energy

Stevedores 
(cargo handlers)

Load/unload cargo and 
manage warehousing

International Container Terminal 
Services Inc., Eurogate

Logistics and 
freight forwarders

Coordinate cargo movement 
and customs processes

DHL, Kuehne + Nagel

Government 
agencies

Regulate trade, security, and 
compliance

Customs departments, Coast 
Guard, Ministries of Transport

Environmental/
regulatory bodies

Monitor emissions, waste, and 
sustainability

IMO, local environmental 
agencies

Equipment 
suppliers

Provide port equipment 
(cranes, trucks, automation)

Kalmar, Konecranes, Siemens

Pilots and towage 
services

Guide ships safely in and out 
of ports

PSA Marine (Singapore), local 
pilotage associations

Financial 
institutions

Fund infrastructure and green 
initiatives

Asian Development Bank 
(ADB), World Bank

Labor unions Represent port workers 
(dockworkers, drivers)

International Transport 
Workers’ Federation (ITF)

Source: World Bank, Consultants’ Report.
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The feasibility of 
electric tugs and 
domestic ferries 
in EAP depends 
on the operational 
characteristics 
of the services 
they provide

Sparky needs backup onboard diesel generators to 
recharge its batteries because its operational endur-
ance is limited to just a few hours.

Most EAP ports now incorporate scope 1 and 
scope 2 reduction strategies into their master plan 
or strategic plan. Port Klang (Malaysia) has commit-
ted to a 30 percent reduction in scope 1 emissions 
by 2030, primarily through electrifying RTGs and 
improving building energy efficiency.50 Hong Kong 
SAR, China is progressing toward net-zero by 2050 
through electrification of harbor patrol boats and in-
port vehicles, supported by broader marine electrifi-
cation initiatives and green shipping policies.51

Electrification of port operations delivers sec-
ondary benefits beyond emissions reduction. These 
include lower maintenance costs because electric 
motors have fewer moving parts than diesel engines, 
resulting in less wear and tear and reduced down-
time for repairs.52 Another benefit is enhanced auto-
mation and digital optimization as electric equipment 
integrates more easily with digital monitoring systems 
and predictive maintenance tools, enabling auto-
mated operations and real-time performance track-
ing. This reduces breakdowns and improves overall 
efficiency.53 A third benefit is improved working con-
ditions, since eliminating diesel exhaust and signifi-
cantly reducing noise boost health and safety.54

Despite these benefits, the transition to electri-
fication in ports faces significant challenges. High 
upfront costs for heavy electric machinery and 
charging infrastructure remains a substantial barrier, 
particularly for countries where capital constraints 
are acute.55 The other main challenge is ensuring 
a reliable, renewable power supply, which often 
requires grid upgrades or deployment of microgrids 
to ensure resilience.56 To navigate these constraints, 
some ports are piloting alternative low-carbon 
options, including biodiesel and hydrogen fuel cells 
for cargo-handling equipment and auxiliary services. 
While these pathways offer decarbonization poten-
tial, they introduce additional technical and opera-
tional complexities, particularly related to fuel stor-
age, training and higher operational complexity.57

Harder- to-abate segments require 
alternative solutions

High power, long-range tugs and long-distance 
ocean-going ferries present unique challenges for 

decarbonization. Their operational profiles demand 
high energy storage and short periods for refueling. For 
these vessels, other approaches—such as hybrid propul-
sion systems, biofuels, or future alternative fuels—may 
be necessary.

While EAP ports are prioritizing electrification to 
reduce scope 1 emissions, a hard-to-abate seg-
ment, that includes high-powered, long-range 
tugs and longer-distance ferries, requires more 
advanced battery technologies or hybrid solutions 
to achieve full decarbonization.58 Thus, even as 
Auckland’s all-electric tug Sparky demonstrates that 
harbor tugs can operate on electricity, its need for 
onboard diesel generators to recharge its batteries 
suggests that electric tugs may be impractical for 
many ports, highlighting the challenge of electrifying 
high-powered, continuous-use vessels.

The feasibility of electric tugs and domestic fer-
ries in EAP depends on the operational characteris-
tics of the services they provide. Key factors include 
route length and travel distance, required power 

BOX 1.5 A simple framework for scope-
based emissions

The World Business Council for Sustainable 
Development framework for scope 1, 2, and 3 
emissions provides a clear structure for ports 
to plan decarbonization strategies:
•	 Scope 1: Direct emissions from port-owned 

or controlled sources, such as terminal 
equipment, vehicles, and on-site fuel use.

•	 Scope 2: Indirect emissions from pur-
chased energy, primarily electricity used in 
port operations.

•	 Scope 3: All other indirect emissions 
occurring in the port’s value chain but not 
owned or controlled by the port, including 
shipping activities, supply chain logistics, 
and outsourced services.
This framework helps ports prioritize 

actions on scope 1 and scope 2 reductions 
while developing collaborative strategies to 
address scope 3 emissions.

Source: WBCSD and WRI 2015.
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Full electrification 
remains impractical 

for many 
high‑powered 

tugs and certain 
ferry routes

levels and duration of operation, and time avail-
able for recharging between assignments. These 
variables define the power demand and duty cycle 
for each vessel. Installing sufficient battery capac-
ity to sustain continuous, high bollard pull oper-
ations introduces substantial space and weight 
constraints. Furthermore, rapid battery recharg-
ing generates considerable heat, posing technical 
challenges with current technology. As a result, full 
electrification remains impractical for many high-
powered tugs and certain ferry routes.59

Within this context, EAP countries have three 
main options: adapt operating profiles to fit battery 
limitations (e.g., shorter routes, longer recharge 
windows), delay full electrification until advances 
in battery energy density and charging systems 
emerge, or adopt transitional solutions, includ-
ing hybrid propulsion systems or alternative fuels. 
Hybrid propulsion systems represent a practical 
near-term measure. Hybrid tugs—combining diesel 
engines and battery packs—can operate on electric 
power at low loads and use diesel only during high-
power maneuvers. Singapore has introduced hybrid 
harbor craft capable of reducing fuel consumption 
by approximately 20 percent, demonstrating how 
hybridization can facilitate partial decarbonization 
when full electrification is not viable.

Alternative fuels offer another pathway to 
sustainability. LNG-powered tugs are already in 
service, substantially reducing particulate matter 
and SOx emissions.60 Japan’s ammonia-fueled tug 
Sakigake has completed trials, achieving more than 
90 percent emissions reductions,61 though ammo-
nia’s corrosiveness and toxicity introduce signifi-
cant safety and handling challenges that must be 
addressed before widespread adoption.62

Progress is more advanced for ferries than for 
tugs in EAP. Japan leads the EAP region in deploy-
ing LNG-powered ferries, including vessels such as 
Sunflower Kurenai and Sunflower Murasaki on the 
Osaka–Beppu route and Sunflower Kamuy on the 
Oarai–Tomakomai route.63 Notably, these vessels 
rely on truck‑based LNG bunkering, offering flexibil-
ity during early adoption and reducing the need for 
fixed LNG infrastructure.64

Indonesia and the Philippines are piloting bio-
fuel strategies. Indonesia mandated a 40  per-
cent biodiesel blend (B40) for domestic vessels in 
2025, including ferries.65 The Philippines has tested 

coconut-based biodiesel blends on major ferry 
routes—for example, Sunrise Ferry’s Cebu–Bohol 
trials—indicating growing interest in locally sourced 
renewable fuels.66

Across the region, ports and operators are tai-
loring decarbonization strategies to their operational 
realities. Electrification is prioritized where feasible, 
while hybrid systems and alternative fuels are being 
piloted for harder-to-abate situations. The perfor-
mance of early investments, combined with ongoing 
advances in battery, hybrid, and alternative-fuel 
technologies will shape long-term decarbonization 
plans for port-related marine services.

Beyond the port: Abating scope 3 
emissions through governance and 
incentives

Scope 3 emissions—those generated by ships calling 
at the port and by hinterland transport delivering and 
receiving cargo—constitute the dominant share of port-
related emissions. While they are not the direct responsi-
bility of EAP ports, port authorities and terminal opera-
tors cannot ignore their impact on their social license to 
operate, particularly in densely populated urban areas. 
Because imposing strict requirements on ships risks 
diverting traffic to competing ports, incentive-based 
approaches are generally more effective.

Most emissions associated with port activities in 
the EAP region fall under scope 3, meaning that 
they are not directly controlled by the port author-
ity or terminal operators (figure 1.7). Two dominant 
sources—ships calling at port (generating emissions 
during waiting, maneuvering, and berthing phases)67 
and hinterland transport (from trucks, rail, and inland 
waterways moving cargo to and from port terminals)
—usually exceed the emissions from port-owned 
equipment.68

Across the 5 typical ports in EAP, consistent pat-
terns can be seen (see figure 1.7): Scope 3 ship-
related emissions from ships dominate the total 
maritime emissions footprint, typically ranging from 
78  percent to 94  percent, reflecting that ships—
rather than the terminal equipment or buildings—
are the primary contributors to port-area pollution. 
For example, in Singapore, scope 3 ship emissions 
account for 86 percent of total port-related emis-
sions, while scope 1 and 2 emissions together 
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Across the region, 
ports and operators 
are tailoring 
decarbonization 
strategies to their 
operational realities

FIGURE 1.7 EAP port-related emissions in typical ports, various years
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contribute only 14 percent. Smaller ports follow the 
same trend, although with different cargo mixes and 
at a different scale. In Cebu, 83 percent of emis-
sions come from container and liner vessels, with 
tankers and dry bulkers adding another 10 percent 
leaving only 4 percent from scope 1 and 2 emis-
sions from terminal operations. Fiji’s Lautoka port 
shows a similar pattern: Cruise ships and other ves-
sels generate nearly 90 percent of emissions, while 
terminal equipment and electricity use contribute 
only a small fraction.

Reducing scope 3 emissions requires coordi-
nated action between ports, national governments, 
shipping lines, and transport operators. Effective 
strategies must balance environmental ambition 
with the need to maintain competitiveness, including 
designing incentive structures and regulatory frame-
works that reward cleaner and safer operations 
while penalizing non-compliance. Such frameworks 
should balance competitiveness with sustainability, 
ensuring that environmental goals do not disadvan-
tage individual ports.69

Shipping lines—the primary users of EAP ports—
typically have some discretion in choosing where to 
call, viewing ports as competing service providers. 
This competition is often more intense among termi-
nals within a single port. As a result, measures that 
penalize higher‑emitting vessels (e.g., restrictions or 
surcharges) can backfire by pushing traffic to rival 
ports or terminals.

In contrast, hinterland transport operators—
especially trucking firms—lack the flexibility to avoid 
specific ports, as they serve shippers and consign-
ees who select the gateway. This makes policies 
targeting hinterland emissions more practical and 
less competitively sensitive.70 Moreover, modal 
shifts to rail or inland waterways offer substantial 
emissions‑reduction potential, though these strate-
gies must account for trade‑offs such as increased 
lifts within the port and reduced timing flexibility.71 
Modal shift strategies, supported by infrastructure 
investment and policy incentives, are important in 
addressing scope 3 emissions from hinterland trans-
port in EAP. Most such strategies have to overcome 
issues from increasing the number of lifts required 
within the port and reducing timing flexibility.

For policies targeting ships to be effective with-
out distorting competition, they must be intro-
duced at the national or regional level. Harmonized 

standards across EAP ports would prevent “emis-
sions leakage” and ensure that no individual port or 
terminal is disadvantaged for adopting sustainability 
standards.72 Realizing these dynamics, EAP ports 
increasingly rely on incentive-driven approaches. 
Several initiatives in the region illustrate this 
approach. Singapore offers green ship rebates on 
port dues for vessels meeting environmental perfor-
mance criteria and provides tax incentives for com-
panies investing in green shipping technologies.73 
Indonesia is exploring priority berthing for ships that 
comply with its emission standards, signaling a shift 
away from punitive measures toward operational 
incentives.74

Addressing scope 3 emissions from hinterland 
transport in EAP is generally more straightforward. 
Practical measures include minimizing empty truck 
trips, improving load-matching so trucks arrive and 
depart loaded, enforcing truck-appointment sched-
ules to reduce gate congestion, and optimizing 
traffic flows through coordinated scheduling. Such 
actions reduce fuel consumption, lower emissions, 
and improve overall supply-chain efficiency.

Digital systems—including port‑community plat-
forms, real‑time scheduling tools, and truck‑appoint-
ment systems—are central to these improvements. 
They facilitate load matching, gate optimization, and 
traffic flow coordination across terminals, truck-
ing companies, and cargo owners.75 A data‑driven 
approach is essential for achieving measurable 
emissions reductions.

Although ports do not directly control scope 3 
emissions, they act as facilitators, coordinators, and 
enforcers of good practices beyond their immediate 
boundaries. By adopting incentive-based frame-
works and leveraging digital capabilities, EAP ports 
can meaningfully influence the behavior of ships, 
trucking companies, and other logistics actors. 
These efforts produce shared benefits: reduced 
congestion and improved urban air quality, lower 
emissions across the supply chain, enhanced effi-
ciency and reliability for cargo owners, and strength-
ened community trust and port-city relations.76

The onshore power conundrum for 
sustainability

Although ships can switch off their engines while berthed 
in port and draw electricity from the grid, the true 
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In systems 
dominated by fossil-
based generation, 
onshore power risks 
shifting emissions 
upstream rather 
than reducing them

emissions benefit depends heavily on the carbon inten-
sity of the grid. The commercial case for onshore power 
is at best unclear. If EAP countries decide to pursue 
onshore power, they need to determine whether to reg-
ulate the use of such systems at a national or a regional 
level, whether use will be mandatory or incentive-driven, 
and how to finance the substantial capital investments 
required.

Onshore power—also known as shore‑to‑ship 
power or cold ironing—allows vessels to shut down 
their auxiliary engines while berthed and draw elec-
tricity from the local grid instead. This can signifi-
cantly improve local air quality (CO2, NOx, SOx, and 
particulate matter), reduce noise and vibration, and 
enhance overall working conditions for port person-
nel and surrounding communities.77 When cruise 
vessels at Shanghai’s Wusongkou Cruise Terminal 
use onshore power, for example, visible smoke and 
odors cease immediately, an outcome widely wel-
comed by local residents.78

However, the climate benefits depend heavily 
on the carbon intensity and reliability of the elec-
tricity grid. In systems dominated by fossil-based 
generation, onshore power risks shifting emissions 
upstream rather than reducing them.79 Decisions 
on adoption thus require careful national or regional 
assessment of grid readiness, and regulatory 
design, rather than assuming universal suitability. As 
a result, the true climate benefits vary significantly 
across EAP countries.

Figure 1.8 illustrates the distribution of onshore 
power availability across ports in EAP, distinguish-
ing between ports where deployment is planned or 
potential. It shows a strong geographic concentra-
tion of active shore-power facilities in China, Japan, 
and the Republic of Korea. In contrast, ports in 
ASEAN and the Pacific Islands are shown primarily 
as potential sites (with notable exceptions), reflect-
ing growing interest and the constraints these ports 
face: higher electricity costs and grid-reliability and 
electricity-sustainability challenges.

FIGURE 1.8 Onshore power availability (active and potential) in ports across EAP countries

Source: World Bank staff and consultants based on data from Clarksons Research (retrieved: December 2025).
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Beyond environmental considerations, several 
commercial, economic, operational, and technical 
challenges complicate adoption:
•	 Commercial and economic considerations 

include competitive cost dynamics and account-
ing implications. The fact that ships can gener-
ate their own power at relatively low cost using 
onboard generators limits the margin that shore 
power providers can charge, making it difficult 
to recover infrastructure investment.80 Further, 
the use of onshore power transfers emissions 
from ships to the host country, creating complex 
reporting and compliance challenges, especially 
for smaller nations sensitive to carbon accounting.

•	 Operational and technical considerations include 
narrow scope of impact and standardization 
issues. Shore power addresses emissions only 
when ships are berthed, not when they are 
anchored awaiting berth or cargo assignment.81 
Technical hurdles include ensuring that ships are 
equipped to accept shore power, and harmo-
nizing global standards for voltage, frequency, 
and connection systems. These challenges are 
expected to diminish as international ship design 
and building standards evolve.82

International experience shows that onshore 
power is most viable where ship calls are frequent 
and regular, such as container terminals and cruise 
terminals. For example, California and China have 
successfully deployed shore power at container 
terminals with high service frequency.83 Cruise ter-
minals are early adopters because of their predict-
able schedules and strong community pressure for 
air quality improvements.84 In the EAP region, cruise 
and ferry terminals may be strong candidates for 
onshore power. Kaohsiung Port invested in shore 
power for its cruise terminal, and now each cruise 
ship that plugs in prevents an estimated 1 ton of SOx 
emissions and 20+ tons of CO2 emissions per call.85 
Measures that can enhance adoption of onshore 
power include mandating shore power use for certain 
vessel types and subsidizing infrastructure invest-
ment, as demonstrated by the Port of Oakland.86

The EAP region needs to decide whether to 
adopt an onshore power strategy and, if so, whether 
to regulate the delivery of onshore power at a 
national or a regional level. Key questions include 
whether implementation will be mandatory, and how 
the required investments will be financed.

Using digital systems to reduce traffic 
congestion and associated emissions

Relatively low implementation costs, substantial cost 
savings, and improved asset utilization rates make a 
strong commercial case for real-time scheduling, auto-
mated gate systems, and associated predictive analytics 
to reduce empty truck journeys and congestion.

EAP ports are accelerating the application of digital 
solutions to boost efficiency and cut emissions. On 
both the landside (trucks) and the waterside (ships 
at anchor), better traffic management reduces con-
gestion and wasteful engine running. Many ports 
have introduced port community systems that 
include realtime data platforms integrating shipping 
lines, terminals, customs, truckers, and other stake-
holders to enable appointment booking, preadvice 
of container availability, and streamlined clearance.

Hong Kong SAR, China’s port community 
system initiative exemplifies the trend in real-time 
data sharing among shipping lines, terminals, cus-
toms, and trucking companies. Features such as 
slot booking and visibility of container availability 
reduce empty truck trips and congestion. On the 
landside, Port Klang in Malaysia demonstrates the 
tangible benefits of predictive analytics and auto-
mation. Its AI-based traffic management system 
reduced truck turnaround times by 18  percent, 
which translates into measurable fuel and emis-
sions savings. Complementary technologies such 
as automated gate systems with optical charac-
ter recognition and radio frequency identification 
further accelerate gate clearance, cutting engine 
idling.

Singapore’s PSA Tuas port showcases how 
command-center automation and predictive 
resource allocation can optimize yard and berth 
operations, reducing disruption and vessel waiting 
times (table 1.2). In Taiwan, China, auto gate systems 
have slashed gate processing times from minutes 
to seconds, improving yard efficiency and reducing 
emissions. These and other examples underscore 
a key insight: Digital systems are relatively low-cost 
compared with new equipment or additional capac-
ity. They deliver substantial environmental and oper-
ational returns. Supported by strong government 
backing, digitalization represents the epitome of a 
smart, green investment for EAP ports.
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that visiting ships 
comply with 
international safety 
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PORTS AS SAFETY ENFORCERS 
AND RISK MANAGERS

EAP ports use port state control to enforce international 
vessel safety and environmental standards. Regional 
enforcement mechanisms are strong, but there is room 
for improvement. Port authorities must also maintain 
safe and environmentally secure operations with the 
port and their host countries. This represents a chal-
lenge and a potential opportunity.

Ports in EAP play a critical role in ensuring maritime 
safety and environmental compliance by enabling 
the inspection of visiting ships and enforcing inter-
national and local regulations. Port authorities must 
also maintain safe and environmentally secure 
operations within the port in both marine opera-
tions (such as vessel traffic, bunkering) and termi-
nal operations (such as cargo handling and waste 
management). The distinction between these two 
domains is important because terminal operations 
are typically governed in collaboration with sover-
eign authorities under national health, safety, and 
environmental laws. For example, Fiji introduced a 
novel requirement mandating that all ship-generated 
waste be incinerated within the port, reinforcing its 
commitment to environmental security.87

Port authorities are responsible for 
ensuring compliance with international 
safety and environmental standards 
and ensuring internal port safety
EAP port authorities need to focus on two com-
plementary dimensions of safety and environmen-
tal protection. One is enforcing international and 
domestic rules through port state control by inspect-
ing vessels and detaining substandard ships to pro-
tect lives, assets, and the marine environment. The 
other is ensuring internal safety practices within ports 
by maintaining rigorous safety protocols for marine 
services and terminal operations to safeguard work-
ers, infrastructure, and surrounding communities.

Port state control is the primary mechanism 
through which national maritime authorities at ports 
must verify that visiting ships comply with interna-
tional safety and environmental standards. In the 
EAP region, these inspections are carried out under 
the Asia-Pacific Region Memorandum of Under-
standing (referred to as the Tokyo MOU), one of the 
world’s most advanced port state control frame-
works covering 16 EAP economies.88 The Tokyo 
MOU has been instrumental in identifying substan-
dard ships and strengthening overall safety perfor-
mance. Its influence extends beyond international 
shipping: Improvements driven by the MOU often 

TABLE 1.2 Digital solutions for emission reduction in EAP ports

Port/country Digital solution Key features
Key performance indicators/
impact

Hong Kong 
SAR, China

Port community system Integrates shipping lines, terminals, 
customs, trucking; real-time data: 
“One-Data-Multiple-Declarations”

Full rollout by 2026; enables pre-
advice and slot booking to reduce 
empty trips

Jakarta, 
Indonesia

Inaportnet and port 
community system

Nationwide digital platform unifying 
port procedures; transparency and 
anti-corruption

Coverage of 264 ports; improved 
logistics; reduced delays and idle 
time

Port Klang, 
Malaysia

AI-based traffic 
management and 
automated gate system

Predictive analytics for truck 
flow; automated gate system 
with optical character recognition 
integration

Truck turnaround time reduced 
by 18 percent; lower fuel use and 
emissions

PSA Tuas, 
Singapore

Command center 
automation

Event-driven architecture; 
predictive yard and gate resource 
allocation

Reduced disruption; optimized 
port calls; improved berth 
synchronization

Kaohsiung, 
Taiwan, China

Automated gate system 
(optical character 
recognition and radio 
frequency identification)

AI optical character recognition 
and radio frequency identification–
enabled gates; internet of things 
integration for yard operations

Gate processing time cut from 
about 4 minutes to less than 
10 seconds; improved yard 
efficiency

Source: World Bank staff and consultants based on data from Hong Kong Transport and Logistics Bureau 2025; OnePort 

Ltd 2025; ANTARA News 2024; PT ILCS 2023; World Ports Sustainability Program 2024; Supply Chain Digital 2024.
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cascade into domestic shipping regimes, as most 
EAP countries apply similar standards across both 
international and domestic fleets. While inspection 
protocols and auditing practices still vary between 
the two domains, greater alignment would enhance 
safety outcomes and support more consistent per-
formance across the region.

In 2024, Tokyo MOU members conducted more 
than 32,000 ship inspections, resulting in almost 
1,200 detentions (a detention rate of 3.7 percent) 
for deficiencies posing serious safety or environ-
mental risks (see chapter 2, systemic safety gaps 
in domestic shipping).89 While this rate is low com-
pared with rates for other transport sectors, it high-
lights persistent gaps in compliance among cer-
tain flag states (shipping registers). Ship safety has 
improved in recent years in EAP due partly to sys-
tems like the Maritime Accident Reporting System, 
which enables continuous learning from incidents 
(see chapter 2).

The findings of the Tokyo MOU inspections and 
detentions are important for EAP port authorities as 
they provide critical data for identifying substandard 
ships, implementing risk-based inspections, and 
ultimately enhancing the safety and security of port 
operations and the marine environment, including:
•	 Accident prevention: By ensuring that substan-

dard ships rectify deficiencies before continuing 
operations, the Tokyo MOU inspection regime 
prevents potential maritime accidents, collisions, 
groundings, and environmental disasters within 
the EAP region.

•	 Protection of port infrastructure and environment: 
Compliant ships reduce the risk of incidents that 
could damage port facilities, disrupt trade, or 
lead to marine pollution.

•	 Ensuring seafarer welfare: Enforcing the Maritime 
Labour Convention standards through inspec-
tions ensures safe working and living condi-
tions, which in turn reduces human error due to 
fatigue or poor conditions, a critical factor in safe 
operations.

•	 Promoting industry standards: The regime cre-
ates strong incentives for ship owners and oper-
ators to maintain high safety and environmental 
compliance standards to avoid detentions, pen-
alties, and reputational damage. This encour-
ages continuous improvement across the entire 
maritime industry operating in EAP ports.

Internally, ports must uphold rigorous safety 
management systems to protect all categories of 
personnel—operations staff, dock workers, crane 
operators, truck drivers, pilots, and others work-
ing within the port environment. Industrial accident 
rates in many EAP ports remain above acceptable 
thresholds, underscoring the need for stronger over-
sight. In response, port authorities are increasingly 
adopting internationally recognized occupational 
health and safety frameworks, including ISO 45001, 
and requiring terminal operators to demonstrate full 
compliance as a condition of operation.90

Routine safety drills for high-risk scenarios—such 
as oil spills, container fires, and mooring accidents
—have become standard practice at major ports. 
Port Klang, for example, conducts annual full-scale 
emergency exercises,91 while the Port of Manila has 
established a dedicated Safety Unit that performs 
monthly audits of terminal operations.92 These ini-
tiatives aim to institutionalize a culture of safety and 
ensure that operational efficiency does not come at 
the expense of worker protection. The importance 
of robust oversight was highlighted by the 2019 
explosion at Bangkok Port, triggered by mis‑de-
clared hazardous cargo. After the explosion, the 
Port Authority of Thailand introduced stricter con-
trols on dangerous goods and strengthened emer-
gency response protocols.93

EAP ports increasingly recognize that continu-
ous improvement requires systematic learning from 
past incidents. Following a container‑crane collapse 
in Taiwan, China,94 ports across the region revised 
storm‑shutdown procedures in line with the find-
ings of the incident investigation. Such knowledge 
exchange—whether through regional platforms, 
bilateral cooperation, or formalized reporting—
remains essential to enhancing safety protocols 
as maritime supply chains expand and operational 
risks evolve.

Alternative ship fuels introduce new, 
sometimes major risks

The transition from conventional fossil fuels to alterna-
tive marine fuels introduces a new class of safety risks 
for ports across the EAP region. The use and frequent 
handling of alternative fuels in ports, introduce serious 
risks and the potential for catastrophic impacts, includ-
ing major loss of life. It is hard to know if the dangers 
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are greater in major ports handling large volumes or 
smaller ports where preparation and investment are 
more constrained.

While hazards associated with traditional fuels such 
as diesel, heavy fuel oil, and very low‑sulfur fuel oil 
are well understood (chapter 3)—and most ports 
have invested in established handling systems and 
robust emergency‑response capabilities—the prop-
erties of alternative fuels demand far more stringent 
safety measures.

Ammonia and methanol, in particular, pose sig-
nificant operational and safety challenges for EAP 
ports. Ammonia is classified as a high‑hazard fuel, 
capable of forming highly toxic vapor clouds and 
requiring the “most stringent safety measures” for 
safe handling.95 Methanol, by contrast, burns with 
an almost invisible flame at extremely high tempera-
tures, creating acute risks for onboard and quayside 
operations. In many EAP ports, especially smaller 
and resource‑constrained facilities, hinterland emer-
gency‑response capacity for such fuels is variable; 
some ports may draw on industrial expertise, while 
others will lack any comparable support infrastruc-
ture (table 1.3).96

Reflecting these heightened risks, several ports
—most notably Busan and Shanghai—have ini-
tiated tightly controlled trials to develop and test 
new safety protocols, infrastructure requirements, 

and training programs.97 Ports preparing to handle 
ammonia will need to go substantially beyond con-
ventional bunkering standards by installing gas‑de-
tection systems, emergency scrubbers, blast walls, 
and clearly delineated safety zones, alongside 
extensive training for crews in advanced hazard-
ous‑materials response.98 Smaller Pacific Island 
ports are unlikely to bunker alternative fuels before 
2040; their first encounters with these fuels will likely 
occur during emergency calls by vessels in distress. 
This raises concerns, as many local emergency 
services are ill‑equipped to respond to an ammo-
nia leak or methanol fire, underscoring the urgent 
need for targeted capacity‑building.99 As bunker-
ing activities expand to smaller EAP ports, risks will 
increase, as will the cost of specialized infrastructure 
and the need for advanced emergency response 
capabilities.100

Infrastructure constraints further compound 
these challenges. Many small ports operate with 
a single berth or limited spatial flexibility, making it 
impossible to isolate hazardous operations from 
routine port activities. While some ports may bene-
fit from proximity to industries that use ammonia as 
feedstock and can provide technical support, others 
face no viable economic case for bunkering alter-
native fuels.101 Major bunker hubs such as Singa-
pore are undertaking comprehensive safety studies
—covering ammonia, methanol, and hydrogen, 

TABLE 1.3 New fuels, new risks: Safety challenges in EAP’s transition

Risk category Diesel Methanol Ammonia

Toxicity Low; carcinogen but no 
inhalation limit specified, skin 
irritant

Moderate; vapor hazard
—NIOSH recommended 
exposure limit OSHA 
PEL = 200 ppm TWA

High; corrosive and toxic 
immediate acute danger
—NIOSH recommended 
exposure limit = 25 ppm TWA, 
corrosive to skin and eyes

Flammability Flash point above 60ºC; 
explosive limits 1–6%

Flash point 11ºC (highly 
flammable with nearly invisible 
flame), explosive limits 6–36%

Gas at room temperature, low 
combustibility (requires specific 
conditions), explosive limits 
15–28%

Pollutant 
emissions

High CO2/SOx/NOx/PM Lower PM, CO2; no SOx, 
manageable NOx

SOx and CO2-free, but 
significant NOx/N2O risks

Spill risk Oil pollution Biodegrades fast, but 
flammable vapors

Toxic plumes endangering 
crew/environment

Operational 
safety needs

Routine bunkering 
management

Specialized training, detection 
systems

Advanced containment, 
ventilation, and crew 
safeguards

Regulatory 
guidance

Well-established Growing IMO/IGF conformity Interim IMO rules + ongoing 
EMSA studies

■■ Acceptable  ■■ Moderate risk  ■■ High risk
Source: World Bank, Consultant’s Report.
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including worst‑case scenarios—to develop strin-
gent guidelines and certification requirements for 
operators.102 These may include designated bun-
kering zones, exclusion areas, and new bylaws 
requiring advance notification from ammonia‑fueled 
vessels prior to port entry.103

The shift toward alternative fuels will also require 
substantial investments in human capital. Ports 
will need access to specialized expertise, includ-
ing chemists, gas engineers, and advanced safety 
officers. Smaller ports may need to rely on regional 

resource‑sharing models or on‑call specialist net-
works rather than maintaining full‑time in‑house 
teams.104 Across the region, collaboration with clas-
sification societies and the IMO—building on expe-
rience from LNG bunkering—is proving essential to 
ensure that safety standards keep pace with tech-
nological and operational developments.105 Early 
adopters play a particularly important role in gener-
ating practical knowledge, establishing robust pro-
tocols, and providing templates for scalable imple-
mentation across the wider EAP port system.
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FROM OWNERSHIP 
TO OUTCOME

Mirroring global activity in maritime transport, inter-
national shipping in EAP is driven largely by the private 
sector, with most vessels financed by private investors. 
But domestic shipping markets and China stand out as 
notable exceptions, with heavy state involvement and 
public ownership. This divergence influences strategies, 
regulatory compliance, and the pace of innovation.

The EAP region hosts one of the world’s most 
complex and globally intertwined ship-ownership 
landscapes, characterized by private owner-
ship with a few notable public-sector exceptions. 
Across tanker, dry bulk, and container segments, 
countries such as China, Japan, Singapore, and 
Hong Kong SAR, China dominate as principal 
ship-owning economies, even as many of their 
fleets operate under foreign flags—most promi-
nently the Marshall Islands—reflecting commercial 
and regulatory preferences (figure 2.1). Beneficial 
ownership patterns reveal a similarly international-
ized structure: Chinese, Japanese, Singaporean, 
and Hong Kong SAR, China interests collectively 
control a substantial share of regional tonnage, 
often through company structures registered in 
third countries. The distinction between ship own-
ership, flag state, beneficial owner, and regular 
(company) owner is particularly pronounced in 
EAP, where vessel management, capital control, 
and corporate domicile frequently span multiple 
jurisdictions. This privately driven and globally net-
worked ownership base underpins the region’s 
central role in global shipping and shapes how 
fleets are financed, governed, and modernized 
across EAP economies.

International shipping overwhelmingly 
driven by private investors
International shipping in EAP is driven overwhelm-
ingly by private investors, mirroring global maritime 
trends. As of 2025, private entities in China, Japan, 
and Singapore together owned more than 17,400 
merchant vessels, more than a quarter of the world’s 
fleet by the number of ships and nearly 30 percent 
by deadweight tonnage (DWT). Japan’s entire com-
mercial fleet (4,083 ships) is privately owned, domi-
nated by major operators such as MOL, NYK Line, K 
Line, and Nissen Kaiun.1 Singapore’s 2,922 ships are 
also entirely in private hands, with ownership led by 
multinationals such as Maersk, Evergreen, and NYK, 
alongside prominent local companies such as East-
ern Pacific Shipping and Pacific International Lines. 
This strong reliance on private investment reflects 
global trends: Across leading ship-owning nations 
including Greece, Singapore, the United States, the 
United Kingdom, and Japan, the largest international 
fleets are overwhelmingly in private hands.

Across global shipping, fleet upgrades and 
expansions have been primarily driven by compet-
itive pressures and broader market dynamics.2 The 
international fleet tends to grow and modernize in 
response to rising demand and in accordance with 
prevailing safety and environmental regulations (and 
their enforcement). Ship owners routinely upgrade 
or replace vessels to comply with standards estab-
lished by global regulator bodies such as the Inter-
national Maritime Organization (IMO)—for example, 
by adopting more fuel-efficient designs to meet 
emission requirements—thereby ensuring that 
capacity additions remain both commercially viable 
and operationally efficient.3

China represents the most notable departure 
from the predominantly private ownership model 

SHIPS: MARKET REALITIES, 
POLICIES, AND THE ROAD 
TO A MODERN, SAFE, AND 
SUSTAINABLE FLEET

2
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FIGURE 2.1 Top 10 EAP economies by ship ownership, flag, beneficial owner, company owner,and  total DWT, 2025
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observed in international shipping. Although privately 
owned Chinese registered vessels do exist, they 
constitute only about 20 percent of China’s interna-
tionally operating fleet when measured by tonnage. 
The overwhelming majority of Chinese vessels 
are operated by state-owned enterprises (SOEs). 
Among these, COSCO Shipping Group is preemi-
nent, managing 1,890 ships totaling 175.8 million 
DWT, including 285 container ships with a com-
bined capacity of 2.7 million TEU capacity and 296 
bulk carriers amounting to 34.6 million DWT, all as 
of December 2025 (table 2.1).4 These figures posi-
tion the company among the largest ship owners 
globally. It operates a vertically integrated business 
model covering ocean transport, port, and terminals
—spanning 58 terminals worldwide with an annual 
throughput of 133 million TEUs—alongside logistics, 
finance, and shipbuilding activities. Another major 
Chinese SOE, China Merchants, similarly maintains 
an extensive fleet of tankers, bulk carriers, and ter-
minals and shipyards. Consequently, unlike most 
ship owners worldwide, a significant share of Chi-
na’s fleet functions as profit-oriented commercial 

entities while simultaneously aligning with govern-
ment policy objectives when required.5

Strong public sector presence in 
selected domestic markets
In contrast to international shipping, the domes-
tic shipping markets of several EAP countries are 
characterized by a substantial presence of SOEs. 
Governments in these contexts frequently inter-
vene through regulatory instruments such as route-
licensing frameworks and tariff controls, which 
shape market structure and operational conditions.6 
Inter-island ferry services are typically the most 
tightly regulated segments and are often operated 
directly by SOEs. By comparison, domestic tanker 
and dry bulk operations are generally run by private 
carriers, although these operators remain subject to 
significant government oversight or, in some cases, 
operate in markets served nearly exclusively by 
monopoly SOEs.7

In Indonesia, the inter-island ferry network relies 
predominantly on PT ASDP Indonesia Ferry (Per-
sero), a national SOE that plays a central role in 
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Source: AXSMarine Liner, Tanker, Dry bulk Vessels database (retrieved: October 2025)

Note: Ship ownership (country of vessel owner); flag (country of flag); beneficial owner (country of beneficiary of the vessel); regular owner 

(country of owner company).
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domestic ferry crossings. As of 2025, PT ASDP 
operated more than 250 vessels, primarily roll-on/
roll-off (RORO) serving more than 300 routes 
nationwide, with an average vessel-built year of 
1999 (figure 2.2). As one of the world’s largest ferry 
operators, ASDP manages both commercially viable 
routes and government-subsidized ‘pioneer’ routes 
that ensure connectivity for underserved regions.8 
Because ASDP’s owned fleet remains insufficient 
to meet service demand, the enterprise supple-
ments capacity by chartering vessels from private 
operations. Ferry tariffs are directly regulated by 
the government; for example, any fare applicable to 
inter-provincial routes must receive approval from 
the Ministry of Transportation and is therefore not 
subject to market-based pricing.9 Additional insti-
tutional complexity arises from the involvement of 
provincial governments, some of which operate 
intra-provincial ferry services through locally owned 

government enterprises, particularly on secondary 
and minor routes. This layered governance structure 
results in a diverse mix of operators and regulatory 
arrangements across the national ferry system.

In several Pacific Island countries, governments 
again play an outsized role in domestic shipping, 
either through the direct ownership and operation 
of vessels or through subsidy schemes that sup-
port private operators. Many remote Pacific states 
have small populations and low-volume transport 
markets, rendering purely commercial operations 
financially unviable. Consequently, a substantial 
share of inter-island shipping services is maintained 
as a public service, combining commercial consid-
erations with broader government policy objectives.

In the case of Fiji, the government does not oper-
ate major ferry services directly; rather, it adminis-
ters the Franchise Shipping Scheme which provides 
financial support to private shipping companies 

TABLE 2.1 China COSCO shipping

Fleet Industry

Type Number
DWT 
(millions)

GT 
(millions) Unit Value

Fleet 
average age Percent

Average 
age

Share of 
world fleet 
(percent)

Container ship 285 29.6 28.4 TEU 2,731,614 14.1 45.6 14.2 20.2

Bulker 296 34.6 18.6 DWT 34,608,944 12.4 30.0 13.0 34.5

Tanker 166 19.6 10.7 DWT 19,583,667 13.5 17.2 15.6 23.8

Other 198 4.1 4.5 15.4 7.2 21.5

Total 945 87.9 62.2 13.7 100.0 17.0 100.0

Total (> 10,000 DWT) 817 87.5 61.3 13.0 100.0 13.7 100.0

Orderbook Industry

Type Number
DWT 
(millions)

GT 
(millions) Unit Value

Fleet 
average age Percent

Average 
age

Share of 
world fleet 
(percent)

Container ship 54 8.4 8.1 TEU 825,436 –2.3 38.1 –1.9 33.1

Tanker 51 6.1 3.2 DWT 6,078,700 –2.0 15.1 –1.2 20.6

Total 263 31.5 21.3 –2.1 100.0 –1.4 100.0

Total (> 10,000 DWT) 245 31.4 21.2 –2.2 100.0 –1.5 100.0

Bulker 119 15.8 8.8 DWT 15,826,000 –2.3 41.1 –1.4 22.3

Other 39 1.2 1.2 –1.2 5.7 24.0

Source: Clarksons Research (retrieved: December 2025).

Note: China Costco Shipping Corporation Limited (COSCOCS) is a group company for: COSCO Shipping Bulk Co Ltd., COSCO Shipping Energy 

Transportation Co Ltd (CSET), COSCO Shipping Specialized Carriers Co Ltd., COSCO Shipping Development Co Ltd, COSCO Shipping (Tianjin) Co 

Ltd, COSCO Shipping (Qingdao) Co Ltd, COSCO Shipping Investment Dalian Co Ltd, COSCO Shipping (Shanghai) Co Ltd. China COSCO Shipping 

Corporation Limited (COSCOCS) JVs include China Marine Bunker (PetroChina) Co Ltd. and Chinese-Tanzanian Joint Shipping Co (sinotaco).
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to operate scheduled routes to outer islands that 
would otherwise be commercially unsustainable.10 
This mechanism ensures essential connectivity for 
remote communities by contracting private ships to 
transport goods and passengers under regulated 
ticket prices and service frequencies. In parallel, 
the government maintains a Government Shipping 
Service that operates state-owned ships on essen-
tial routes that cannot be met through private partic-
ipation under the Franchise Shipping Scheme. This 
dual-track approach enables the state to subsidize 
private operators where feasible, while deploying 
publicly owned vessels when necessary to ensure 
continuity of services.11

The Marshall Islands adopt a direct ownership 
model for domestic shipping. The government 
operates its inter-atoll vessels through the Marshall 
Islands Shipping Corporation, a statutory entity 
mandated to provide essential maritime transport. 
The recent commissioning of a 48-meter cargo-
passenger vessel for domestic service further 
underscores the government’s commitment to 
maintaining reliable shipping links across its widely 
dispersed atolls.12

Across the broader Pacific region, governments 
intervene to ensure “last-mile” maritime connectiv-
ity either by financing national shipping lines—as 
in the Marshall Islands and several Micronesian 

states—or by providing subsidies to private opera-
tors, as seen in Fiji, Vanuatu, and other countries. In 
both approaches, public intervention addresses crit-
ical social and economic needs that cannot be met 
through purely commercial, profit-driven models.

In contrast, domestic shipping in the Philippines 
is predominantly operated by private companies, 
with no major state-owned line providing regular 
inter-island services (figure 2.3).13 Instead, the gov-
ernment’s role is exercised through the Maritime 
Industry Authority (MARINA), which regulates and 
guides the fragmented domestic market, partic-
ularly the ferry sector. MARINA administers route-
licensing frameworks—originally designed to pre-
vent excessive competition on profitable routes 
while ensuring service to less viable ones—and 
enforces safety standards across numerous pri-
vate operators in the inter-island passenger and 
cargo trades. In recent years, MARINA has also 
advanced fleet modernization efforts through the 
implementation of incentives under the Domestic 
Shipping Development Act (Republic Act 9295) and 
related policies, including tax exemptions and finan-
cial assistance.14 These measures help address 
longstanding challenges in the Philippine domestic 
fleet—traditionally composed of older, second- or 
third-hand vessels—by facilitating the introduction 
of newer, safer ships and improving overall service 

FIGURE 2.2 ASDP Indonesia inter-island ferries, 2025
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quality, all without resorting to government owner-
ship of shipping lines.

Governments frequently own or provide direct 
support to domestic vessels and operators, as 
exemplified by Indonesia’s PT ASDP. In such 
domestic contexts, investment decisions and key 
performance indicators are not exclusively com-
mercial. Political considerations, public budget con-
straints, social service obligations, and concerns 
regarding affordability for users and the preservation 
of local employment often take precedence over 
narrow financial returns or profit maximization.15 
State-owned domestic carriers commonly serve as 
instruments for advancing public policy objectives—
for instance, equalizing the cost of basic commod-
ities across geographically dispersed regions or 
strengthening food and energy security by ensuring 
reliable supply lines.16 Achieving these social objec-
tives typically requires government subsidies for 
unprofitable routes so that remote communities can 
receive dependable services at reasonable cost. 
Accordingly, governments may subsidize or con-
tract vessels or routes to maintain minimum service 
frequencies in areas that private operators would 
not find commercially viable.17

The relationship between state ownership, reg-
ulation, compliance, and innovation in domestic 
shipping is inherently complex. Limited public bud-
gets frequently constrain fleet renewal and service 
improvements. More consequential, however, are 
the market distortions that arise when tariffs are 
maintained at artificially low levels—whether formally 
or informally—or when competition is restricted 
through policy. In such environments, state-owned 
operators do not face sufficient competitive pres-
sure and do not have adequate revenue streams, 
increasing the likelihood of operational stagna-
tion. The resulting risks—aging fleets, outdated 
practices, and declining service quality—are well 
documented.18

Conversely, when governments inject substan-
tial capital to procure new vessels while accepting 
only minimal financial returns, a different challenge 
emerges: unfair competition with established private 
operators. A subsidized state-owned enterprise can 
operate under cost conditions that no purely com-
mercial firm could realistically sustain. Prolonged 
state ownership, especially when accompanied 
by strong protective measures, may therefore lead 
either to persistent fleet stagnation or, if supported 
by ample public funding, to the crowding out of 
private initiative. Both outcomes carry significant 
drawbacks.19

Incentives for owners to upgrade
Ownership structure—whether private or state-
owned—profoundly influences how shipping com-
panies invest, comply with regulations, and inno-
vate. Private ship owners typically base investment 
decisions on market signals and profit expectations, 
financing upgrades—such as fuel-saving technolo-
gies or newer, larger vessels—only when anticipated 
cost reductions or revenue gains justify the capital 
expenditure. Regulatory compliance is treated as an 
inherent component of the operating environment. 
An international private operator, for example, may 
retrofit or retire an aging vessel that cannot meet 
evolving safety or environmental standards in order 
to avoid penalties and maintain competitiveness.20 
In assessing emerging technologies, including alter-
native fuels, private firms focus primarily on com-
mercial viability—namely, whether a next-generation 
“green” vessel can be cost-competitive and yield an 
acceptable return. Although their decisions remain 

FIGURE 2.3 Philippines RORO and passenger ferries, GT and 
private operators, 2025
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constrained by financial capacity, private compa-
nies generally have access to multiple avenues for 
raising capital, such as reinvested earnings, equity 
issuance, or debt financing, allowing them to pursue 
promising opportunities.

By contrast, SOEs in the EAP region usually 
operate with a commercial orientation only when 
corporatized or exposed to competition. However, 
most SOEs are simultaneously required to advance 
government directives—such as national climate 
objectives or support for domestic shipbuilding—
alongside commercial goals. Many face statutory or 
policy-imposed limitations on raising equity or debt, 
which significantly restricts their ability to undertake 
fleet modernization or invest in innovation.21 Unlike 
private firms that can access capital markets, SOEs 
often rely on government budget allocations or guar-
antees. These funding constraints, compounded by 
bureaucratic approval procedures and procurement 
requirements, are consistently cited as key obsta-
cles to modernizing state-owned fleets. Moreover, 
SOEs operating primarily in domestic markets may 
encounter a more static regulatory environment, fur-
ther weakening incentives for continuous investment 
and renewal.

Balancing different ownership 
structures for effective policy
Policymakers in the EAP region have to balance dif-
fering ownership structures to advance efficiency, 
safety, and sustainability in the maritime sector. On 
the one hand, they must recognize the central role of 
private companies in driving international shipping, 
along with the efficiency gains derived from com-
petitive market dynamics, while remaining vigilant 
regarding the potential for large SOEs to distort com-
petition through state-backed advantages or protec-
tionist policies that undermine a level playing field. 
On the other hand, policymakers must acknowl-
edge the severe financing and capacity constraints 
that many SOE-operated domestic services face—
constraints that, if left unaddressed, risk perpetuat-
ing outdated fleets and operational practices.

Effective policymaking in the EAP context 
requires leveraging the strengths of the private 
sector—its innovation, efficiency, and responsive-
ness to market demand—for international trades, 
while simultaneously reforming or supporting SOEs 
in domestic markets so that they can meet public 

service obligations without permanently impairing 
market efficiency. Potential policy measures include 
clarifying SOE mandates (for example, focusing on 
strategic or socially necessary routes and exiting 
purely commercial ones); introducing competition 
where feasible; adjusting tariff regulations toward 
more cost-reflective levels, combined with trans-
parent subsidies where social pricing remains nec-
essary; and enabling or requiring SOEs to adopt 
more flexible, market-oriented management prac-
tices within the parameters of their public mission. 
In essence, a nuanced, well-calibrated approach is 
needed—one that harnesses the profit-driven dyna-
mism of private shipping and the developmental role 
of the state in domestic connectivity, while instituting 
safeguards to mitigate the drawbacks associated 
with either extreme.22

SERVING MARKETS —
CONCENTRATED YET 
FRAGMENTED

EAP hosts some of the world’s busiest shipping corri-
dors and major global hubs. Although the industry has 
undergone substantial consolidation, the regional land-
scape remains highly diverse and fragmented. Many 
small companies operate bulk carriers and tankers 
across EAP trades, while coastal shipping is often oper-
ated by tugs and barges. Domestic routes are dominated 
by SOEs, smaller operators, and aging vessels. These all 
create challenges for standardization, safety oversight, 
and sustainability initiatives. Diversity and fragmenta-
tion both complicate efforts to implement efficiency and 
decarbonization measures.

EAP hosts some of the world’s busiest shipping 
corridors and mega-hub ports. Yet, outside these 
global gateways, the maritime sector remains 
highly diverse and fragmented. In global container 
shipping, market concentration is substantial. The 
five largest liner companies—MSC, Maersk, CMA 
CGM, COSCO, and ONE—collectively control 
approximately 65 percent of worldwide container-
slot-capacity, reflecting decades of consolida-
tion.23 On the principal East-West trades (such as 
the Asia-Europe routes), these carriers operate in 
three alliances (consortia)24 that deploy ultra-large 
container vessels from major load centers (such as 
Shanghai, Ningbo, Busan). Transshipment is heavily 
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concentrated at strategic hubs like Singapore in the 
Malacca Straits, enabling economies of scale.25

In contrast, the intra-EAP container shipping 
market—although sizable in volume—is considerably 

more competitive and heterogeneous. Numerous 
smaller and regional carriers provide diverse route 
configurations tailored to regional supply chains 
(figure 2.4).26

Bulk commodity shipping exhibits a different 
pattern—highly concentrated yet highly specialized. 
Iron ore transport between Australia and China, for 
example, is dominated by a limited number of very 
large bulk carriers (Capesize, Newcastlemax, and 
Valemax vessels) essentially purpose-built for this 
trade. More than 87 percent of Australia’s iron ore 
exports are carried on Capesize or Newcastlemax 
ships, with an additional 12  percent on Valemax 
vessels, under logistics systems that integrate ship 
owners closely with mining company supply chains 
(figure 2.5). Consequently, major producers and ship 
owners often maintain long-term, symbiotic com-
mercial relationships, with dedicated fleets moving 
large volumes along fixed, highly optimized corri-
dors. Similar patterns emerge in other specialized 
segments such as LNG transport.

By contrast, domestic and regional (intra-EAP) 
markets for bulk and liquid cargo are far more frag-
mented and dominated by small operators. For 
example, Indonesia’s domestic fleet comprises 
21,602 active registered cargo and passenger ves-
sels across 9,600 companies—an average of only 
2.3 vessels per company—with more than 90 per-
cent operating fewer than five ships.27 No single pri-
vate operator controls more than 4 percent of the 
country’s domestic tonnage. The Philippines dis-
plays similar characteristics: Roughly 80 percent of 
domestic bulk carriers belong to companies oper-
ating fewer than five vessels.28 In both countries, 
more than 70  percent of all port calls are made 
by vessels under 5,000 GT, including barges, tra-
ditional cargo boats, coasters, landing craft tanks 
(LCTs), and RoPAX ships. Viet Nam’s maritime reg-
istry includes more than 300 companies operating 
vessels under 3,000 DWT, while Malaysia has more 
than 500 domestic shipping firms, with the five larg-
est accounting for less than 15 percent of national 
tonnage. In many Pacific Island countries, the typical 
operator owns a single small vessel serving one or 
two isolated routes (box 2.1).

This dual structure—consolidated global trades 
alongside diverse and fragmented local markets
—leads to equally bifurcated outcomes in safety 
oversight and sustainability performance. In global 

FIGURE 2.5 Iron-ore exports: Australia–China, by type of ship, 
2022–25
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FIGURE 2.4 Intra-EAP container services, 2024
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trades, scale economies and commercial pressures 
contribute to higher operational efficiency and com-
pliance standards. Large carriers are better posi-
tioned to invest in fuel-saving technologies, meet 
evolving environmental regulations, and weather 
supply-chain disruptions, as demonstrated during 
the COVID-19 demand surge and the 2023 Red 
Sea/Suez crisis, both of which strengthened car-
rier balance sheets. However, uncertainty around 
alternative-fuel availability and regulatory pathways 
remains a key constraint for long-term investment 
(see chapter 3).

In domestic and regional trades, fragmen-
tation creates challenges for standardization, 
safety oversight, and green innovation with limited 

economies of scale and capacity to invest. Special-
ist subsectors in shipping demonstrate variations in 
structure around these two main traits. Many small 
ship owners operate with thin margins and limited 
technical or financial capacity.

As a result, safety performance is generally 
weaker. EAP flag states dominated by small ves-
sels and operators tend to have elevated port-state 
control detention rates. A 25-year-old, 500 GT inter-
island freighter operated by a micro-enterprise has 
far fewer resources to promptly address engine 
defects or navigational shortcomings than a vessel 
within a large corporate fleet, increasing the risk of 
substandard conditions during inspections.29 Even 
modest upgrades—such as installing more efficient 

BOX 2.1 Extreme fragmentation of domestic and regional (short-sea) shipping within EAP 
countries

Thousands of small operators dominate national and inter-island routes, leading to highly dispersed 
ownership and operation. For instance:
•	 In Indonesia, the domestic fleet has more than 21,000 registered ships but more than 90 percent 

of companies own fewer than five vessels each, on average 2.3 ships per company. No single 
private company has greater than a 1 percent share of Indonesia’s domestic shipping tonnage. 
In the domestic container subsector, the most concentrated, four companies provide 85 percent 
of all capacity. Dry bulk shipping in Indonesia is dominated by tugs and barges (more than 8,000 
tugs are registered in Indonesia). Indonesia’s inter-island shipping is served by thousands of small 
companies.

•	 The Philippines domestic merchant fleet (ships flagged and operated in the Philippines) in 2024 
had 661 ships owned by more than 100 family-owned companies. The country also operates more 
than 1,200 inter-island ferries, of which more than 90 percent are owned by small companies or 
cooperatives (often with one or two ships per owner). This ownership structure can lead to intense 
competition on some routes, monopolies on other routes, and no economies of scale. Some larger 
companies exist, including 2GO and Trans-Asia in the ferry sector, but they still serve a fraction of 
the market.

•	 In Viet Nam, coastal shipping and river-sea routes are split among many operators. More than 300 
companies operate dry bulk and general cargo vessels under 3,000 DWT. SOEs play a role in some 
bulk trades, but most vessels are owned by small private companies.

•	 Malaysia’s domestic shipping sector is served by more than 200 companies, with the top five con-
trolling fewer than 20 percent of ships and tonnage.

•	 Pacific Island nations have small markets and small shipping companies. Inter-island trade is 
often carried out in small landing craft or traditional schooners owned by a local business, family, or 
community group. In the Solomon Islands and Vanuatu, owners commonly have one ship serving a 
couple of islands. Very few companies own more than one ship.

Source: World Bank staff and consultants.
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engines or basic emissions-control systems—are 
often prohibitively costly, absent external support.30 
Adoption of alternative fuels or next-generation 
technologies is effectively out of reach under pre-
vailing market conditions. The upfront costs and 
operational uncertainties are too great a risk when 
just staying solvent is a challenge. So, where supply 
is splintered among many small ship owners, the 
pace of fleet modernization and decarbonization is 
significantly slower, and regulatory compliance gaps 
are wider.

Policymakers therefore face the challenge of 
balancing these structural extremes to improve 
overall efficiency, safety, and environmental per-
formance. In consolidated international segments, 
the priority is to provide regulatory clarity and long-
term certainty—particularly regarding safety and 
sustainability frameworks—to support industry 
investment. In fragmented domestic and regional 
markets, strengthening enforcement capacity, 
improving safety oversight, and enhancing regula-
tory effectiveness are paramount.

FIGURE 2.6 Historical valuation of dry bulk carriers by age, Panamax and Suezmax, 2015–24
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ECONOMICS: CAPITAL- INTENSIVE 
WITH VOLATILE PROFITS

Ship ownership in EAP (as elsewhere) is capital inten-
sive, ships require significant upfront investment and 
provide returns over years and decades (often resem-
bling infrastructure assets in their economic character-
istics). Since 2020, ship owners have experienced sev-
eral years of exceptionally strong returns, profitability, 
and positive cash flow. However, industry profitability 
has historically been highly volatile. Traditionally, ship-
ping profits depends as much on asset trading as on 
operational earnings—particularly in the bulk and 
tanker segments—reinforcing cyclical and speculative 
behavior. These dynamics can deter long-term com-
mitments to sustainability-related upgrades or invest-
ments in alternative-fuel vessels. The economics of ship 
ownership (high capital costs, big booms and busts) 
incentivize short-term strategies rather than long-term 
optimization.

Purchasing and operating a vessel in EAP (as else-
where) requires significant investment and ongoing 
expenditure. High entry costs push many ship 
owners (including in EAP) toward acquiring older 
vessels, which are cheaper but entail shorter lifes-
pans, higher maintenance costs, and potentially 
greater operational downtime. For instance, a newly 
built 50,000–80,000 DWT bulk carrier (Panamax) 
typically costs $30–40 million (figure 2.6), a 14,000 
TEU container vessel exceeds $100 million (figure 
2.7), and even small 500 TEU feeder container ships 
command prices of $5–10 million.31 Meanwhile, rev-
enues from freight and charter markets can swing 
by several hundred percent within a single year. This 
volatility strongly shapes behavior, favoring short-
term, risk-averse decision-making and discouraging 
efficiency or sustainability investments that do not 
yield immediate returns.

Ship prices in the EAP region fluctuate widely 
with global market conditions. In strong markets, 
values rise across most segments; shortages of par-
ticular vessel types can lead to counterintuitive pric-
ing outcomes. For example, a 32-year-old RoPax 
vessel recently sold for $25 million—equivalent to 
roughly $5 million per year for its estimated remain-
ing service life. In contrast, a comparable newbuild 
is priced at $80–100 million, or $3.3–4.0 million per 
year over its expected lifespan.

Since 2020, shipping markets have experi-
enced periods of extraordinary profitability driven by 
pandemic-related supply disruptions and surges in 
demand. COVID-19 contributed to unprecedented 
freight-rate volatility and container shortages, pro-
ducing what many ship owners described as a 
“once-in-a-lifetime boom.”32 Despite these spikes, 
profitability remains cyclical and unpredictable, with 
sharp contractions frequently following booms.33 
More recently, the Red Sea crisis has disrupted 
trade flows, compelled rerouting, and increased 
both operating costs and revenues (box 2.2).34

Market volatility drives short-term behavior, often 
at the expense of efficiency and sustainability. In 
downturns, investments in energy-saving technol-
ogies are typically postponed unless regulatory 
obligations compel action.35 Following the 2008 
financial crisis, many EAP ship owners deferred 
maintenance and upgrades to conserve cash—a 
pattern that re-emerges in most downturns. Con-
versely, in boom periods, companies prioritize max-
imizing revenue and expanding their fleets, often 
deferring maintenance to keep vessels trading. This 
behavior can contribute to fleet oversupply, a classic 
collective-action problem.36

Asset trading is central to business models in 
many parts of the region. For example, an Indo-
nesian owner who purchased a bulk carrier for 
$5 million in 2018 sold it for $15 million in 2021—an 

FIGURE 2.7 New build price for container ships, 1990–2024
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BOX 2.2 Extraordinary profits followed by severe downturns influence EAP ship owners

2003–08: Boom years—“the Super-Cycle.” A global trade surge (especially China’s commodity boom) 
drove freight rates to record highs. Ship values doubled and some tripled. Many EAP ship owners had 
windfall profits, with some bulk carriers earning over $100,000 a day at the peak. Investment returns 
exceed 100 percent in the best years, spurring massive ship orders.

2009–10: Collapse—“The Great Recession Shock.” The financial crisis caused world trade to nose-
dive. Freight indices like the Baltic Dry plummeted some 90 percent. Ship prices crashed; many ships 
were laid up. Owners that paid high prices saw large paper losses and some real losses as earnings 
did not cover fixed costs. Companies went bankrupt due to inadequate cash flow. Annual returns 
become negative, minus 50% or worse.

2011–16: Prolonged slump—“Choppy Waters.” Despite economic recovery, many ships ordered during 
the boom were delivered and the constant new supply kept freight rates depressed. In dry bulk and 
containers, overcapacity and high fuel costs squeezed margins. In 2015, the average container line’s 
earnings before tax margin was nearly zero. Smaller EAP operators struggled to break even; some 
exited the market.

2017–18: Fragile recovery—“Cautious Optimism.” Global demand accelerated, scrapping old ships 
removed capacity from the market, and supply and demand came back closer to balance. Freight 
rates improved moderately. The charter rate for a bulk carrier roughly doubled from the 2016 low. EAP 
ship owners saw better cash flow, and asset values stabilized. Profits remained below mid-2000s 
levels; the memory of volatility slowed down investment.

2019: Plateau and rising uncertainty—Market conditions stabilized but remained vulnerable. Trade 
tensions and weakening global manufacturing growth constrained demand, while compliance with 
new environmental regulations increased operating costs. Many EAP ship owners adopted a cautious 
stance, prioritizing balance-sheet repair over expansion and delaying investment decisions amid rising 
uncertainty.

2020: Pandemic shock—“Sudden Stop.” The COVID-19 pandemic triggered an abrupt collapse in 
global trade and port activity during the first half of the year. Freight rates fell sharply in several seg-
ments, vessels were idled, and revenues declined. While emergency stimulus and supply-chain adjust-
ments prevented a systemic collapse, profitability deteriorated and investment was largely frozen.

2021–22: Exceptional rebound—“The Pandemic Shipping Boom.” As global demand rebounded 
unevenly and logistics systems became congested, freight markets -especially container shipping-
experienced an unprecedented surge. Rates reached record highs, capacity constraints generated 
windfall profits, and ship values soared. Many EAP ship owners reported extraordinary earnings and 
rapidly deleveraged their balance sheets. However, the boom also prompted a new wave of vessel 
orders, once again planting the seeds for future overcapacity.

2023–25: Correction and renewed downturn—“Normalization with Headwinds.” As supply chains nor-
malized and new ships entered the fleet, freight rates fell sharply from their pandemic peaks. Profit-
ability declined rapidly, particularly in container and dry bulk markets, while higher interest rates and 
fuel transition costs increased financial pressure. By the mid-2020s, returns had largely reverted to 
historical averages or below, reinforcing the long-standing pattern of extreme cyclicality facing EAP 
ship owners and underscoring the risks of investment decisions made at the top of the cycle.

Source: World Bank, Consultants’ Report.
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asset-value gain far exceeding operational earnings. 
By contrast, a Singaporean owner that sold 30 con-
tainer vessels at a loss in 2019 for liquidity purposes 
saw those same ships triple in value by late 2020. 
Such dynamics reinforce short-term strategic pref-
erences, often at the expense of long-term optimi-
zation or sustainability investments.37

High fixed costs—including crew wages, insur-
ance, maintenance, and dry-docking—combined 
with volatile freight revenues (from freight rates and 
charters) create structural financial risk. Vessels typ-
ically operate for 25–40 years, and active sale-and-
purchase markets amplify cyclical expansion and 
contraction. During booms, ship owners expand 
aggressively, often leading to oversupply; during 
busts, they defer maintenance or liquidate assets 
under distress.38 This environment discourages 
investments in efficiency upgrades or alternative-
fuel capabilities, especially when payback periods 
exceed expected ownership horizons. If an owner 
intends to sell within two years, installing equipment 
with a five-year payback period is economically 
unattractive.39

These dynamics create a consistent pattern: 
When markets are weak, cash constraints prevent 
investment; when markets are strong, owners focus 
on expanding fleets with new tonnage rather than 
improving existing vessels. This poses significant 
challenges for the adoption of alternative fuels, as 
many owners prefer extending the life of older ves-
sels rather than investing in ships whose future 
value is uncertain (given unresolved questions about 
which fuels will prevail). Policymakers therefore need 
to consider mechanisms to offset upfront costs 
and de-risk investment through instruments such 
as targeted subsidies, green financing facilities, 
and regulatory reforms to ensure that sustainability 
objectives can be achieved without undermining 
competitiveness.40

In EAP emerging markets, limited access to 
finance—both equity and debt—represents an addi-
tional constraint. Smaller owners in Indonesia, the 
Philippines, and Viet Nam often operate with thin 
balance sheets, restricting their ability to invest in 
newbuilds or alternative-fuel-ready ships. Financing 
typically relies on ship mortgages or asset-based 
lending, with vessels as collateral.41 Regulatory or 
market uncertainty around future fuels further com-
plicates financing, prolonging reliance on older, less 

efficient ships and raising sustainability concerns. 
Global trends toward scrapping rather than reselling 
older ships are beginning to constrain secondary-
market options as well.

For EAP policymakers, these economic realities 
matter. Governments must determine when and 
how to intervene to shape the future composition 
and performance of their fleets, particularly domes-
tic fleets. Measures such as green-financing mech-
anisms, well-targeted subsidies, and stricter regula-
tory standards may be required to reduce investment 
risks and avoid competitive disadvantages for early 
adopters of sustainable technologies.42

EFFICIENCY GAINS AND 
EMERGING OPPORTUNITIES 
AND CHALLENGES

Global and EAP shipping has achieved substantial effi-
ciency gains through technical advancements and more 
effective operational practices. However, domestic and 
regional fleets still exhibit significant room for improve-
ment, particularly in fuel consumption and voyage opti-
mization. Targeted interventions—such as hull clean-
ing, eco-speed training, and selective retrofitting—can 
deliver rapid, cost-effective reductions in fuel use and 
emissions.

From growth to efficiency
Over the past decade, both global and EAP shipping 
have made notable progress in improving energy 
efficiency. Technological innovations—including 
optimized hull designs, electronically controlled 
engines, and energy-saving devices—have reduced 
fuel consumption per ton-kilometer (t-km). Opera-
tional measures such as slow steaming,43 voyage 
optimization, and just-in-time arrivals, have further 
enhanced performance. According to the IMO, the 
energy intensity of international shipping improved 
by approximately 30  percent between 2008 and 
2018, with average CO2 emissions falling from 15.2 
grams per t-km in 2008 to 10.7 grams in 2018.44

Since the 2008–09 global financial crisis, interna-
tional shipping has demonstrated a clear decoupling 
of emissions from transport demand (figure 2.8). 
While world trade (measured in ton-miles) has grown 
by roughly 60  percent, total shipping emissions 
have remained relatively stable—a stark contrast to 
the pre-2008 period, when emissions rose in step 
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with demand. This decoupling reflects sustained 
improvements in emissions intensity, supported by 
operational efficiency measures and technological 
upgrades. Much of this progress has been driven 
by advances in EAP’s shipbuilding industry, partic-
ularly in China, Japan, and the Republic of Korea. 
The deployment of ever-larger vessels has played 
a major role;45 average container ship capacity on 
main trade routes doubled between 2000 and 2020, 
yielding substantial economies of scale.46

Untapped potential in domestic and 
regional short- sea fleets
Despite these advances, domestic and short-sea 
(regional) fleets in the EAP region remain compar-
atively inefficient. Many vessels are more than 30 
years old and rely on outdated engines, hull forms, 
and onboard systems. A comparison across fleet 
segments underscores this disparity (figure 2.9). The 
international EAP fleet—deep-sea vessels engaged 
in global trades—is the youngest and most tech-
nologically advanced segment. Nearly 70 percent 
of these vessels were built in 2010 or later and 
already incorporate modern efficiency features, 
including optimized hull designs, electronically con-
trolled engines, and widely adopted energy-saving 
devices. Consequently, opportunities for major 

technical retrofits in this segment are limited; future 
gains will likely stem from incremental improvements 
or next-generation newbuilds.

The regional EAP fleet, serving short-sea, feeder, 
and inter-archipelago trades, has a middle-aged 
profile, with just over half the fleet built since 2010. 
This profile provides moderate scope for retrofit-
based efficiency improvements, depending on 
vessel type and deployment patterns. The domes-
tic fleet—operating within national waters and inland 
waterways—is by far the oldest and least efficient. 
Only 44 percent were built in 2010 or later, 18 percent 
are more than 25 years old, and 28 percent are more 
than 20 years old. This fleet includes large numbers 
of small tankers, mini-bulk carriers, and domestic 
feeders with outdated designs, limited retrofit poten-
tial, and reduced remaining service life. For these 
vessels, comprehensive upgrades are often econom-
ically unviable. Improving efficiency in this segment 
will therefore depend primarily on accelerated fleet 
renewal, ideally with vessels that are purpose-built for 
domestic operating profiles rather than second-hand 
ships optimized for deep-sea trades (box 2.3).

As an example, the aging vessel fleet that domi-
nates regional and domestic trades in the EAP illus-
trates how design practices have evolved over time. 
Based on the example of a representative 50,000 
DWT tanker, figure 2.10 shows a clear downward 
trend in reported installed power across successive 
vessel generations. Earlier medium-range tankers 
were built with substantially higher engine outputs 
to ensure reliability and operating flexibility, whereas 
modern designs feature lower installed power opti-
mized for slow-steaming, fuel efficiency, and com-
pliance with progressively stricter environmental 
standards. This shift reflects how technological 
improvements, regulatory pressures, and changing 
commercial operating norms increasingly shape 
vessel specifications across the fleet.

Opportunities for rapid efficiency gains
Smaller vessels inherently consume more fuel per 
t-km due to scale limitations, frequent port calls, 
which lead to frequent acceleration, deceleration, 
and maneuvering.47 Poor maintenance practices, 
limited adoption of optimization tools,48 and rigid 
scheduling further constrain efficiency. Retrofitting 
or replacing49 these vessels presents opportunities 
for immediate fuel-economy and emissions gains.50

FIGURE 2.8 Decoupling of international shipping emissions 
from trade growth, 2008–24
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Source: IMO estimates (2000–22) and World Bank staff calculations (2024).

Note: Dotted lines indicate interpolated data. Solid lines indicate modeled data.
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Many cost-effective measures have short pay-
back periods. For example, regular hull cleaning can 
pay for itself within a year; and slow-steaming on 
routes where vessels typically idle can reduce fuel 
use by 5–10 percent (figure 2.11).51

Targeted programs that could deliver quick wins 
for EAP’s domestic and regional short-sea fleet 
include:
•	 Energy audits and technical assistance, to iden-

tify low-cost efficiency measures.

•	 Hull and propeller maintenance, such as subsi-
dized cleaning or group-procurement mainte-
nance contracts.

•	 Crew training in eco-speed and voyage planning, 
to optimize fuel use.

•	 Selective retrofitting for old engines and hulls, to 
improve hull and engine performance.

•	 Voyage optimization and consolidation of serv-
ices, to reduce empty sailings and improve 
utilization.

FIGURE 2.9 EAP fleet age distribution, 2024
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Several EAP countries demonstrate the poten-
tial of such interventions. Japan has modernized 
coastal shipping through coordinated fleet upgrades 
and resource pooling.52 Thailand has launched eco-
speed training programs and is exploring hybrid 
ferry deployment.53 The Philippines has intro-
duced “Green Ports” initiatives, which include sup-
port for fuel-management practices by domestic 
operators.54

International fleets routinely apply these tech-
nologies and practices, but uptake remains limited 
among domestic and regional EAP fleets—leaving 
substantial unrealized potential. Low-cost effi-
ciency measures alone could reduce fuel con-
sumption by 10–30  percent and provide critical 
time for transitioning to alternative fuels. Enhancing 

domestic fleet efficiency is therefore a no-regrets 
strategy, especially for vessels expected to remain 
in service for many years.55

Low energy efficiency and high 
emissions
Although certain modern vessels in the EAP region 
meet high efficiency standards, a substantial share 
of older domestic ships continue to underperform. 
Many vessels operating in EAP receive low ratings 
under the IMO Carbon Intensity Indicator (box 2.4),56 
indicating higher carbon intensity than comparable 
fleets in other regions (figure 2.12).57

Many vessels operating within EAP therefore lag 
behind global efficiency benchmarks—a reflection 
of aging fleets, dated technologies, and suboptimal 

BOX 2.3 Are small ships in domestic routes in EAP fit for purpose?

Domestic shipping in East Asia and the Pacific frequently relies 
on vessels not originally designed for their current service 
profile. Ferries, inter-island cargo vessels, and coastal craft in 
developing EAP are often repurposed from other geographies 
(developed EAP), such as former Japanese ferries optimized 
for the Sea of Japan or bulk carriers intended for long-distance 
ocean voyages. These vessels now operate on short, frag-
mented routes with highly variable (lower) cargo volumes, ren-
dering them inefficient and expensive to operate.

A 5,000 DWT coaster typically consumes roughly four 
times more fuel per t-km than a 50,000 DWT bulk carrier due 
to scale limitations and ship-resistance characteristics. Large 
ocean-going vessels also require high utilization and quick 
turnaround times, conditions rarely met in domestic markets 
with small, irregular cargo flows. This mismatch contributes 
to higher emissions, elevated operating costs, and additional 
safety concerns.

Key drivers of this challenge include:
•	 Highly fragmented demand and small cargo sizes, making 

large ships impractical.
•	 Widespread use of repurposed vessels lacking modern 

safety and efficiency features.
•	 Aging fleets operating beyond intended service life.
•	 Geographic conditions where short-haul routes and shal-

low draft ports require specialized designs (such as RORO 
or ROPAX ferries, which remain under deployed in EAP).

BOX FIGURE 2.3.1 CII reference line curve for bulk 
carriers (defined by the IMO)
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Fleet renewal offers opportunities to introduce purpose-
built vessels optimized for domestic conditions, smaller, more 
efficient, and increasingly hybrid- or electric-powered. Aligning 
ship design with route characteristics can significantly reduce 
fuel use, enhance safety, and support decarbonization.

Source: World Bank staff and consultants.
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operating practices. Targeted fleet renewal and well-
designed retrofit programs, particularly for domestic 
and short-sea segments, offer some of the fastest 
routes to improving performance. Priority measures 
include enhanced speed-management practices, 

deployment of digital voyage-planning tools, selec-
tive technical upgrades, and—over the longer term
—a strategic transition toward alternative fuels.

Despite these challenges, shipping remains sig-
nificantly more energy-efficient than trucking or 

FIGURE 2.10 Evolution of reported installed power: tanker, 50,000 DWT, 2003–25
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Source: World Bank Consultants’ Report.

FIGURE 2.11 Average impact and cost benefit of energy efficiency measures
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aviation (see chapter 1). Even relatively inefficient 
vessels consume far less energy per ton-nautical 
mile than road or air transport. The imperative for 
EAP fleets is therefore twofold: Preserve this inherent 
advantage while accelerating efforts to reduce total 
emissions and modernize operational practices.58

High performance among EAP’s major 
international fleets
EAP’s major international fleets—particularly those 
operated by major companies in China, Japan, the 
Republic of Korea, and Singapore—rank among the 
most efficient globally. This reflects both the scale 
of regional ownership and sustained investment in 
modern ship designs.59 EAP ship owners control 
roughly 30 percent of the world’s largest 1,000 ves-
sels, which achieve lower emissions per ton-nautical 
mile due to their size, advanced technologies, and 
optimized operating profiles.

Building on this foundation, several leading oper-
ators in the region are integrating next-generation 
efficiency and sustainability measures: NYK Line 
and COSCO are deploying new classes of fuel-
efficient vessels and have announced pathways 
toward zero-carbon ships. Mitsui O.S.K. Lines 
(MOL) is piloting wind-assist technologies and 

hydrogen-based propulsion enhancements. East-
ern Pacific Shipping (Singapore) has initiated biofuel 
trials across parts of its tanker fleet.60

Together, these initiatives demonstrate that large, 
well-capitalized EAP carriers are positioned to adopt 
emerging technologies earlier and at greater scale 
than smaller or domestically focused operators.

EAP’s emissions challenge
In 2025, voyages to and from EAP accounted for 
approximately 32 percent of global maritime CO2 
emissions, with another 25  percent originating 
from intra-EAP routes (see chapter 1). Combined, 
the region produced an estimated 57  percent of 
worldwide shipping emissions, mirroring its outsized 
role in global trade flows, with distinct concentra-
tion along major trade routes (figure 2.13).61 This 
concentration of maritime activity—and associated 
emissions—highlights both the magnitude of the 
challenge and the strategic importance of advanc-
ing sustainability within EAP’s maritime sector.

Ship size, voyage distance, and operating speeds 
all influence emissions per ton-kilometer. Yet emis-
sions patterns within EAP reveal a notable structural 
gap. Dry bulk vessels trading within the region emit 
an average of 13.6 grams of CO2 per ton of cargo, 

BOX 2.4 Why is EAP’s carbon intensity indicator generally higher than the global average?

What is the CII? The Carbon Intensity Indicator (CII) is an IMO mandated operational measure that 
rates how efficiently a ship transports cargo in terms of grams of CO2 emitted per transport work 
(gCO2/DWTmile). It applies to ships ≥ 5,000 GT and has been mandatory since 1 January 2023 under 
MARPOL Annex VI. The CII directly links operational behavior (speed, routing, cargo, utilization) with 
compliance, influencing commercial competitiveness. Older and less-efficient ships may struggle to 
meet required annual improvements, accelerating fleet renewal, retrofitting, or speed optimization. 
Charterers increasingly request CII information, making the rating a market signal that affects freight 
rates, charter terms, and asset values.

Relevance for EAP fleets. Many domestic and regional fleets in EAP consist of older vessels, making 
compliance challenging without modernization. Fragmented small-owner markets (e.g., Philippines, 
Indonesia) face heightened difficulty because operational improvements (smaller vessel size, frequent 
port calls, and limited optimization)1 require technical expertise and capital investment. Internationally 
active EAP fleets (e.g., Japan, Singapore) tend to comply more easily due to younger fleets and stron-
ger efficiency management systems.2

Notes
1.	 UNCTAD 2023.

2.	 UNESCAP 2019.
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Ship size, voyage 
distance, and 
operating speeds all 
influence emissions 
per ton-kilometer

substantially higher than the 3.3 grams per ton for 
long-haul EAP routes and well above the global aver-
age of 2.1 grams per ton (figure 2.14). Tankers, by 
contrast, perform comparatively well: EAP’s interna-
tional tanker trades average 19.9 grams of CO2 per 

cargo ton, and intra-EAP tanker routes average 20.2 
grams, both slightly below the global benchmark of 
22.4 grams, based on big-data analysis conducted 
for this report. These disparities illustrate strong 
performance in some segments but significant 

FIGURE 2.12 CII rating on extra-EAP, intra-EAP, and domestic voyages, 2024
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Note: CII (A): major superior (best), CII (B): minor superior, CII (C): moderate (baseline compliant level), CII (D): Minor infe-

rior, CII (E): Inferior (worst).
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underperformance in others, particularly short-sea 
and regional bulk trades, where older, smaller ves-
sels, short voyage distances, and operational ineffi-
ciencies result in elevated carbon intensity.62

Beyond carbon intensity, several additional struc-
tural and regulatory factors contribute to elevated 
emissions levels in the region:
•	 Delayed adoption of sulfur control (SOx): Europe 

established its first Emission Control Area (ECA) 

in 2005, and North America followed in 2012. 
By comparison, EAP’s first SOx ECA—covering 
Hong Kong SAR, China and parts of China—did 
not enter into force until 2019, leaving the region 
nearly a decade behind the global regulatory 
frontier.63 Globally, the IMO’s sulfur cap reduced 
sulfur content in marine fuel to 0.5 percent world-
wide from January 2020, with stricter 0.10% 
limits in ECAs.

FIGURE 2.13 Intra-EAP maritime CO2 emissions across tanker, bulk, and container trades, 2025
Container ship/liners	 Dry bulk	 Tankers

Developed EAP Developing EAPLess than 1,000,000 1,000,000–2,000,000 More than 2,000,000
CO2 emissions (tons) Countries and regions

Source: World Bank staff and consultants based on data from AXSMarine (retrieved: January 2026).

FIGURE 2.14 Dry bulk vessel emissions, intra-EAP and extra-EAP, 2018–24
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•	 Absence of Nitrogen Emission Control Areas 
(NECAs): While Europe and North America 
enforce stringent NOx standards, EAP has no 
designated NECAs, limiting progress on nitrogen 
oxide mitigation despite its dense coastal popu-
lation centers and heavy shipping volumes.64

•	 Limited regional mechanisms to support alterna-
tive fuels: The EU’s Emissions Trading System (EU 
ETS) and FuelEU and FuelEU Maritime, require 
ships calling at EU ports to reduce greenhouse-
gas intensity and adopt cleaner fuels, acceler-
ating biofuel and alternative-fuel trials among 
European operators. The EAP region currently 
lacks comparable policy frameworks, although 
several companies have begun piloting LNG- and 
methanol-powered vessels (see chapter 3).65

SYSTEMIC SAFETY GAPS IN 
DOMESTIC SHIPPING

Safety remains a critical concern across the EAP region, 
particularly in domestic shipping segments where aging 
vessels and inadequate seafarer competencies per-
sist. Several EAP flag states continue to record elevated 
detention rates under Tokyo MOU inspections, indicat-
ing systemic weaknesses in regulatory oversight, vessel 
maintenance, and operational safety. Addressing these 
gaps is essential to prevent accidents, protect lives, and 
safeguard the marine environment.

Persistent safety gaps in domestic 
shipping
While maritime safety in the EAP region has 
improved in parallel with global declines in ship-
ping losses, the region remains the world’s primary 
hotspot for maritime casualties. This divergence is 
largely driven by longstanding safety challenges 
in domestic and coastal shipping,66 where older 
vessels, limited oversight capacity, and uneven 
enforcement contribute to higher accident and 
fatality rates.

Aging fleets lie at the core of the region’s safety 
challenge. The issue is particularly acute for domes-
tic and inter-island shipping. In Indonesia and the 
Philippines, for example, ferries and inter-island 
cargo vessels often exceed 30 years of age—well 
beyond international norms for vessel renewal. 
As ships age, structural steelwork deteriorates, 
machinery becomes obsolete, and safety systems 
fail to keep pace with evolving standards. In 2024, 
globally, vessels older than 25 years accounted for 
41 percent of all reported incidents (figure 2.15), and 
machinery damage or failure contributed to 60 per-
cent of those incidents—disproportionately affecting 
older tonnage (figure 2.16). Fire-related casualties 
have also increased sharply: 250 shipboard fires 
were recorded in 2024, a 20 percent year-on-year 
rise, attributed largely to deteriorating electrical sys-
tems and hazardous cargoes.67

FIGURE 2.15 Incidents, by vessel age at time of incident, 2014–24
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Safety performance and age- related 
risk patterns
The correlation between vessel age and safety 
performance is well documented.68 While not all 
older ships are inherently unsafe, age significantly 
increases risk. Tokyo MOU inspection data reveal 

a clear age-related risk gradient: Detention rates 
peak among vessels aged 16–20 years and remain 
elevated for ships aged 21–30 years (figure 2.17). 
This pattern underscores the growing compli-
ance burden and operational risk associated with 
aging fleets. Since 2022, detentions measured in 
gross tonnage have increasingly concentrated in 
developing EAP economies (figure 2.18). Common 
deficiencies identified relate to fire safety (malfunc-
tioning firefighting equipment, poor drill execution), 
life-saving appliances (lifeboats and rescue boats in 
poor condition or lacking emergency lighting), safety 
of navigation (outdated charts, missing publications, 
inadequate voyage planning), structural integrity, 
and water/weathertight conditions—failings that 
collectively reflect both aging equipment and short-
comings in maintenance and safety management 
systems (figure 2.19).

Additional recurring issues included working and 
living conditions, certification and documentation, 
and failures in propulsion, auxiliary systems, and 
pollution-prevention equipment (non-compliance 
with International Convention for the Prevention of 
Pollution from Ships standards, oil filtering equip-
ment failures). Despite long-term progress, south-
ern China, Viet Nam, Indonesia, and the Philippines 
remain global hotspots for ship losses. Although 
only 27 ships were lost worldwide in 2024—a record 
low—EAP accounted for 8 of them.69

FIGURE 2.16 Incidents by type,vessels larger than 100 GT, 2014–24

Incidents

20232022202120202019201820172016201520142013201220112010
0

500

1,000

1,500

2,000

2,500

3,000

Machinery damage/failure

Wrecked/stranded

Collision

Contact

Piracy

Fire/explosion

Hull damage

Miscellaneous

Foundered

Damage during conflict or hostilities

Source : DNV based on data from Lloyd’s List Intelligence.

FIGURE 2.17 Tokyo MOU—number of ship detentions in EAP by 
ship age, 2018–25
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Note: EAP-flagged ships only.
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Human- factor and operational risks
The region is also a major supplier of global sea-
farers, with the Philippines alone providing more 
than 25–30 percent of the world’s maritime labor 
force.70 While this provides an important economic 
contribution, high demand drives rapid turnover and 
uneven training quality in some domestic markets, 
further exacerbating operational risks.

Domestic ferry operations face chronic risks:
•	 Overloading, driven by commercial pressures, 

informal payments, passenger demand to mini-
mize waiting time, and weak enforcement;

•	 Poor load line limits and stability management;
•	 Inadequate maintenance of life-saving and fire-

fighting equipment;
•	 Outdated navigation aids or insufficient access 

to weather forecasting systems—factors that 
heighten vulnerability to sudden squalls and 
severe storms (see figure 2.19);71

•	 Under-equipped small ports, lacking adequate 
navigational support and emergency response 
capacity, further increasing operational hazards.

Flag state performance
Safety performance among EAP flag States varies 
widely. Leading maritime administrations—such as 
Japan and Singapore—consistently rank as low-risk 
flags due to strong regulatory oversight and robust 
compliance cultures. By contrast, some open 

registries (e.g., Tuvalu) and registries with older fleets 
have higher detention rates associated with struc-
tural deterioration, machinery failures, and weak 
safety-management systems.

According to the Tokyo MOU’s black-grey-white 
lists: 13 flags are classified as high-risk (blacklisted), 
including two Pacific Island flags of convenience,72 

FIGURE 2.18 Tokyo MOU—ship detentions by EAP subregion of 
occurrence, 2018–25
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FIGURE 2.19 Tokyo MOU—deficiencies by category, 2024
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reflecting a growing concentration of substandard 
tonnages among certain registries (ranking fifth 
globally for detentions73). The Cook Islands emerged 
as region’s poorest performer (figure 2.20), with a 
registry widely used by older vessels and linked to 
persistent compliance and maintenance failures. 
Palau also remained on the black list. Three EAP 
flags—Kiribati, Niue, and Vanuatu—were placed 
on the grey list, reflecting elevated detention risks 
associated with older tonnage. By contrast, Indone-
sia, China, the Philippines, Viet Nam, and Thailand 
appeared on the white list, indicating comparatively 
stronger performance over the 2022–24 period. 
However, differing outcomes between MOUs per-
sist; for example, the Philippines remains on the 
Paris MOU grey list despite its Tokyo MOU whitelist 
status.

Consequences of systemic failures
Several major domestic ferry disasters illustrate the 
human and systemic cost of safety shortcomings, 
such as regulatory and enforcement gaps among 
others.74

•	 Princess Ashika (Tonga, 2009): 74 fatalities due 
to overloading and unseaworthiness.75

•	 Sewol (Republic of Korea, 2014): 304 deaths due 
to illegal modifications and overloading.76

•	 KM Sinar Bangun (Indonesia, 2018): 164 fatalities 
linked to overloading and enforcement failures.77

•	 MV Maria Carmela (Philippines, 2019): 39 deaths 
from a likely operationally induced fire.78

Each incident exposed deep-rooted weaknesses: 
lax enforcement, outdated safety equipment, poor 
stability management, and inadequate crew training. 
While the Sewol tragedy prompted major reforms 
in the Republic of Korea, progress in Indonesia, the 
Philippines, and Tonga remains uneven.79

Repeated accidents also erode public trust and 
deter investment. Some European ferry operators 
reportedly avoid entering certain EAP domestic 
markets due to safety concerns, and several Euro-
pean ship owners decline to charter or sell RORO 
and ROPAX vessels into these markets.80

Key structural issues requiring 
attention
Several underlying systemic constraints must be 
addressed to raise safety standards in domestic 
EAP fleets:
•	 Regulatory gaps: Most EAP countries have 

adopted SOLAS and other IMO conventions 
into national law for international shipping, but 
legislation for domestic ships often reflects an 
older and lower safety standard. Enforcement 
also frequently falls short of international stan-
dards. Corruption and limited capacity can lead 
to fraudulent safety certificates and inadequate 
inspections. Ferries have been allowed to oper-
ate with expired life rafts or outdated stability 
books to avoid service disruptions.81

•	 Financial constraints: Many operators face 
precarious commercial positions due to low 
volumes, regulated tariffs, and weak subsidy 
schemes. Poor cash flow often results in deferred 
maintenance, delayed dry-docking, and failure to 
replace safety equipment.82

•	 Overloading pressures: High seasonal demand 
and revenue incentives drive chronic overloading 
in the absence of strict enforcement. Regulators 
may face political pressure to prioritize passen-
ger movement during holidays, compromising 
safety.

•	 Institutional weaknesses: Some maritime admin-
istrations lack qualified personnel, modern sys-
tems, and independence. Until recently, the 
Philippines was under IMO scrutiny for failing to 

FIGURE 2.20 Flag state performance: Inspections and 
detentions, 2022–24
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implement STCW standards effectively. Indone-
sia’s fragmented port governance further compli-
cates consistent enforcement.83

Policy priorities for strengthening 
domestic maritime safety
To improve safety outcomes in domestic and 
coastal shipping, government in the EAP region 
should consider:
•	 Reforming tariff structures and introducing 

incentives�—such as long-term concessions, 
green bonds, and infrastructure support—to 
encourage investment in safer, newer vessels.84

•	 Enhancing the capacity of maritime safety agen-
cies �through improved inspector training, unan-
nounced inspections, and stricter enforcement. 
Where appropriate, consider outsourcing over-
sight to IACS-recognized organizations.85

•	 Expanding technical cooperation between the 
IMO �and regional leaders (such as China, Japan, 
Republic of Korea) to improve ferry safety pro-
grams, such as IMO hosting domestic ferry 
safety training material developed by China and 
Japan on its e-learning platform.

•	 Institutionalizing post-accident reforms, �as seen 
in the Philippines’ rapid phase-out of wooden-
hulled ferries after 2015.86

•	 Encouraging reputable operators �to enter 
domestic markets and promote cooperatives 
among small operators to strengthen safety 
practices and financing capacity.

•	 Aligning domestic seafarer training �with STCW 
standards to enhance safety and support labor 
mobility.87

Fleet replacement as the logical next 
step and a “triple win”
Aging vessels, fragmented domestic markets, and 
the financial constraints faced by many small oper-
ators make fleet renewal emerge as a necessary 
bridge between today’s structural challenges and 
the region’s long-term ambitions for safety, reliabil-
ity, and sustainability. The same market forces and 
ownership patterns that have shaped investment 
decisions in EAP—particularly the prevalence of 
older ships in domestic fleets and the limited capital 
available to small owners—also explain why parts of 
the region continue to operate what is effectively a 
“ghost fleet” of vessels far past their optimal service 

life. These ships, some dating back to the 1980s, 
persist not because they are efficient or safe, but 
because replacement vessels remain unaffordable 
for many operators.

Old ships carry multiple risks: higher likelihood 
of structural failure, malfunction due to substandard 
machinery, and increased vulnerability to fires and 
accidents. They also emit disproportionately large 
volumes of greenhouse gases and pollutants.88 In 
fragmented markets—where most companies run 
only one or two ships—these risks are amplified 
because technical and financial capacity for proper 
maintenance is limited.

Against this backdrop, fleet renewal becomes 
more than a technical upgrade—it becomes a 
system-wide corrective. Replacing the oldest ves-
sels, those more than 20 years old, offers a triple 
win:
•	 Safety gains� through modern designs equipped 

with improved survivability features such as 
advanced fire suppression, watertight integrity, 
and better damage-stability characteristics.

•	 Environmental improvements� through the 
deployment of energy-efficient or dual-fuel-ready 
vessels aligned with global decarbonization 
pathways.

•	 Operational and economic benefits� through 
greater reliability, fewer breakdowns, and 
reduced lifecycle fuel and maintenance costs.
Accelerating fleet renewal could raise fleet 

performance dramatically. If even 30  percent of 
domestic vessels were replaced by 2035 with ships 
meeting international standards, accident rates 
could decline by half. This magnitude of improve-
ment would meaningfully address the safety deficits 
highlighted—especially those rooted in fragmented 
operator structures and the prevalence of micro-
scale companies with limited capital. Renewal could 
create opportunities to introduce dual-fuel ready or 
capable ships, upgrade shipbuilding capacity, and 
deploy modern designs such as RORO and ROPAX 
ferries suited to EAP’s geography.89

Fleet renewal as an industrial 
opportunity
Fleet renewal also provides a strategic indus-
trial development opportunity. While several EAP 
countries possess sizable shipbuilding indus-
tries, production remains unevenly distributed and 
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technologically varied. Large, predictable domestic 
orders—such as ferries, RORO/ROPAX vessels, and 
dual-fuel ships—could support investment in spe-
cialist capacity, upgrade local shipyards’ technical 
capabilities, and generate economies of scale.

For example, Indonesia has more than 340 ship-
yards, yet annual newbuild output is roughly 1 mil-
lion DWT, compared with 12 million DWT in repair 
capacity.90 Large-scale domestic procurement of 
new ferries, RORO vessels, and low-emission ships 
could create stable demand, reduce unit costs, 
and justify upgrading to advanced technologies 
such as digital design tools and green-propulsion 
systems.91

Coordinated procurement, concessional financ-
ing, and technology partnerships could transform 
small-scale assemblers into competitive regional 
players capable of producing next-generation low-
emission vessels (ferries and other domestic ships). 
Concessional financing, pooled procurement, and 
technology partnerships can accelerate this transi-
tion, creating a virtuous cycle of investment, inno-
vation, and workforce development.92 In turn, lever-
aging fleet renewal for industrial development could 
position a broader set of EAP shipyards to compete 
in emerging markets for alternative-fuel and low-
carbon ships, aligning industrial development with 
global decarbonization trends.93

The need for policy intervention
Despite these opportunities, economic constraints 
are binding. Small domestic operators often “sweat” 
their assets far beyond typical lifetimes because the 
cost of newbuilds is prohibitive. Policy intervention is 
therefore essential.

Governments across EAP are beginning to 
respond—consider, for instance, regulations in the 
Philippines providing tax incentives for the import of 
second-hand ferries if they are less than 15 years 
old or Indonesia’s discussions on phasing out 
single-hull tankers.94 However, broader and more 
targeted instruments will be needed to overcome 
capital barriers and shift investment behavior from 
short-term survival toward long-term renewal. A 
comprehensive policy package could include:
•	 Cash-for-clunkers schemes to accelerate retire-

ment of the oldest vessels;
•	 Concessional green-ship financing and guaran-

tees to reduce borrowing costs.

•	 Age-based retirement and safety-tiered stan-
dards for domestic fleets.

•	 Pooled procurement models to lower costs and 
standardize vessel designs.

•	 Public leasing schemes, enabling small oper-
ators to access modern vessels without high 
upfront capital expenditure.

A strategic, timely, and necessary 
transition
Accelerating fleet renewal is the logical culmination of 
several converging imperatives: the need to counter 
fragmentation with higher and more consistent safety 
standards; the alignment with global decarboniza-
tion pathways; and the opportunity to modernize and 
diversify domestic shipbuilding industries. Acting now
—well ahead of mid-century safety and climate mile-
stones and in recognition of long shipbuilding lead 
times—would help the EAP region avoid perpetuating 
a “ghost fleet” and transition toward a modern, effi-
cient, and climate-aligned shipping system.95

Fleet renewal offers the opportunity to deploy 
purpose-built vessels tailored to domestic operat-
ing conditions—whether smaller vessels for archi-
pelagic routes or larger RORO/ROPAX ferries—and 
to expand the use of electric and hybrid propulsion 
systems (see chapter 1) where feasible. Aligning 
vessel design with route characteristics will reduce 
fuel consumption, enhance safety, and support 
decarbonization objectives across the region’s mar-
itime transport networks.

FLEET SUSTAINABILITY: FUEL 
TRANSITIONS, MARKETS, AND 
PATHWAYS

Energy efficiency improvements remain essential, but 
they cannot alone deliver net zero. The transition to 
alternative fuels, such as ammonia, methanol, or LNG, 
is necessary to get close to net zero. The move to alter-
native fuels requires research, long-term planning, infra-
structure investment, and regulatory clarity to ensure 
feasibility and safety.

Alternative fuels require research, 
planning, infrastructure, and 
regulatory certainty
Improving energy efficiency remains vital,96 but 
efficiency measures alone cannot deliver net-zero 
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outcomes in EAP shipping. Even under optimistic 
assumptions, maximum feasible efficiency gains 
would merely slow emissions growth amid expand-
ing trade. Retrofitting the entire fleet with state-of-
the-art technologies can reduce emissions by only 
20–30  percent—insufficient to close the gap to 
net-zero. Achieving deep decarbonization requires 
a transition to alternative green fuels (e.g., green 
ammonia, green methanol, green methane, hydro-
gen), biofuels (e.g., biodiesel, biomethane or bio 
methanol), or electrification, each of which demands 
major advances in research, long-term planning, 
infrastructure, and regulatory clarity.97

Governments and industry across EAP increas-
ingly recognize this structural shift. Many countries 
have aligned national strategies with the IMO’s 2050 
climate ambition yet transitioning from fossil fuels to 
next-generation fuels is technically and commer-
cially complex, capital-intensive, and dependent 
on the creation of entirely new supply chains. Alter-
native fuels carry specific safety risks—hydrogen’s 
flammability, ammonia’s toxicity, methanol’s 
corrosiveness—necessitating new bunkering infra-
structure (for production and bunkering), safety pro-
cedures, and operational protocols (see chapters 1 
and 3).

Because ships and port infrastructure have lifes-
pans measured in decades, governments must pro-
vide long-term regulatory visibility, including clear 
decarbonization trajectories,98 carbon-reduction 
pathways, and early-stage incentives. Private ship 
owners, in turn, must begin ordering dual-fuel-ready 
ships to break the prevailing “chicken-and-egg” 
stalemate in which fuel suppliers delay investment 
until ship orders materialize, and ship owners delay 
orders due to uncertain fuel availability.99

The transition is strategic and technical. Early 
movers in EAP are already shaping standards. Sin-
gapore is positioning itself as a future multi-fuel bun-
kering hub with pilots for methanol and exploratory 
ammonia guidelines. Japan and the Republic of 
Korea have accelerated R&D on ammonia-powered 
ships, while China has launched its first ammonia-
ready tug and is trialing methanol-fueled container 
ships.100 Scaling these efforts will require multi-
decadal planning and investments.

Achieving close to net-zero emissions by 2050 
requires replacing a fleet built over 25–30 years. 
Ship design, infrastructure, and fuel production 

must begin now, as waiting until 2030 or later would 
make the close to net zero target unattainable.101 
Early adopters can shape standards and capture 
new markets, while laggards’ risk non-tariff trade 
barriers under regimes like those introduced by 
the EU.

The high costs and high risks: The 
commercial challenge
Alternative fuels currently face major cost and 
supply risks—major commercial barriers. The new 
fuels introduce a new cost structure and new risks 
that the industry has never dealt with before. For 
shipping companies to navigate them is as much a 
commercial challenge as a technical one. And for 
EAP, a region heavily dependent on affordable ship-
ping, it is a triple challenge—contributing to global 
climate goals, safeguarding economic interests, and 
ensuring the safety of ships and ports.

Ammonia, hydrogen, biofuels, and metha-
nol remain far more expensive than conventional 
marine fuels such as very low-sulfur fuel oil (VLSFO)
—and are likely to remain so for decades.102 The 
supply risks associated with alternative fuels 
increase the challenge and create uncertainty as 
well as competitive disadvantages for operators 
and investors. These facts make the transition 
complex and threaten to slow it in the absence 
of strong, effective and consistent policy support 
that translates into market incentives. For instance, 
green ammonia may cost around $1,750 per ton 
of oil equivalent, compared with roughly $460/ton 
for VLSFO, and projections to 2040 suggest alter-
native fuels will still cost roughly twice as much 
as conventional fuels.103 Since fuel represents 
40–80 percent of a vessel’s operating costs, these 
fuel price differentials sharply raise freight rates 
and erode competitiveness, especially in low-
margin trades.104

Even if cost barriers were minimized, supply 
constraints persist. Global production of green 
fuels remains negligible, with only a handful of pilot 
plants in operation. Scaling to commercial volumes 
requires massive new renewable-energy capacity, 
electrolyzers, creation of a carbon value chain for 
some green fuels, and global bunkering networks
—all of which are still in the early planning stag-
es.105 Ship owners also face the risk of stranded 
assets if vessels built for a specific fuel cannot 
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reliably access it across the region.106 For EAP 
developing economies and Pacific Island states, 
high costs and uncertainty on fuel availability 
create risks for trade competitiveness and supply-
chain connectivity.107

Safety considerations add further uncertainty. 
Ammonia bunkering requires stringent safety con-
trols; hydrogen demands specialized containment; 
methanol requires measures to deal with increased 
flammability.108 These factors slow the transition. 
Without robust policy frameworks—carbon pricing, 
targeted subsidies, co-investment in production, 
and coordinated regulatory timelines—the sector 
cannot reach the IMO’s mid-century decarboniza-
tion goal.109

Overcoming these barriers requires strong policy 
support and the use of market mechanisms to re-
balance the commercial risk being created by alter-
native fuels. One is carbon pricing to narrow the 
cost gap to conventional fuels. Second is providing 
subsidies or guarantees for early adopters. Third is 
co-investing in fuel production to ensure supply. And 
fourth is global coordination to avoid disadvantaging 
first movers. The faster production scales and costs 
fall, the sooner EAP shipping can adopt alternative 
fuels and move toward net zero.

Low demand for decarbonized shipping
Market demand—particularly the willingness of 
charterers, shippers, and end consumers to pay for 
low-emission transport—is often overlooked. Ship-
owner investment decisions hinge on clear market 
signals and reputational considerations. Simply put, 
if customers are not asking, and paying, for greener 
shipping, most carriers in EAP will stick to business 
as usual. Conversely, strong demand can acceler-
ate decarbonization by creating commercial and 
reputational benefits.110

While interest may be rising, willingness to pay 
remains limited. Although surveys indicate that more 
than 80 percent of customers express willingness 
to pay a premium for green shipping, actual uptake 
remains modest, far below what is necessary to 
finance the transition.111 Premiums offered by users 
of about 4.5 percent fall well short of the 10–15 per-
cent required to finance the transition. Most green-
freight procurement remains limited to a handful 
of global consumer brands112 seeking reputational 
benefits. Container shipping in EAP faces indirect 

pressure from retail stores like IKEA and Walmart, 
which have climate targets, but this has been trans-
lated into very-limited scale procurement of green 
shipping services.113 Stated preferences may not 
necessarily translate into purchasing.114

The majority of shippers—particularly in bulk 
and commodity trades—seem to continue prior-
itizing cost, and being “green” offers no compet-
itive advantage. Most EAP ship owners ordering 
ammonia-ready or methanol-capable ships are 
motivated by anticipating regulation or position-
ing their brands, rather than present-day customer 
demand. The prevailing approach remains “wait and 
see,” which risks prolonging fleet aging and slowing 
emission improvements.115 Without clearer market 
signals or enforceable regulatory requirements, 
progress will remain confined to pilots, demonstra-
tions, and niche projects.

The cruise sector is concerned about consumer 
perception, and cruise lines have invested heavily in 
LNG-fueled ships and other green features.116

Dual- fuel readiness as a strategic 
minimum
Ensuring that new vessels are built “dual-fuel ready” 
is a practical and strategic near-term measure (table 
2.2). Dual-fuel-ready ships operate on conventional 
fuels today but are designed for easier conversion 
to future fuels, significantly reducing retrofit costs 
and avoiding premature scrapping. According to 
industry sources, the cost premium for dual-fuel 
readiness—roughly 10–20  percent above a stan-
dard newbuild—is far lower than the 20–40 percent 
premium for fully dual-fuel-capable vessels.117

Currently, about 8 percent of global ship orders 
by DWT are alternative fuel capable, while about 
21  percent of tonnage ordered in 2024 had an 
alternative-fuel ‘ready’ status (figure 2.21) and 
EAP ship owners represent a significant share of 
new orders, especially in the dry bulker segment 
(figure 2.22).

It is likely that only a limited number of existing 
vessels will be retrofitted to use alternative fuels. 
Retrofitting generally entails significantly higher 
costs because it requires the removal of existing 
equipment, structural modifications to the ship, and 
the creation of access pathways—activities that 
are labor intensive and must be carried out man-
ually. These upgrades also impose off-hire periods 
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during which the vessel is unable to generate rev-
enue. By contrast, incorporating alternative-fuel 
systems during construction allows for a far more 
efficient process, including the use of pre-fabrication 
and greater automation at the shipyard. Moreover, 
current orderbook of alternative-fuel ready and 
alternative-fuel capable vessels is already sufficient 
to absorb the limited volumes of low-GHG alter-
native fuels expected to be available in the near to 
medium-term.

Because ships ordered today will still be oper-
ating in 2050, the IMO’s target year for net-zero 
emissions, dual-fuel readiness is a hedge against 
uncertainty in fuel pathways, pricing, and regula-
tory mandates. In EAP, the region’s dominant ship-
building nations—China, Japan, and the Republic 
of Korea—hold a strategic advantage: By making 
dual-fuel readiness a default offering, they can 
accelerate global adoption, shape international 
standards, and protect regional ship owners 
from stranded-asset risks. If dual-fuel readiness 
becomes the default offering, global adoption 
would accelerate.

IMO discussions on tightening Energy Efficiency 
Design Index (EEDI) requirements and introduc-
ing readiness standards are ongoing, but EAP 
can act ahead of global rules. National mandates 
or regional commitments for dual-fuel ready fleets 
would demonstrate leadership and protect long-
term competitiveness. Making dual-fuel readiness 
the “new normal” reduces retrofit costs, mitigates 
stranded asset risk, and positions EAP operators 
for a smoother transition as fuel supply chains 

mature.118 Japan and Singapore are already devel-
oping green-finance instruments to support such 
investments. Regional mandates or voluntary com-
mitments could accelerate this transition ahead of 
eventual IMO action.

EAP countries are moving toward dual-fuel read-
iness: China’s shipyards market “future fuel ready” 
vessels (primarily LNG), while Singapore and Japan 
are developing green finance incentives for dual-fuel 
ready or capable119 ships, including sustainability-
linked loans and green bonds.

FIGURE 2.21 Global orderbook, 2025–30
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TABLE 2.2 Dual-fuel ready or dual-fuel capable vessels

Feature Dual-fuel ready Dual-fuel capable

Definition Designed for future conversion to alternative fuel 
(LNG, methanol, ammonia).

Fully equipped to operate on both conventional and 
alternative fuels now.

Current fuel use Conventional fuels only until converted. Can switch between fuels immediately.

Cost premium About 10–15 percent above standard newbuild cost. About 20–40 percent above standard newbuild cost.

Conversion cost later Lower (prepared for tanks, piping, safety systems). None (already installed).

Flexibility Acts as a hedge against future fuel availability and 
regulation.

Immediate compliance and operational flexibility.

Retrofit complexity Easier and cheaper than converting a conventional 
ship.

Not required.

Risk profile Lower upfront cost but depends on future fuel 
supply and regulation.

Higher upfront cost, but future-proof and ready for 
early adoption.

Source: World Bank, Consultants’ Report.
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Early adopters face regulatory 
uncertainty
While some early adopters in EAP are gaining expe-
rience with alternative fuels, they remain outliers. 
Uncertainty around IMO regulations and timelines 
has added more risk to an already complex situa-
tion. While the IMO and governments have signaled 
their intent to decarbonize shipping, details on stan-
dards, timelines, and enforcement remain unclear, 

undermining confidence in IMO’s 2050 net-zero 
goal.120 This ambiguity encourages delaying invest-
ments until regulations and technologies mature, 
slowing the transition.121

Early adopters in EAP include:
•	 Japan: Safety Pioneer, an ammonia-fueled 

coastal tanker, ClassNK delivery in 2025.122

•	 China: COSCO/OOCL methanol-fueled container 
ships, successful bunkering trials in Shanghai.123

FIGURE 2.22 Orderbook EAP versus worldwide, by country of ownership, 2025–30
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Source: AXSMarine (retrieved: December 2025).

Note: Data are as of October 2025. For each segment: 1. extraction of all vessels with status “on order”; 2. categorization of ship owner coun-

try into EAP and the rest of the world; 3. aggregation using projected build year and ship owner region using sum of total DWT of all vessels 

and their counts.
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Early adopters act 
due to national 
strategies or niche 
advantages, not 
global mandates

•	 Singapore: MPA Singapore mandates that new 
harbor craft be electric or net-zero fuel capable 
from 2030; pilots include dual-fuel tugs.124

•	 Pacific Islands: Swire Shipping uses B24/B30 
biofuel blends, cutting lifecycle emissions by up 
to 90 percent.125

While valuable, these projects remain marginal 
relative to EAP’s roughly 23,800 international ships.

Uncertainty over IMO’s carbon pricing and life-
cycle fuel rules deters investment. If carbon costs 
were known (such as $100/t from 2030), EAP ship 
owners could plan strategically. Even with clarity, 
a low initial carbon price could postpone adoption 
until 2040, given technical risks and fuel supply 
constraints.126

The EU’s FuelEU Maritime and ETS imposed 
carbon costs starting in 2024, while intra-Asia 
trades face no similar mechanism, creating com-
petitive imbalances.127 This leads to regional com-
plexity and competitive divergence, as some EAP 
ship owners invest in compliance measures (such 
as emissions abatement) while others lack the 
incentive to invest. The resulting imbalance drives 
industry calls for a uniform global approach, but 
slow progress toward consensus perpetuates 
uncertainty.

Lifecycle GHG accounting adds another layer 
of complexity. The IMO’s life-cycle GHG guidelines 
assess emissions from fuel production to use (“well-
to-wake”), meaning rules can favor certain fuels over 
others.128 Studies show that biodiesel pathways 
vary widely: Waste-based biodiesels cut emissions 
up to 40 percent, while crop-based biodiesels may 
negate benefits,129 raising concerns about regula-
tory “manipulation” and market volatility.

Safety requirements also matter. Ammonia bun-
kering demands stringent protocols due to toxic-
ity, adding cost and complexity.130 These techni-
cal challenges will not vanish without significant 
expense and operational consequences. So, clear 
policy signals are critical. The sooner regulators can 
finalize targets and measures (even if phased), the 
easier industry can plan. If the IMO mandated dual-
fuel capability for all new ships after 2035, a decade 
of lead time would allow development and optimiza-
tion of designs. Support measures, such as subsi-
dies or guaranteed fuel offtake, could reduce supply 
risk by early adopters and encourage adoption by 
the laggards that follow.131

But early adopters act due to national strategies 
or niche advantages, not global mandates. State-
owned enterprises like COSCO align with Chi-
na’s decarbonization plans, piloting ammonia and 
methanol ships.132 And private firms rely on grants, 
as with a Philippine hybrid ferry project backed by 
Norway and local agencies.133 These steps are pos-
itive but incremental.

Domestic shipping — a distinct pathway
Domestic shipping in EAP (ferries, river vessels, and 
inter-island cargo ships) operates under different 
conditions from international shipping and offers 
unique opportunities for efficiency improvements 
and electrification. Domestic routes are typically 
shorter and more predictable, making them suit-
able for electrification, hybrid propulsion, and wind-
assisted technologies. Over a 30-year horizon, one 
or two generations of vessels could reach net zero 
more easily than the international fleet. For this, gov-
ernments need to implement targeted programs 
and incentives134 that create domestic fleets diverg-
ing more significantly than they do today from those 
used in international shipping.

Three factors underpin this potential:
•	 Route and service profiles: Domestic vessels 

typically operate on shorter, predictable routes, 
making them well-suited for electrification and 
hybrid propulsion technologies already proven in 
similar contexts.135

•	 Efficiency gains from renewal: Replacing aging 
domestic fleets yields significant fuel and emis-
sions savings compared with incremental retro-
fits, as older vessels are disproportionately ineffi-
cient and accident-prone.136

•	 Age profile and safety imperatives: Many domes-
tic fleets are decades old. Indonesia’s inter-
island fleet includes ships from the 1980s and 
1990s, creating strong incentives for renewal to 
improve safety and reliability alongside reducing 
emissions.137

Because many domestic fleets are old and inef-
ficient, fleet renewal delivers substantial safety, effi-
ciency and sustainability benefits. Pilot programs in 
Indonesia and the Philippines demonstrate the fea-
sibility of electrified ferries, hybrid propulsion, and 
internationally supported demonstration projects.138 
Pacific Island nations have set ambitious domestic-
shipping targets, aiming for near-zero emissions by 
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Domestic shipping is 
uniquely positioned 

to decarbonize 
more rapidly than 

international fleets

2050 through a mix of wind-assisted vessels, elec-
trification, and solar-powered craft. These initiatives 
show how domestic shipping can become a first 
mover in maritime decarbonization, delivering cli-
mate, safety, and economic benefits.

Yet, barriers remain: fragmented ownership, 
limited access to finance, and capacity constraints 
among small operators. Many routes require subsi-
dies, raising concerns about affordability. Targeted 
measures—such as aggregating demand for new 
vessels, introducing green-leasing programs, and 
supporting specialized ship-finance structures—can 
help overcome these barriers. Some analysts sug-
gest that by 2040, most short-sea shipping could be 
decarbonized, with the right support.139

Domestic shipping therefore holds potential to 
reach net zero earlier and more easily than inter-
national fleets, delivering co-benefits for safety, air 
quality, and connectivity. With the right support, 
domestic shipping in EAP is well positioned to 
become a global first mover, delivering innovative, 
clean short-sea shipping solutions while moderniz-
ing fleets and improving connectivity.

National governments have sole authority over 
domestic maritime regulatory and policy frame-
works. They can establish targets, mandate tech-
nical standards, and support financing to acceler-
ate adoption of new technologies. However, their 
ability to drive fleet modernization and decarbon-
ization is constrained by several structural and 
financial challenges: First, fragmented ownership 
structures, with many small operators having lim-
ited equity, makes raising debt for new ships diffi-
cult.140 Second, fragmented supply capacity, with 
often small fleets and diverse vessel types inhibit-
ing standardization, limit economies of scale, and 
constrain the development of operational expertise 
and technology adoption.141 Third, state ownership 
is not a guarantee of capability, as some SOEs 
have small balance sheets and limited experience 
procuring innovative and alternative-fuel vessels, 
reducing their ability to lead modernization.142 
Fourth, affordability constrains subsidized ferry 
markets. Many domestic ferry services require 

public subsidies; higher capital and operating 
costs associated with new ships and alternative 
fuels raise concerns about passenger affordability 
and operator willingness to pay.143

Targeted approaches to overcome 
structural barriers
Addressing these barriers requires targeted, scal-
able policy interventions. Two general approaches 
stand out as particularly effective:
•	 Aggregating demand: Pooling fleet-replacement 

orders—across routes, regions, or operators
—reduces costs, enables standardized vessel 
designs, and strengthens the business case 
for advanced or alternative-fuel technologies. 
Aggregated demand can also attract technology 
partners and strengthen the financial viability of 
local shipyards.144

•	 Structured leasing models: Specialized maritime 
leasing companies or green-leasing programs 
can acquire vessels and lease them to operators, 
giving small firms access to modern, compliant 
ships without large upfront capital commitments. 
Establishing shipping investment companies or 
dedicated leasing facilities should be actively 
explored.145

Domestic shipping is uniquely positioned to 
decarbonize more rapidly than international fleets 
due to shorter and more predictable routes, aging 
vessels with significant efficiency and safety defi-
cits, and economic and public-safety incentives for 
fleet renewal. With targeted programs, combining 
incentives, R&D support, concessional finance, and 
demonstration projects, many domestic fleets in 
the EAP region could realistically achieve net zero 
by 2050.146 The benefits of success would be con-
siderable: cleaner air and reduced coastal pollution, 
safer and more reliable transport, and potentially 
lower trade and logistics costs through improved 
vessel efficiency. Taken together, these measures 
could position the EAP region as a global leader in 
innovative, clean short-sea shipping, including the 
deployment of next-generation solutions such as 
electric and hybrid ferries.147
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NOTES

1.	 Refers to beneficial owner.

2.	 Stopford 2010.

3.	 MLITT 2022.

4.	 China COSCO SHIPPING Corporation Limited 

(https://en.coscoshipping.com/col6918/art/2016/

art_6918_45339.html)

5.	 Vision of COSCO Shipping; see https://en​.cosco​

shipping.com/col6918/art/2016/art_6918​_45339.html. 

CKGSB 2025; Zhao 2024. For example, COSCO and 

China Merchants are supervised by SASAC and can be 

leveraged for state initiatives.

6.	 Voice of Indonesia 2023.

7.	 Francisco 2023.

8.	 Investor Daily/ PwC Indonesia 2025.

9.	 VOI News 2023. It should be noted that while ASDP 

is the primary operator, many vessels serving its so-

called “commercial” routes are privately owned fer-

ries run by small companies under short-term charter 

agreements with ASDP. In effect, ASDP often functions 

as an umbrella coordinator or marketer for numerous 

smaller private ferry firms that provide the ships on cer-

tain routes (Tirto.id 2025).

10.	 Fiji Ministry of Transport 2022.

11.	 Mitchell 2024.

12.	 Lin 2024.

13.	 Kris 2023.

14.	 Marina Del Rosario 2024.

15.	 Investor Daily 2025.

16.	 ANTARA News 2024.

17.	 Mitchell 2024.

18.	 Liu et al. 2025.

19.	 OECD 2020.

20.	 Haralmbides 2020.

21.	 ADB 2021.

22.	 Liu et al. 2025.

23.	 UNCTAD 2022. Capacity measure in terms of the total 

container capacity of the ships (not the number of 

ships).

24.	 Ocean, Gemini and Premier

25.	 ITF 2018.

26.	 UNCTAD 2023.

27.	 World Bank 2024.

28.	 MARINA 2022.

29.	 Tokyo MOU 2022.

30.	 ADB 2022.

31.	 ISL 2024.

32.	 Notteboom et al. 2021; USITC 2020.

33.	 Greenwood and Hanson 2015.

34.	 Seatrade Maritime News 2024. Container lines make 

$5.4bn profit amid Red Sea disruption.

35.	 Ship Universe 2025.

36.	 S&P Global 2023.

37.	 Stopford 2020; Greenwood and Hanson 2015.

38.	 Ramponi 2025.

39.	 EDF 2025.

40.	 Global Maritime Forum 2023.

41.	 ARMA Law 2024.

42.	 ShipUniverse 2025.

43.	 In the late 2000s, shipping lines in EAP adopted slow 

steaming, that is running ships at slower speeds to 

save fuel. Slow steaming was initially a reaction to the 

twin threats of the World Financial Crisis of 2008 (and 

its impact on trade) and the spike in oil prices the same 

year. Slow steaming achieved 20–30 percent fuel sav-

ings at the cost of longer transit times (cost savings 

that absorbed spare capacity created by a fall in trade 

growth).

44.	 IMO 2020.

45.	 Larger ships are inherently more efficient when mea-

sured in t-kms, a reason for container ships to have 

become even larger.

46.	 Stopford 2020.

47.	 Domestic services often involve more short voyages 

with frequent port calls. Engines spend more time in 

inefficient load ranges (maneuvering, port standby).

48.	 Many domestic voyages don’t benefit from sophisti-

cated planning; inter-island ferries do not adjust speed 

to optimize fuel because schedules are fixed or commu-

nication about port readiness is poor. Trim optimization 

tools are difficult to implement when frequent ship calls 

require many changes in ballast, reducing benefits.

49.	 See comments on the wisdom of investing in older 

ships; the private sector seeks to replace rather than 

retrofit.

50.	 World Economic Forum 2023.

51.	 World Economic Forum 2023.

52.	 The Switch 2024.

53.	 National Thailand 2025.

54.	 Philippines Ports Authority 2025.

55.	 IMO 2020; Stopford 2020; World Economic Forum 

2023.

56.	 The IMO’s CII measures grams of CO2 per cargo 

capacity-mile. Many larger modern ships get CII 

grades A, B, or C, but older or smaller ships often get 

D or E. Since EAP has many older/smaller vessels, a 

higher proportion fell into D or E in initial 2023 scoring.

https://en.coscoshipping.com/col6918/art/2016/art_6918_45339.html
https://en.coscoshipping.com/col6918/art/2016/art_6918_45339.html
https://en.coscoshipping.com/col6918/art/2016/art_6918_45339.html
https://en.coscoshipping.com/col6918/art/2016/art_6918_45339.html
https://www.seatrade-maritime.com/containers/container-lines-make-5-4bn-profit-amid-red-sea-disruption
https://www.seatrade-maritime.com/containers/container-lines-make-5-4bn-profit-amid-red-sea-disruption
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74.	 Shipping accidents have driven safety regulations, 

beginning with the 1912 Titanic disaster leading to 

the adoption of the International Convention for the 
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FUELS: CLEARER 
SIGNALS NEEDED ON 
ALTERNATIVES

THE EAP REGION HAS 
A STRATEGIC ROLE IN 
CONVENTIONAL MARINE FUEL 
BUNKERING

EAP has a pivotal role in the global marine fuel supply 
chain. Singapore is the world’s leading bunkering hub, 
influencing fuel pricing, logistics, and standards.

The EAP region is at the center of the global mari-
time fuel economy, as both consumer and supplier. 
Conventional maritime fuels (such as heavy fuel oil, 
marine gas oil, and marine diesel) are supported by 
deeply entrenched global supply infrastructure cen-
tered on major bunkering hubs.

Conventional- fuel supply chains are 
efficient, reliable, and competitive

Conventional maritime fuels benefit from a well-
entrenched global infrastructure focused on major hubs. 
Bunkering operations are highly efficient, supported by 
economies of scale and integrated into a vast petroleum-
based economy. The market is complex and densely net-
worked, enabling reliable supply and competitive pricing.

Around the world, a handful of ports handle much 
of the bunker fuel demand, creating economies of 
scale. In 2024, Singapore accounted for roughly 
55 million tons of bunker fuel sales—about 38 per-
cent of global marine fuel demand and three times 
more than the next-largest bunkering port (the 
Antwerp–Rotterdam–Amsterdam region, at about 
17 million tons) (figure 3.1).1 Other key hubs include 
the Strait of Gibraltar (about 8 million tons), Fujairah 
in the United Arab Emirates (about 8 million tons), 
and Zhoushan port (about 7 million tons).2 Other 

than Singapore, no single port accounts for more 
than 12 percent of global volume, but together these 
hubs create a well-networked system. The top nine 
global bunkering locations in the world account for 
80 percent of global bunker sales.

The conventional bunker fuel market is complex 
and globally integrated. Connections among refiner-
ies, tanker shipping, trading firms, storage terminals, 
and bunker operators ensure that ships can fuel 
reliably at ports worldwide. Typically, the fuel supply 
chain flows from production at a refinery, through 
transport by tanker, to holding storage, to bunker 
barge.3 Major oil companies and independent 
bunker suppliers operate final-mile bunker solutions 
across EAP to deliver fuel to ships.

The global supply chain for bunker fuels is inte-
grated into the much larger petroleum-based econ-
omy. This integration means that marine fuels are 
available in virtually all major seaports, and supply 
disruptions in one region can often be mitigated by 
sourcing from another region, contributing to over-
all reliability. Fuel cost dominates bunker fuel prices, 
and prices are competitive globally. Non-fuel costs 
(transport, storage, port fees, and delivery charges) 
make up less than 8 percent of bunker fuel prices 
on average (figure 3.2). Pricing is well-networked: 
Bunker fuel prices at different ports tend to track 
global oil benchmarks, with relatively small differen-
tials. For instance, Singapore’s prices for very low 
sulfur fuel oil (VLSFO) are usually among the lowest 
in Asia and only slightly above the European hub 
prices, despite Singapore being a major importer 
of crude and oil products. In addition, Singapore’s 
dedicated storage capacity of more than 10  mil-
lion tons of bunker fuel4 ensures a buffer stock and 
blending capability that keep supply smooth even 
when market conditions are volatile.5

3
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The concentration of bunkering in large hubs 
yields efficiency benefits. Bunker barges (small 
ships) can refill even an empty ship’s fuel tank 
quickly in a single operation because of their 

capacity (and the pumping capability of either the 
barge or the ship being fueled). Singapore and 
other large supply locations have perfected bun-
kering operations. Singapore handles tens of thou-
sands of bunker-only port calls annually (ships 
stopping solely to refuel) (figure 3.3), and its port 
authority provides fee concessions to encourage 
bunker-only calls. Scale also enables investment in 
better infrastructure.

In short, conventional marine fuel supply chains 
are robust, efficient, and reliable—perfected by 
decades of operations and global trade integration. 
This system delivers fuel at optimal cost per ton 
and with a high degree of confidence in availabil-
ity. These are the benchmarks against which ship 
owners measure alternative fuels.6

The EAP region imports most of its fuel

The maritime economy in EAP relies largely on imported 
conventional fuels, with minimal domestic production. 
This dependency exposes the region to global oil price 
volatility and risks, affecting both cost stability and 
energy security.
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FIGURE 3.1 Bunker sales in global bunkering locations, 2024

Source: Ship & Bunker 2024 (https://shipandbunker.com/).

Note: Ship & Bunker represents the 17 largest bunkering hubs with a total bunker volume in 2024 of 143.5 million tons, about 60 percent of global bun-

kering demand and sales (estimated at 242.1 million tons, according to the International Maritime Organization).

FIGURE 3.2 Fuel price breakdown, 2024
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EAP accounts for roughly 40–50 percent of global 
bunker fuel consumption. The bunker market in EAP 
is more consolidated than in Europe or the Ameri-
cas. Northeast Asia’s bunkering is more fragmented, 
spread across numerous Chinese, Korean, and 
Japanese ports (figure 3.4). In contrast, Southeast 
Asia and Oceania have the highest bunkering con-
centration globally, with most of the fuel sold in Sin-
gapore (figure 3.5). In 2024, five EAP ports (Singa-
pore, Busan, Zhoushan, Shanghai, and Hong Kong 
SAR, China) delivered approximately 60 percent of 
the region’s total bunker volumes, underscoring the 
strategic importance of a few concentrated hubs in 
shaping marine fuel flows.

A critical characteristic of EAP’s conventional fuel 
supply is that most of it is imported. Outside of a 
few oil-producing nations (Brunei and, to a lesser 
extent, Malaysia), EAP economies have minimal 
domestic production of heavy marine fuels or diesel. 
Large maritime nations such as China, Japan, the 
Republic of Korea, Indonesia, and the Philippines 
are net importers of the refined oil products used 
in shipping.7 This dependency ties EAP’s bunker-
ing operations to global oil markets, exposing the 
region to price volatility and supply risks beyond its 

control. The spike in global crude oil prices in 2022 
put some small shipping lines out of business as the 
lag in shippers’ willingness to pay was extended.8

Local incidents also affect supply: Refinery out-
ages in one country may force a change in sourc-
ing. And energy security is a real concern: Countries 
including Japan and the Republic of Korea have virtu-
ally no domestic oil resources and must rely on stra-
tegic petroleum reserves and stable import routes to 
ensure that ships can load fuel.9 Small Pacific Island 
nations are even more vulnerable, as they depend on 
infrequent deliveries of fuel by tankers.10

Singapore’s role as a regional fuel hub provides 
a fuel security buffer. It maintains large storage 
capacity. Its integration into global oil trading means 
that, in an emergency, alternative supplies can often 
be found on short notice. The diverse sourcing of 
bunker fuel and the ability to blend products to 
meet specification and then re-export bunker fuels 
to the region insulates EAP from short-term supply 
shocks.11 Singapore’s scale gives it influence over 
pricing. Singapore’s posted bunker price serves as 
a key reference for EAP (figure 3.6).12

While Singapore anchors the global bunkering 
network with unparalleled efficiency, the broader 

FIGURE 3.3 Singapore vessel calls by purpose, 2012–24
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Note: There are about 16 anchorage areas in Singapore territorial waters that are designated and controlled by MPA. The Eastern Port Sector Anchor-

ages (in red) are mostly used for bunkering and other non-cargo port calls. The Western and Southern Sector Anchorage to see occasional bunkering 

activity but are mainly used by ships waiting for cargo berths or shipyard entry. Bunkering outside port limits (OPL) was once common practice but is 

actively discouraged as MPA Singapore enforces a rigorous set of standards for bunker fuels and bunker activities. MPA Singapore also offers port 

dues concessions that limit cost savings from OPL bunkering.
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region’s reliance on imports underscores a risky 
dependency. Because of this dual reality—strength 
in supply chain operations, but exposure in supply 
sources—EAP must handle the transition to alterna-
tive fuels carefully to avoid undermining the reliability 
that today’s petroleum-based system provides.

SAFETY AND ENVIRONMENTAL 
MANAGEMENT STANDARDS IN 
FUEL HANDLING ARE HIGH

The marine fuel sector in EAP has a strong track record 
in managing routine and emergency situations. Fuel 
handling is generally well regulated and efficient. Spill 
consequences have not been catastrophic, and human 
lives are rarely threatened. Human safety standards 
are high, and operational protocols have become more 
robust.

Fuel handling for ships in EAP is generally well reg-
ulated and efficient. Over decades of high-volume 
bunkering, the region has developed safety systems 
and protocols to minimize accidents. Bunkering 
operations are guided by international regulations 
(like the International Convention for the Prevention 
of Pollution from Ships and the International Con-
vention for the Safety of Life at Sea, or SOLAS) and 
local port rules.13

The Maritime & Port Authority of Singapore (MPA) 
has been at the forefront of setting standards for 
quality, safety, and transparency in bunkering. It was 
the first to mandate the use of mass flow meters for 
fuel deliveries, ensuring precise quantity measure-
ment and reducing disputes (box 3.1).14 Singaporean 

FIGURE 3.4 Northeast Asia international bunker demand 
by location, 2024
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FIGURE 3.5 International bunker demand consolidation by region, 2022
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FIGURE 3.6 Annual average bunker prices (VLSFO, LSMGO) in Singapore and EAP comparator economies, 2020–25
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Source: World Bank staff and consultants based on data from AXSMarine (retrieved: January 2026).

BOX 3.1 Mass Flow Meter, a measure to assure supply volume and make the bunker market transparent

Ports across the world are implementing mandatory use of Mass Flow Meters (MFMs) during bunker operations to 
track fuel oil delivery.

MPA Singapore 2017/19
•	 From January 1, 2017, using MPA-approved MFMs has been mandatory for all marine fuel oil bunker deliveries in 

the Port of Singapore.
•	 In 2019, MPA Singapore mandated the use of MFMs for all bunker deliveries, including distillates.

Rotterdam–Antwerp 2026
•	 From January 1, 2026, using MFM bunker measurement systems for bunker vessels in the ports of Antwerp-

Bruges and Rotterdam was mandatory. This follows independent research in Antwerp, Rotterdam, and Zeebrugge, 
which revealed recurring quantity issues in the bunker market.

•	 Bunker vessels in the two ports must have a certified system that indicates the exact amount of fuel they are deliv-
ering to seagoing vessels. The port authorities aim to make the bunker market more transparent, efficient, and 
reliable.

•	 In December 2022, 40 of the 170 bunker vessels in Antwerp, Rotterdam, and Zeebrugge were equipped with a 
MFM bunker measurement system. With January 1, 2026, as the start date, companies claimed they did not have 
sufficient time to install the required system.

Mediterranean
•	 In 2017, CEPSA Gibraltar became the first bunker supplier based in Gibraltar to use MFMs for all bunker barge 

deliveries.
•	 In 2025, the Port of Ceuta became the first Mediterranean port to mandate ISO 22192-certified MFMs for all bunker 

deliveries.

Source: Argus Media—Consulting Services.
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standards (e.g., SS648:2019 for mass flow meters 
and SS524:2021 for quality management) have 
become global benchmarks. The port also employs 
electronic bunkering documentation with real-time 
MPA Singapore oversight, enabling rapid response 
to any irregularities or leaks.15 To minimize spill risk, 
Singapore requires all bunker barges to be double-
hulled, a measure that was fully implemented by 
2015. Bunkering operations follow standardized pro-
cedures, such as hose integrity checks, emergency 
shut-off protocols, and continuous monitoring (SS 
600:2022 Code of Practice for Bunkering).16

These measures have improved the safety and 
environmental records of bunker operations. Acci-
dents and spills are rare compared with the enor-
mous fuel volumes handled.17 Human capacity has 
also advanced: Bunkering crews and surveyors are 
trained and certified, while operators and barges are 
licensed, inspected, and audited regularly.18 Fatal 
accidents linked to bunkering are extremely uncom-
mon. When incidents occur, they typically involve 
minor fuel spills, which—though environmentally 
harmful—are quickly contained and pose minimal 
risk of fire or toxicity.19

Hong Kong SAR, China and Busan also follow 
strict bunkering checklists and require signaling (red 
flag) during fueling, ensuring that other port activi-
ties stay clear.20 Many tankers and barges in EAP 
are equipped with vapor recovery systems to mini-
mize gaseous emissions during loading and unload-
ing. The design of bunker barges has also improved 
safety: Typical modern barges of 3,000–10,000 
deadweight tons have double engines, power take-
off emergency pumps, and segregated tanks, reduc-
ing the chance of failure and lessening any impact.21

EAP has invested in oil spill management and 
response systems. Port authorities and oil compa-
nies maintain well-equipped spill response teams on 
standby. In Singapore, bunker suppliers are required 
to be members of Oil Spill Response Limited and to 
conduct regular oil spill drills as part of their compli-
ance obligations.22 Bunker spills are generally small. 
Major oil spill events in EAP typically result from ship 
groundings, collisions, or other severe accidents.23

The development of protocols and standards 
remains less mature for alternative fuels than for 
conventional fuels. Singapore, together with its 
regional partners, has been proactive in closing this 
gap. In 2017, MPA Singapore introduced Technical 

Reference 56 (TR 56:2017), the world’s first national 
liquefied natural gas (LNG) bunkering standard, to 
ensure safe, efficient handling of LNG as a marine 
fuel.24 Building on this standard, Singapore pub-
lished Technical Reference 129 (TR 129:2025) for 
methanol bunkering, providing a framework for safe 
and consistent methanol refueling operations.25 
Work is also under way on an ammonia bunker-
ing standard, slated for completion in early 2026,26 
which will detail custody transfer protocols, safety 
procedures, and crew training requirements for 
ammonia fuel.27 This reflects a broader commitment 
in EAP to environmental protection and operational 
safety.

The importance of fuel standards and monitoring 
has grown in recent years. When VLSFO was intro-
duced in 2020 under International Maritime Orga-
nization (IMO) regulations, concerns arose about 
fuel quality and potential engine issues. EAP ports 
responded with tighter fuel testing regimes, and the 
transition was managed without major incidents.28 
However, the shift to alternative fuels will require far 
greater effort—developing human resources, imple-
menting rigorous testing and safety regimes, and 
ensuring practical oversight at scale.29

MULTIPLE FUEL TRANSITION 
PATHWAYS ARE EMERGING

To support efforts to achieve close to net-zero emis-
sions, four main marine alternative fuel pathways are 
being explored: LNG, sustainable diesel, green methanol, 
and green ammonia. No single pathway has generated 
enough confidence among EAP ship owners that the way 
is clear to move the industry close to net zero. Each faces 
technical, economic, and regulatory challenges that 
impede widespread adoption.

Fuel transition pathways across EAP are unlikely to 
be uniform. Differences in port scale, institutional 
capacity, safety oversight, and exposure to global 
fuel markets mean that countries and ports face 
very different starting points. In smaller or lower‑
capacity economies, alternative fuels are likely to 
remain limited to pilot projects or niche applica-
tions for some time. By contrast, larger maritime 
hubs may be better positioned to capture scale and 
clustering effects, enabling earlier experimentation 
and more sustained deployment. As a result, fuel 
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transition trajectories across the region are expected 
to be uneven, reflecting local economic, institutional, 
and infrastructural conditions rather than a single 
regional pathway. IMO’s Net-Zero Framework has 
prompted the global maritime industry to explore 
alternative fuel pathways, particularly LNG, sustain-
able bio-based diesel, green methanol, and green 
ammonia. Other options, including hydrogen and 
nuclear propulsion, are also under consideration.30 
Three of these pathways require exclusive technol-
ogy choices, as engines are being developed for 
dual-fuel configurations—conventional/LNG, con-
ventional/methanol, and conventional/ammonia. 
No engine currently accommodates all alternative 
fuels.31 Except for biodiesel, available engine tech-
nology requires the use of conventional fuels as a 
pilot fuel. Engines operating solely on LNG, meth-
anol, or ammonia would require different technolo-
gies than traditional internal combustion—possibly 
gas turbines or advanced dual-fuel systems.32

Each pathway offers the promise of lower carbon 
emissions than the use of conventional fuels, yet 
none has achieved broad industry acceptance.33 
Each option faces skepticism among ship owners 
due to technical, economic, and regulatory uncer-
tainties.34 Globally, uptake of alternative fuels is in its 
infancy. Together they account for a tiny fraction of 
the marine fuel mix (in the order of just 1–2 percent, 
even in leading adoption ports like Singapore).35 

Multiple technical, economic, and regulatory barriers 
are holding back widespread adoption (table 3.1).36

Methods have been developed to measure how 
effective different fuels are in reducing emissions 
and contributing to net zero.. However, cost and 
emissions estimates for emerging fuels should be 
interpreted as illustrative and scenario‑based rather 
than predictive.37 Outcomes are highly sensitive to 
assumptions regarding renewable energy costs, 
feedstock availability, permitting timelines, tech-
nology learning rates, and future carbon pricing. 
As methodologies become more complex, care is 
needed to ensure that analytical rigor is maintained 
and that uncertainty is communicated transparently, 
rather than obscured by precision that cannot be 
supported by current evidence.

Ideally, each pathway would offer a distinct level 
of support to shipping in its transition to net zero. 
However, currently, most pathways provide com-
parable levels of support. While the choice of alter-
native fuel should be driven by the economic and 
commercial viability of each fuel type in its intended 
use,38 in practice, the shipping industry is not yet 
motivated to switch to alternative fuels.39

The industry faces specific challenges in switching 
to each of the current leading alternative fuel options:
•	 The LNG pathway has been chosen by many 

shipping companies after substantial studies, but 
it has also attracted substantial opposition. LNG 

TABLE 3.1 Alternative fuel choices—advantages and barriers

LNG Biofuel Ammonia Methanol Battery Hydrogen

Advantage •	 High 
technology 
readiness

•	 High fuel 
availability

•	 High volumetric 
energy density

•	 High technology 
readiness

•	 High volumetric 
energy density

•	 Drop-in fuel 
character

•	 High GHG reduction
•	 Part of hydrogen 

industrial cluster
•	 Higher volumetric 

energy density than 
hydrogen

•	 Existing 
infrastructure

•	 High GHG 
reduction

•	 Part of hydrogen 
industrial cluster

•	 High technology 
readiness

•	 High fuel 
availabilty

•	 High GHG 
reduction

•	 High GHG 
reduction

•	 Part of hydrogen 
industrial cluster

Barrier •	 Limited GHG 
reduction

•	 Potentially low 
GHG reduction

•	 Limited 
availability of low-
ILUC feedstock

•	 Low technology 
readiness

•	 Toxicity
•	 Requires abundant 

low-carbon electricity

•	 Requires 
abundant low-
carbon electricity

•	 Feedstock 
limited (CO2 or 
biomass)

•	 Very low energy 
density

•	 Requires 
abundant low-
carbon electricity

•	 Low technology 
readiness

•	 Low volumetric 
energy density

•	 Difficult to handle 
(liquefaction)

•	 Requires 
abundant low-
carbon electricity

Future demand prospect

Short term High Medium Low Medium Low Low

Long term Low Medium High High Low Low

Source: Argus Media—Consulting Services.
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investments are now questioned as inappropri-
ate and potentially harmful.40

•	 Biofuels face challenges over definitions of what 
are “acceptable” biofuels and how they will be 
implemented through regulations, which directly 
affect availability and viability.41

•	 Green methanol production faces scrutiny over 
feedstock sustainability and process efficiency, 
raising doubts about its long-term viability.42

•	 Ammonia raises serious safety concerns that 
some believe should eliminate it from consid-
eration as a major ship fuel. A single serious 
accident could transform its image from prom-
ising fuel to dangerous chemical, undermining 
confidence.43

Supply–demand balance for alternative 
fuels

The availability and price of the four main alternative fuels 
vary considerably. LNG, which is part of the petroleum 
economy, is generally available in the quantities required 
for shipping. The supply of sustainable diesel depends 
on feedstock availability and faces price pressures from 
competing sectors. Green methanol and green ammonia 
remain at pilot stages, with availability uncertain.

In 2025, more than 99 percent of marine fuel was 
conventional, and most of the world’s approximately 

100,000 commercial ships burned conventional fuels 
(heavy fuel oil, VLSFO, marine gas oil). A small but 
growing number of new ships are either alterna-
tive fuel capable or alternative fuel ready (chapter 
2). In 2025 these mostly used conventional fuels. In 
2025 Singapore, the world’s largest bunkering port, 
sold 1.36 million tons of bio-blended bunker, a siz-
able 55.6% increase from the 876,200 tons sold in 
2024 (figure 3.7). Within this category, B100 sales 
accounted for 25,500 tons (according to an analysis 
done by Ship & Bunker44). Additionally, LNG sales 
grew by 23.1 percent, year-on-year, totaling 571,400 
tons in 2025. Formal sales of methanol45 in Singapore 
started on January 1, 2026, with the commencement 
of the first license for methanol bunker operations. 
This would be less than 2 percent of Singapore’s total 
bunker volumes.46 The supply source for the green 
methanol to be sold has not been identified.

With the exception of LNG current supply is a 
fraction on this demand. Methanol plants are pro-
ducing less than 1 million tons annually (0.48 million 
toe), with 2 million tonnes (0.96 million toe) of capac-
ity under construction between 2026 and 2028.47 
Green ammonia’s annual production capacity is 
around 1 million tons (0.44 million toe), with some 
limited additional capacity under construction.

While demand for green methanol may reach 
20–25 million ton (9.6–12.0 million toe) by 2030, it 
is unlikely this demand can be met as supply will 

FIGURE 3.7 Bunker sales by fuel type, Zhoushan and Singapore, 2021–25
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remain limited; Singapore’s ambition is to supply 
1  million tons (0.48  million toe) of methanol in 
2030.48 The Methanol Institute estimates production 
of green methanol at 8 million tons (3.84 million toe) 
in 2030 (figure 3.8).

EAP is at the forefront of developing the ability to 
supply alternative fuels. 55 percent of green meth-
anol capacity under development is in EAP. China 
accounts for 54 percent of that capacity (figure 3.9). 
Chinese investment in renewable energy could sig-
nificantly boost production of green methanol if it is 
linked to the ability of China to deliver large-scale 
industrial projects.49

Over the long-term fuel costs are critical to deci-
sions on alternative fuels: Bunker fuel typically rep-
resents 40–60 percent of a ship’s operating costs 
(see chapter 2), making price competitiveness 
essential in a highly consolidated yet competitive 
market.50 In 2024, VLSFO averaged $630 a ton 
($643 toe) in Singapore, falling to around $440 a ton 
($449 toe) by late 2025. Ammonia production costs 
are estimated at $920 a ton ($2,090 toe), potentially 
halving to $460 a ton ($1,045 toe) by 203551—still 
speculative and dependent on renewable energy 
costs and permitting (figure 3.10).52 Similar uncer-
tainties apply to green methanol.

Higher fuel costs mean reduced competitive-
ness. Additional challenges include:
•	 Higher maintenance costs and downtime for 

inspections.
•	 Increased crew training and certification require-

ments lead to higher crew costs
•	 Reduced operational flexibility for ships using 

alternative fuels.
Some risks can be mitigated by dual-fuel capa-

bility, allowing ships to operate on conventional fuels 
when alternatives are unavailable.53

Liquefied natural gas: Technically viable 
but riskier than conventional fuels

LNG is a reality in EAP, with infrastructure in place and 
growing use, but it carries higher safety risks than conven-
tional fuels, and its economic advantages are ambiguous. 
The region’s stance appears to be to leverage LNG where 
it makes sense (for immediate compliance with sulfur 
oxide and nitrogen oxide emission limits and incremental 
carbon dioxide reduction) but to remain cautious about 
fully embracing it as the singular future fuel. This hedged 

approach is evident in policy: No EAP country is mandat-
ing LNG use, but countries are permitting and facilitating 
it as one option. The outcome for LNG will likely depend 
on whether the global community treats it favorably or 
moves quickly to push truly zero-carbon fuels that could 
outcompete LNG before it recoups its investment.

FIGURE 3.8 Announced capacity, year of operation 2025–30
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FIGURE 3.9 Announced methanol production, top 10 countries, 
2025–30 (kilotons)
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LNG is often cited as the most developed alterna-
tive marine fuel today. As of 2025, LNG was the 
leading alternative fuel in shipping, with around 470 
LNG-fueled ships in service globally and more than 
400 on order—far more than any other alternative 
fuel category.54 LNG has been used in ships for 
decades in niche applications; for example, LNG 
carriers have long burned boil-off gas as fuel. Since 
2015, when the first dual fuel LNG and conventional 
fuel–using container ships were delivered, a growing 
number of commercial vessels—primarily container 
ships, car carriers, and ferries—have been built or 
converted to use LNG.55

One advantage of LNG is that considerable 
supporting infrastructure is already in place or cur-
rently emerging. Across EAP, both active LNG refu-
eling sites and those planned or under construc-
tion are concentrated in maritime hubs—including 
Singapore, Shanghai, Yokohama, Busan, Hong 
Kong SAR, China, and other emerging locations
—highlighting the region’s rapidly expanding LNG 
bunkering network (figure 3.11). LNG terminals and 
storage are part of the world’s main energy infra-
structure. LNG bunkering facilities exist or are being 
built in major ports around the world, including in 
EAP and LNG bunker barges are on order (figure 
3.12). Singapore launched its first LNG bunker barge 

in 2017 (the “FueLNG Bellina”) and by 2023 had 
three LNG bunker barges in operation.56

Ports like Yokohama, Shanghai, and Busan 
have also conducted LNG bunkering operations or 
are planning to. Technically, LNG combustion can 
reduce carbon dioxide (CO2) emissions by about 
20 percent compared with heavy fuel oil (due to a 
higher hydrogen-to-carbon ratio), and it virtually 
eliminates sulfur oxides and particulate emissions. 
These benefits have driven adoption among some 
ship owners.

LNG poses greater safety and operational risks 
than conventional marine fuels. It must be stored at 
cryogenic temperatures (−162°C) and at low pres-
sure, requiring specialized insulated tanks and han-
dling systems on ships and bunkering barges. An 
LNG leak can expand rapidly into large clouds of 
flammable gas, creating a risk of fire or explosion 
in the presence of an ignition source, or a risk of 
asphyxiation in confined areas. Mandated safety 
protocols for LNG bunkering are much stricter than 
for conventional fuels: adequate safety distances, 
double-walled transfer hoses, emergency release 
couplings, gas detection systems, and specially 
trained crews with appropriate protective gear.

EAP ports have acknowledged these risks. 
Singapore’s TR 56 technical reference for LNG 

FIGURE 3.10 Green ammonia long-run marginal cost cohort
Europe, and particularly Northwest Europe, is likely to be the marginal supplier (on cost- basis) of the green ammonia market
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bunkering57 provides a detailed framework for pro-
cedures and safety, including required competency 
training for personnel and designated zones for LNG 
transfers.58 Even so, LNG accidents, while rare, can 
be severe (a major leak could result in a vapor cloud 
fire). In comparison, traditional marine fuels, though 
environmentally harmful, are not nearly as volatile. 
Thus, many in the industry view LNG as operation-
ally more demanding and hazardous, which can 
translate to higher costs for training, insurance, and 
compliance, as well as hesitance by ports or crews 
unfamiliar with it. Busy ports in EAP still restrict LNG 
bunkering to certain locations or times to ensure 
safety, unlike conventional fueling, which can occur 
almost anytime and anywhere in port.

The impact of LNG on ship economics remains 
uncertain. LNG fuel has at times been cheaper than 
conventional fuels, and LNG engines can be efficient, 
potentially incurring lower maintenance costs due to 
cleaner combustion. What is certain is LNG ships 
require higher capital investments than conventional 
ships because of specialized tanks and fuel systems 
required. Further, LNG bunkering infrastructure is 
more expensive to build and operate, including ves-
sels, storage tanks, and liquefaction or import ter-
minals. The net cost benefit depends on the differ-
ence in price between LNG and conventional fuels. 
This difference is unstable. In 2021–22 LNG prices 
hit record highs, undermining the economic case for 
LNG using ships as their fuel, LNG cost exceeded 
that of conventional fuels. Although LNG prices have 
since moderated this experience demonstrates that 
LNG is vulnerable to energy market volatility.59

LNG’s climate benefits are contested, partly due 
to methane leakage. Methane, the primary compo-
nent of LNG, is a greenhouse gas thought to have an 
impact 30 times more damaging than CO2 per kilo-
gram over a 100-year period. Even small amounts 
of unburned methane—or “methane slip” released 
as exhaust gas or accidental release of methane 
during refueling—in theory erodes the benefit of 
LNG’s CO2 reduction. Modern dual-fuel engines are 
being improved to reduce methane slip, and tech-
nologies such as catalytic converters for methane 
are in development. Concerns remain that the full 
lifecycle emissions of LNG may not be significantly 
better than those of conventional fuels.60

Future regulations may penalize methane emis-
sions, creating a potential regulatory risk for LNG 

investments. The IMO is moving toward a well-to-
wake evaluation of the greenhouse gas emissions 
of marine fuels by 2030. This would mean account-
ing for upstream gas leakage. If methane emissions 
are included, LNG could struggle to meet strin-
gent future carbon targets without additional mea-
sures, such as blending with bio-LNG or capturing 
methane.

In the near term, LNG is the only alternative fuel 
with significant adoption in EAP. Regional ship-
ping lines in Japan and the Republic of Korea have 
deployed LNG-fueled ferries and coastal ships. 
China is piloting the use of LNG on inland waterways 
to reduce air pollution. In Australia, LNG is being 
used on some bulk carriers in mining export trades.

FIGURE 3.11 EAP’s active and planned liquefied natural 
gas refueling sites, 2025

Source: World Bank staff and consultants based on data from Clark-

sons Research (retrieved: October 2025).
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Governments, including Singapore’s, consider 
LNG a transition fuel. Singapore has invested in bun-
kering capability and included LNG in its decarbon-
ization blueprint for 2030 to reduce emissions while 
awaiting zero-carbon options.61 Maritime experts in 
EAP often label LNG as a transition fuel that could 
become a dead end if better fuels leapfrog it. For 
example, the Global Maritime Forum notes that LNG 
might be viable only until the mid-2030s unless cou-
pled with carbon-neutral drop-ins such as bio-LNG 
or synthetic methane to meet long-term emission 
goals.62

Sustainable diesel: Technically 
feasible but supply constrained

Sustainable diesel—also referred to as renewable diesel 
or biodiesel—represents a readily available opportunity 
in EAP due to its relative ease of adoption. Ships can use 
it immediately without major engine modifications, and 
the region has the potential to produce it. Sustainable 
diesel shares a safety profile with its conventional fuel 
twin, which is reassuring for ports and crews. However, 
the maritime sector in EAP has been unable to secure a 
steady supply of biofuels beyond trial quantities. Unless 
large-scale production ramps up or the maritime sector 
receives priority over other sectors, these fuels will 
remain a niche component of ship fuel supplies.

Pilot programs in EAP have demonstrated the feasi-
bility of using sustainable diesel (box 3.2) on ships. 
In 2021–22, Maersk and Ocean Network Express 
vessels calling at Singapore ran on blends of used 
cooking oil methyl ester to reduce lifecycle emis-
sions. Ship owners report that engine performance 
on these biofuels is comparable to that of con-
ventional fuel, except for some additional cleaning 
required due to the solvency of biodiesel.63 No major 
safety concerns have been identified with sustain-
able diesel; in fact, it often has a higher flashpoint 
than conventional diesel. From an environmental 
perspective, sustainable diesel can greatly reduce 
net CO2 emissions because feedstock is waste or 
renewable, potentially delivering a 50–80 percent 
reduction in lifecycle greenhouse gas emissions. It 
also generally emits less sulfur dioxides and particu-
lates, although final emission results depend on the 
feedstock.64

Active and planned bunkering sites are emerging 
across key maritime hubs in EAP, with most loca-
tions concentrated around major shipping corridors, 
such as Singapore, China, Japan and Australia 
(figure 3.13).

The critical concerns for sustainable diesel (see 
box 3.2) are the availability of feedstock and com-
petition for these resources from other sectors. 
Feedstocks such as used cooking oil, animal fats, 

FIGURE 3.12 LNG bunker barges have increased significantly with large capacity on order, 
particularly in Asia

Gross tonnage
(thousands)

202820272026202520242023202220212020201920182017

Global Norway UnknownAmericas Asia Europe
Gross tonnage

(thousands)

Average vessel size (right axis)

0

5

10

15

20

0

50

100

150

200

Source: Argus Media—Consulting Services.



Cha p t er  3 Fuel s :  c  l e a r er  s i gna l s  needed  on  a lt ernat i v e s � 121

straight vegetable oils, and biomass are limited in 
quantity. Other transport modes compete for the 
same feedstocks, with aviation being a major com-
petitor due to its significant demand for bio-based 
jet fuel (sustainable aviation fuel). Aviation has a high 
willingness to pay because sustainable aviation fuel 
is one of the few viable decarbonization options for 
that sector.

Biodiesel blending mandates for road transport 
(covering trucks and buses) also generate strong 
demand for biofuels. In contrast, much of the 
marine sector lacks a mandate for biodiesel and 
has a relatively low willingness to pay, meaning it 
often receives only residual supply. Recent analyses 
indicate that even aggressive collection of waste 
oils and expansion of energy crops will not provide 
enough biodiesel to fuel global shipping if it were to 
rely solely on biofuels, and this shortfall is especially 
pronounced in EAP.65

Southeast Asia, particularly Indonesia and 
Malaysia, is a major producer of palm oil, a poten-
tial biofuel source. However, much of this output is 
already used in biofuel for road transport. Analysts 
and governments (mainly outside EAP) have raised 
sustainability concerns about the use of palm oil for 
fuel due to the land-use change associated with 
plantations.66 Consequently, some stakeholders 
recognize only waste-based biodiesel (such as used 
cooking oil–based fuels) as sustainable. Because 
international buyers often have a high willingness 

FIGURE 3.13 EAP’s active and planned biofuel bunkering sites, 2025

Source: World Bank staff and consultants based on data from Clarksons Research 

(retrieved: October 2025).

BOX 3.2 What is sustainable diesel?

Sustainable diesel refers to sustainably derived or other non-fossil diesel fuels that can replace conventional marine gas oil or 
fuel oil without major engine changes. It includes fuels like biodiesel (fatty acid methyl ester) made from vegetable oils or waste 
cooking oils, and renewable diesel (hydrotreated vegetable oil) produced from organic feedstock. These fuels have similar 
chemical properties to petroleum diesel and can often be blended with or directly replace conventional fuel (“drop-in” fuels).

The promise of sustainable diesel is that it is compatible with existing ship engines and bunkering infrastructure with 
minimal modifications—a big advantage over fuels like LNG or ammonia, which need new systems. Many ship engines can 
already run on biofuel blends (e.g., B20 or B30, meaning 20–30 percent sustainable diesel mixed with oil) with no issues, and 
some trials have used B50 or even B100 in auxiliary engines. The safety profile and handling of these biofuels are very similar 
to those of conventional fuels because they are liquids at ambient temperature and not much more flammable or toxic than 
diesel. Thus, from a technical and safety standpoint, sustainable diesel is largely feasible as a marine fuel. Crews and ports 
can treat it almost the same as current fuels.

Source: World Bank Consultants’ Report.
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to pay for this feedstock to meet their biodiesel 
requirements, its use in EAP is constrained.

The gap between supply and demand is sub-
stantial (figure 3.14). Global biofuel production 
across all transport modes (trucks, cars, ships, 
planes) was approximately 160 million tons in 2024, 
whereas shipping alone consumed 230 million tons 
of conventional fuel in the same year.67

Without policy intervention, sustainable diesel 
fuels are more expensive than fossil fuels and thus 
have low usage. Production costs for advanced bio-
fuels are higher, and when feedstock supply is tight, 
prices rise. There have been periods when biodiesel 
was 50–100 percent more expensive than VLSFO 
per ton.68 The only way EAP shipping companies 
might secure substantial quantities of sustainable 
diesel is through regulatory mandates or incentives 
that either enforce a certain blend or make it finan-
cially attractive.

For example, the European Union’s FuelEU Mar-
itime regulation, adopted in 2023, requires ships 
calling at EU ports to increase their use of renewable 
fuels over time, which could make the use of marine 
biodiesel viable. FuelEU treats all low-carbon fuels, 
similarly, creating a level playing field for compliance.69

In EAP, a few countries are discussing preferen-
tial treatment for biodiesel. Indonesia has included 
domestic shipping in the same mandate that is 
applied to road transport, requiring inter-island ships 
to use a biodiesel blend.70 Malaysia is consider-
ing a similar mandate. Policy and regulation could 
direct biodiesel allocation toward shipping by setting 
aside a portion of biofuel production specifically for 
domestic maritime transport.71

Green methanol: Promising but far 
from scalable

The EAP region is beginning to see delivery of dual-fuel 
methanol ships and production trials for green meth-
anol. However, production volumes remain well below 
commercial scale. In China and Australia, there are 
plans to build solar-powered methanol production facil-
ities, and EAP would be a prime consumer of this fuel. 
Despite positive public relations and growing interest 
in production, green methanol is expected to remain 
expensive and in short supply for decades. Its safety pro-
file is less favorable than that of conventional fuels (it 
ignites easily and burns very hot with an invisible flame), 
raising concerns about shipboard use.

FIGURE 3.14 Global biodiesel supply and demand forecast, 2025–50
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Note: Biodiesel capacity will follow a similar trend to bioethanol and is not expected to expand significantly over the fore-

cast period. Demand from the road sector is expected to peak in 2030. As a result, producers are expected to turn to the 

marine sector to valorise their remaining capacity. Due to sufficient incentives from the marine sector, it is expected that 

sufficient low indirect land-use change crops and cover crops will be available to supply the remaining biodiesel capacity.
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Green methanol refers to methanol produced using 
sustainable electricity by combining green hydrogen 
(from water electrolysis) with captured CO2 to form 
methanol (CH3OH). It is carbon-neutral if the CO2 
input is atmospheric or biogenic. Using methanol 
in an internal combustion engine releases CO2 that 
was recently captured, making it a “closed loop” 
fuel. Methanol can also be produced from biomass 
or fossil sources such as natural gas, but decar-
bonization efforts emphasize “green” methanol from 
renewable feedstocks.72

Methanol is a liquid at ambient conditions with 
a boiling point of 65°C and has long been used as 
a chemical commodity and fuel (notably in motor-
sports). For ships, methanol offers some advan-
tages. With additional safety precautions, it can 
be stored in simple tanks without cryogenic or 
high-pressure requirements, and it can be used 
in modified diesel engines or specialized spark-
ignition engines. Engine manufacturers such as 
MAN and Wärtsilä have developed dual-fuel metha-
nol engines. In 2023 the world’s first large container 
ships powered by methanol entered service, oper-
ated by Maersk.73

EAP ports with methanol bunkering or other 
related infrastructure include Singapore, Qingdao, 
Shanghai, Yichang, Busan, Onsan, and Hong Kong 
SAR, China (figure 3.15). Bunkering methanol is 
operationally similar to bunkering conventional fuels, 
but emergency protocols differ greatly. Methanol 
ignites easily, burns at extremely high temperatures 
(around 1,900°C, above the melting point of most 
steel), and produces an invisible flame. Its flash point 
is 11°C—far below the 60°C minimum required for 
conventional marine fuels under SOLAS. Because 
leaks can form flammable vapor clouds, creating 
explosion risks, methanol bunkering near ignition 
sources (e.g., container cranes) may be prohibited 
under standard protocols. Singapore introduced TR 
129 in 2025 to trial methanol bunkering standards 
and ensure safe operations.74

Methanol’s properties also complicate onboard 
use, requiring additional safety measures such as 
ventilation, leak detection, water sprays, and foam 
firefighting systems. Methanol is toxic: Ingestion of 
small amounts can cause blindness or death, and 
skin absorption or inhalation of high concentrations 
is dangerous. Crew training for methanol handling 
includes specialized firefighting techniques, such 

as using thermal cameras to detect invisible flames. 
The IMO is developing guidelines for methanol as a 
marine fuel.75

The biggest challenge for green methanol is 
scaling up production. Tens of billions of dollars 
in investments would be required.76 Commercial 
volumes of green methanol are currently minimal, 
with only a handful of pilot plants worldwide (e.g., 
Methanex and Carbon Recycling International in 
Iceland) producing thousands of tons annually. The 
Kassø project in Denmark, inaugurated recently, is 
the first large power-to-methanol plant, but its ini-
tial output is only 50,000 tons (25,000 toe) a year, 
much of it earmarked for Maersk’s new ships.77 By 
contrast, fossil-based methanol production exceeds 

FIGURE 3.15 EAP’s active and planned methanol 
bunkering sites, 2025

Source: World Bank staff and consultants based on data from Clark-

sons Research (retrieved: October 2025).
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100  million tons annually, primarily for chemical 
industries, and its use as marine fuel would increase 
carbon emissions.

Green methanol remains costly due to conver-
sion inefficiencies and high renewable electricity 
requirements. Analyses suggest that without major 
reductions in renewable power prices and electro-
lyzer costs, green methanol will remain several times 
more expensive than conventional fuels through the 
2030s.78 Maersk has acknowledged paying a pre-
mium for green methanol to kick-start the market, 
but widespread commercial viability has not yet 
been achieved.

Despite these challenges, methanol is often pro-
moted as a “ready now” alternative fuel because 
of the relative ease of engine conversion and par-
tial compatibility with existing fuel supply chains. 
Momentum was evident in late 2025, with more than 
100 methanol-capable ships (mostly large container 
ships and some tankers) on order globally, mostly 
in EAP yards. However, after ordering 25 methanol-
capable container ships, Maersk has recently 
placed orders for LNG-capable vessels, signaling 
uncertainty about methanol’s long-term role.79

Green ammonia: High risk and limited 
availability

Green ammonia’s appeal lies in being carbon-free at 
point of use. It also may be able to leverage ammonia’s 
existing infrastructure as a commodity. However, there 
are severe concerns related to safety and low produc-
tion volumes. The agriculture and chemicals sectors will 
compete for any green ammonia produced and have 
fewer alternative options than shipping; the willingness 
of agriculture and chemicals to pay for green ammonia 
is higher than shipping. For the 2025–35 horizon, green 
ammonia is more of a theoretical future pathway than a 
practical option.

When green ammonia (NH3) is produced from nitro-
gen from air and hydrogen from water electrolysis, it 
contains no carbon and emits no CO2 during com-
bustion.80 It can serve as fuel in internal combus-
tion engines and potentially in fuel cells.81 However, 
its energy density by volume is roughly half that of 
conventional marine fuels, meaning that about twice 
the tank volume is required for the same energy 
content.82 This low energy density presents a key 

challenge: Ships would need to carry roughly 2 tons 
of liquid ammonia to replace 1 ton of fuel oil.

Ammonia is already a widely traded chemical 
commodity. Global production is on the order of 
180 million ton per year (79.3 million toe), used pri-
marily in fertilizers, and about 10 percent of that is 
transported by sea.83 It has long been shipped in 
liquefied form using liquefied petroleum gas (LPG) 
carriers. The maritime industry has experience han-
dling ammonia as cargo. However, using ammonia 
in large quantities as fuel introduces new consider-
ations for shipboard storage, fuel systems, and port 
infrastructure. Ammonia fuel would likely be stored 
as a chilled liquid (around –33°C at atmospheric 
pressure) or under mild pressurization—similar to 
LPG storage. Safety protocols for ammonia cargo 
provide a starting point, but deploying ammonia as 
bunker fuel across a broad fleet is unprecedented 
and raises fresh challenges.84

Ammonia’s risk profile is the most hazardous 
among the proposed alternative marine fuels. This 
is due to the fact it is corrosive and is highly toxic 
to humans and the environment.85 Even small leaks 
can form poisonous ammonia clouds which can 
cause human fatalities if inhaled. In contact with 
skin, liquid ammonia causes severe caustic burns. 
If inhaled, ammonia is suffocating at very low levels 
(detectable around 5–50 parts per million) and fatal 
at higher concentrations. Ammonia is also flam-
mable in air at concentrations of 15–28 percent, 
though it is less flammable than methanol or LNG. 
An ammonia release in a busy port could necessi-
tate evacuation of a wide area to avoid mass expo-
sure, a nightmare scenario for harbors near popu-
lated cities in EAP. Onboard a ship, even a minor 
leak demands immediate response: Gas detection 
and alarm systems, emergency ventilation, and 
spill containment must work in unison to protect 
the crew.86 Because ammonia is colorless, leaks 
can be hard to detect without sensors. Contact 
with ordinary steels can cause stress-corrosion 
cracking, so material selection for tanks and pipe-
lines is critical.

According to Clarksons Research data, there is 
only one ‘active’ ammonia bunkering port, namely 
Singapore with several planned, including in Pyeo-
ngtaek, Onsan, and Tokuyama as well as in Damp-
ier, Port Hedland, and Newcastle in Australia (figure 
3.16). However, no large ocean-going ship has ever 
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run on ammonia fuel. This means that critical tech-
nical issues are still under investigation, from materi-
als compatibility (e.g., preventing ammonia-induced 
metal embrittlement of tanks, valves, and engine 
components) to combustion behavior in engines. 
Ammonia has slow flame speed and high ignition 
energy, making it harder to burn efficiently in engine 
cylinders.87 Engine designers have found that pure 
ammonia combustion is challenging. It may require 
pilot fuels or additives to ignite reliably. And it can 
produce nitrogen oxide emissions if combusted at 
high temperatures. Leading engine makers (MAN, 
Wärtsilä, and IHI) have been developing ammonia-
capable engines, but as of late 2025, these were 
still in prototype or early deployment stages. 
Despite these challenges, a substantial number of 
orders have been placed for ammonia-ready and 
ammonia-capable vessels.

IMO’s interim guidelines for ammonia-fueled 
ships (approved in late 2024) explicitly acknowledge 
these challenges: Ammonia ranks very high in tox-
icity risk and brings additional fire and explosion 
risks, so it demands the strictest safety measures 
of any marine fuel to date.88 In practice, this means 
double-walled fuel piping, segregated ventilation 
for ammonia spaces, extensive gas detection net-
works, and specialized emergency shutdown sys-
tems as mandatory design features. The IMO has 
moved to update the International Code of Safety 
for Ships using Gases or other Low-flashpoint Fuels 
(IGF) and the International Code for the Construction 
and Equipment of Ships Carrying Liquefied Gases 
in Bulk to accommodate ammonia, but these reg-
ulatory changes (and associated training standards 
under the International Convention on Standards of 
Training, Certification and Watchkeeping for Seafar-
ers) are just beginning and will evolve with real-world 
experience.

In anticipation of ammonia’s future role, approxi-
mately 190–200 new vessels in the global orderbook 
carry an “ammonia-ready” notation—meaning that 
their designs include provisions for future ammonia 
fuel use (such as space for larger fuel tanks, appro-
priate materials, and safety systems). For example, 
several large bulk carriers and container ships under 
construction in 2025 will have tanks and fuel sys-
tems prepared for ammonia, and Eastern Pacific 
Shipping and MISC have ordered ammonia dual-fuel 
ships for delivery in 2026–27. However, the required 

engines and fuel machinery are still under devel-
opment. The first-generation, two-stroke ammonia 
engines (by MAN Energy Solutions, WinGD, etc.) are 
expected to become commercially available in 2026 
with the first deliveries planned that year. Initial pro-
totypes were tested in 2025. Until these designs are 
proven, newbuild ammonia-capable ships will likely 
run on conventional fuel or other alternatives and be 
retrofitted to use ammonia later. The technical capa-
bility to build a ship that uses ammonia as fuel is just 
emerging.

Ports and bunkering hubs in EAP and globally 
are approaching ammonia with caution. EAP ports 
and shipbuilders are engaged in research (e.g., the 
Republic of Korea’s big shipyards are designing 

FIGURE 3.16 EAP’s active and planned ammonia 
bunkering sites, 2025

Source: World Bank staff and consultants based on data from Clark-

sons Research.
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ammonia-fueled vessel concepts). As of 2025, no 
major port had a regular ammonia bunkering oper-
ation; the industry is limited to small-scale trials and 
demonstrations. Singapore conducted a pilot ship-
to-ship ammonia transfer in March 2024, using the 
Fortescue-led demonstration vessel, and Japan has 
deployed a small ammonia-fueled tug for testing. 
The MPA, along with Enterprise Singapore, is final-
izing a national Technical Reference standard for 
ammonia bunkering.

Human-factor concerns also slow ammonia’s 
adoption. Seafarer unions have raised questions 
about exposing crews to ammonia.89 Ammonia han-
dling will require new bunkering infrastructure (spe-
cialized tanks, pumps, leak containment systems), 
and emergency response frameworks that do not 
exist at scale. In short, the safety hurdle for ammo-
nia is high. Any accident could be catastrophic. This 
severely limits its near-term viability; many experts 
say comprehensive risk mitigation and crew training 
for ammonia will take years to develop.90

Beyond safety and handling challenges, green 
ammonia is barely available today. While “grey” 
ammonia (made from natural gas with high CO2 
emissions) is produced in bulk for agriculture, 
nearly all ammonia currently comes with a large 
carbon footprint. Converting global ammonia pro-
duction to green (using renewable hydrogen) is a 
monumental task. The need to supply shipping in 
addition to existing agricultural demand is daunting. 
Some large projects are in planning—for instance, 
in Saudi Arabia (NEOM) and Australia (Asia Pacific 
Ammonia), multimillion-ton green ammonia facil-
ities are being planned to be operational by the 
late 2020s.

Projections show that green ammonia will remain 
expensive; like green methanol, it needs cheap 
renewable power and cheap electrolyzers to reduce 
production costs to a competitive level. Current esti-
mates put green ammonia at several times the cost 
of conventional fuels. The Maersk Mc-Kinney Møller 
Center for Zero Carbon Shipping’s assessments 
indicate that ammonia has the highest risk profiles 
and greatest technology gaps to bridge.91 Consid-
ering the following facts about green ammonia as 
ships’ fuel, the near-term viability of green ammonia 
is low: (i) it is not currently available on a viable scale, 
(ii) it is projected to remain expensive for decades, 
and (iii) its risk profile is poor, especially for onboard 

handling and port operations, due to toxicity and 
volatility.

In EAP, broad adoption would require an entire 
ecosystem (fuel production, distribution, safety 
regime) that is today nowhere near ready. Green 
ammonia may ultimately find its niche in ship-
ping, but likely in specific routes or specialized 
fleets. One plausible scenario is the development 
of “green ammonia corridors” directly linking pro-
ducers and consumers. For instance, a dedicated 
ammonia-fueled bulk carrier shuttling between a 
green ammonia export terminal (say, in Australia or 
the Middle East) and an import terminal in Japan or 
Europe. Such point-to-point routes could be tightly 
controlled and optimized for ammonia fuel, easing 
some safety and infrastructure issues. There are 
proposals along these lines (e.g., the Australia–
Japan Green Corridor concept for clean hydrogen/
ammonia trade). However, even these pilot routes 
face hurdles in coordination, safety assurance, and 
economics. For the majority of the shipping industry, 
which values flexibility and global availability, ammo-
nia is a future option not a current solution.

Nuclear propulsion: A suppressed 
option

Nuclear energy represents a fifth pathway, but no EAP 
country includes nuclear propulsion in its published 
maritime decarbonization strategy (beyond conceptual 
interest). Technology, regulatory, and public perception 
barriers mean nuclear-powered ships are at least a gen-
eration away from practical implementation. The Inter-
national Atomic Energy Agency has hinted at reconsider-
ing nuclear for shipping as part of climate action.

Nuclear propulsion is another potential alternative 
option for ships. It uses a nuclear reactor (usually 
a fission reactor) to generate heat, which produces 
steam to drive turbines for propulsion or electricity. 
This technology is well-established in naval vessels. 
Warships and submarines of several navies (United 
States, Russia, France, China) have safely operated 
nuclear reactors at sea for decades.92

Nuclear-powered commercial ships are extremely 
rare, however. A few experimental ships were built 
during the Cold War: the United States’ NS Savannah 
(launched 1959), Germany’s Otto Hahn (1964), Japan’s 
Mutsu (1970), and the Soviet Union’s Sevmorput 
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(1988), an icebreaking cargo ship still occasionally in 
service.93 These ships were not economically viable 
and failed to be broadly accepted. Although the idea 
has resurfaced periodically (for example, proposals for 
nuclear container ships using modern small reactors) 
and is being considered now for zero-carbon ship-
ping, this technology is controversial.94

Technologically, modern nuclear reactor designs 
(including small modular reactors, or SMRs) could 
provide the energy needed for large ships with 
zero greenhouse emissions. They offer extremely 
high energy density; a few kilograms of uranium 
can propel a ship for months, possibly years. To 
decarbonize the very largest ships, nuclear is one 
of the few options that does not require massive 
fuel storage.95 Advanced concepts propose molten 
salt reactors or other reactor types that are more 
compact and inherently safe. So, in theory, nuclear 
power could solve both the fuel energy-density 
problem and eliminate CO2 emissions. Technically 
minded proponents argue that with SMRs nearing 
maturity in terrestrial power generation, adapting 
them to ships is feasible in the next 10–20 years.96

Despite theoretical appeal, the barriers to nuclear 
ships are extremely high. Safety and security con-
cerns dominate: A reactor accident at sea, while 
unlikely, could cause widespread contamination. 
Ships face risks—collisions, grounding, piracy—that 
land-based nuclear plants do not. Protection against 
these risks would require heavy shielding or radically 
new reactor designs, increasing cost and weight.97 
Port acceptance is another challenge: Many ports 
refused entry to nuclear ships like NS Savannah and 
others without special permission, due to public fear 
of radiation. Today, public perception is even more 
resistant, given heightened awareness of nuclear 
events and accidents (e.g., Fukushima).98 

Nuclear security is also a concern: A nuclear-
powered commercial vessel could become a target 
or proliferation risk. Unlike naval ships, commercial 
vessels lack defensive capability. Regulatory and 
liability frameworks are undeveloped for nuclear 
merchant ships. International conventions (such 
as the Nuclear Liability Convention) and national 
laws would need to clarify responsibility in case of 
an incident. Insurance for a nuclear ship could be 
extraordinarily difficult to obtain under current con-
ditions. Additional hurdles include training reac-
tor operators for commercial vessels, establishing 

global maintenance and fuel supply chains, and 
managing nuclear waste.99

Regardless of which fuel pathway ultimately 
dominates, a set of no‑regret actions can support 
EAP country engagement and port planning. These 
include strengthening safety and regulatory frame-
works, building institutional and human capacity, 
developing fuel and equipment standards, and 
supporting pilot‑scale demonstrations to generate 
operational experience. Such measures help pre-
pare ports and maritime authorities for a range of 
future scenarios, preserve technological neutrality, 
and reduce the risks associated with premature 
lock‑in amid continued uncertainty over fuel costs, 
availability, and global regulation.

PORT AUTHORITIES HAVE TAKEN 
A NEUTRAL STANCE ON FUEL 
CHOICE

Despite being key stakeholders, EAP port authorities 
have largely refrained from influencing ship fuel choices. 
Their neutrality limits their ability to shape the transi-
tion to alternative fuels, even though they are directly 
affected by the safety, infrastructure, and environmental 
implications of ships’ fuel choices.

Port authorities in EAP are key stakeholders in 
shipping’s fuel transition. They control bunkering 
practices, invest in refueling infrastructure, enforce 
safety and environmental rules, and can incentivize 
or discourage certain fuels through fees and poli-
cies. With EAP home to many of the world’s busiest 
ports, port authorities might be expected to cham-
pion cleaner fuels. However, most EAP port author-
ities have taken a neutral or passive stance, viewing 
their role as facilitators of market demand rather 
than shapers of fuel choice.

Despite being directly affected by alternative fuel 
requirements—such as accommodating LNG bun-
kering trucks or ammonia storage (if those fuels gain 
traction)—EAP port authorities have refrained from 
stating their preferences for specific fuel alterna-
tives. For example, the MPA, though active in ensur-
ing conventional bunkering quality and safety, has 
adopted a multifuel, wait-and-see strategy for alter-
native fuels. MPA Singapore enables LNG bunkering 
and conducts pilot trials for biofuels and methanol, 
but it does not pick winners. Singapore’s Maritime 
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Decarbonisation Blueprint supports research in var-
ious fuels (LNG, biofuel, hydrogen, ammonia) with-
out committing the port to one pathway.100

Shanghai, Busan, and Hong Kong SAR, China 
are also observing and preparing. They are plan-
ning pilot projects and studying feasibility.101 By 
contrast, European ports such as Rotterdam offer 
tangible incentives such as discounted port dues 
for vessels using sustainable fuels or having lower 
emissions, though the incentives tend to be fuel 
agnostic.102 However, port dues are a relatively 
small portion of a vessel’s overall operating costs, 
limiting the effectiveness of discounts in influencing 
ship owner behavior. For example, in 2024, Rotter-
dam’s average revenue per ocean-going ship was 
approximately $30,000, or about the same as a 
single day’s charter fee for a 5,000-TEU container 
ship in 2025.

A more effective policy might be to redirect funds 
that would otherwise be used for discounts toward 
critical research and infrastructure development. 
Moreover, ports could play a more proactive role 
by publicly assessing and communicating the risks 
associated with specific fuel pathways. If a particu-
lar fuel poses grave safety concerns that cannot be 
adequately mitigated, port authorities could serve 
as a valuable signal to ship owners by expressing 
their concerns. In the long term, advising clients to 
avoid unnecessary risks may prove more construc-
tive than remaining neutral. In EAP, such signaling is 
rare. A few Chinese ports offered limited incentives 
under domestic Emission Control Area programs 
before IMO 2020, but these focused on sulfur com-
pliance rather than promoting new fuels.103

SOME GOVERNMENTS ARE 
USING STRATEGIC INVESTMENTS 
AND POLICIES TO INFLUENCE 
FUEL CHOICE

While ports stay neutral, several EAP national govern-
ments are seeking to shape the future of maritime fuels 
through strategic investments and policies. Large-scale 
funding and policy support could steer the sector toward 
specific fuel pathways and secure national dominance in 
the emerging green shipping economy.

With FuelEU Maritime and Emissions Trading System 
(ETS) policies, the European Union is steering global 

shipping toward greenhouse gas accountability. To 
avoid falling behind, high- and middle-income EAP 
countries are investing in areas of their comparative 
advantage.

Recognizing that fuel transitions have economic 
and geopolitical implications, some EAP coun-
tries are devising strategic plans and investments 
to shape the maritime fuel landscape and secure 
a competitive edge or ensure energy security.104 
Japan and the Republic of Korea, both major 
shipbuilding nations and energy importers, have 
released strategies to lead in alternative fuels like 
ammonia and hydrogen. Japan’s Green Growth 
Strategy funds ammonia-fueled engine research 
and development (R&D) and pledges deployment 
of ammonia-fueled ships in coastal fleets by the 
2030s.105 The Republic of Korea’s shipbuilders 
(such as DSME, HHI, and Samsung Heavy Indus-
tries), with government backing, are racing to 
design the first ammonia-ready vessels, aiming to 
capture the new-build market.106 These are stra-
tegic bets: If ammonia becomes a primary fuel, 
early movers could dominate its supply chain and 
technology.

Singapore, the world’s largest bunkering hub, 
is investing heavily to remain a multifuel port rather 
than picking a single alternative fuel. Through initia-
tives like the Maritime GreenFuture Fund, Singapore 
supports pilot projects in biofuels, ammonia bun-
kering studies, and shipboard carbon capture.107 Its 
Economic Development Board encourages green 
fuel producers to establish facilities near Singapore, 
aiming to anchor future supply chains.

China holds stakes in both traditional and alter-
native fuel. Chinese state-owned companies like 
COSCO and Sinopec are investing in methanol-
capable ships and exploring green methanol pro-
duction from renewables.108 China’s renewable 
energy scale, especially in Inner Mongolia and 
Xinjiang, positions it to produce green ammonia or 
methanol at scale. If China commits heavily to one 
pathway, it could shift global dynamics by the sheer 
volume of its production.109

Smaller EAP nations also have ambitions:
•	 Australia envisions exporting green hydrogen 

and ammonia for shipping and domestic mining 
vessels.110

•	 Malaysia and Indonesia, with biofuel reserves, 
target a share of maritime biofuel markets.111
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•	 Hong Kong SAR, China has pledged net-zero-
shipping emissions by 2050, likely aligning with 
China’s direction.112

•	 Pacific Islands advocate early adoption of zero-
carbon vessels, though they depend on larger 
nations for technology.113

REGULATORY UNCERTAINTY HAS 
LED TO SECTORAL PARALYSIS

Despite EAP’s pivotal role in climate change and vulner-
ability to its impacts, decarbonization action in ship-
ping lacks urgency, with movement toward sustainable 
energy sources awaiting regulatory clarity. Many EAP-
based shipping lines are hedging, ordering a few dual-
fuel or alternative-fuel-ready ships but mostly waiting, 
while EAP governments are cautious about imposing 
strict rules unilaterally for fear of losing business. A 
stable, long-term policy framework is essential to guide 
investment and innovation in maritime fuels, enabling 
stakeholders to plan confidently, reduce risk, and accel-
erate the fuel transition. This would help align many 
moving parts: shipbuilding, fuel production, workforce 
training, and bunkering infrastructure.

The maritime fuel transition is unfolding amid evolv-
ing and sometimes overlapping regulations. At the 
global level, the IMO has adopted the 2023 GHG 
Strategy, which set out long term emissions goals 
for the maritime sector and is developing mea-
sures such as a Greenhouse Gas Fuel Standard 
and market-based mechanisms, but many specif-
ics remain undetermined and far in the future.114 
The European Union has introduced binding rules 
(FuelEU Maritime and inclusion of shipping in the EU 
ETS) that impose penalties for emissions starting in 
2025.115 Most EAP countries have voluntary targets 
or are waiting on international mandates, resulting 
in a lack of clear, unified regulation on which fuels 
are favored or what standards alternative fuels must 
meet globally.

The detrimental impacts of policy 
uncertainty
This regulatory uncertainty creates a negative feed-
back loop:
•	 Ship owners in EAP hesitate to invest in new fuel 

technologies, fearing they might choose a path 
that later proves noncompliant or uneconomic.

•	 Fuel producers and infrastructure providers delay 
projects, unsure of future demand or carbon pricing.

•	 Regulators, seeing slow uptake, hesitate to impose 
stricter rules, reinforcing industry conservatism.116

The result is paralysis: Investment is discour-
aged, innovation slowed, and fleet renewal deferred. 
For example, an EAP ship owner ordering a vessel 
in 2026 faces a dilemma: IMO rules may tighten 
in the 2030s, but their form and stringency are 
unknown. Ordering a conventional-fueled ship risks 
future noncompliance; ordering an ammonia-ready 
ship risks betting on a fuel that may remain unavail-
able or costly—and current regulations have not 
even approved ammonia use under the IGF Code.117 
This uncertainty leads many to opt for dual-fuel 
capable engines as a cautious compromise (see 
chapter 2) rather than boldly adopting zero-carbon 
fuels. Fuel suppliers respond with similar hesitation; 
without mandated demand or clear carbon pricing, 
large-scale alternative fuel plants remain financially 
risky.118 Fragmentation adds complexity: The EU 
enforces strict greenhouse gas rules, while some 
EAP countries may not, creating an uneven playing 
field for global trade vessels.119

Operational consequences include slower fleet 
efficiency improvements and delayed port infra-
structure upgrades for alternative fuels. When green 
ships do arrive, bunkering services may be limited, 
reducing adoption efficiency. In short, uncertainty 
breeds indecision, and shipping’s historically con-
servative culture amplifies this effect.120 Overpromis-
ing technologies—such as touting ammonia fuel as 
“imminent” despite decades-long timelines—further 
complicates rational planning.

The case for long- term fuel policy clarity
In light of these challenges, there is a consensus 
that clear, long-term policies are essential to guide 
the transition to sustainable maritime and shipping. 
Policy clarity would provide EAP shipping with the 
confidence to invest in new technologies and fuels 
at scale.

In practical terms, this involves setting definite 
targets and aligning regulatory, fiscal, and industry 
plans well in advance. An effective and stable long-
term framework would definitively answer the ques-
tion: “What fuels and technologies should we invest 
in for the next 20–30 years?” This would guide 
investment and innovation in maritime fuels in EAP 
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by enabling stakeholders to plan confidently, reduce 
risk, and accelerate the fuel transition, as with:
•	 Investor confidence: Well-defined regulations 

signal which fuels will be rewarded and which 
penalized, reducing risk and unlocking capi-
tal for R&D investment. Defined targets (e.g., 
“emissions-free transpacific vessels by 2045”) 
allow governments and firms to focus research 
on viable solutions. A green methanol plant 
developer, for example, will invest if demand is 
guaranteed through mandates or carbon pricing.

•	 Economies of scale: Clear direction enables 
industry-wide scaling, lowering costs through 
learning curves. Similar to how vehicle emission 
standards accelerated the adoption of electric 
vehicles, clear maritime fuel standards or man-
dates, such as requiring a minimum share of sus-
tainable marine fuels, could drive infrastructure 
and cost reductions.121

•	 Avoiding stranded assets: Policy signals can 
forestall investment in ships or infrastructure 
that later becomes obsolete, avoiding wasted 
resources on dead-end options.122 For instance, 
explicit timelines for carbon-intensity reductions 
or zero-emission requirements for ships by 2050 
(e.g., “X percent of fuel must be zero-carbon by 
2035” or “all new-build ships after 2040 must 

be zero-emission”) would steer owners toward 
future-proof designs.123

Ideally, clarity should be global to ensure a level 
playing field. The IMO’s revised 2023 GHG Strategy 
set out long term emissions goals for the maritime 
sector, including net zero by 2050 and indicative 
checkpoints for 2030 and 2040.124 Many stake-
holders are now calling for IMO to follow up with 
concrete measures. The European Union’s FuelEU 
Maritime regulation and ETS pricing have already 
created certainty for ships trading with Europe, 
demonstrating how policy can drive action.125

For EAP, greater regional coordination—
potentially through existing forums such as the 
Association of Southeast Asian Nations or Asia–
Pacific Economic Cooperation, could help sup-
port progress, subject to consensus among major 
economies.126 Such coordination could, in principle, 
encompass a range of cooperative arrangements, 
drawing, where relevant, on established interna-
tional practices. A regional approach could also 
encourage greater alignment in port-level standards 
and incentive structures, while any revenues gener-
ated could be considered for reinvestment in shared 
decarbonization goals, including infrastructure 
development, pilot initiatives, and targeted support 
for smaller economies.
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ANNEX 1

EAST ASIA AND PACIFIC 
MARITIME COUNTRY 
GROUPINGS (INCLUDING 
TERRITORIES)

This annex summarizes East Asia and Pacific 
(EAP) maritime country coverage by com-

monly used World Bank operational categories. 
It is intended as a clear reference for comparative 
analysis across World Bank client and nonclient 
countries.

A. EAP maritime countries (including territories) (by 
alphabetical order): American Samoa; Australia; 
Brunei Darussalam; Cambodia; China; Fiji; French 
Polynesia; Guam; Hong Kong SAR, China; Indone-
sia; Japan; Kiribati; Macao SAR, China; Malaysia; 
Marshall Islands; Federated States of Micronesia; 
Myanmar; Nauru; New Caledonia; New Zealand; 
Northern Mariana Islands; Palau; Papua New 
Guinea; Philippines; Republic of Korea; Samoa; 
Singapore; Solomon Islands; Taiwan, China; 
Thailand; Timor-Leste; Tonga; Tuvalu; Vanuatu; 
Viet Nam.

B. Developed EAP (World Bank nonclient countries, 
including territories): American Samoa; Australia; 
Brunei Darussalam; French Polynesia; Guam; Hong 
Kong SAR, China; Japan; Macao SAR, China; Fed-
erated States of Micronesia; New Caledonia; New 

Zealand; Northern Mariana Islands; Republic of 
Korea; Singapore; Taiwan, China.

C. Developing EAP (World Bank client countries): 
Cambodia, China, Federated States of Micronesia, 
Fiji, Indonesia, Kiribati, Malaysia, Marshall Islands, 
Myanmar, Nauru, Palau, Papua New Guinea, Phil-
ippines, Samoa, Solomon Islands, Thailand, Timor-
Leste, Tonga, Tuvalu, Vanuatu, Viet Nam.

D. Developing EAP—Pacific Island countries and 
Papua New Guinea: Fiji, Kiribati, Marshall Islands, 
Federated States of Micronesia, Nauru, Palau, 
Papua New Guinea, Samoa, Solomon Islands, 
Tonga, Tuvalu, Vanuatu.

E. ASEAN maritime countries: Brunei Darussalam, 
Cambodia, Indonesia, Malaysia, Myanmar, Philip-
pines, Singapore, Thailand, Viet Nam.

F. ASEAN7 maritime countries: Cambodia, Indonesia, 
Malaysia, Philippines, Myanmar, Thailand, Viet Nam.

G. ASEAN-5 maritime countries: Indonesia, Malay-
sia, Philippines, Thailand, Singapore.

Note: Several countries and territories appear in multiple categories due to overlapping classifications (e.g., maritime 

relevance, income status, and client eligibility). Geographic type (continental, archipelago) is included where relevant for 

maritime transport, port development, and connectivity analysis.
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ANNEX 2

METHODOLOGY
—EMPLOYMENT 
IMPACTS OF MARITIME 
TRANSPORT IN EAP

Sectoral classification
The sector scope follows ISIC Rev 4.1 Transport & 
storage is Section H. Within section H: Division 50 
(Water transport H50) and Division 52 (Warehous-
ing and support activities for transportation H52). 
H50 covers passenger and freight transport over 
water (including towing/pushing, ferries, and water 
taxis), with sea/coastal vs. inland distinguished by 
vessel type. Employment tabulations use ILOSTAT 
“Employment by sex and economic activity—ISIC 
Level 2, which reports employed persons by ISIC 
division where available. H52 covers warehousing 
and transport-support activities, including cargo 
handling and operation of transport infrastructure 
(including harbors), and is multi-modal (covering 
support to land, water, and air transport). Seafarers 
are reported in specialized maritime sources (i.e., 
the World Maritime’s University reports 942,736 
seafarers for Asia Pacific,2 and UNCTAD notes a 
global workforce of about 1.9  million seafarers3). 
Because national reporting conventions differ, sea-
farer counts may overlap conceptually with ISIC H50 
employment (water transport) in some series. For 
this reason, seafarers are not added to the H50-
based estimates unless mutual exclusivity can be 
confirmed.

Employment data source
Employment tabulations are drawn from ILOSTAT 
labor force statistics tables, including the EMP_
TEMP_EC2_NB_A statistics tables, which report 
employment by ISIC division Level 2 where available.

Direct maritime jobs estimation
Direct maritime jobs are approximated from official 
employment statistics using a two-stage “share” 
method. Total employment in ISIC Section H 

(transport and storage) is compiled across the EAP 
country set from ILOSTAT employment tabulations 
(section-level), yielding an estimated total of 67 mil-
lion jobs (EAP aggregate constructed by summing 
country values). Division level employment data (ISIC 
level 2) are not available for all EAP countries. Using 
the subset of EAP economies where ILOSTAT pro-
vides ISIC division employment, country-level shares 
are computed as share (H50 and H52) is equal to 
employment (H50 and 52) divided by employment 
(H). Shares are then aggregated across the avail-
able country subset and applied to the EAP section 
H total yields indicative division-level employment 
order of magnitude.
•	 H50 (water transport): 4 percent of H, equivalent 

to 2.6 million jobs.
•	 H52 (warehousing and transport support): 

18  percent of H, equivalent to 12  million jobs. 
Because H52 is multi-modal, covering cargo 
handling and transport support incidental to 
land, water and air transport, only a portion of 
H52 is maritime related. Maritime-related H52 
employment is estimated using a maritime activ-
ity proxy (seaborne share of regional trade), pre-
sented as a conservative range (30–60 percent). 
A midpoint assumption of 50  percent implies 
6 million maritime-related H52 jobs.

Wider jobs supported
To estimate spillover employment beyond direct 
jobs, standard IO multiplier concepts are used. 
Type I multiplier (direct and indirect effects through 
upstream suppliers (households treated as exog-
enous) and Type II multiplier (Type I  +  induced 
effects through household consumption). A practi-
cal and widely used convention is to compute indi-
rect jobs as Direct × (Type I-1) and induced jobs as 

https://rplumber.ilo.org/data/indicator/?id=EMP_TEMP_SEX_EC2_NB_A&format=.csv.gz
https://rplumber.ilo.org/data/indicator/?id=EMP_TEMP_SEX_EC2_NB_A&format=.csv.gz
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Direct × (Type II—Type I). This decomposition is con-
sistent with input-output (IO) multiplier guidance and 
is explicitly described in published multiplier applica-
tions; for example, the ADB study on jobs impacts 
notes that the induced effect can be taken as the 
difference between Type II and Type I multipliers.4

Illustrative Type I and Type II employment multi-
pliers for water transport are drawn from published 

input–output studies for selected EAP economies 
(Thailand, Indonesia, and Fiji) and averaged to pro-
duce indicative regional values (Type I = 1.64, and 
Type II  =  1.85). Applying these multipliers to the 
9.5 million direct maritime jobs yields an estimated 
6.1 million indirect jobs and 2.0 million induced jobs, 
or approximately 8.1  million additional jobs sup-
ported economywide.
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Southeast Asia bagged break-bulk or bulk rice 
trade relies on bulk carriers, from small bulk-

ers (with a capacity up to 10,000 deadweight tons) 
to Panamax (about 80,000 deadweight). Many are 
among the oldest ships in the regional fleet. Small 
bulk carriers, commonly used for rice shipments 
in Southeast Asia, have an average age of 28.3 
years, making them among the oldest segments of 
the global dry bulk fleet. (By comparison, the aver-
age age of the overall bulk carrier fleet is 12 to 13 
years.5) Operators often retain these ships longer 
than others because of the low margins for ship-
ping rice as cargo, limiting investment in modern 
tonnage. This segment of the shipping industry is 
considered a laggard on safety, with poor mainte-
nance standards and weak compliance with inter-
national norms. These factors increase the risk of 
operational incidents and detentions under port 
state control regimes.

Why it matters: The Southeast Asia rice trade is 
critical to food security, feeding more than 60 million 
people in EAP. Reliance on outdated ships under-
mines reliability. For instance, Viet Nam and Thai-
land both exported a record 9 million metric tons 
of rice in 2024, but aging fleets pose vulnerabilities 
to supply chain resilience. The lack of reliability and 
lower safety standards also adds to costs away 

from ships in terms of loss of cargo quality and 
increased inventory costs. Much could be done to 
improve efficiency, mitigate quality loss in transport 
and reduce total economic cost.

Indicative calculations of the rice trade in EAP

Total Southeast Asia rice exports (2024):
Viet Nam ≈ 9 million metric tons (MMt), 
Thailand ≈ 9.95 MMt,  
others ≈ 3.13 MMt ≅ 22.26 MMt (22.26 billion kg)

Average per capita rice consumption in EAP
≈ 185 kg/person/year (weighted from Indonesia, 
Philippines, Viet Nam, and others)

People fed if all rice exports go to EAP
22.26 billion kg: 185 kg/person/year ≅ 120,300,000 
people fed

People fed if half of rice exports go to EAP
≅ 60.1 million people fed

​Breakdown by exporter
Viet Nam ≈ 49.6 million people fed
Thailand ≈ 50,8 million people fed
Others ≈ 16.9 million people fed

Note: The calculations ignore losses (handling, quality, storage), differences in rice types (milled vs. paddy vs. broken rice), 

and non-EAP destinations.

ANNEX 3

SAFETY RISKS AND AGING 
FLEETS JEOPARDIZE 
SOUTHEAST ASIA’S 
RICE TRADE
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ANNEX 4

METHODOLOGY 
FOR CONVERTING 
VARIOUS MARINE 
ALTERNATIVE FUELS

Rationale
Marine fuels vary widely in their energy content 
(lower calorific value (LCV) expressed in kJ/kg). 
Because of these large differences, comparing 
fuels on a mass basis (tons) enables misleading 
conclusions about energy supply, cost, and emis-
sions. Converting to toe (ton oil equivalent), which 
is defined by the IEA as 41.868 gigajoules (GJ), nor-
malizes everything to a single energy unit.

Why this matters?
It makes different fuels directly comparable. It also 
allows consistent analysis of bunker demand, 
energy supply, and decarbonization scenarios. It 
also avoids distortions when fuels with low volu
metric or gravimetric energy density (like ammonia 
or methanol) are involved.

Methodological basis
The conversion follows the International Energy 
Agency (IEA) definition, where 1 toe = 41.868 GJ. 
Fuel energy content is expressed as LCV (kJ/kg), 
which is converted to GJ/mt by dividing by 1,000. 

The resulting LHV values are then converted to toe 
per metric ton using toe = LHV (GJ/mt) ÷ 41.868.

Conversion factors

Fuel type
LCV  

(kJ/kg)
LCV  

(GJ/mt)
Toe per 

metric ton

Conventional fuels

HFO 40,200 40.2 0.96

LFO/ VLSFO 41,200 41.2 0.98

MDO/MGO 42,700 42.7 1.02

Alternative fuels

Ammonia 18,600 18.6 0.44

Ethane 46,400 46.4 1.11

Hydrogen 120,000 120.0 2.87

LNG (fossil) 48,000 48.0 1.15

LPG (propane/
butane blend) 46,300 46.3 1.11

Methanol 19,900 19.9 0.48

Source: IMO framework on life cycle GHG intensity of marine 

fuels (LCA). https://www.imo.org/en/ourwork/environment​/

pages​/lifecycle-ghg---carbon-intensity​-guidelines.aspx.

https://www.imo.org/en/ourwork/environment/pages/lifecycle-ghg---carbon-intensity-guidelines.aspx
https://www.imo.org/en/ourwork/environment/pages/lifecycle-ghg---carbon-intensity-guidelines.aspx


Purpose and scope
This methodological annex documents in full detail 
the approach used to estimate vessel-level and 
voyage-level CO2 emissions. It draws exclusively 
on vessel technical data and activity data from 
AXSMarine.6

The methodology covers: (i) dry bulk and tanker 
& gas vessels; and (ii) liner/container vessels.

The annex is intended to ensure transparency, 
replicability, and consistency of emissions estimates 
across regions and vessel segments, and to sup-
port comparability with other maritime emissions 
assessments.

Data sources

Vessel Technical Characteristics
Vessel-specific technical characteristics, including 
engine type, daily fuel consumption rates during 
operations and idling time, scrubber installation 
status, and speed–consumption relationships, are 
sourced from the AXSMarine unique vessel tech-
nical description database. These data are used 
to derive parametric speed and fuel consumption 
curves for each vessel. Scrubber installation status 
is obtained from the AXSMarine vessel technical 
description database.

Vessel activity and operations data
Operational activity data—including timestamps 
for port stays, anchorage, berth operations, and 
sea passages—are derived from AXSMarine Trade 
Flows timestamped events data. These timestamps 
are used to calculate the duration of vessel opera-
tions by operational mode (at sea laden (dry, tanker, 
gas vessels), at sea ballast (dry, tanker, gas vessels), 

at sea with a loading factor coefficient for container 
vessels, waiting, loading, discharging).

Fuel types and emission factors
The methodology distinguishes between fuel use by 
main engines and auxiliary engines.

Fuel assignment follows these rules: Main 
engines use either heavy sulfur fuel oil (HSFO) 
or very low sulfur fuel oil (VLSFO), depending on 
whether the vessel is scrubber-fitted; auxiliary 
engines are assumed to use low sulfur marine gas 
oil (LSMGO).

For dual fuel engine, we assume a dual LNG/fuel 
oil engine will consume a mix of 90% LNG and 10% 
LSMGO, and a dual methanol/fuel oil engine will 
consume a mix of 95% methanol and 5% LSMGO.

Emission Factors
Standard CO2 emission factors for fossil marine fuel 
are applied uniformly across vessel types:

Fuel type
CO2 emission factor  

(tCO2/ton of fuel burned)

HSFO 3.11440

VLSFO 3.15104

LSMGO 3.20600

LNG 2.75000

Methanol 1.37500

These factors are applied to all calculated fuel 
consumption components to derive CO2 emis-
sions and published as IMO‑derived emission fac-
tors and used operationally by ship owners and 
regulators. The CO2 emission factors applied are 
standard tank‑to‑wake values consistent with IMO 
operational reporting practice and widely used 

ANNEX 1.1

METHODOLOGY FOR 
CALCULATING VESSEL 
LEVEL AND VOYAGE‑LEVEL 
CO2 EMISSIONS
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industry benchmarks, reflecting the carbon content 
of each fossil marine fuel and assuming complete 
combustion.

Methodology for dry bulk and tanker 
vessels

Speed and consumption curves
For each dry bulk and tanker vessel, two separate 
speed–consumption curves are generated: (i) one 
for laden voyages; and (ii) one for ballast voyages.

The curves are parameterized using coefficients 
derived from vessel-specific speed and consump-
tion data contained in the AXSMarine database.

Operational time measurement
Operational durations are calculated for the follow-
ing activity phases:
•	 Port waiting (loading and discharging)
•	 Port operations (loading and discharging)
•	 Sea passage during laden voyages
•	 Sea passage during ballast voyages

Durations are derived from port, anchorage, 
berth, and zone timestamps provided by AXSMarine 
Trade Flows data.

Fuel consumption calculations

Laden voyage fuel consumption
Total bunker consumption for each laden voyage is 
calculated as the sum of fuel consumed during port 
operations and sea passage:

Port operations (laden voyage):
•	 Load waiting duration × main engine daily idle 

consumption (HSFO or VLSFO)
•	 Load waiting duration × auxiliary engine daily idle 

consumption (LSMGO)
•	 Load duration × main engine daily consumption 

during loading
•	 Load duration × auxiliary engine daily consump-

tion during loading
•	 Discharge waiting duration × main engine daily 

idle consumption
•	 Discharge waiting duration × auxiliary engine 

daily idle consumption
•	 Discharge duration × main engine daily con-

sumption during discharging
•	 Discharge duration × auxiliary engine daily con-

sumption during discharging

Sea passage (laden voyage):
Fuel consumption at sea laden (tons of fuel) = a 

laden × EXP( b laden × speed) × sea duration (days)
•	 a and b are vessel-specific coefficients cor-

responding to laden speed and consumption 
curve;

•	 Speed is the average voyage speed;
•	 Sea duration is the duration of the laden sea 

voyage.

Ballast voyage fuel consumption
Fuel consumption for ballast voyages is calculated 
only for the sea passage phase:

Fuel consumption at sea ballast (tons of fuel) = 
a ballast × EXP(b ballast × speed) × sea duration 
(days)
•	 a and b are vessel-specific coefficients corre-

sponding to ballast speed and consumption 
curve;

•	 Speed is the average voyage speed;
•	 Sea duration is the duration of the ballast voyage.

Methodology for liner and container 
vessels

Speed and consumption curves
For liner and container vessels, parametric speed–
consumption curves are derived from the AXSMa-
rine vessel technical description database and 
adjusted as a function of vessel loading factor. This 
reflects the sensitivity of fuel consumption to loading 
conditions.

Fuel consumption by voyage leg
Fuel consumption is calculated separately for at-sea 
and at-port operations for each voyage leg.

Fuel consumption at sea laden (tons of fuel) = 
(a × EXP (b × speed ) × vessel loading factor adjust-
ment + daily LSMGO consumption ) × sea duration

where:
•	 a and b are vessel-specific coefficients cor-

responding to laden speed and consumption 
curve;

•	 Speed is average speed between 2 ports;
•	 Vessel loading factor is the coefficient derived 

from AIS Draft and Vessel nominal draft to know 
container vessel loading conditions

•	 Daily LSMGO is daily auxil iary engine 
consumption;
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•	 Sea duration is voyage duration at sea between 
two ports.
At port:

•	 (Daily main engine idle consumption + daily 
LSMGO consumption) × waiting duration

•	 (Daily main engine consumption during operation 
+ daily LSMGO consumption) × berth duration

Conversion of fuel consumption to 
CO2 emissions
For both vessel groups, each calculated fuel con-
sumption component is converted into CO2 emis-
sions by applying the relevant fuel-specific emission 
factor (HSFO, VLSFO, LNG, methanol or LSMGO). 
Emissions from all voyage phases are then aggre-
gated to obtain total CO2 emissions per voyage.

Aggregation and reporting
Voyage-level CO2 emissions are aggregated as 
required for regional, voyage-level, or fleet-level 
analysis. Aggregation preserves consistency 
across vessel types, operational modes, and fuel 
categories.

Limitations and assumptions
•	 These factors represent tank‑to‑wake CO2 only
•	 They exclude upstream emissions (refining, 

transport, bunkering)
•	 They exclude non‑CO2 GHGs (CH4, N2O, black 

carbon)
•	 Fuel types are assigned based on scrubber 

installation status and do not account for fuel 
switching beyond the defined rules.

•	 Speed–consumption relationships rely on para-
metric curves derived from advertised speed and 
consumption from ship owner and gathered by 
AXSMarine

•	 Emission factors are assumed constant across 
regions and operating conditions.

•	 These assumptions are consistent with the 
underlying AXSMarine emissions estimation 
framework used in the analysis.

Reproducibility and transparency
All inputs, coefficients, and calculation steps are 
traceable to AXSMarine data sources and explicitly 
defined formulas. This ensures that the emissions 
calculations can be replicated and updated as new 
vessel or activity data become available.
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