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Abstract

Ports move over 80% of global trade, making them vital to the economy but
also major contributors to emissions, shipping accounts for nearly 3% of global
GHG totals. As trade grows, sustainable port operations are critical. This
project highlights Singapore’s leadership in green innovation, outlines key
challenges like congestion, land use, and dredging, and recommends
technology, automation, and sustainable policies to balance growth with
environmental responsibility.

Major Challenges Facing Ports

Congestion & Emissions

* Houston: 10K+ trucks daily; long idling = fuel waste & pollution

« Singapore: Seasonal surges despite high efficiency

* Global: COVID worsened port delays worldwide

Land Use & Environmental Justice

LA & Long Beach: Expanded 1,200 acres since 1990s, displacing habitats
« Communities: Pollution concentrated in working-class neighborhoods

* Rotterdam: Shore power reduces urban emissions

Dredging & Marine Ecosystems

 Houston Ship Channel: Frequent dredging releases heavy metals, harms aquatic life
« Singapore: Coral & mangroves impacted; mitigated with seasonal limits

* Mediterranean Ports: Sediment plumes damage fragile ecosystems
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ENVIRONMENTAL PROTECTI ENVIRONMENTAL
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Objectives

|dentify environmental challenges linked to port operations, including
emissions, energy demand, and community impact.

Highlight sustainable strategies such as shore power, renewable energy
adoption, automation, and alternative fuels.

Showcase global best practices and case studies from ports leading in
sustainability.

Connect sustainability with competitiveness by showing how greener
ports support efficiency, resilience, and global trade

Measurement of noise at the border
between the city and the port

Clean Energy Investment & use
of renewable energy resources

l Diagnosis of energy
B . performance of port buildings
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Revitalization of Green Spaces
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. Recycling Plan for a Sustainable Port
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Increase the
use of green
transport modes

onitoring the GHG and
air pollutant emissions
produced by vessels traffic

Design of a Smart
Traffic Management Tool

Study of underwater flows and
water quality in port’s basins

Deployment of an onshore
power supply system (OPS)

Industry recommendations

Digital & Operational

« Al scheduling to cut idle emissions

» Blockchain & real-time tracking for cargo flow

Design & Infrastructure

 Vertical stacking & automation to save space

 Inland dry ports to ease urban congestion

Environmental Protection

» Eco-dredging: precision tools, silt curtains, sediment reuse
» Shore power cuts port emissions >90%

» Partner with cities to reduce traffic & pollution
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Port of Singapore: A Model
for Green Innovation

Opened in 2022, Tuas port will become the world’s largest fully

autom

ated port by 2040

Port of Singapore: A Global Green Leader

S$150M invested in green projects (MSGI).

60% emission cut by 2030, net-zero by 20350.

Tuas Port (2040s): fully electric + solar powered.

6 Green Corridors: target 20—-30% GHG reduction by 2030.
All new harbor craft net-zero by 2030.

Conclusion

Ports move over 80% of global trade but are major GHG
contributors. Singapore leads with green innovations like
renewable energy, net-zero vessels, and digital corridors. Globally,
ports face challenges such as congestion, land use expansion, and
dredging impacts. Advancing technology, automation, and
sustainable policies is key to balancing trade growth with
environmental responsibility.

UNIVERSITY of

CULLEN COLLEGE of ENGINEERING

References




	Slide 1

