Future-Proofing Ports:
Nature, Climate and People as
Drivers of Competitiveness

EFING PAPER
J U N P s—— =

S e —

Introduction

Ports are the backbone of the global economy. According to
the United Nations Conference on Trade and Development
(UNCTAD), more than 17,000 ports handle around 80% of
global trade.” The World Economic Forum’s report, Nature
Positive: Role of the Port Sector, estimates that ports contribute
2.6% of global GDP.

Yet while 83% of Fortune Global 500 companies have climate
targets, only 25% have freshwater consumption targets, and
just 5% address biodiversity loss.? Only 5% have assessed
their impacts on nature, and fewer than 1% understand their
dependencies.® For the port sector, this gap represents a major
opportunity: nature strategies could unlock more than $54
billion in cumulative value by 2030.4

People, including the workforce and surrounding communities,
are central to the port ecosystem. The maritime sector

directly employs 30 million people and supports a further

90 million jobs indirectly.® According to the World Economic
Forum Future of Jobs Report 2025, 77% of employers

expect training investments to boost productivity, while 70%
see them improving competitiveness. At the same time,
maintaining a social licence to operate is critical, as local
perceptions can influence project credibility, reputational
exposure and delivery timelines.

Future-proof ports are designed, operated and governed
to remain competitive, resilient and sustainable as
geopolitical, economic and regulatory conditions evolve.

Key aspects include:

— Port ecosystem: Companies across the value chain and
co-located industries align around a shared vision to drive
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coordinated action and more efficient operations. This
integrated approach strengthens engagement with policy-
makers, attracts investment and unlocks new business
models and revenue streams.

— Nature and climate: Operations take place within
planetary boundaries and safe marine systems by
reducing emissions, protecting ecosystems and
enabling the maritime green transition at scale.

- Energy transition and digitalization: Clean energy
infrastructure is deployed at scale, and green corridors
have the necessary infrastructure. They also benefit from
data and data platforms, collaboration and transparency,
as well as the widespread deployment of intelligent
infrastructure and automation.

— Secure, safe and inclusive: Security is placed at the centre
of operations to strengthen resilience to external shocks.
Engaging the next generation, investing in upskilling and
reskilling, and building stronger ties with local communities
are prioritized to ensure business continuity.

This briefing paper examines the climate-, nature- and people-
related risks shaping port transitions, and how fragmentation
across port ecosystems can amplify them. It maps key
stakeholders, identifies opportunities for collaboration,

and highlights pathways to build nature- and people-positive
ports. Building on the World Economic Forum’s Transitioning
Industrial Clusters initiative, which strengthens collaboration
across industrial ecosystems, and Accelerating Critical
Transformations for the Ocean (ACT Ocean), which
advances ocean health while creating long-term

economic and social value, ACT Ports helps port
ecosystems unlock benefits for nature, people and

the economy.



https://reports.weforum.org/docs/WEF_Nature_Positive_Role_of_the_Ports_Sector.pdf
https://reports.weforum.org/docs/WEF_Nature_Positive_Role_of_the_Ports_Sector.pdf
https://www.weforum.org/publications/the-future-of-jobs-report-2025/
https://initiatives.weforum.org/transitioning-industrial-clusters/home
https://initiatives.weforum.org/transitioning-industrial-clusters/home
https://initiatives.weforum.org/ACT-Ocean/home
https://initiatives.weforum.org/ACT-Ocean/home
https://initiatives.weforum.org/ACT-Ocean/act_ports

1. Risks to future-proof ports

As highlighted in the World Economic Forum Global Risks
Report 2025-2026, short-term risks over a two-year horizon
are led by geoeconomic confrontation, misinformation and

disinformation, and societal polarization. Over a 10-year horizon,

environmental risks are dominant, with extreme weather events,
biodiversity loss and ecosystem collapse, and critical change to
Earth systems ranked among the most severe.

FIGURE 1. Global risks ranked by severity, short term (2 years) and long term (10 years)
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Ports are increasingly exposed to acute and chronic climate
hazards,® including sea-level rise, flooding and storm surge,
ocean acidification, extreme heat, high winds and coastal
erosion. These pressures create two interrelated categories

of risk: business discontinuity, through operational disruption
and performance pressures; and economic loss, through rising
costs, asset degradation and weaker investment confidence.
Social fragility cuts across both, weakening transition capacity,
undermining safety and eroding licence to operate.

Fragmentation is not a separate risk category, but a force
multiplier that weakens the port ecosystem’s ability to
anticipate, finance, coordinate and execute responses

to the risks already identified.

Operational disruptions: Climate and nature hazards and
growing exposure

Recent events show how acute climate hazards can disrupt port
operations and global logistics systems. The 2023-2024 Panama
Canal drought illustrated the scale of the economic impact: ship
crossings fell by 36%, with losses estimated at $500-700 million.
In 2025, a heatwave at the Port of Rotterdam disrupted crane
operations, rail freight transport and hinterland logistics. In 2017,
Hurricane Harvey shut down the Port of Houston for two weeks,
with ripple effects lasting up to five years.

Overall, climate-related trends in port downtime now place
an estimated $81 billion in global trade and at least $122
billion in economic activity at risk each year.” According to

the European Sea Ports Organisation’s (ESPO) Environmental
Report 2025, the share of ports reporting operational
challenges linked to climate change rose from 41% in 2018
to 69% in 2025. Climate risks also create digital fragility. More
frequent and severe extreme weather patterns increase risks
for the utilities and support services on which digital systems
depend. According to Uptime Institute, evidence from the data
centre sector shows that 54% of recent serious outages cost
more than $100,000, and 16% cost more than $1 million.®

In ports, these dependencies affect port communication
systems, vessel scheduling, cargo tracking, automated
terminal operations, sensors, navigation and communications.

Nature-related degradation adds further economic exposure.
Wetland and mangrove loss removes natural flood and erosion
buffers. If mangroves were lost, 15 million more people would
be flooded annually worldwide.® Freshwater availability is

also declining by around 3% globally and by up to 10% in
drier regions.'® Reduced water quality and growing pressure
on freshwater availability can constrain operations, increase
treatment needs and raise costs.

Taken together, these events point to a broader pattern: acute
and chronic climate hazards generate direct impacts, including
damage to assets, equipment, and critical logistics and digital
systems, while indirect effects impact across supply chains
and recovery periods. Fragmentation increases exposure

as disruptions rarely remain within the boundary of a single
operator or infrastructure owner.


https://reports.weforum.org/docs/WEF_Global_Risks_Report_2026.pdf
https://reports.weforum.org/docs/WEF_Global_Risks_Report_2026.pdf

Economic implications: Growing market and
performance pressures

The economic case for port resilience is growing, but
fragmented governance makes it harder to mobilize the scale
and type of investment required. Needs are connected, but
investment decisions are often made through separate asset
classes, concession agreements, public budgets and private
balance sheets. This creates a future-proofing challenge. Long-
lived infrastructure decisions made today need to remain viable
under future scenarios; otherwise, they may result in stranded
or misaligned assets, duplicated or incompatible investments,
higher cost of capital and resilience investments may protect
individual assets without protecting throughput.

The global marine port services market was valued at $96.57
billion in 2025 and is projected to grow from $100.31 billion in
2026 to $148.93 billion by 2034, an increase of 54.2% over
the period. Equally, overall port performance has declined since
2021, while average container handling times increased in both
developed and developing countries in 2024, 2 with regional
gaps continuing to widen.

This means ports face growing pressure to expand capacity
and maintain reliability under more demanding operating
conditions. These pressures also translate into higher long-term
costs. Adaptation to sea-level rise may require $223-768 billion
by 2050, while storm-related port disruption could add $7.5
billion annually. By 2100, climate-related impacts could add
$4.5-17.7 billion per year in damage to port infrastructure and
$3.1-7.6 billion per year in port disruption costs. @

Cascading supply-chain effects can further amplify direct losses
by three to five times.™ In some locations, they also reduce
insurability. Global insurance premiums for climate resilience
and natural catastrophe protection are projected to increase by
50% by 2030. '

As port systems become more complex, disruption risks are
also increasingly shaped by human and organizational factors.

Human and organizational fragility as disruption multipliers

Workforce and organizational risks are also amplified by
fragmentation. Ports are increasingly dependent on new skills

in digital operations, cybersecurity, automation, environmental
management, energy systems, data analytics and emergency
response. However, skills development often spans multiple
employers, contractors, unions, training providers, technology
vendors and public agencies. It can be reflected by uneven skill
readiness, unclear accountability, limited workforce mobility and
change fatigue and resistance.

Workforce transformation is accelerating globally, with the World
Economic Forum estimating that 59% of the global workforce
will require reskilling by 2030, nearly 40% of skills are expected
to change, and 63% of employers already identify skills gaps as
the main barrier to transformation.

Weaker transition capacity can increase execution risks and
make safety performance harder to sustain. The baseline is
already demanding. The International Labour Organization (ILO)
continues to regard port work as an occupation with very high
accident rates, while cyber vulnerability is also becoming more
visible, with phishing techniques used in 43% of reported cyber
incidents affecting the US Marine Transportation System in
2025, up from 25% in 2024.

These pressures are compounded by ageing workforce profiles
and narrow talent pipelines. In the UK ports workforce, the
mean age is 44.8 years, only 14% of workers are under 30, and
nearly 40% are over 50."® At the same time, women remain
underrepresented across the maritime workforce, accounting for
19% of roles, and only 1% of the global seafarer workforce. " A
2025 European port activities focus group found that new roles
are already emerging across port activities, while unclear career
pathways remain a significant barrier to skills development.
These trends suggest that ports may face a more constrained
talent pipeline at the same time as skill requirements are
evolving, with implications for workforce renewal, upskilling and
longer-term transition capacity.

Social licence and transition credibility

Expansion, adaptation, dredging, energy infrastructure,
automation and emissions-reduction projects all affect nearby
communities in different ways. Fragmentation makes social
licence harder to secure because local communities often
experience the port as one system, while responsibility for
impacts is divided across many actors. Implications can result
in permitting delays, reputational pressures, weak accountability
and loss of trust.

Climate and nature risks affect surrounding communities

and vulnerable groups. Recent US Environmental Protection
Agency data show that at least 31 million people live within

5 kilometres of major US ports, with near-port populations
experiencing higher shares of sociodemographic vulnerability.
In this context, adaptation and expansion projects can face
greater scrutiny where local impacts, access and livelihoods
are not adequately considered.

Social licence also appears to be undermeasured. In a

North American study of port managing bodies and terminal
operators, only 32% reported measuring local community
perceptions, while 59% did not assess them at all; by

contrast, 86% said they tracked complaints. Limited visibility

on community perceptions can make it harder to anticipate
opposition, reputational pressure and project delays. A concrete
example is the Louisiana International Terminal at the Port

of New Orleans, where local opposition and litigation have
coincided with a prolonged permitting process.

A port’s social licence is shaped in part by how local impacts
are measured, experienced and understood.



2. The port ecosystem as a strategic platform

The port ecosystem is highly interdependent, but often Yet responsibilities are often divided across multiple actors,
institutionally fragmented. This fragmentation creates a while the costs and benefits of action are unevenly shared.
structural challenge for future-proofing. Many of the risks facing As a result, risks can be recognized but not fully owned,
ports, including climate adaptation, biodiversity resilience, digital investments delayed or duplicated, incentives misaligned
readiness, workforce transformation, infrastructure renewal and and resilience measures implemented only partially rather
community acceptance, require coordinated action across the than systemically.

full ecosystem.

The Transitioning Industrial Clusters (TIC) initiative aims approach that includes developing a common vision at

to develop a shared vision and strengthen collaboration cluster level, accelerating the scaling of clean energy
among organizations located in the same industrial area, initiatives, and strengthening collaboration across clusters
driving shared economic growth and employment while and regions.

reducing emissions.
Building on TIC model and collaboration capacity

The initiative delivers tangible outcomes across three levels framework, this approach can be leveraged to support

— national policy, cluster based collaboration and project nature and people positive development strategies.

development. Each level reinforces the others, creating a

scalable model that can be replicated across countries

and industries. Some TIC members are already taking action,
demonstrating positive outcomes for both nature

Over five years, TIC has brought together from 4 to 40+ and people.

active industrial clusters undergoing a step-by-step journey

FIGURE 2. The port ecosystem

A port ecosystem encompasses all organizations and stakeholders that provide the industrial services enabling ports to operate
efficiently, sustainably and inclusively while generating economic and commercial value. It includes upstream activities such as
energy, materials and resource supply; core operations including port management, regulation and infrastructure development; and
downstream services such as shipping, logistics and inland transportation'®
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By aligning across the port ecosystem, stakeholders can accelerate industrial transformation and nature- and people-
strengthen partnerships and build trust among co-located positive policies. Technologically, it creates opportunities to
organizations, public institutions and communities to address scale biodiversity protection and restoration measures that
shared risks through common metrics and coordinated action. enhance operational resilience. Financially, it can unlock
Collaboration can also improve dialogue with policy-makers to innovative funding mechanisms for resilient infrastructure

and business models that treat nature, water and people as
strategic assets.


https://initiatives.weforum.org/transitioning-industrial-clusters/home

Shared data and digital systems as coordination infrastructure

Shared data systems can turn fragmented port information
into coordinated decisions, while shared digital platforms can
support environmental planning and investor visibility.

— The World Bank defines Port Community Systems
as digital collaborative platforms that enable real-time
information exchange across port stakeholders.

— IMO-backed work on just-in-time arrivals shows that
standardized data exchange between ships, terminals and
ports can reduce fuel consumption and CO, emissions by
14.16% per voyage for containerships.

— SOHAR Port and Freezone’s Makan platform was launched
to support industrial planning, infrastructure development
and investment decisions by integrating geographic,
operational and infrastructure data in one system.

Digital systems are not only efficient tools, but they

can also improve coordination, make environmental
pressures more visible and support the scaling of shared
resilience infrastructure.

3. Building the next generation of safe and resilient ports

Scaling sustainable port infrastructure and operations and
mobilizing capital

The global port infrastructure market is projected to grow by
70% from $164.5 billion in 2023 to $278.3 billion by 2032.°
Global cargo volumes reached around 504.7 million 20-foot
equivalent units (TEUs) in 2024, up 7.3% in one year, 2° while
projections from the Organisation for Economic Co-operation
and Development (OECD) and the International Transport
Forum (ITF) suggest that freight demand could more than
double by 2050. #!

This strong growth trajectory and capital deployment
momentum create an opportunity to embed low-carbon
and climate-resilient principles, including the protection and
restoration of coastal and marine ecosystems that underpin
port resilience and long-term asset value.

Assets built today will shape port systems well beyond 2050,
with operational lifespans often extending 30-50 years or
more. As the energy transition advances, ports will also require
new storage and energy systems for low-carbon fuels. Proven
solutions such as shore power, electrification at sea and on
land, energy efficiency upgrades and digital optimization will
reduce emissions and improve operational performance.

Y SPOTLIGHT 1

Electrifying terminal operations, APM Terminals Pier 400, Port of Los Angeles

APM Terminals Pier 400 is piloting the electrification of
container-handling equipment as part of APM Terminals’
commitment to reach net zero by 2040 and cut Scope 1
and 2 emissions by 65% by 2030.

In 2025, the terminal deployed two fully electric
automated straddle carriers and converted a hybrid diesel
auto-strad unit to fully electric, making Pier 400 one of the

first terminals in North America to carry out this type
of retrofit.

The project delivers zero tailpipe emissions from the
equipment, supports better air quality for workers and
nearby communities, and provides a scalable model for
replacing fossil-fuelled terminal assets across global
port operations.

Decarbonization-linked and climate-resilient infrastructure

can improve project bankability. Projects with measurable
sustainability targets may be better placed to access
sustainability-linked loans, blended finance, guarantees and
public support, helping attract different sources of capital, build
lender confidence and strengthen the long-term investability

of new port assets. In addition, such projects can benefit from
lower cost of capital, improved asset valuations and stronger
alignment with investors’ sustainability mandates.

Recent transactions suggest that sustainability criteria and
jobs are already being incorporated into port financing
structures. The Port of Melbourne in Australia also completed
a $475 million sustainability-linked loan financed by a
syndicate of 10 banks.?? The loan was linked to Scope 1 and 2
emissions reduction targets, workplace mental health first-aid
certification and stakeholder engagement to support Scope 3
emissions reductions.


https://www2.apmterminals.com/en/los-angeles/practical-information/news-and-alerts/2025/250625-pier-400-auto-strad-pilot
https://www2.apmterminals.com/en/about/decarbonisation
https://www2.apmterminals.com/en/about/decarbonisation
https://www2.apmterminals.com/en/about/decarbonisation
https://www.worldbank.org/en/topic/trade/publication/port-community-systems-driving-trade-in-the-21st-century
https://www.imo.org/en/mediacentre/pages/whatsnew-1718.aspx
https://www.imo.org/en/mediacentre/pages/whatsnew-1718.aspx
https://soharportandfreezone.om/news-details/?lang=en&slug=sohar-port-and-freezone-unveils-makan-a-digital-platform-transforming-planning-and-investment-decisions

SPOTLIGHT 2

The Global Port Sustainability-Linked Loan Initiative, C40, IAPH, IFC

The Global Port Sustainability-Linked Loan Initiative,
launched by C40 with the International Finance Corporation
(IFC) and the International Association of Ports and

Harbors (IAPH), aims to mobilize $1 bilion in green maritime
infrastructure investment within three years, with a strong focus
on ports in the Global South.

Beyond direct capital mobilization, the initiative is designed
to standardize sustainability-linked financing frameworks

for ports, reduce transaction costs, and support the
development of investment-ready projects through
technical assistance and capacity building.

This effort responds to an estimated $200 billion financing
gap for sustainable maritime infrastructure, while signalling
growing confidence among financiers that climate-resilient
and nature-positive port investments can deliver stable,
long-term returns.

Transforming business models: Nature, water and people
as strategic assets

Ports operate within wider coastal, delta and marine systems.
In this context, nature forms part of the broader operating
environment on which business continuity, asset protection,
industrial attractiveness and licence to operate can depend.

Long-term performance also depends on ecosystem quality,
habitat connectivity and water system health. Yet, only four in
10 port authorities are certified under ISO 14001, the sector’s
most widely used environmental management system. At the
same time, ecological restoration is gaining momentum: the
IAPH World Ports Tracker 20262 reports that 67% of ports
invest in restoration efforts, with more than half integrating
them into development projects.

Nature as cost-effective protective infrastructure

According to the World Bank, solutions built with nature?* can
reduce costs, lower maintenance needs, improve environmental
and social outcomes, and support a port’s licence to operate.

Evidence from coastal settings shows that habitats can reduce
wave heights by around 35% on average, with some cases
reaching about 71%,% depending on habitat type and site
conditions, while mangrove and salt-marsh restoration projects
can be two to five times cheaper than submerged breakwaters
in certain low-wave conditions.2®

Protecting and restoring mangroves, wetlands and seagrasses
can strengthen natural coastal defence, improve shoreline

stability, regulate sediments, improve water filtration and
support carbon sequestration. Mangroves alone provide flood
protection benefits exceeding $65 billion per year.?’

In business terms, this suggests that habitat restoration

can support asset protection, lower lifecycle costs, lower
maintenance intensity, greater resilience and stronger project
credibility. Nature-based and hybrid solutions are therefore
becoming more relevant to port master planning, design
standards, resilience strategies and investment frameworks,
rather than remaining confined to isolated pilot projects.

Nature-positive approaches are also beginning to influence
engineering design choices. These approaches can also
generate benefits that grey infrastructure does not provide as
easily, including biodiversity enhancement, fish production,
recreation and visible local co-benefits that can support social
licence to operate.

In some ports, dedicated innovation units or independent
foundations help test emerging blue economy technologies,
business models and financing approaches within operational
port environments and turn those solutions into concrete
business. At the same time, they act as a platform to connect
stakeholders, accelerate validation processes and strengthen
pathways to market.

The suitability for all those projects needs to be assessed
against local operational, hydrodynamic, spatial, socio-
economic and environmental conditions. In many cases, hybrid
approaches may complement rather than replace conventional
grey infrastructure.



https://www.c40.org/news/c40-supported-by-ifc-and-iaph-to-unlock-sustainable-finance-for-ports-and-tackle-critical-funding-gap/
https://urldefense.com/v3/__https:/c40.my.salesforce.com/sfc/p/*36000001Enhz/a/Vo000002zdEb/_KVmPzYE.cyTYuuy3QWZUBxzdIWoAoYLv95Wks7jynk__;Iw!!Im8kQaqBCw!pvf_qNavStvt0g6Mw9eeiTIeE1NaGk6lIXA-kgc7yBiqDdr_-QSB7LFBKxCIWeinaxB9zaQISb2rwgA7D1Bn5rjo$"https://c40.my.salesforce.com/sfc/p/#36000001Enhz/a/Vo000002zdEb/_KVmPzYE.cyTYuuy3QWZUBxzdIWoAoYLv95Wks7jynk

SPOTLIGHT 3
Nature positive

Nature Vision, Port of Rotterdam

wide range of stakeholders.
Application cases

AquaForest, Port of Guayaquil, Jan De Nul

Dredged material from the access channel was reused to
create a 50-hectare mangrove island (70 football pitches).
It combined dredging, eco-engineering and mangrove
planting in a hybrid green-grey approach designed to
restore habitat, strengthen coastal resilience, and support
blue carbon sequestration through mangrove growth. It
illustrates how sediment management in port settings can
be turned into a nature-based solution with biodiversity,
climate and community benefits.

Artificial reefs for marine habitat enhancement,
Hong Kong, Arup

Arup is supporting the design and deployment of artificial
reefs in Hong Kong waters to rebuild ecological complexity
and enhance marine biodiversity. At the Brothers Marine
Park, reef modules combine textured concrete, oyster

The Port of Rotterdam’s Nature Vision for 2025-2050, developed with Naturalis Biodiversity Center, sets out an ambition
for a nature-inclusive port as an integral part of the wider delta region in which economic development is more closely
integrated with the restoration and conservation of nature and biodiversity, while encouraging collective action across a

baskets, reef cylinders and rock-filled gabions to create
surfaces for colonisation, nursery grounds and sheltered
refuges for fish. In Hong Kong’s western waters, 500
compact artificial reef units were also deployed near Hong
Kong International Airport, with 60,000 fish fry released in
2025 to support local fish populations.

RegenPorts, Barcelona Port Innovation Foundation

RegenPorts transforms artificial shorelines with degraded
conditions, such as port and marina environments, into
thriving marine ecosystems. Through a concession-based
model, it deploys regeneration interventions that create
real, measurable value: impact compensation, ESG

value, CO, fixation and community well-being. Designed
to be replicated across port infrastructure and coastal
areas worldwide, it illustrates how port-based innovation
platforms can connect habitat regeneration with a scalable
commercial model.

Water security and circularity

An estimated 60% of global annual GDP depends on water
and freshwater ecosystems.?® For ports, water is a strategic
asset for attracting industry, sustaining operations, planning
infrastructure and supporting future expansion.

The approach can be understood in two ways: water as

a commodity, in terms of securing a reliable supply amid
growing scarcity; and water as waste, in terms of treating,
reusing, discharging and governing water flows efficiently.
In both cases, outcomes depend in part on collective water
management systems.

Water as a commodity: Securing supply for growth

Water security is becoming a larger investment issue. Global
Water Intelligence and XPV Water Partners 2° estimate that
capital deployed for water security could more than triple

and exceed $13 trillion over the next decade. According to
the World Economic Forum report Water Futures: Mobilizing
Multistakeholder Action for Resilience, water-related assets
could represent 17% of global GDP by 2034. While the public

sector currently provides 78% of this capital, around 55% of
future capital is expected to come from private sources.

For ports, this gives water resilience growing business
relevance. The ESPO Environmental Report 2025% indicates
that around four in five European ports monitor water quality,
suggesting that water is already treated as a core management
issue across the sector. Better water management can support
operational continuity, lower procurement and treatment

costs, and improve resource efficiency. An example of a water
stewardship approach is Porto do Acu in Brazil, part of the
World Economic Forum’s Transitioning Industrial Clusters
initiative. The port replenishes more water than it uses, with
replenishment benefits equal to around one and a half times its
annual freshwater withdrawals.®'

Water security also extends beyond the port perimeter. In

many coastal and industrial regions, it affects households,
municipalities, agriculture, ecosystems and industry at the
same time. This makes coordination material. Shared visibility
on water availability, quality, demand, discharge streams and
treatment needs can support reuse, reduce friction and improve
the investability of collective water systems.



https://www.weforum.org/publications/water-futures-mobilizing-multi-stakeholder-action-for-resilience/
https://www.weforum.org/publications/water-futures-mobilizing-multi-stakeholder-action-for-resilience/
https://www.portofrotterdam.com/en/news-and-press-releases/port-rotterdam-authority-presents-nature-vision-our-way-towards-nature
https://www.jandenul.com/projects/mangrove-restoration-aquaforest-ecuador
https://www.arup.com/news/arup-advances-artificial-reef-initiatives-to-enhance-marine-biodiversity-in-hong-kong/
https://bcnportinnovation.org/en/projects/regenports/

Water as waste: Building circular and shared water systems

Water circularity is becoming an infrastructure and investment
issue. The World Bank estimates that potable and industrial
water reuse could unlock up to $340 billion in investment by
2040, with reuse capacity potentially growing eightfold to
430 million cubic metres per day.

For ports, this gives wastewater, stormwater and industrial
discharge streams growing strategic relevance. They can
support shared treatment and reuse infrastructure, reduce
pressure on freshwater supply, and strengthen the economics
of industrial development at the port-cluster scale.

In water-stressed coastal regions, shared water systems can
also help reduce friction with surrounding communities by
easing pressure on common water resources and making port
growth more compatible with local water needs.

SPOTLIGHT 4
Water positive

Water Security Program, Panama Canal

A wider logistics example is the Panama Canal’s water
security program. In February 2025, the Canal approved
funding for the construction of a new lake in the Indio River
watershed, aimed at increasing water storage capacity and
securing supply for Canal operations, nearby communities
and over half of Panama'’s population. The project
strengthens climate change resilience while incorporating
environmental sustainability principles, including alignment
with IFC standards, ecosystem protection, and responsible
water resource management. Its development also
involves the assessment of social, environmental, and
territorial risks, complemented by a phased communication
approach and continuous stakeholder engagement to
support informed and adaptive decision-making.

* Industrial Water Network, Dunkirk Water Authority,
Port of Dunkirk, EcosystemeD

The Industrial Water Network helps conserve and optimize
water resources across the Dunkirk industrial-port area

by identifying major water users, mapping flows and
uncovering opportunities for circular water management.
Initiatives include reusing treated wastewater, reinjecting
industrial process water into the network, and enabling
water exchanges between industrial sites, transforming one
company’s discharge into another’s resource. The Dunkirk
Water Authority assesses these opportunities for technical
and economic viability and works with industry partners

to implement them, strengthening the sustainability and
competitiveness of one of Europe’s largest industrial hubs.

Y CHERISH20 project, Port of Antwerp-Bruges

The Port of Antwerp-Bruges illustrates the business case
for shared water reuse at port-cluster scale. Through the
CHERISH20 project, companies in the port are testing
whether purified wastewater can be turned into process
water for multiple industrial users. A demonstration plant
launched in February 2026 at the TotalEnergies site is
testing the model with wastewater from five companies,
with potential future use by 12 chemical firms across the
port cluster.

Building safe, resilient and inclusive jobs and communities

The maritime sector directly employs 30 million people® and
indirectly benefits 90 million jobs, while the shift to scalable zero-
emission marine fuels could create up to 4 million jobs across
the energy supply chain by 2050.%*

At the same time, offshore wind, shore power, electrified
equipment, alternative fuels and decarbonized inland and
maritime fleets will require new technical, safety and operational
capabilities. This creates a business case for early investment in
skills, safety systems and workforce planning, while also opening
opportunities to improve community well-being and ensure that
local communities share in the benefits of port transformation.

Community considerations are treated throughout this

report as a cross-cutting dimension of port transformation.
Social licence to operate is shaped by decisions on design,
land use, workforce, nature restoration and local impacts.

As seen in sectors such as renewable energy in the World
Economic Forum report Using a People-positive Approach to
Accelerate the Scale-up of Clean Power, early dialogue, local

benefit-sharing and transparency can strengthen trust and
project durability.

Reflecting this shift, DP World has developed a group-level
People and Communities Strategy®® that embeds workforce and
local community considerations into its broader sustainability
approach. It intends to broaden the talent pipeline by investing
in skills, education and more inclusive career pathways, with
targeted initiatives to advance women'’s participation and
engage young people in the logistics and trade sectors.

Skills for stronger transition capacity

Early investment in upskilling has a clear business dimension.
In the World Economic Forum Future of Jobs Report 2025,
77% of employers said training investment is expected to
enhance productivity, and 70% said it is expected to
improve competitiveness.

Simultaneously, the skills baseline is shifting. IMO’s 2025
Generic Interim Guidelines® introduced basic and advanced
training levels for seafarers serving on ships using alternative
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SPOTLIGHT 5

Singapore’s Maritime Energy Training Facility, Maritime

and Port Authority of Singapore (MPA)

Singapore’s Maritime Energy Training Facility provides

an example of transition capacity being developed at

the ecosystem level. The facility aims to train more than
10,000 seafarers and maritime workers by the 2030s in the

handling, bunkering and management of zero- or near-
zero-emission vessels. It shows that the shift to new fuels
is also creating demand for dedicated training infrastructure
and institutional coordination.

fuels and new technologies, covering associated risks,
emergency procedures, competence assessments and regular
emergency exercises. While this guidance is directed at
seafarers, the capability shift extends across the wider

port ecosystem.

Public training platforms and certification schemes are also
beginning to emerge around this transition. In March 2026, the
EU-backed BLUE PORTS initiative launched an internationally
recognized certification scheme®” designed to equip port
workers with the skills needed for the green transition.
Together, these developments point to stronger transition
capacity as a more visible component of execution, safety

and long-term competitiveness.

Health and safety

Investing in safety can also support business continuity
and better operations when safety is built into the operating
model itself.

At APM Terminals Los Angeles, six years of standardized safety
systems, ISO 45001 -certified processes, and tighter contractor
controls helped reduce the Occupational Safety and Health

Conclusion

As trade, infrastructure, and energy systems evolve, ports’ long-
term competitiveness will depend on how effectively they manage
climate, nature and people-related risks — both as exposed actors
and contributors — while investing in people. Greater coordination
among co-located actors can strengthen partnerships and
improve engagement with policy-makers, financiers and
surrounding communities, enabling scaled, joint and safe action.

Administration lost-time injury rate to 0.56 in 2024, versus a
West Coast benchmark of 2.61.%

A more directional example from ConGlobal®*® suggests that
investing in human factors matters too: across six pilot sites, a
fatigue and impairment detection programme was associated
with a 58% reduction in the total recordable incident rate and a
50% drop in hours worked under high or severe fatigue.

Together, these examples showcase that investments

in standardized systems, training and human-factor risk
management can materially improve both safety outcomes and
operational reliability.

In the United Kingdom, this logic is also reinforced at the sector
level through Port Skills and Safety,*® a dedicated industry body
that provides practical guidance for port operations, promotes
a more consistent approach to safety across the sector, and
publishes safety statistics for UK ports.

For future-proof ports, acting on people and communities can
support safer operations, stronger transition capacity and the
social licence to operate that increasingly shapes the credibility
and durability of port development.

The World Economic Forum supports efforts that strengthen
the global port ecosystem by advancing mechanisms for
collaboration. In 2027, the Forum plans to publish practical
guidance to help the port ecosystem develop strategies that are
both nature- and people-positive.

Over the past five years, the World Economic Forum has worked with some of the world’s leading port-anchored industrial
clusters through the Transitioning Industrial Clusters (TIC) initiative. This work has focused on strengthening collaboration across
industrial ecosystems, aligning stakeholders around shared visions for competitiveness and sustainability, and supporting both
industry and government leaders in making these strategic hubs future-ready.

The Accelerating Critical Transformations for the Ocean (ACT Ocean) has worked with leading ocean industries to support their
strategy and operations that conserve and restore ocean health while creating long-term economic and social value.

ACT Ports builds on this foundation by incorporating nature and people as core pillars of long-term resilience and value creation.

By helping ports and their surrounding ecosystems integrate nature-positive and people-centred strategies into their
development plans, this initiative represents an important milestone in shaping the next generation of sustainable and

competitive industrial clusters and ocean industries.
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