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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



iv� F o r e w o r d

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.
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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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Classification 
societies play a 

critical role in 
upholding safety 

standards for 
international ships

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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Aging fleets, uneven 
enforcement, 
unmet standards, 
and insufficient 
training continue 
to undermine 
safety culture

FIGURE 5 International Maritime Organization conventions and protocols ratified by East Asia 
and Pacific economies, December 2025
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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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Through training 
and certification 

programs, the 
region determines 

the competence and 
preparedness of 

much of the world’s 
seafarer professions

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).
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Ships designed and 
operated to high 
safety standards 
experience fewer 

breakdowns, fewer 
safety-related 

detentions, and 
lower operational risk

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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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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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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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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and training standards through mechanisms like the 
Tokyo MoU on Port State Control (covering Pacific 
Rim nations) and ASEAN port forums. These facil-
itate 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 interisland 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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Coordinated 
subregional 
approaches are 
crucial for success 
in alternative 
fuels, which 
require significant 
infrastructure and 
market development

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 
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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).

4.	 World Bank 2019.

5.	 Ministry of Transport of the People’s Republic of China 

2025.

6.	 ACPA 2018.

7.	 World Bank 2025.

8.	 World Bank 2024c.

9.	 World Bank 2015.

10.	 Specifically, the ToI Laut was structured to make 

shipping essential goods to remote regions afford-

able and reliable. It began by selecting a set of basic 

commodities and fixing cargo tariffs for these goods to 

specific destinations. To ensure service continuity, the 

government paid primarily state-owned shipping lines 

to operate scheduled voyages to these destinations 

several times a year. Finally, the program allowed any 

shipper to transport the designated commodities on 

these vessels at the tariff set by the Ministry of Trans-

portation, creating an open and predictable system for 

moving essential goods.

11.	 Rodrigue and Pallas 2025.

12.	 The Load Star 2015.

13.	 Pallis and Rodrigue 2024; PPIAF 2024; PEMSEA 

2023.

14.	 Indonesia’s domestic container shipping across the 

country makes it an outlier, with its success driven by 

the country’s specific political economy.

15.	 Levinson 2006.

16.	 IEA 2025.

17.	 IMO n.d.

18.	 World Bank 2022.

19.	 Liu 2024.

20.	 ASEAN Secretariat 2023; Bradford and Strating 2023.

21.	 Chambers and Partners 2025.

22.	 IACS n.d.

23.	 EMSA 2023; Tokyo MOU Secretariat 2024.

24.	 Inmarsat 2025.

25.	 IMO 2025; Raviv 2024.

26.	 PEMA 2013.

27.	 Electric Power Research Institute 2009.

28.	 CMA CGM 2024; US DOT 2022.

29.	 GloFouling 2022.

30.	 In July 2023, member states of the IMO, including 

all major EAP governments, unanimously adopted 

a strengthened IMO Greenhouse Gas Strategy that 

commits global shipping to cut total greenhouse gas 

emissions by 30 percent by 2030, 80 percent by 2040, 

and reach net zero by or around 2050. These targets 

(aligned with limiting warming to 1.5°C) were a dra-

matic leap from IMO’s previous 50 percent by 2050 

goal.

31.	 World Bank 2024b.

32.	 DNV 2025.

33.	 Emblemsvåg 2025.

34.	 Lagouvardou et al. 2023.

35.	 ITF 2023.

36.	 Ministry of Commerce of the People’s Republic of 

China 2025.

37.	 Ministry of Industry and Information Technology of the 

People’s Republic of China 2023.

38.	 E-methanol is a renewable liquid fuel produced by 

combining green hydrogen with captured carbon diox-

ide using renewable energy. It is a sustainable alterna-

tive to traditional methanol, which is made from fossil 

fuels.

39.	 This source includes the Methanol Institute’s database 

tracking global e-methanol projects, their announced 

capacities, and development stages (Methanol Insti-

tute 2025).

40.	 E-ammonia is a fuel produced using renewable energy 

to separate hydrogen from water through electrolysis, 

creating e-hydrogen. Nitrogen gas is obtained through 

air separation and then combined with hydrogen gas 

to produce ammonia.

41.	 Shi et al, 2011 and ERIA, 2025.

42.	 IEA 2023.

43.	 IATA 2023.

44.	 Global Maritime Forum 2025.

45.	 Yudhantara 2024.

46.	 World Bank 2024d.

47.	 Argus Media 2025.
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