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GLOSSARY

CAPEX

Capital Expenditure on portinfrastructure

Developing nations

A sovereign state with a less developed industrial base and a lower Human Development Index - in this study the term also encompasses Small Island
Developing States, Least Developing countries, a full list of the countries can be found in the annex

Externalities

Negative effects derived from pollutants represent a social cost for port cities and coastal areas close to ports, e.g. noise, dust, smell, etc.

GDP Gross Domestic Product

GHG Green House Gas

IMF International Monetary Fund

IMO International Maritime Organization “The United Nations specialized agency with responsibility for the safety and security of shipping and the prevention of

marine and atmospheric pollution by ships”

Just transition

Decarbonising the economy in a way that is as fair and inclusive as possible

LCOE Levelised Cost of Energy in USD/kWh

OPEX Operational Expenditure on port infrastructure

OPS Onshore power supply

Port Area The area that is usually under management of a port management body/port authority in a landlord model. Operations in this area can be outsourced to a private

entity depending on the port modelin use.

Portindustry

All organisations active in a port, including but not limited to, logistics, shipping, blue economy, energy, ship building, industry, cruise, etc.

PPA Power Purchase Agreement

PPP Private Public Partnership

SIDS SmallIsland Developing States, Group of states that face unique social, economic and environmental vulnerabilities
TEU Twenty-foot Equivalent Unit
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INTRODUCTION

Introduction Yy \‘\ >
o

Developing nations face significant investment gaps in transitioning to energy- A Objectives /‘ '\
efficient and climate-resilient port infrastructures. This study, commissioned by the

International Association of Ports and Harbors (IAPH), seeks to comprehensively .. Provide insight into the size of the climate
analyse these investment gaps, focusing on infrastructure aimed at reducing Ié change problem for ports in developing

emissions and bolstering resilience against climate impacts. :
_ nations
The global push towards a sustainable future has placed unprecedented pressure

on maritime seaport infrastructure, particularly in developing nations. The ports in
these nations serve as vital nodes in the international trade network, facilitating the
movement of goods and services that drive economic growth and sometimes also
as the only lifeline for the local economy. However, they are increasingly challenged
by the dual imperatives of reducing emissions (mitigating strategies) and enhancing = Provide insight into the port investment

resilience (adaptation strategies) to climate change. 4} 1 CS:) needs and sourcing of developing nations

-

o

This study is largely based on a combination of desk research and in-depth

interviews with local maritime industry experts, including but not limited to - — T
government representatives, port managers, infrastructure developers, and f\ -
(e a8h |

operational experts.

This study explores the current state of port infrastructure in developing nations, o RS . .
Provide insights in potential ways forward

identifies key areas where investment is most needed, and proposes actionable
recommendations for bridging these investment gaps. By leveraging data-driven >> to support a just transition for developing
analysis and insights from industry experts, we aim to provide a clear roadmap for e ports

~ stakeholders, including policymakers, financial institutions, and port authorities, to
~ support the energy transition and climate resilience of maritime seaports. ;
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FRAMING THE CHALLENGE

The problem of climate mitigation and adaptation of ports in developing
nations

With maritime transport being the cornerstone of global trade, it
generated both incredible wealth but also high externalities for coastal
regions across the globe. Developing countries have significantly
contributed to global maritime trade with around 55% of exports and 61%
of imports.?

Over the past years we have seen large fluctuations in maritime
transport costs. Events like geopolitical disruptions, container shortages,
port congestion, the blockage of the Suez Canal and, most of all, the
COVID outbreak, led to exceptionally high container freight rates. In
addition, the requirements for climate adaptation (resilience) and climate
mitigation (sustainability) investments have pushed ports towards ever
higher levels of investments.

Some developing countries may require assistance to address rising
maritime costs and infrastructure investments linked to climate change.
Despite increased participation in global seaborne trade, many
developing countries face challenges such as low maritime connectivity
and inefficient port services; this is even more prevalent in the small
island developing state (SIDS) subgroup of the developing countries.
Obstacles, including being landlocked or distant from major economic
centres, coupled with low trade volumes and imbalances, contribute to
increased transportation expenses. In addition, these countries are often
more vulnerable than their developed counterparts to environmental
shocks and disruptions caused by climate change.

As we will see throughout this document, many developing countries
experience significant trade imbalances, relying heavily on imports while
exports are often limited.

The adoption of the 2023 IMO GHG Strategy aims, as a matter of
urgency, to phase shipping GHG emissions out as soon as possible, while
promoting, in the context of this strategy, a just transition, focusing on
reaching net zero GHG emissions by 2050. The costs of implementing this
decarbonisation strategy are estimated to be between 1-2 trillion USD. It
is assumed that developing nations carry a disproportionate amount of
the financial burden linked to climate change mitigation efforts, as well as
the consequences of climate change.

Estimated cost of shipping decarbonization?

Decarbonisation by 2070 Decarbonisation by 2050
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SMR+CCS  mix of SMR+CCS electrolysis SMR+CCS  mix of SMR+CCS electrolysis
and electrolysis and electrolysis

m supply infrastracture  monboard ship m supply infrastracture  monboard ship

Note: Total investments needed to achieve IMO decarbonization targets
and investments needed to fully decarbonise by 2050
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FRAMING THE CHALLENGE

Mitigation investments (e.g. green bunkering, renewables/electrification for terminal operations, fully decarbonised ports) and adaptation investments
(heightening, dredging, storm walls, etc.) are estimated to run into the hundreds of billions- to trillions of dollars between now and 2050. both types of
investments increase transport costs without necessarily increasing port revenue/quality of service. Without targeted actions and investments, the more
vulnerable developing states could consequently encounter a double shock of climate change impacts (disruptions) in addition to the increasing
shipping costs.

As mentioned before, smaller economies generally incur higher maritime transport costs. These countries —already today- often require an enhancement
of their port facilities to facilitate improved shipping services, enable the accommodation of larger vessels and reduce waiting times before port entry.
Introducing a carbon pricing mechanism requires a pricing instrument that is directly related to the carbon or GHG emissions of the charged product or
serivce. A carbon pricing mechanism will have a direct effect on the trade costs. The effect of an increase in maritime logistics costs can be marginal on
global trade flows and GDP, projection show increases up to 1% of the GDP of individual countries and an impact less than 0.1% impact on the global GDP.

SIDS may bear greater negative Impact of carbon pricing mechanisms on trade costs3

impacts due to their comparatively Operating
higher transport costs. For instance, costs
SIDS face potential export reductions Maintenance
of 8% to 18% for every 10% rise in costs

transport costs3. ) , ;
Carbon price. —» Voyage costs ) Ship running costs

It is therefore of extreme importance

that the money generated by the Cargo handling . _

. . . . costs eographical &
pricing mechanism is re-invested to geopolitical factors
facilitate a just transition, supporting b capital costs

ports in developing nations to reach
net-zero (mitigation) and protect
vulnerable communities against the on

Maritime

Shipped product A} transport costs

Market-specific Air Transport Trade
onslaught of climate change P ) costs costs
. factors transport costs
(adaptation).
Land
Infrastructure

transport costs
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FRAMING THE CHALLENGE

Ports and port infrastructure

There is no uniform definition of a
“port.” According to different
sources, different activities and
infrastructure can be included in a
port setting. Some commonalities
between the definitions include

intermodal interfaces, land
adjacent to water, centers for
industrial  activities, logistics

nodes, and many others.

Whereas ports in developed
nations are often seen as mature,
developed transport and
industrial clusters, in developing
nations they are often seen as
literal life nodes for the survival of
the local communities. This high
variation in types of ports across
the world also translates into the
type of infrastructure that is
present in ports.

Berths, docks, terminals, energy
infrastructure, maritime access
channels, locks, and aids to

navigation, roads, rail networks,

and inland navigation channels
might all be present or not. This
renders the overall comparison of
ports, and the quantification of
investment needs, a very complex
matter.

It is important to note that this
study focuses on ports in
developing nations. Where in
developed nations ports have
evolved from the classic role of
being predominantly responsible
for the reception of ships (import,
export, storage) to a more
comprehensive cluster of
industrial and blue economy
activity, ports in developing
nations often offer a more “basic”
direct benefit to the economy and
community. The upcoming
decarbonized energy industry
offers ports the opportunity to
become energy producers and
expand the contribution to the
economy in developing countries.

@ Port terminal and hinterland transport
infrastructure

@ Maritime access

() Basic port infrastructure (5 Energy related infrastructure

@ Superstructure @ ICT/digital infrastructure

@ Industrial and logistics terminals
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FRAMING THE CHALLENGE

@ Maritime access
The seaside infrastructure allowing (large) vessels to enter the port. Infrastructure includes
access channels (dredging), breakwaters, sea locks to protect from tidal differences.

i &@ Impact on climate change
Badly maintained access infrastructure slows down vessels and increases
congestion increasing the carbon emissions of a port.

i &@ Impact from climate change
Changing currents and water levels can lead to siltation of channels or

submergence of water linked infrastructure.

@ Basic port infrastructure

Basic port infrastructure starts where maritime access infrastructure ends and covers
infrastructure providing (ship) transport-related port services. The focus here is not on
access but on ship-shore and terminal operations. This type includes berths/ quay walls,
jetties and floating pontoon ramps in tidal areas, internal basins, backfills and land
reclamation.

i % Impact on climate change

Badly maintained infrastructure increases congestion increasing the carbon
emissions of a port.

i C')@ Impact from climate change
Increased weather events can lead to damage of the base infrastructure.

9 Study on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Nations




FRAMING THE CHALLENGE

@Superstructure

Investments made on top of basic port infrastructure focused on trade management and
terminal operations examples include storage, warehouses and mobile equipment (quay
cranes).

iz 55@ Impact on climate change

Older equipment generates CO2, badly maintained equipment increases
congestion increasing the carbon emissions of a port.

iz Impact from climate change

Increased weather events can lead to damage of the superstructure.

@ Port terminal and hinterland transport infrastructure
Transport infrastructure in the port area, covers inland waterway, road, and rail. All such
infrastructure is required for smooth transport flows between maritime terminals and
ultimately connects to the hinterland networks. Linking to the Intra-terminal network, Rail-
road-barge transport infrastructure links maritime terminals in ports to the main networks.
Such infrastructure, should enable direct (or easy) transfer from Rail-road-barge to ships and
vice versa and facilitate operations to/from the hinterland.

i % Impact on climate change
Badly maintained equipment increases congestion increasing the carbon
emissions of a port. Bad or lacking infrastructure impacts the modal split of a port.

i @@ Impact from climate change
Increased weather events can lead to damage of the transport network,
siltation and low water levels of channels are possible.

10 Study on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Nations




FRAMING THE CHALLENGE

@ Energy related infrastructure

Seaports provide a strategic role for storage and production of energy (ranging from fossil
fuels to source of renewable electricity through for e.g. wind or solar). This infrastructure
category includes pipelines for fuel, LNG, heat, steam, CO2 as well as (smart) electricity grids,
infrastructure for the provision of transport fuels (including LNG) to ships and infrastructure
for onshore power supply (cold ironing) to ships.

i 55@ Impact on climate change

Substantial impact on climate change, air quality and water quality through

direct CO2 emissions, can be either positive or negative depending on the investments.
i 55@ Impact from climate change

Increased weather events can lead to damage, over or underutilisation of

renewable networks/energy grids.

@ ICT / Digital infrastructure

Within the category of ICT/digital infrastructure, both the hardware, such as fibre cables in
the port area, as well as a digital port community platform are considered as ‘infrastructure’
in the sense that they enable information flows in the same way that transport infrastructure
enables flows of physical goods.

i 55@ Impact on climate change
Potential positive impact through increase of trade facilitation

i 55@ Impact from climate change
None
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FRAMING THE CHALLENGE

@ Industrial and logistics terminals
Ports often develop industrial and logistic zones in direct proximity to
transport terminals.

i % Impact on climate change
Large impact through direct CO2 emissions

i % Impact from climate change
Increased weather events can lead to damage of the buildings and

infrastructure.

Important remarks port infrastructure
In addition to these seven categories there are two important points to be made:

(direct
emission, biodiversity, water quality, air quality and climate change). New infrastructure may mitigate these effects, for instance by increasing coastal
protection, curbing water and air emissions (onshore power supply, LNG refuelling points, wind on land, wind at sea), investments in optimization of activities, or
reducing other negative effects for local communities such as noise or waste (recycling activities, natural walls).

2. In addition, these . For instance, improving maritime access may only be possible, admissible, or valuable if it
goes hand in hand with an investment in basic port infrastructure and better connections to road, rail, and inland waterway networks. In addition, due to the
scale economies in construction, investment decisions often concern various infrastructure types. This renders the effect and impact analysis of mitigation and
adaption investments to be very complex.
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FRAMING THE CHALLENGE

Drivers in port infrastructure

Seaports, as crucial hubs in global trade, are subject to a variety of disruptions
driven by multiple factors. Four key drivers that directly affect the demand,
supply, state and accessibility of port infrastructure are:

22 Demographic change #
' ’."A‘ t‘a‘
d@ Climate change L O
[J
-’f(: Geopolitical unrest T
Lljm& Digitalization H‘,(-Q).ﬁ

Some of these drivers are slow moving and can be well predicted, with
demographics at the forefront, while others are faster moving such as
geopolitical disruptions and technological changes.

Demographic changes — a slow-moving trend driver - lead directly to either
growth or decline of transport demand. They are in essence at the core of
“investment needs”. While there is continuous uncertainty regarding trade
growth, with notes of decreased globalization* ongoing and in the near future,
projections generally suggest increases of maritime transport volumes. Strong
growth, and therefore port infrastructure demand, is focused on developing
nations where both population and spending power are still growing®.
Resulting infrastructure trends from demographic change include increased
depth for ports due to vessel scale increase, an increase in hub and spoke
models putting stress on larger ports to perform optimally, an increase in
passenger numbers, etc.

An overview of port disruptions®

Shocks in the maritime industry More frequent [l Less frequent

10 Meteor strike
Supervolcano
9 Solar Storm P
Extreme Pandemic
Extreme terrorism .
8 Pandemic
§ Systematic cyber attack Global Military conflict
7
< . ) o
. . Financial crisis
..g Major Geophysical event(earthquake)
2 6 Accute climate event (hurricane)
8 Terrorism
E 5 Trade dispute (Brexit)
@ Man made disaster (explosion)
£ Regulation
T 4
] Local Military conflic|
3 ® Cyberattack e Idiosyncratic (dirty bomb)
Climate event (flood)
2 e Counterfeit
e Theft
1
None Days Weeks Months/Years
Ability to anticipate
Impact of disruptions on infrastructure
@ Maritime Access Medium Low High
@ Basic port infrastructure Low Low High
@ Superstructure Medium Medium High
Port terminal and hinterland . X
@ ) Medium/high High Medium
transport infrastructure
@ Energy-related infrastructure Medium/high High Low
@ ICT/digital infrastructure None Medium Low
@ Industrial and logistics terminals Low High Low

Dependent on renewable/non-renewable focus
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FRAMING THE CHALLENGE

Geopolitics is the fastest moving driver by far potentially affecting the maritime industry overnight. The recent Red Sea Attacks’ are a prime
example diverging trade flows around the cape. The effects of these disruptions on actual port infrastructure are rather limited, due to their fast-
moving nature, the problem suddenly arose, once the conflict in the middle east is over they will disappear just as sudden. However, what is a
major driver, is if many of these short disruptions happen (as is the case today®) and overall geopolitical stability decreases, ports become more
and more strategic assets and security driven resilience becomes ever more important, a major trend in for example Europe, Asia and the US.
Additional effects of this unrest are a higher instability in the financial markets leading to different expectations of capital, directly affecting debt
and equity port infrastructure investments.

Digitalization or technological developments impact infrastructure at its core. Where demographics drive the overall capacity demand
technological developments determine which capacity can and needs to be achieved by the infrastructure. On the infrastructure needs side,
examples include an increased visibility through the different steps of the supply chain, an increased need to buffer and work with smaller parcels
due to Just in Time Deliveries, increased crane efficiency due to larger vessels, etc. On the “infrastructure can achieve” front increased
technological innovation shows us that there is potential of a higher number of moves due to the (smart) application of new technologies such as

terminal automation, increased connectivity, just in time port call operations, etc.
Climate change- the core focus of this study- Trends impacting port infrastructure

Macro developments affecting ports Global Port infrastructure trends

HIGH INFRASTRUCTURE DEMAND IN DEVELOPING
ECONOMIES, LOW IN DEVELOPED

stands out among the various drivers of

significant challenges to maritime seaports,
affecting their operations and infrastructure

Generates disruptions to port networks

\
Drives demand through trade integration or de-integration \ A INTEGRATION OF INFRASTRUCTURE ALONG

1 N\ SUPPLY CHAIN

\

\ .

disruption in the port industry due to its DEMOGRAPHIC
. . *  Drives infrastructure demand for port infrastructure
unique nature as both a slow-moving and X
. . . .
fast-moving trend. This duality presents X
CHANGES IN AVAILABILITY & EXPECTATIONS OF
. GEO-POLITICAL s

in  multifaceted ways. Investments are A\ T
needed to mitigate the effect of these @ TECHNOLOGICAL Y °
changes, the room for these investments is

dictated by the profitability of the port and

additional fund sources such as public 9

investment schemes and grants.

Creates infrastructure expectations based on technological e
developments X
/ / INFRASTRUCTURE
\
|
CLIMATE CHANGE O INFRASTRUCTURE
.

Drives green investments
Drives resilient investments

INCREASED NUMBER OF POTENTIAL LAND USE
ACTIVITIES

. . o Source: MTBS . .
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FRAMING THE CHALLENGE

Fast Moving Disruptions of Climate Change
Climate change is increasingly manifesting through
fast-moving, large-scale local disruptions. Extreme Sealevel Inland floods Hurricanes Tornados Drought Heat Wildfire
weather events, such as hurricanes, typhoons, and THE Ak ERE ERE

. . floods typhoons
heavy rainfall, are becoming more frequent and _
. ) . Little or . Increased
intense. These events can cause immediate and o risk risk

severe damage to port infrastructure, including: .
Seaports

Disruptions across the maritime transport chain

J Storm Surges and Flooding: Ports are

highly vulnerable to storm surges and flooding due Rail .
to their coastal locations. These events can

inundate port facilities, damage equipment, and .
- : Road

disrupt operations.

J High Winds and Waves: Extreme weather River

can produce high winds and waves, which can

damage ships, docks, and cargo handling ) .
equipment, leading to costly repairs and Airports

operational downtime.

e Erosion and Sedimentation: Increased storm activity can accelerate coastal erosion and alter sedimentation patterns, affecting port access channels
and requiring ongoing dredging efforts.

e Heat waves: indirectly affect port operations resulting in lower efficiency or complete shutdown of the port if certain thresholds are reached.

These fast-moving disruptions necessitate rapid response and recovery efforts, highlighting the importance of robust emergency preparedness and
resilient infrastructure.
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FRAMING THE CHALLENGE

Slow moving effects of Climate Change

In contrast, climate change also exerts slow-moving, pervasive effects that gradually impact port operations over time. One of the most significant of these
effects is sea-level rise. As global temperatures rise, polar ice melts, and thermal expansion of seawater occurs, leading to higher sea levels. The implications
for ports include:

* Inundation and Submersion: Over time, rising sea levels can lead to the permanent inundation of low-lying port areas, necessitating the relocation of
facilities or the construction of protective barriers.

* Increased Salinity: Higher sea levels can result in saltwater intrusion into freshwater sources, impacting the water quality needed for port operations and
nearby communities.

* Infrastructure Stress: Prolonged exposure to higher water levels can place additional stress on port infrastructure, accelerating wear and tear and
increasing maintenance costs.

* Siltation: Gradual changes in sedimentation patterns due to climate change can lead to increased siltation in port access channels and berths. This slow-
moving effect necessitates more frequent dredging and maintenance to keep navigation routes clear and operational.

* Ecosystem Shifts: Changes in temperature and water chemistry can affect local marine ecosystems, potentially disrupting fisheries and other maritime
activities that ports support and generating macrophytes. (1) see note below,

The slow-moving nature of sea-level rise and other long-term climate trends requires ports to engage in proactive planning and long-term investment in
adaptive measures.

The interplay between fast-moving disruptions and slow-moving effects creates a complex landscape of challenges for ports. The increased frequency of
extreme weather events demands immediate action and resilience, while the gradual yet relentless rise in sea levels and increased siltation call for strategic,
long-term adaptation. Ports must address both aspects simultaneously to ensure operational continuity and safeguard their infrastructure.

Despite all these pressures ports have shown themselves to be remarkably resilient in the face of these changes. This resilience stems from a combination of
strategic planning, technological advancements, robust infrastructure, smart diversification and collaborative efforts.

(1) Aquatic macrophytes impair multiple uses of water and can (i) promote losses in navigation and changes in water quality standards
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FRAMING THE CHALLENGE

Tackling the shipping impact

Port and shipping go hand in hand, without a growing demand for maritime shipments there would be no need for ports. International shipping,
which carries over 80% of the world merchandise trade by volume?, is responsible for nearly 3 per cent of all global GHG emissions. For shipping to
succeed in decarbonising and help prevent dangerous levels of global warming, the sector must reach consensus regarding the regulatory framework
and GHG mitigation measures of the future as soon as possible. The International Maritime Organization (IMO) developed it’s initial GHG strategy in
2018 which was revised by member states in 2023. The latest IMO GHG Study 2020 estimated that GHG emissions from shipping in 2018 accounted for
some 2.89% of global anthropogenic GHG emissions and that such emissions could represent between 90% and 130% of 2008 emissions by 20507,

Reducing the GHG emission by shipping is an urgent, but
complex and challenging task. The energy use on vessels can
be optimized in different ways. There are many options with
regards to alternative propulsive power each with their own
advantages and disadvantages.

Investment costs related to the energy transition for ports
and shipowners are significant, with no clear future
standard the shipping industry runs the risk to invest in
technology that will eventually not be (widely) adopted.
This risk is inconvenient for large major ports but for sure
unbearable for smaller ports.

The costs of a newbuild liquid bulk terminal has risen over
the last decade, a new technical complex tank now a days
costs as much as a complete terminal 15 years ago. The
higher Capex makes the business case for these types of
terminals less interesting. There is however a difference in
types of green fuel when it comes to costs.

GHG reduction solutions18

I 5-50%
— Fleet
AN management,
L J isti - o
—_— Io.glst|cs. and 1 10/0 2-50% Upto 75%
incentives Voyage Concept (s i
5-15% SS— optimisation . M coneet

speed and

Power and capability

propulsion
systems

A '.".I speed and
/| "\ capability
\

T

Source: own development based on IMO
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FRAMING THE CHALLENGE

Despite these challenges the IMO aims to achieve a decarbonised shipping industry by or around 2050. To reach this goal the IMO wants to motivate the
industry to significantly scale up the use of net zero and near-zero GHG fuels by 2030. The medium-term vision of the IMO is to reduce the carbon emissions
of shipping by at least 40% by 2030.

The current phase of this strategic implementation is to develop a marine fuel standard that should phase out fuels that emit GHGs and build an economic
incentive to drive the uptake of zero or near-zero technologies and fuels. Amongst the possible GHG reduction measures, a carbon pricing mechanism and
regulatory approach currently stands out as a preferable joint package. Furthermore, the introduction of a pricing instrument has the potential to generate
revenue that can be reinvested in decarbonization initiatives or infrastructure.

Converting existing facilities to make them suitable for storing and processing methanol is straightforward. Additional safety measures are needed due to the
toxicity of methanol, other than that current storage and supply equipment is suitable for the processing of methanol.

Handling Ammonia and Hydrogen is not possible with equipment designed for traditional marine fuels. LNG and LPG installations can be adapted to
Ammonia and Hydrogen. Ammonia is very corrosive and special measures need to be made to protect the equipment. Liquid hydrogen can cause material
embrittlement and needs to be stored at lower temperatures than LNG (-253 degrees Celsius vs -163 degrees Celsius).

New LNG developments are set up with the idea to use the equipment for ammonia storage and supply over time. LNG is already adopted and Methanol
ready vessels with dual fuel engines are joining the fleet mostly in dredging and construction vessels.

Moreover, contractors notice there is a need for sustainable fuel supply
outside of Europe based on their own bunkering needs and from the  Proposals for carbon pricing or fuel standards
developments towards green energy projects in many developing regions.

Proposal Submitted by Year IMO reference
There are no LNG bunkering facilities in sub-Sahara countries which makes :
i . A Universal mandatory greenhouse gas Marshall Islands, 2021 MEPC 76/7/12
it a challenge for contractors to use their LNG powered equipment and emission levy Solomon lslands
adapt it to renewable fuels. Infrastructure in the form of new tank farms Levy-based market-based measures International Chamber 2021 ISWG-GH10/5/2
and jetties or buoys is needed to accommodate many of the ambitions. of Shipping, Intercargo ISWG-GHG 12/3/7
Zero-Emission Vessels Incentive Scheme Japan 2022 MEPC 78/7/5
The. hydrogen economy I? by far the.mOSt mentioned of all renewable f_uel International Maritime Sustainability Argentina, Brazil,China 2022 ISWG-GHG-12/3/9
options. Many developing countries have abundant solar and wind Funding and Reward mechanism (People’s Republic of),
resources and existing scalable renewable energy infrastructure to support South Africa, United

. . . Arab Emirates
electrolysis production. Many more have legacy infrastructure that can be

repurposed for low-carbon hydrogen production and transport. 32 Emission Cap and Trade System Norway 2022 ISWG-GHG 12/3/13
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Both cause and effect

The duality of resilience and vulnerability is even more pronounced when we take into account that ports both provide cause and effect to climate
change. Ports in developed nations often function as large industrial clusters, housing activities such as manufacturing, oil refining, and chemical
processing. These industries generate substantial greenhouse gas emissions and other pollutants.

While these ports earn significant revenue from these industrial activities, driving local and national economies, the environmental cost of these
operations contributes to the global problem of climate change. In addition, the success of ports is intrinsically linked to the shipping industry, which,
despite being highly efficient in terms of emissions per ton-kilometer compared to other transport modes, still contributes a significant amount to global
GHG emissions due to the sheer volume of global trade. Major

ports handle thousands of vessels annually, each emitting CO2, Adaptation vs mitigation in port infrastructure

sulfur oxides (SOx), nitrogen oxides (NOx), and particulate matter.

) o ; ) Adaptation (+) Air conditioning Port green space
The cumulative effect of these emissions is substantial, _ Desalination Building insulation
contributing to the acceleration of climate change. :;’;TITZTZZ) Heat shelters Water storage and drainage
Storm barriers Smart grids

. . . . . Multi modal transport investments
In contrast, ports in developing nations are often located in regions

highly vulnerable to the effects of climate change, such as tropical

storms, sea-level rise, and coastal erosion. They also often have Adaptation (-) Green bunkering
less developed infrastructure. These ports have historically (decrease Green industry feedstock
resilience) Emissions regulation

benefited less from maritime trade and are only now starting to

Energy mitigation strategies/plans
. . , .
reap benefits (or in some cases don’t reap benefits at all). Mitigation (-) Mitigation (+)
(increase GHG) (decrease GHG)

Case — Low sulfur emissions, doing bad by doing good

According to research published in the journal Nature, a major reduction in emissions of sulfur dioxide in 2020 following the introduction of new international
shipping fuel regulations, led to a "termination shock" that they say could add 0.16 degrees Celsius of heat to the world's oceans over seven years, greatly
accelerating global warming.
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FRAMING THE CHALLENGE

Why ports are needed

Ports located in developing nations have a large impact on the economic activity and welfare of the nation and communities in question. "As much as 80% of
the volume of goods in the world are transported by ship,“® and “With 59% of global exports and 64% of global imports passing through a developing
country port, maritime transport and port infrastructure remain at the heart of economic and social development in developing countries.”?

A disrupted or poorly functioning port can hinder trade growth, with a severe impact on both the nation and the linked landlocked developing countries.
The port, along with the access infrastructure to the hinterland (such as inland waterways, railways, or roads), is a vital link to the global marketplace and
needs to operate efficiently. This means that building resilient ports and safeguarding investments is not just about bracing for natural disasters. It’s about
maintaining a consistent flow of goods despite an ever-growing frequency of disruptions. Many developing nations depend on ports for:

1. Food Security: a high dependence on imported food

2. Disaster Readiness: A resilient port-based supply chain enables efficient emergency supplies distribution

3. Economic Balance: resilient supply chain nodes to uphold business continuity and safeguard growth

4. Tourism Support: ports play an important role in the tourism sector, a significant revenue source

5. Security and safety: with smooth and fast access to territorial waters

Case — COVID impact
Median time in port (hours)
The interconnectedness of ports with our prosperity and well-being became clear during the @ o
COVID-19 pandemic. Society was suffering, and the port transshipment slowed down. 4206
6,931 7,257 ' U8

Ports were disrupted due to the anticipation that the pandemic would result in a severe recession

or even economic crisis which caused a sharp decline in world trade. In addition to this downturn

in trade sentiment lockdown measures caused disruptions and delays in many ports around the

globe. As a result, the median time a container vessel spent in ports increased by 20% between

2019 Cl 2021 2019 2020 2021 2022

an ° Source: UNCTAD
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FRAMING THE CHALLENGE

Seaports as drivers of decarbonisation

Traditionally, high-volume fossil fuel cargos have been the primary source of income for certain ports, generating revenue from throughput dues and
rental and leasehold income. However, there is a growing shift away from fossil fuels due to the urgent need to transition to a carbon-neutral economy
and a decarbonised shipping sector, where alternative fuels play a crucial role. This shift presents both opportunities and challenges.

On one hand, port authorities can capitalize on this transition by preparing their facilities for new cargo types. This involves enhancing circular
economy synergies, investing in new infrastructure such as offshore energy projects, and redeveloping existing port areas to accommodate the space
requirements of these new cargoes. On the other hand, the traditional revenue model based on high-volume fossil fuels is under threat. Additionally,
the generation and bunkering of renewable energy will necessitate new infrastructure. Offshore energy, particularly in northern European ports, often
comes ashore in or near these ports, requiring novel or adapted infrastructure such as import and export facilities for renewables (e.g., hydrogen),

wind turbines, and electricity networks.

Furthermore, both port authorities and private operators have not only
a financial incentive, but also an ethical obligation to invest in green port
infrastructure. The financial incentives are evident when considering the
potential for bunker fuels and the export of renewables. Ethically, there is
a pressing need to be part of the solution rather than the problem. Ports
as hubs of industrial and transport activities can achieve significant
impacts through even small improvements, effectively decarbonising
entire transport chains. By adopting sustainable practices, ports can play
a pivotal role in reducing the environmental footprint of global logistics,
thereby contributing to a healthier planet.

Case — APMT co investment in solar for zero emission terminals

Achieving decarbonized operations in developing countries for terminal operators
can be a challenge due to the low capacities of local networks, no green energy
feedstock, bad energy infrastructure, etc. APM Terminals has as strategy to only
build new decarbonised terminals. And frequently partners with local port
authorities to invest in new infrastructure, for example, solar farms to supply its
terminals with the required green fuel

Port sustainability segments

Ecological improvements

s O [

* \Waste, water, noise, dust
management

* Emissions monitoring and
improvement
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* Wind on land and at sea

* Solar power and wave power
* Export and import of renewables

Operational improvements

!
= & %%
Port “i
sustainability * Energy consumption monitoring
* Smart grids
* Digital twins

Automation and facilitation

Alternative fuels
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* Renewable bunker fuels
* Onshore power supply
+ Electrified port equipment



FRAMING THE CHALLENGE

Energy Transition and Renewables a new opportunity for developing nations

As hubs in global supply chains, ports have historically acted both as buffers, producers and modal transshipment nodes for fossil energy commaodities.
These energy sources include coal, (crude) oil, LNG, and petroleum products. Due to the ongoing push for decarbonisation, ports need to transform and
proactively evolve into renewable energy hubs to not only decarbonise their own operations and cargos but to continue to fulfil their economic engine
role for the wider hinterland that is transitioning to renewable sources.

Leading ports, often in developed parts of the world are already investing in offshore wind, marine, solar, and green hydrogen capabilities!. These
investments cover both the local industry, energy infrastructure and supplies fuel for tomorrow’s clean shipping fleets.

A. The first step in achieving a clean energy port is decarbonising the on-site “polluting” activities through expanding renewable power generation and

storage onsite in order to displace carbon-intensive grid electricity usage.
Both the onsite industrial activities and resulting fleet
movements (both sea and land) can be countered in such a way. Transition path towards a “decarbonised port”

B. After the own operations have been decarbonised, the role of
the port can be leveraged as in an industrial and transport
cluster, by installing shoreside charging infrastructure, offshore
wind, solar power, green hydrogen electrolysis etc. The :
decarbonization of the fleets is the first step but these actions 4. Securing the revenue
also strengthen the flexibility of regional electricity grids that
often suffer constraints. Ports with strong grid connections can
help balance local renewable energy supply and demand both 3. Charging the region
through on-site generation and acting as hub for import and
export of the fuels.

C. Once onsite renewables are secured and supply chains start to 2. Charging the fleet
take shape, ports can create significant new revenue streams
for both themselves as the wider region. This is through :
electricity sales to users, lease fees from developers, and 1. Tackling Port Emissions o e
earnings from ancillary grid services. The export of decarbonised g _
fuels will accelerate the global energy transition, through direct S — :
and indirect economic effects this supports local green jobs and
industries.
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FRAMING THE CHALLENGE

Developing nations hold just a tenth of the world’s financial wealth and have only made a fifth of the clean energy investment committed by developed
countries!. Since benefits often trail (sustainable) infrastructure investments, capital is hard to come by. Financing and the cost of capital pose
substantial challenges for energy investment in developing nations, limited access to capital markets, high borrowing costs, and real or perceived
investment risks deter domestic and foreign investors!2. This means that solutions feasible and currently being implemented in the developed nations,
such as electric vehicles, carbon capture, utilization and storage (CCUS), and hydrogen production or importation, may be financially inaccessible.

Economic growth emerges as the primary solution to bridge this gap, enabling developing nations to offer incentives and subsidies for energy transition
and infrastructure development. However, access to cheap, affordable energy is crucial to achieving such economic growth, leaving developing nations in
a Catch-22 situation.

Hydrogen is often looked at as the main driver behind the green energy wave. It has the potential to decarbonise hard-to-abate sectors such as heavy
industry and (maritime) transportation®, Of course, hydrogen is only one element of the climate puzzle, and it will have to be combined with other green
sources such as solar and wind (see figure).

Green energy from solar and wind will provide several developing nations with a new opportunity to produce, use/and or export green energy to high
energy demanding nations. Green Hydrogen generated from renewable energy is earmarked as a base energy source to replace fossil fuel
dependency.

Hydrogen can be used as a fuel source or as a feedstock to create synthetic fuels for heavy transportation and other industrial sectors, such as the
chemical industry, refineries, fertilizer and steel production. Locally produced renewable energy can be exported in the form of Liquid Hydrogen (LH), a
chemical carrier such as ammonia (NH3), or other liquified organic hydrogen carriers (LOHCs). At this stage, ammonia seems the most likely option due
to the highest energy efficiency (34%-37%"3) and lowest cost per nominal cubic meter’3. A prerequisite for effective export is that the country is also not
land locked and has the ability to use or develop a seaport for this commodity.

Case: economic contribution of the hydrogen sector!4

The UK government has the ambition to develop up to 10 GW of low carbon hydrogen production by 2030. Using multipliers and cost estimates made on employment and
gross value added, this scenario suggests that the UK hydrogen sector could support approximately 30,000 direct jobs by 2030 and could contribute more than £7.0bn in
annual GVA in 2030.
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FRAMING THE CHALLENGE

The energy transition has sparked a new search for cheap production locations to produce solar and wind energy. From a global perspective, the
regions with a good solar profile and possibly combined with wind energy are illustrated on the map. Countries located in these regions are earmarked
to be able to generate green energy in a cost-effective manner. Research done by the IEA?3 identified Kenya, India, Brazil and India as potential
countries for the production of green hydrogen at a competitive price level.

Kenya and India (see cases) have been identified as emerging markets for hydrogen production either as a feedstock or energy carrier. In Kenya, power
stations are replacing diesel generators to 4 kW ammonia-based alkaline fuel cell systems as a back-up power source, including crackers to convert
ammonia into hydrogen. These investments in Kenya will lead to future internal demand for ammonia and hydrogen. In India, fuel cells powered by
methanol are used as a back-up power source for telecom towers. The fuel cells are now powered by methanol produced from fossil fuel which could
in time be replaced with green methanol. The internal demand could be the basis to start the local production of green hydrogen, ammonia and
methanol, which could be scaled up to accommodate exports of these renewable fuels once the market matures globally.

Potential regions to develop Hydrogen?3

N \_;,;P &,,‘;\Q = e s ey Mi(}ldle East.: Saudi Ara.bia, Yemen, Oman, Qatar, Bahrain, Jordan, Iraq,
RGN » o I <=150 Syria, Kuwait, Iran, Pakistan
. . ,,,_ =:§‘;;;(5) Indian subcontinent: India, Sri Lanka
i 200225 Southern Africa: Namibia, South Africa,
- 225250 Northen Africa: Egypt, Libya, Tunisia, Algeria, Morocco, Western
Méj& i Sahara, Mauritania
U N\ a5 Horn of Africa: Djibouti, Somalia, Eritrea, Sudan
325350 East Africa: Kenya, Madagascar
: 2?0;;(5) North America: USA, Mexico
= 400425 South America: Chili, Brazil
\‘P @r . 425450 Europe: Spain, Portugal, Italy
" =‘:f;:'75 Asia: China
Australasia: Australia, Timor, Papua New Guinea, New Caledonia, Fiji

Note: Potential countries earmarked for cost-effective Hydrogen production based on the global heat map and having a sea border, source IEA the future of hydrogen
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FRAMING THE CHALLENGE

Challenges in port financing Port ownership models?!®
[ pubtc serieport JJ[__Tooiport ] [Pt seice or |
The trends summarized above lead to investment needs in port Comersip. I
Infrastructure. S—
Increasing and redeveloping port capacity may sound like a pr—
logical solution to many of the trends and disruptions outlined in —
the previous segments, however, the expansion of seaports .
across the globe has become difficult??. Port development faces
— — —
a number of challenges:
s n G
* Ports need to be deep; — —
. G
* They require vast amounts of land; ——
[ [ [

* They create pollution and do not necessarily create economic
benefits for their own city.

The decisions regarding infrastructure investments are taken by different entities within each country and sometimes is divergent from port to port
depending on the port ownership model in question (see figure). The distribution of decision power depends on the port governance model in place which

substantially varies across the world.

To make matters even more complex, investments in the different types of
infrastructure are often done by different parties within the port depending on
the port model in place.

When it comes to energy related infrastructure, investment decisions are
traditionally made by the port management bodies or utility providers. This
trend is shifting where there is a clear divide between centralized backbone
energy infrastructure (e.g. a high voltage power network, gas related backbone,
etc.) which is managed by the utility provider and decentralized local energy
infrastructure (e.g. a solar farm, onshore power supply, wind on land, etc.) where
the investment decision is with the private entity.

Port investment decision makers

Infrastructure segment Typical investmentdecider

Maritime access . . . .
Usually decided by port managing body or government or in partnership

Basic portinfrastructure ) . o
Usually a port managing body investmentdecision

Superstructure . . .

Usually a private terminal operator decision, dependent on port model
Portterminal and hinterland transport Dependent onthe location in-or outside port, port management body, local
infrastructure government or private terminal operator
Investment decision of utility infrastructure provider or the port managing

Energyrelated infrastructure X .
body orin partnership

ICT/ Digital infrastructure . . .
Dependent on location, either port management body or terminal operator

Industrial and logistics terminals . .
Private operator for development port management body for first investment
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FRAMING THE CHALLENGE

The evolution of port financing

Due to the capital-intensive nature of port related infrastructure projects, a mix of public and private funding sources is often necessary. Two main
types exist: (1) Funding involving no-interest provisions, such as state grants, or (2) financing involving interest-bearing loans from banks or
investments from equity funds. Whilst ports in developed nations usually have a relatively large investment capacity (dependent on the size of the port
in question), and the nature of port investments makes it often impossible for the port authority to realise the necessary investment without external
financing. This is even more the case when we consider port infrastructure investments in developing nations.

When it comes to mitigation and adaptation infrastructure investments, they often carry a high societal added value and wider economic returns
beyond the port community which cannot attract private financing because of a limited return on investment for the investing port authority.

Financing triggers
Two approaches of green financing are commonly used. The first approach are finance g1rige

products of which the funds are only made available to green investments. The second HighA
approach is to incorporate “Green KPIs” into a standard financing product. The question
is if this is enough to achieve decarbonisation by 2050. o Trade boost Mitigation
L investments investments
New financing methods are being developed to facilitate decarbonization. The Q
International Maritime Organization (IMO) discusses green financing during the FIN- E
SMART round table discussions where IMQO’s Head of Project Implementation Gyogyi E
ﬁ]l\irek;frr;eii:? a description of the role of the IMO related to financing of green E Adaption
’ L investments
“IMO has a role to support all its Member States, such that there are no countries left Low
behind on the journey to decarbonization. These roundtables offer a valuable platform Low . High>
for knowledge sharing and technical collaboration that will help level the playing field for Case to society

developing countries.”?!
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METHODOLOGY

Methodology

The goal of the study is to investigate the
sustainable and resilient seaport investment
requirements for vulnerable and developing
countries. Given the large diversity of nations and
ports following metrics were used to identify the
most optimal cases:

* A variety of national Port Governance
structures

* Both large and small national port industries
* An overall low level of development
* Avariety of geographical locations

* Both high and low vulnerability to climate
change

Data is gathered by Desk Research and
Interviews. The Desk Research phase is based on
a literature study and the retrieval of data from
organisations such as UNCTAD, World Bank and
UNComtrade. The data is used as input to
determine the conditions that needs to be met to
achieve decarbonised operations and climate
resilient ports. In addition, based on the data
obtained from these sources, the countries are
categorised from a macro-economic perspective.

The goal of the Interviews is to obtain specific
information on the ports in the considered

countries. Multiple stakeholders are interviewed
from across port authorities, financial institutions,
governmental organisations, bunker terminal
owners and port construction firms.

These interviews focused on the impacts on port-
related infrastructure both within the ports and in
the wider hinterland.

The research findings for each case are discussed
in separate sections. Two main topics are covered
being firstly the impact of the energy transition
and secondly the impact of climate change in the
form of climate resilience adaptation

The results from the 5 cases are used as base case
scenarios for comparable ports worldwide. The
last step is to identify the number of ports that
are comparable to the cases we have observed
during the study.

The number of ports comparable to each specific
case is used to scale the results from the study to
a worldwide impact value. The end result is an
overview of the impact that climate resilience
adaptation and the energy transition will have on
ports in developing countries.
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CASE STUDIES INTRODUCTION

The 5 cases

The 5 selected nations are part of the group of seaborne developing nations (see annex). And they were selected due to their geographical spread and high
variety of ports, port models, vulnerability levels, trade and economic parameters. For each of the countries multiple interviews were held with local
representatives and followed up with interviews with international experts. Each of the cases outlines the current challenges and developments for
adaptation and mitigation infrastructure.

Case coverage and developing maritime nations

Country: Indonesia
GDP (per capita): $ 4,070
# ports: 1700
Interviews: 3
, -
Country: Brazil
GDP (per capita): S 8,830
# ports: 176
Interviews: 2 ' \
—
Country: Solomon Islands
GDP (per capita): $2,084
# ports: 2
Interviews: 2
Countries out of scope
Country: Kenya Developing seaborne countries G " indi
. ) ountry: ndia
GDP ta): 1,754.00
(per capita):  $1, B cCasesin scope GDP (per capita):  $ 2,089
# ports: 15
. # ports: 229
Interviews: 3 )
Interviews: 3
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DEEPDIVE CASE — KENYA PORT SYSTEM

General overview Macro Economic?? Indicators Kenya 2022

Kenya is located on the east coast of the African continent. The country has a ND-GAIN Country Index?3
population of 54 million people and has one of the largest economies among 54M $ 175
all African countries. Until 2019, before the pandemic, Kenya was one of the A1M A49
fastest growing economies in Africa, with an annual average growth of 5.9%

between 2010 and 2018. 580k t‘

The World Bank shows a GDP per capita (constant 2015 USS) of $1,754, this
makes Kenya a relatively weak economy compared to the rest of the cases i
and the developing world. 236 1917

The Kenyan ports offer a significant contribution to the national economy oo SRS GO contbution serices
with an estimated direct contribution of port operations making up 5% of the 21% 55%
GDP and indirect contribution of 12% of the GDP.

Vulnerability

Readiness

v

GDP cont GDP contribution manufacturing Vulnerable, not ready

With respect to vulnerability?®, the country is ranked 150 out of 185 170/; 79, Vilnerable, ready
countries. Kenya is classified as having a high vulnerability and low Not vulnerable, not ready
readiness. According to the index the vulnerability is decreasing over time. Not vulnerable, ready
The readiness score has recovered in the last few years from a relapse up to

the levels seen around the year 1995.

The high score on vulnerability is mainly caused by the healthcare situation

with the lack of medical staff being a major driver. The low readiness is

mainly caused by the low level of social readiness stemming from the low +'

level of education and innovation. Infrastructure wise, Kenya is relatively _ ¥ N -
resilient according to the index due to low dependency on imported energy ~ N
the low projected impact of sea level rise impacts. ’
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DEEPDIVE CASE — KENYA TRADE ROLE

Trade characteristics

) ) Imports?* Exports?
The country’s top five main
. UAE 17%  Uganda 43%
trade partners are all located in
. . i 9 i 0,
Asia except for Tanzania. The ~ china 10%  [anzania 7%
. Russian
trade split clearly supports the
Kenya’EroIe as ;/trai‘;it hub Federation 10% SR 6%
India 9%  Rwanda 5%

from Asia to Europe and
gateway to East Africa Tanzania 8% UAE 5%

Kenya is a net importer in terms of volume, importing mainly mineral fuels
and oils. The main export commodities are coffee, tea and mineral fuels and
oils. The major commercial seaports are Mombasa and Lamu. The country is
centrally located acting as both a transshipment hub for East West cargo
heading to the red sea or to the south of Africa and as an import-export
node for inland corridors servicing Eastern and central Africa with notable
trade partners as Uganda, Rwanda and Tanzania.

The two major seaports, eight smaller ports and two inland container depots
are managed and operated by the Kenya Ports Authority (KPA) which is a
state-owned organisation. The total cargo throughput of KPA is 35.96 Million
MT and 1.62 Million TEU.

KPA manages different sizes of ports each with different challenges. KPA does
not operate all terminals themselves and is looking for a more traditional
landlord structure in their major ports of Mombasa.

The largest port is the port of Mombasa. Since 2018, KPA has the mandate
over the smaller ports in the Lake Victoria region.

The smaller ports are part of the intermodal corridor linking land locked
African countries to the seaports on the east coast of Africa. Primary goods
transported via this route are staple goods.

Trade volumes 2023 (million tons)?*

Large dependence on
food imports

Negative trade
Mineral 19841 balance

Fuels & Oils \

Salt, Cement, Limestone etc.
Cereals
\ 7,586 Coffee, Tea & Spices 8%
6% Iron & Stee| — — 40% /
/Mineral Ores 7%
45% Other

Other 41%

Imports Exports
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DEEPDIVE CASE — KENYA PORTS ENERGY LANDSCAPE

Most of the energy consumed in Kenya is already
generated from renewable energy sources. 75% of
the total energy supply is renewable with geothermal
energy as the biggest share in the renewable
electricity production followed by hydro power.

The average levelized cost of energy in the country is
0.09. To further increase the share of renewable
energies the country has the option to both use solar
and wind as energy sources.

Around 5% of the surface of the country is located in
an area with a wind power density of over 820 W/m?
which exceeds the worldwide proportional area with
this wind power density. In addition, the country has
a high theoretical solar potential of 5,780 kWh/m?
and is ranked as the 315t country with the most solar
potential.

Overall, 75% of the energy used by the country is
already renewable and the potential to produce a lot
more renewable energy offers significant export
opportunities in the future. Given the large solar
potential Kenya Ports Authority plans to offer
onshore solar power to ships at berth along with
alternative fuels. The polluting emissions of the port
will be reduced by both the proposed alternate
energy systems and new shore power arrangements.
The country expects in the future to produce, export
and supply green hydrogen to ships, logistic
companies and the manufacturing industry.

Proportion of land area %

Proportion of land area %

100
80
60
40
20

100

80

60

40

20

Distribution of wind potential?®

Low wind
potential

Wind power density at 100m (W/m?)

Kenya

Global

Distribution of solar potential®

Large solar potential

-

<1,2 1,2-1414-16 1,6-1,8 1,8-19 1,9-20 >2,0
Annual generation of unit (MWh/kWp)

Kenya

Global
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Share of renewables in
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consumption?®
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Solar
39% B wind
[ Bio-energy
B Geothermal
12%

Share of renewables in
electricity generation?

87.8%
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5,780
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DEEPDIVE CASE — KENYA MAIN ISSUES

Main climate threats and the effects they have on the ports in Kenya

There are four main climate threats identified for the Kenyan ports. These climate threats affect the seaports, railways, roads and rivers in the country. The
key climate change risk for Kenya is from extreme disruptions, in particular droughts and (rain related) floods. The frequency and intensity of such events is
likely to increase because of climate change. They also often lead to adverse knock-on effects, such as soil erosion, land degradation, and pest breakouts. The
climate change impact on port areas is likely to have broader effects on the Kenyan economy, as damage to the port infrastructure would have ramifications
for trade, but also tourism across the country.

Rain flooding

The effects of increased rainfall is most severe at Lake Victoria where the water level rose to levels that make (lake)ports inaccessible to ships. Port facilities
became permanently submerged and local infrastructure such as buildings and access roads were damaged. Seaports, including the higher located port of
Mombasa, frequently suffer from rain flooding as well. The heavy rainfall led to flooded access roads and railways and the interruption of port operations.
Cargo needs to be evacuated to prevent damage.

Coastal flooding

The rising sea level increases the coastal flood risk especially during storm surges. Overview of impacted port infrastructure
These surges lead to submerged quays which can sometimes become a G vl ik Storms  Drought Heat
permanent condition. rise and floods
floods (rain)
Extreme heat Seaports
Heat induced stress affects roads and buildings and the port equipment in Kenya Rail
suffers from increased wear and tear. Heat stress is a concern for port the
employees, especially to the equipment operators and employees working sz
outside. River

Source: interviews
Storms

Kenyan ports are occasionally affected by tropical cyclones and the occurrence
of these storms is increasing due to climate change. The resulting storm surges
and extreme rainfall leads to poor water drainage and an increase in rain
flooding. Macrophytes in Lake Victoria form floating islands due to heavy storms
and pose navigation risks to vessels.

34 Study on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Nations



DEEPDIVE CASE — KENYA RESILIENCE NEED

The mitigating measures against the main climate threats
There are five different measures identified to mitigate the effects caused by
the four climate threats that Kenya faces.

Raising quays

To solve the issue of permanently submerged infrastructure quays, some
guays need to be raised. Depending on the state of maintenance, this could
mean a full replacement of piers and quaysides. Raising quaysides is a
challenge as all fixed infrastructure located on the quay needs to be raised as
well. This makes it often more efficient to build a completely new quay close
to the old one. This has an operational advantage as well as the old quay
could be in operation until the new one is finished. The government of Kenya
initiated the building of 9km of new seawalls which will protect the coastline
and ports from storm surges and increased sea levels.

Drainage

Improving the drainage of the ports and its surroundings prevents rain
flooding of the port area and its access roads reducing the risk of operational
downtime.

Seawalls

The construction of seawalls protects the ports and coastline against high
water levels and erosion. Plans from KPA to update quays, breakwaters and
revetments are under development. An issue outside the span of control of
KPA is the flooding of the access routes towards the ports including the
railways. There are no plans yet as these need to be developed together with
(local) government.

Status of resilient infrastructure development in Kenya

Implemented Under development No initiative

- ¢ Raising quay "'_ Drainage installation
- 12 seawalls

=
. i Heat shelters

L Early warning system :

Source: interviews

Heat Shelters & air conditioning

Preventing the risk to health from extreme heat requires the construction of
accessible heat shelters and the procurement of port equipment with
sufficient cooling capacity. It is vital for the air-conditioning in the port
equipment to be properly maintained to ensure that all staff in the port have
access to heat shelters, particularly those working outside of an air-
conditioned office. This can, however, increase maintenance costs of
equipment and lead to new carbon emissions.

Early warning system

An early warning system against macrophytes can ensure safe navigation for
vessels operating in the affected areas. To mitigate the navigational hazards,
caused by the Macrophytes in Lake Victoria which form floating islands, an
early warning system has been developed and currently in a testing phase.
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DEEPDIVE CASE — KENYA DECARBONISATION NEED

Impact of the energy transition on the ports in Kenya

The energy transition is topical and noticed by KPA on a national and
international level with regulation being implemented by the Kenyan
government and international agencies such as the IMO. To achieve a
decarbonised port three different categories within the port will need to
be decarbonised being :

* Port operations (equipment)
* Bunker supply
* Port industry

Port operations

KPA has invested in hybrid port equipment which can run on both
electricity and fossil fuels. The port of Mombasa is producing its own green
energy mainly by 1.5mw of installed solar power with plans to increase this
to 5mw in the near future. The electricity produced by the solar power
station is used to drive the hybrid port equipment. During the night, KPA’s
own power supply is not generating enough energy to run the harbour
equipment and alternative sources are needed.

The ports have two options, running the equipment on diesel or making use
of the national power grid. KPA has the ambition to transfer from the hybrid
port equipment to full electric equipment.

However, this transfer will not start before sufficient supply of green
energy to run the equipment around the clock is guaranteed. Until then the
port will continue with hybrid equipment.

Bunker supply
Decarbonised fuel is not yet available in Kenya. Worldwide, the adoption of
decarbonised fuel is slow which also impacts Kenya. There are initiatives to

produce bio-fuels and green hydrogen within the country. Private parties
are investigating investment opportunities in hydrogen production facilities
with the aim to set up a supply chain for local demand. It is the ambition of
Kenya to become a hydrogen hub within the East African region.

The port of Mombasa started with a pilot to provide shore power which
should make the use of auxiliary engines in port redundant. Shore power is
already available for the smaller service boats used in the port by KPA and
shore power for merchant vessels is still under development.

Port industry

To run the complete port, a total estimated 6mw to 7mw of electrical
power is needed. Installing enough green energy production capacity for
the whole port is an option to fully decarbonise the ports and making the
use of the central power grid obsolete. 85% of the electrical power supply in
Kenya is being produced using green energy it could also be a decision to
use the central power grid and wait for the central grid to become 100%
renewable.

Status of GREEN infrastructure development in Kenya

Implemented Under development No initiative

Decarboniked Bunker
Fuel

CL1 R Hybrid Equipment 8. Full Electric Equipment :

Shore Power KPA

< Shore Power Merchant
Vessels :

Vessels

Y

i
Rl
i
[

1.5 MW of Solar Poweré == 4.5 MW of Solar Poweri
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DEEPDIVE CASE — KENYA CONCLUSION

The ports in Kenya are investing in climate resilience and decarbonisation projects. Most climate resilience investments are related to both rain and coastal
flood risks. Flood related investments are capital intensive and can costs up to billions of USD dollars, for instance the initiative to build a seawall to protect
the Kenyan coastline.

Investment costs

Smaller ports need to make significant investments as well. Due to the (permanent) flooding of port infrastructure, completely new facilities need to be built.
The associated costs are in the order of building a new port.

In general, the country is on track with green investments. A total of 85% of the electricity is produced using renewable sources which will facilitate ports in
the energy transition. The Port of Mombasa has also made progress by installing solar power. Transferring from full diesel driven equipment to hybrid or
electric equipment when 85% of the provided electricity via the central grid is already renewable will help in reaching decarbonisation goals.

The country has the ambition to become a significant player in the production and supply of green fuels such as hydrogen, however for this to become a
reality a solid business case is needed. The view of the ports in Kenya is that to finance the investments a hybrid solution between public and private parties is
needed. The common view is that development partners such as the trademark Africa Group could play a role.

Case — Kenya Lake Turkana Wind Power

The Government of Kenya published a National Adaptation Plan (2016) together with additional climate change Project

action plans whose. I.<ejy mgssaggs are mtegrat_ed |.n Kenya’s broader de\./elopmen.t strategy, Vision 2030, and el o e wing G whi
Kenya’s NDCs. Mobilizing financing for adaptation is another key constraint. Despite these challenges, Kenya’s | oyer 310 MW of capacity. The project also
adaptation efforts have led to improvement over recent years in Kenya’s climate vulnerability index, although it | attracted the largest private investment in
remains quite low due to preexisting social and economic vulnerabilities. To achieve that, it would be necessary | Kenya’s history of $650 million.

not only to support the Kenyan government in furthelf develop.ing and updating i.ts Flimate change _action Africa has huge renewable energy
strategy, but also to focus more on the process for effective adoption, reporting, monitoring, and evaluation, as | potential — home to 60% of the best solar
detailed in this report. resources globally — however, the

continent receives less than 3% of energy

The effects of climate change are noticed in Kenya at the seaports and the inland ports. Each of these ports investments worldwide.

have their own challenges that require investments up to billions of USD to prevent flooding. Steps are made to
decarbonise the port sector with the port of Mombasa being a good example. The ports in Kenya are of the
opinion that funding of the needed investments should be a hybrid effort between public and private parties.

As the region which has contributed to the
climate crisis the least, yet suffers
significant impacts now and into the
future, the international community must
partner with Africa and invest in its clean
energy future.
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DEEPDIVE CASE — KENYA CONCLUSION

Port Resilience

The most disruptive climate challenge for Kenyan ports is risk of flooding. The main ports are occasionally forced to
cease their operations due to flooding disruption. The risk of closure can be reduced, and this is actively attempted
by installing sufficient drainage capacity.

Due to the rise of the water level in Lake Victoria, smaller lake ports in the region have become (partly) inaccessible
for ships. Permanently flooded infrastructure should be considered as a full write off and will need to be replaced.
The costs of rehabilitating these facilities are equivalent to the replacement value. Additionally, a plan is developed
to build seawalls that will protect the harbours and coastal areas.

Storms are also the cause of the navigational hazards near Lake Victoria due to the floating islands of macrophytes.
KPA plans to solve this with an early warning system, the costs of such a system are of a lower magnitude than
replacing or building new infrastructure.

Port decarbonisation

The energy transition is addressed by KPA on a national and international level with regulation being implemented
by the Kenyan government and international agencies such as the IMO. The ports target three main action groups:
(1) port operations decarbonisation (equipment), (2) Green bunker supply (3) decarbonisation of the of the port
industry. Some of the more notable measures to transfer to a fully decarbonised port include a (pilot) project
providing shore power and changing from the use of fully diesel driven port equipment to hybrid equipment. In
addition, the port installed a solar power plant which it plans to expand in the near future.

Overall, Kenya is a country with a lot of decarbonisation potential due to its high availability of solar power. The ports
are actively investing in decarbonisation initiatives but with the notable exception of decarbonised fuels. The country
has the ambition to become a significant player in the production and supply of green fuels such as hydrogen, however
for this to become a reality a solid business case is needed. The largest challenge lies in the adaptation measures
which need to be taken to keep the ports operational. Construction of new infrastructure- replacing submerged
infrastructure- and replacement of destroyed hinterland networks are amongst the largest challenges. When looking
at the levels of “Transition path towards a decarbonised port” the ports are still very much in phase one — Tackling
Port Emissions. Due to its high percentage of renewables, the country is well positioned to create a domestic market
for green hydrogen derivatives which can also open up export opportunities, enhancing Kenya's balance of payments.
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DEEPDIVE CASE — INDONESIA PORT SYSTEM

[
General overview Macro Economic?? Indicators Indonesia 2022
Indonesia is an archipelago in Southeast Asia with over 17,000 islands and one of the ND-GAIN Country Index23
largest maritime countries in the world based on total number of ports (>2000) and 275.5M $4070
a strong maritime culture. A1.7M A180 A

area in km?

The World Bank shows a GDP per capita of $4,070 which makes Indonesia a medium st
strength economy in this investigated peer group. Today, Indonesia is the world’s 1.917
fourth most populous nation and 10th largest economy in terms of purchasing
power parity. According to the World Bank’s October 2023 economic report,
Indonesia’s economic growth is underpinned by a pick-up in private consumption
and positive terms-of-trade, putting extra importance on the Indonesian port R o

system. 12% 41%
With respect to vulnerability?3, the country is ranked 98 out of 185 countries.

Indonesia is classified as high vulnerability and high readiness. According to the e sy oo confibiflon manifiching Vulnerable, not ready
index the vulnerability is decreasing overtime. The country is vulnerable with respect 41% 18% Z”'t"erlab'e':adyt }
to food with the projected change in cereal yields and agriculture capacity as the NZt::I:::bI:: :adryea '
main drivers of the food vulnerability. With regards to infrastructure the country is

vulnerable due to the number of people living under 5m sea level

o

Coastline in km Railline in km

54.7k 5480

Vulnerability

Readiness

v

Reliable ports in Indonesia are necessary to provide sufficient food in case yields

and agriculture capacity are not sufficient for the provision of food to the country’s

inhabitants. As the country is an archipelago this means that all inhabited islands +-f
need their own port facilities.

The biggest readiness improvements are to be made on social readiness , education ' X AL
and innovation in particular. In Indonesia, climate change is likely to impact water

availability, health and nutrition, the ability to manage disaster risk, and urban

development, particularly in coastal zones, with implications for poverty and

inequality.

nglulnerability according to Explore ND-GAIN Country Index: https://gain-new.crc.nd.edu/
Source: World Bank
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DEEPDIVE CASE — INDONESIA TRADE ROLE

Trade characteristics

Imports Exports? Trade volumes 2022 (million tons)?*
Indonesia has an abundance China 18%  China 35%
of natural.resource_s which is Australia 14%  India 19%
reflected in the high export Singarpore 8%  Japan 6%

volumes in relation to its Rep. Of
imports. The main export Malaysia 6% Korea 6%
commodities are palm oail,

USA 6%  Philippines 6%
natural gas, coal, and rubber.

In 2021, Indonesia registered a trade-to-GDP ratio of 39.5 percent; its year-on- 647,328
year merchandise trade grew by about 40 percent and accounted for 91 percent
of Indonesia's total trade. From 2017-2021, Indonesia's merchandise exports grew
by 11.8 percent, faster than the Asia Pacific region's 9.6 percent annual average
growth during the same period. Indonesia’s GHG emissions from shipping in 2018

are estimated to represent about 3.7 percent of global total shipping emissions

Positive trade ballance

Mineral Fuels & Oils

The major commercial ports are Tanjung Priok (Jakarta), Tanjung Perak
(Surabaya), Belawan (Medan), and Makassar. These ports are located in the west

of Indonesia. 183,149
Mineral Fuels & Qils

76%

In contrast with the ports located in the west, the ports in the east are ports on
small islands that facilitate local trade and are vital for the food supply of the Iron & Steel ™\ 33%
local communities. Their hinterlands are small and lack the presence of industrial  salt, Cement, Limestone etc. \ s

.. . 0% |
activity or large volumes of exportable resources. As a consequence, the ports in
the east struggle with profitability. These ports are, however, important to the other 529 other
local society as they are a lifeline when it comes to the supply of food and other 16%
basic necessities.

Animal/Vegetable Fat & Oil
Mineral Ores

Imports Exports
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DEEPDIVE CASE — ENERGY LANDSCAPE INDONESIA

In Indonesia the renewable energies have a share of 21% of
the total energy supply of the country. Coal is the main
source of energy for Indonesia followed by oil and together
they represent 65% of the total energy supply. Indonesia
committed to raise the share of renewables in its power
generation mix from its current level of 19 percent to 34
percent by 2030.

Solar represents 21%, the contribution of wind (1%) and
bio-energy (2%) are negligible.

The Indonesian government made steps in 2023 on
renewable energies by creating a national budget, reducing
the VAT on electric vehicle with a battery and introducing
subsidies.

The potential for wind energy in Indonesia is low with 98%
of the area of the country having a wind power density of
less than 260 W/m?2. The potential for solar is average but
at a constant year round supply, the country is ranked as
the 136t country regarding solar potential.

The viability of maritime renewable fuel/energy projects
depends on a secure and reliable supply of low-cost zero-
and low-emission bunker fuels. To date, the shortfall in
production capacity remains large. For example, the
announced green hydrogen and green ammonia production
capacity along the East Asia-Europe corridor is less than 10
percent of what would be required by 2030 to achieve full
decarbonization by 2050 according to the Global Maritime
Forum.

Proportion of land area %

Proportion of land area %

100

80

60

40

20

100
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Distribution of wind potential?’

Low wind
potential

Wind power density at 100m (W/m?)

Distribution of solar potential?’

Low but constant

solar potential
-z

<1,2 1,2-14 1,4-16 1,6-1,8 1,819 1,9-2,0 >2,0
Annual generation of unit (MWh/kWp)
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Renewable energy capacity in Indonesia?’

Share of renewables
in final energy
consumption?’
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Hydro
M solar
B Wind
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Share of renewables
in electricity
generation?’

20.1%
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DEEPDIVE CASE — INDONESIA MAIN ISSUES

Main climate threats and the effects they have on the ports in Indonesia

Indonesia faces several issues regarding climate change. Indonesia is highly vulnerable to climate change impacts, including extreme events such as floods
and droughts, and long-term changes from sea level rise, shifts in rainfall patterns and increasing temperature. The climate threats affect the seaports,
railways, roads and rivers in Indonesia. In addition to the changing climate, parts of the country are sinking, for example for example, 40% of the city of

Jakarta is now already below sea level.

Coastal flooding

Ports in the east of Indonesia struggle with the rising sea level which threatens to flood the port facilities. Many berths are already (permanently) flooded
and out of order. 70% of the ports in the east of Indonesia need to cease operations on a regular basis due to flooding. Emergency berthing is being created;
permanent solutions are lacking. The estimated average rate of sea level rise in Indonesia is around 0.6 cm/year adding to this issue.

Storms

The country suffers from the increase in the number of severe storms with
lots of precipitation and high wind speeds. These storms mostly affect the
western ports. Leading to downtime in port operations, for instance, cranes
cannot be used during high wind speeds. Although very few tropical
cyclones hit land in Indonesia, extreme marine weather events that occur in
other areas may cause significant impact (in the form of massive high waves
and storm surges) to vulnerable coastal areas.

Rain flooding

The local storms are accompanied by heavy precipitation and are the cause
of severe flooding. Indonesia is not unfamiliar to floods; in the past they
occurred regularly in the month of January. Due to climate change they now
happy all year round.

Overview of impacted infrastructure

Sea level Inland Storms Drought Heat
rise and floods
floods (rain)
Seaports
Rail
Road
River

Source: interviews
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DEEPDIVE CASE — INDONESIA MAIN ISSUES

The mitigating measures against the main climate threats Status of RESILIENT infrastructure development in Indonesia

There are several mitigating measures that can make the ports of Indonesia Implemented Under development No initiative
more resilient. The main ports in the west of Indonesia are still fully S , , )
operational whilst 70% of the ports in the east already have continuity DN Raising quay D - Drainage installation
issues when it comes to port operations. The small island ports in the east P

are the most effected and have the smallest budget. A differentiation : = seawalls

between the large ports in the west and the small island ports in the east :

should be made when considering investment potential and requirements. : 'yﬁ,} Heat shelters

Raising quays : :
Both the main ports in the west and small island ports in the east need to @ Early warning system :
raise the level of their piers, jetties and quays to mitigate sea level rise. : :
Ports in the east with sufficient budget are developing construction plans or
even completed the works on their infrastructure as their facilities already
became inoperable. Some of the infrastructure is replaced by new
infrastructure with higher deck levels, some is replaced fully.

Drainage
Additional drainage would work for ports that suffer from rain floods but are located above sea level. The small island ports will not benefit from additional
drainage as they are facing larger and more consistent coastal flooding issues — also here replacement or relocation seems like the only option.

Seawalls and Breakwaters

Seawalls and breakwaters will protect the harbours from waves and current minimizing erosion. The impact of waves is reduced during high water level
conditions. They are however expensive to construct, and they do not protect against coastal flooding. For the small island ports seawalls and breakwaters are
not a solution to the flooding of the jetties and quays, in addition it is not financially feasible to install seawalls or breakwaters at these ports. There is a plan

under development to protect the city of Jakarta and its seaport with a 32-kilometre sea wall which should be finished by 2030 with an estimated cost of $S60
billion.
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DEEPDIVE CASE — INDONESIA DECARBONISATION NEED

Impact of the energy transition on the ports in Indonesia

The government in Indonesia is not confident of reaching decarbonisation by 2050 and states 2060 as a more realistic target, although there is no roadmap
yet. Regarding carbon footprint reduction, the country is now mainly focused on implementing LNG and pushing towards biofuels in the future. Most of
the electrical energy in Indonesia is generated using fossil fuels. The adoption of renewable energy resources is going slow in Indonesia.

Port operations

The large ports in the west of Indonesia are adopting shore power connections to provide electricity to moored vessels, making the use of auxiliary engines
in port unnecessary. For smaller ports in the east- these kind of investments are not realistic. These ports are already struggling to finance port resilience
investments that are needed to continue operations today, let alone they are able to finance green investments.

The ports in the west, mainly on the island of Java are investing in low emission equipment like hybrid cranes, however, emissions reductions will likely only
be achieved in the long-term as the electricity is still sourced from coal powered electricity plants.

Bunker supply

The ports in Indonesia are still very much fossil fuel oriented except for a
few carbon reduction initiatives in the bigger ports focussing on LNG and
biofuels. The small ports in the east are not considering green fuel
infrastructure and most likely will not have it on their agenda for the
next 6 to 7 years due to their difficult financial situations. In general, the
ports will need the government to form a clear vision and present a
national roadmap towards decarbonisation before the required
investments are likely to take off.

Status of GREEN infrastructure development in Indonesia

Implemented Under development No initiative

Decarbonied Bunker

,6'd Shore Power Vessels  : 852 Full Electric Equipment : Fuel

Port industry
For the port industry, the same applies for bunker supply and port Source: interviews
operations. No serious investments are expected as long as there is no

clear vision from the national government including a road map to

decarbonisation.
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DEEPDIVE CASE — INDONESIA CONCLUSION

Investment costs

Indonesia is in an early phase of adopting both port resilience and port
decarbonisation measures. The ports are mainly investing in climate
resilience (adaptation) projects for the western region. These investments are
capital intensive and can cost up to billions of dollars for an individual. Coastal
flooding is an issue in the country especially for ports in the east, whilst major
ports in the west face rain flooding. The small island ports lack business
opportunities and thus, have trouble financing the needed port resilience
investments. Investments related to energy transition are therefore not a
priority and more importantly, not feasible at this stage. The production and
provision of green bunker fuel is the most capital-intensive decarbonisation
investment that the country will have to make in the future, however,
Indonesia is not in a position to become a first mover in maritime
decarbonization and requires greater certainty from industry before adopting
new technologies. As there is no clear roadmap from the government on
climate resilience and the energy transition, ports are forced to finance their
investments on their own making them dependent on private investments
and NGOs.

Port Resilience

Indonesia’s small islands in the eastern part of the country have the biggest
challenge when it comes to adaptive measures. These small island ports are
vital for the food supply for local communities, however, 70% of them are
already suffering from downtime due to flooded infrastructure. With a small
hinterland that lacks industrial activity, these ports lack the required capital to
invest in the required infrastructure. Additionally, for these ports to stay
operational they will need to rebuild their jetties and or quaysides, costs
involved are of the order of building a completely new small port.

The larger ports in Indonesia are more profitable, therefore are able to invest
in adaptive measures. In addition, these larger ports are located in the densely
populated areas of the country where they can benefit from the higher
pressure of the government to protect the people and the (port)
infrastructure. An example is the plan that is under development to build a
32-kilometre-long seawall that protects both the city of Jakarta and its port.

Port decarbonisation

The biggest difference between the larger ports in the west and the smaller
ports in the east is noticed on the topic of port decarbonisation. Where the
smaller ports are struggling to finance the much-needed resilience
investments and don’t have any money to spend on decarbonisation, the
bigger ports do invest in sustainable projects such as electric port equipment.
The government of Indonesia has a wait-and-see attitude regarding
decarbonisation. Although no clear roadmap towards decarbonization has
been developed, the government deems decarbonisation by 2050 unrealistic
and holds the opinion that 2060 will be the first realistic deadline to become
decarbonised.

Without a central vision from the government Indonesia will struggle in both
port adaptive and mitigation measures. The eastern region will need to face
potential relocation of ports and communities whilst the western region is
looking at phase 1, tackling port emissions and investing in adaptive
measures. Given its large export volume of Mineral Fuels & Oils and location
close to main shipping lanes the country could try to pivot to a decarbonised
fuelling strategy but for this a centralized strategy and international support
will be required.
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DEEPDIVE CASE — BRAZIL PORT SYSTEM

General overview

. 22 0 0
Brazil is the largest and most populous country in South America. With a 7.500 Macro Economic?® Indicators Brazil 2022

kilometre coastline, Brazil is the world’s fifth-largest country by area in the world, ND-GAIN Country Index?3
besides being the country that borders all countries in South America aside from 215.3M $8.83k

Ecuador and Chile. Due to this, Brazilian ports contribute with more than 90% of A1M A0.21k A

the country’s trade in terms of volume. D

The Secretary of Ports of the President (SEP-PR) of the Ministry of Transport 8.52M :;

oversees the Brazilian port system. All ports in the country are under the ® ‘
regulatory bodies ANTAQ (National Agency For Waterway Transportation) and £

MTPAC (the Ministry of Transportation, Ports and Civil Aviation). A port authority 7.49k 32.6k =

oversees each port, whereas activities undertaken in Brazil’s jurisdiction waters are o | o

under control of the Brazilian Maritime Authority. 6% 58%

The World Bank shows a GDP per capita of $8,830, this places Brazil amongst the Readiness >
strongest position in this investigated peer group. GO contrbution industry GO contrbution manfacturing Vulnerable, not ready

The indirect contribution of the transport sector of Brazil which includes the port 20% 11% ;ZT:;T::;::d:Otready
sector is estimated at 12%. Not vulnerable, ready

With respect to vulnerability?® the country is ranked 86 out of 185 countries. Brazil
is classified as low vulnerability and low readiness. According to the index the
vulnerability is decreasing overtime. The readiness score fell back after 2013 to the
level of the years 1995 until 2000.
*;

The main vulnerability score driver is the status of the human habit caused by the
status of paved roads, urban concentration and the projected change of flood . y A oy
hazard, which is directly related to the ports. ’ h

On the readiness topic Brazil could improve on its economic readiness and social
readiness with biggest improvements points being innovation and social inequality.

nglulnerability according to Explore ND-GAIN Country Index: https://gain-new.crc.nd.edu/
Source: World Bank
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DEEPDIVE CASE — BRAZIL TRADE ROLE

Trade characteristics
Trade volumes 2023 (million tons)?*

Brazil has an abundance of Imports?4 Exports?

natural resources, which is usa 18%  China 54%

reflected in the high export  china 15%  USA 5%

volumes in relation to its  Ryssian

imports. Main export  Federation 14%  Malaysia 3%

commodities are  mineral  Argentina 6%  Netherlands 3%

orgs, oil seeds & oleaginous Australia 4%  Japan 3%

fruits, cereals and sugars. 799,829

The top 5 main trade partners with respect to Import and Export are spread
over 5 continents. China stands out as trade partner with respect to exported
goods, primary attributable to the trade in commodities much needed by the Positive trade ballance

Chinese industry. 48% Mineral Ores

Practically 95% of all Brazilian foreign trade is handled by Brazilian ports, with
port facilities along its extensive coast and rivers. A large part of port traffic is
coastal with Brazil serving a hub function for neighboring countries — making

it a key port economy in the regin.
) . . 13% Oil Seeds & Oleaginous Fruits
Brazil has a total of 47 public ports and 129 private ports, as well as numerous .
smaller ports and terminals. Brazil has both public and private operated ports.
. . . . . . 13% Mineral Fuels & Oils
The major commercial ports are Santos, Rio de Janeiro, Paranagud, and Itaqui,
these are all public operated ports. Porto do Acu is a private operated port, it LR
is the only 100% private and landlord port in the country, being commissioned Mineral Fuels & Qils
in 2014 it is one of the newer ports in Brazil. Fertilizers 27% other
Other
Imports Exports
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DEEPDIVE CASE — BRAZIL PORT ENERGY LANDSCAPE

In Brazil 48% of the total energy consumption is
made up of renewable energy — the Northeast
accounts for almost 83% of renewable energy
generation capacity thanks to the solar and wind
energy generation capacity, of 27.8 gigawatts (GW).
Most of the renewable electricity originates from
hydro power followed by solar and wind energy. As a
result, ports such as Suape, in Pernambuco, and
Pecém, in Ceara, are moving to raise funds and
structure hydrogen production projects, targeting
the domestic market and exports. Companies from
countries such as Australia, The Netherlands and
France announced investments of USD 21 billion in
the development of green hydrogen plants in the
port of Pecém.

Provided there is sufficient capacity, switching from
diesel powered equipment to electrical equipment
powered by the central grid would significantly
reduce the emissions in all ports given the relatively
large focus on renewables in the country.

The potential of wind energy in Brazil is low with the
biggest part of the country being classed with a wind
power density of less than 260W/m?2.

The country has an average theoretical potential of
5,276 kWh/m? of solar energy production and is
ranked as the 89t™ country with respect to Global
Photovoltaic Power Potential.

Proportion of land area %
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Distribution of solar potential?®
Share of renewables
in final energy
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solar potential 48%
LCOE?6
<12 1214 1,416 1,618 1,819 1,920 >2,0 ’
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DEEPDIVE CASE — BRAZIL MAIN ISSUES

Main climate threats and the effects they have on the ports in Brazil

The Brazilian government presented a study3! that identified the main climate threats for the Brazilian ports. These type of studies and the simcosta system
form the basis for the Brazilian public ports in developing their port adaptation plans. The operation of ports can have significant environmental impacts,
including air and water pollution, habitat destruction, and noise pollution. As a result, there is a growing awareness of the need for sustainable and
environmentally responsible port practices, in addition, Many of Brazil’s ports have outdated infrastructure that limits their capacity and efficiency. This
includes insufficient docks, piers, and cargo-handling equipment, as well as inadequate access roads and railways.

Storms
The increase in intensity and occurrence of storms threatens port operations. Ports need to cease operations temporarily due to hight wind speeds during
storms disrupting the supply chain. The effects of storms is noticed by the ports and is identified as a major threat in the governmental study3?.

Rain flooding

A major threat and already relevant cause of the supply chain disruption is rain flooding. Even for modern ports such as Porto do Acu which opened in 2014,
rain flooding is an issue. The port is designed using recent 100-year extreme value climate conditions and flood issues are less common than in older ports.
However, the infrastructure connecting the port to the hinterland is not designed using recent 100- year extreme value data and as a result, access roads and
rail connections occasionally flood due to extreme rain.

Coastal flooding Overview of impacted infrastructure
Sea level rise or coastal flooding is identified by government research3! as

one of the main climate threats for Brazilian ports. Again, this is not an ) Sc-eaelevgl ;In;r;d Storms Drought Heat
. . rise an S

issue for a modern port such as Port do Acu. Older port, for instance Porto \ floods e

Itaqui which is operational for over 50 years will, in time have to deal with

sea level rise issues. Seaports

Heat Rail

Being located close to the equator heat is an issue for the ports in Brazil. Road

The main issue is related to health and safety of operators. Port equipment

needs to be properly cooled and maintained, heat shelters and heat action River

plans are needed. The heat action plans need to describe how to act and
react during extreme heat periods to prevent incidents.

Source: interviews
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DEEPDIVE CASE — BRAZIL RESILIENCE NEED

Status of RESILIENT infrastructure development in Brazil

The mitigating measures against the main climate threats

At this stage Brazilian ports are aware of the threats but did not implement
adaptation measures yet. Plans and roadmaps are being developed based on findings
of studies from the government and Brazilian Universities. Porto do Agu is a relative Implemented Under development No initiative
new port that does not require adaptation yet as current expected 100 years extreme :™_ Drainage installation
weather conditions were taken into account during the design of the port. : :

Older ports such as Porto Itaqui will need to take mitigating measures but did not : 7 Raising quay

develop or implement them yet. Compared to a private port the public ports indicate

D%
. . . " Heat shel
they struggle with hurdles such as strict public procurement standards. : eat shelters

Raising quays L E9 seawalls

As stated in the introduction of this chapter there are no initiatives yet to update the
infrastructure. Raising quays might be necessary for older ports. Newer ports will be Q Storm warning
exposed the rising sea level to a lesser extent as more recent climate data is used ' system
during the design phase of the port. Source: interviews

Drainage

With the increased rain intensity due to storms additional drainage is needed to prevent the ports and the access roads to the ports from flooding.
There is currently no initiative on this type of infrastructure ongoing except in new terminal developments (with the exception of the wells Porto
Sudeste project).

Seawalls
To protect the ports from extreme waves especially in combination with rising sea levels higher seawalls are needed across most of Brazil’s ports.

Heat Shelters & air conditioning
To prevent health and safety issues due to heat all port equipment will need to be equipped with proper cooling. In addition, shelter form the heat is
needed for persons working in the port.

Water Treatment and Reuse System3*

To make use of the rain water and reduce the use of water from wells Porto Sudeste developed and implemented a dedicated drainage system. The system keeps clean
rainwater separated from water that flows through the yards. Used sanitary water is cleaned and reused was well. The resulting sludge is transformed into fertilizer.
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Impact of the energy transition on the ports in Brazil

The ports in Brazil are aware of the relevance of the energy transition and
they are involved in studies examining the impact and the actions needed to
decarbonise the ports and affiliated activities.

Pending on the port both national as international partnerships are formed
to investigate the topic and develop action plans.

Three objectives of the ports can be identified, firstly prevent further
damage to the climate, secondly comply with upcoming regulation and
legislation and thirdly develop new business opportunities.

In concrete terms the impact is especially noticeable in the investment in
decarbonised port equipment and the infrastructure needed for
decarbonised energy supply. Brazil is a leading country with respect to
renewable energy production. The country expects to export energy
generated from Wind and Solar power in the form of Methanol, Ethanol,
Hydrogen and Ammonia. The transition fuel LNG is used in certain ports as
energy source for electricity generation and as a fuel for trucks.

The progress on decarbonisation and the investments related to
decarbonisation differs from port to port. Porto do Acu for instance already
has installed shore power and developed an action plan to invest in
decarbonised port equipment. Porto do Itagui did not take initiatives yet on
these topics, they are still in an investigation phase.

Porto do Agu has a decarbonisation plan based on three pillars being:
* Efficiency
* Green energies

* Green solutions for the logistic chains

Efficiency
The efficiency pillar is focused on topics as energy, electrification, cargo
handling and e-navigation.

Green energies

The green energy pillar covers topics as feedstock for low carbon industry,
energy hubs and the production of green energy for example by local small
scale solar and wind generation.

Green solutions for the logistic chains

The green solutions for the logistic chain topic is closely related to the green
energy topic, it however is specifically focused on the logistic chains by
focusing on shore power, low carbon solutions for port users and green
corridors.

Porto do Itagui is the founder and coordinator of the Brazilian Alliance for
Port Decarbonisation. The port has a partnership with Valencia Port
Foundation. The knowledge from the partnership is used as basis for the
development of road maps and actions plans of the port with respect to
decarbonisation.

Status of GREEN infrastructure development in Brazil

Implemented Under development No initiative

,6'6 Shore Power KPA ﬁ.FuII Electric Equipmentg Decarboniked Bunker

Vessels Fuel

Source: interviews
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Infrastructure cost

Due to the low level of development of adaptive measures for climate change in Brazil, information on actual costs was not provided. Overall, we found that
the most capital-intensive investments related to climate resilience and adaptation in this region are raising the quaysides and installing seawalls.
Investments in green bunker fuel production and supply infrastructure are the most capital-intensive energy transition related investments. Although the
investments in port resilience and in energy transition are both capital-intensive there is a difference. The port resilience investments are needed to ensure the
continuity and the long-term existence of the port, they do not add or improve the earning capacity of the port, they will increase the cost level and reduce the
profitability level of the port. Intended early warning system are considered the less capital-intensive investments which are still required.

The energy transition investments create new business opportunities with an earning capacity, i.e. the costs of these investments should be covered by the
profit of the new business opportunities that they create, increasing the overall profitability of the port. Due to these substantial differences the funding
sources will differ as well. The installation of solar power generation for onsite electricity and generation of renewables in the long run is amongst the
cheapest options. Investments related to a profitable business models such as decarbonated energy and fuel production or shore power can be financed by
traditional financing methods. Investments needed from a resilience perspective not creating or improving a business model would need alternative sources of
financing. A combination of private and public investments is suggested where incentive for private investments is needed.

Brazilian ports are facing climate threats which affect the trade within their ports. Both private managed and operated ports as the public ports have
investments needs that run up to billions of USD. Private ports are able to attract funding faster as they are able to include the companies that trade their
goods via the port. Priority is given to port resilience investments, decarbonising investments following suite once there is a solid business case or if the ports
are forced to implement them due to regulations.

Port Resilience
The Brazilian ports will mainly face flooding, coastal flooding, storms and heat stress. To prevent coastal flooding major infrastructural changes are required
such as increasing the height of breakwaters, quays and sea walls. Rain flooding can be prevented by improved drainage.

The issues are less pressing for new ports as they are designed based on more recent 100 years extreme weather conditions that already start to take the
effects of climate change into account.

There is awareness of the topic and the need of port adaptation in light of port resilience. The approach and progress of the implementation differs strongly
from port to port.

(continued on next page)
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(Contd.) The port sector indicates that the government should facilitate the investments not only by providing funds available but also by creating incentives
for private investors to invest in port resilience and port decarbonisation assets and projects.

Involving the private sector may help to speed up the adjustments. The suppliers of goods transported via the ports will benefit from investments that
guarantee the continuity of the port operations and as such could be investment partners in resilient infrastructure

Port decarbonisation

Almost all ports in Brazil are investing in decarbonisation. Porto do Agu has installed shore power connections and other ports are making plans to install
shore power. Investments plans for electric equipment are under development in some of the major ports but still in early phases. Even though wind potential
varies across the country there is a large potential for renewables power generation, mostly on the east coast. As a result, certain ports are moving to raise
funds and structure hydrogen production projects, targeting the domestic market and exports.

The Brazilian port sector is still very much under 3 PR S L DeTTT— e —————— T N
development. On the adaptation front a lot of effort | ' e
needs to be made to protect the ports from climate
change disruptions and investments will be very high. The
newer ports will be able to cope with adaptive
investments whilst new greenfields will need to keep the
increasing storm frequency and intensity in mind. Of all
the investigated cases- Brazil is the furthest in using its
strong global export position combined with tis strong
potential renewable energy generation as a lever to
develop an export-oriented hydrogen/renewables
economy. The progress on decarbonisation and the
investments related to decarbonisation differs from port
to port with some ports still focussing on phase 1- Tackling
Port Emissions, whilst others are actively looking at
securing revenue and growing the economy (phases 4 to
5). The major challenges to be overcome to speed up this
development are the local procurement regulations.
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——
H ]
General overview
India is located in South Asia on the Indian subcontinent and has the largest Macro Economic2? Indicators India 2022
population in the world. The World Bank shows a GDP per capita (constant 3
2015 USS) of $2,089 this places India in category 1 of our GDP classification e 60F per vl n U5 ND-GAIN Country Index
presented in the methodology. 1 -f(l]' :(13-1ZB $2A92889

»
»

The ports play a significant contribution to the economy of the country with
an estimated direct contribution of port operations of 5% of the GDP and
indirectly 12% of the GDP. 3.29M

As of 2022, there are 12 major ports and 217 non-major ports (not linked to . e
size) across the country. Major ports are under the administrative control of 7k 68.1k
the Ministry of Ports, Shipping and Waterways of the Government of India,

while non-major ports fall under the jurisdiction of State Maritime Boards o oo st o
of respective state governments—this also includes private ports. 16% 489, Readiness

Surface area in km?

[

Vulnerability

v

With respect to vulnerability?®> the country is ranked 116 out of 185 Vulnerable, not ready
countries. India is classified as high vulnerability and high readiness. GOP contribution industry 6P contributon manufacturing Vulnerable, ready
According to the index the vulnerability is decreasing overtime. The 25% 13% ::tv:::::z:r”;‘d'yeady
readiness score increased from 1995 to 2013 to face a setback in 2014. since '
2014 the readiness is recovering.

India is most vulnerable on health care and food supply. Biggest issues are

with the availability of medical staff and the projected change of cereal

yields. The country is also vulnerable to the projected change of flood -
hazard which has an influence on the ports within the country. *

The level of innovation and education is negatively influencing the readiness i v N -y
of the country.

nglulnerability according to Explore ND-GAIN Country Index: https://gain-new.crc.nd.edu/
Source: World Bank
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DEEPDIVE CASE — INDIA TRADE ROLE

——
]
Trade characteristics Imports? Exports Trade volumes 2023 (million tons)?*
Th if India i Russian 1,672,797
€ economy It India 1s Federation 17% China 19% e
one ‘ of the f?ste.st Indonesia 15%  Bangladesh 9% Strong dependence on
growing economies in  nited Arab maritime import and
the world. It is  Emirates 8%  Netherlands 6% export
estimated that the real  Australia 7%  USA 6%
GDP grew with 6.9%2? United Arab
from 2022 to 2023. USA 7% Emirates 5%
India being a peninsula, its maritime linkages have historically involved trade,
religion, and culture; these early associations, however, were severed over Negative trade
time. Especially after independence, the focus of India’s foreign outreach had Mineral Fuels & Oils  68% balance
become almost entirely continental.
India is a net importer in terms of volume, importing mainly crude oil, gold,
and electronic goods. Main export commodities are petroleum products,
gems and jewellery, and pharmaceuticals.
3 out of 5 trade partners, both for import and export, are located on the Asian
continent. The other trade partners are located on the European, North
American or the Australian continent. The Indian ports both increasingly
serve as a gateway to the vast Subcontinent as well as a transhipment hub 640,328
. . Salt, Cement, Limestone etc. 8% 4
on east-west cargo flows. This makes them key hubs of growing importance
in the global trade network, located on strategic shipping routes. Fertilizers 34%  Mineral Fuels & Oils
The major commercial ports are Mumbai, Chennai, Kolkata, and Mineral Ores
Visakhapatnam. other  22% Salt, Cement, Limestone etc.
Other
Imports Exports
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DEEPDIVE CASE — INDIA ENERGY LANDSCAPE IN PORTS

India is very much dependent on fossil fuels (46% Distribution of wind potential?® Renewable energy capacity in India®®
coal, 23% oil) with only 24% of the total consumed

energy being renewable (of which 89% bio energy). 100

M Hydro
B wind
M Solar

Bio-energy

80

€0 Low wind
40 potential

20

The average levelized cost of energy in India is 0.07
which is the lowest LCOE of the 5 cases in this study.

Most parts of the country are classified as areas with
less than 260W/m? wind power density where the
potential wind powered energy is low. There are
however areas in the country in the class with 670-
820W/m?, these areas are interesting with respect to N KO
wind powered renewable energy production.

Proportion of land area %

Wind power density at 100m (W/m?)
With respect to solar the country has a potential of 89%

5,098 kWh/m?2 which ranks the country as the 104th
country with respect to solar energy production Distribution of solar potential?®
potential.

Share of renewables in Share of renewables in
final energy electricity generation?®
consumption?®

24% 22.4%

=
o
o

Given the potential for renewables and large
dependency on fossil fuel there is a lot to be gained in
India. The transition towards renewable sources of
energy including solar power, wind power, tidal
power have already been initiated at many of the
major ports of the country. The Ministry of Ports,
Shipping and Waterways is planning to increase the
use of renewables to 60 percent of the total power
demand of each of its major Ports from a present <12 1214 1416 1618 1,819 1920 2,0
share of less than 10% which will require substantial
investments but benefit the wider economy as a
whole.

Medium- high
solar potential

o]
o

D
o

LCOE% Solar potential2®

0.07 5,098
kWh/m?

N
o

N
o

Proportion of land area %

Annual generation of unit (MWh/kWp)
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DEEPDIVE CASE — INDIA MAIN ISSUES

——
Main climate threats and the effects they have on the ports in India —

India is facing extreme heat and storm threats. The storms are accompanied by heavy rainfall causing rain floods as well. The effects have more impact on
smaller ports than on the bigger ports. Indian ports are estimated to be able to cope with climate change effects for the coming 5 to 6 years.

Storms

Cyclones can have an effect on the port for 12 to 48 hours pending on the intensity of the storm. The storms affect both the port and continuity of the maritime
operations. Most harbours in India are well protected natural harbours as a result damage to the infrastructure due to storms is minimal. Main issue are high
wind speeds and heavy rainfall causing the maritime operations and port operations to be disrupted. Most of the infrastructure at these ports, including the
cargo-handling equipment, cargo-storage areas and administrative and residential buildings are not designed to withstand sustained wind speeds greater than
160 kmph making cyclones amongst the biggest climate disruptors in the region.

Rain Flooding

Extreme precipitation events, such as heavy monsoon rains or cloudburst events, also pose a risk to port operations. In past only ports on the east coast
needed to deal with heavy rainfall due to the monsoon. With the increase in tropical storms, ports on the west coast are suffering from heavy rainfall as well.
The ports, and especially the bigger ports are able to handle the extreme rainfall. Mumbai port for instance has an excellent drainage system. Heavy
precipitation poses a greater risk to hinterland connections such as roadways, railways, power connections, communication lines, waste services and staff-
access to the port, due to flooding.

Extreme Heat
Extreme temperature events or heatwaves are a problem causing stress

Overview of impacted infrastructure

on personnel through reduced work efficiency and health of the port P i?:;::jl :‘;ZZ‘: Storms oReht Heat
staff. The impact on equipment is rather limited. It requires sufficient = .
floods (rain)

cooling capacity for operators operating harbour equipment and heat

shelters for personnel working outside. Tropical countries such as India Seaports

are particularly vulnerable to extreme heatwaves which will only Rail

become more frequent. :
Road

River
Source: interviews
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The mitigating measures against the main climate threats
Status of RESILIENT infrastructure development in India

Pending on the ports mitigating measures are necessary. The port of Chennai
plans to modernize its infrastructure. Most other ports don’t have any plans Implemented Under development No initiative
to modernize their infrastructure yet. A¢ Raising quay 1- Drainage installation
Drainage : :
Additional drainage could be installed in the future. Ports on the west coasts ] seawalls
are more and more facing heavy rain and rain floods due to the increase in :
heavy tropical storms. As stated, Mumbai has sufficient drainage, other ports s
need to improve on their drainage systems. Initiatives for new drainage : @ Heat shelters
systems have not started yet. :
Weather prediction and port capacity increase Q Early warning system :

Weather predictions are used to anticipate on incoming storms. In
combination with a capacity increase this could prevent supply interruptions. sgurce: interviews

The ports try to handle ships and send them back to sea before the storm

affects shipping operations. This method creates peak loads on the port from

both an operational and storage capacity perspective, therefore an increase in capacity is needed.

Heat Shelters & air conditioning
Operators of port equipment and workers need to be protected to heat by having sufficient cooling and shelter from heat in the form of heat shelters. There
are no specific initiatives to improve the current heat shelter facilities or cooling facilities.

Heat Action Plans

The Indian government has implemented Heat Action Plans at various levels being state, district and city. The plans includes Early Warning Systems, Public
Awareness Campaigns, Cool Roof Initiatives and Urban Planning. During heat waves, working hours are rescheduled if possible. This avoids workers needing to
do their job during the hottest part of the day, and thus reduces extreme heat exposure.

Hinterland connections
City planners are working on mitigating measures to resolve the problem of flooded roads and railways due to heavy rainfall.
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——
—

Impact of the energy transition on the ports operated in India
The energy transition on the agenda in India, both on a technological as a legislative level. Green corridors are being introduced between port and city

areas where zero emission equipment for transport of goods need to be used.

Most ports are still using conventional trucks powered by diesel engines. Several solutions are being studied and implemented such as trucks running on a
fuel mix with renewable fuels, fully electric trucks and hydrogen trucks.

In general, India is actively moving away from fossil fuels (mainly coal) to renewable energies. Out of 12 major ports 5 to 6 are running on renewable
energy already. The port of Mumbai is for example for 75% to 80% powered by renewables.

Port operations
Ports in India are implementing shore power connections for vessels to reduce the use of auxiliary engines while being in port. The port of Chennai already

has shore power connections available. Difficulties they are encounter are non-standardized electricity reception points on ships. Installing solar power to
produce renewable energy is sometimes difficult due to the lack of available land for the PV-cells.

Bunker supply

India has the ambition to become a green hydrogen hub by creating

production and bunkering facilities. The country keeps a close eye on how

European nations develop their green fuel facilities and regulation. 3 out of

12 major ports are working on hydrogen export hub plans. An identified Status of GREEN infrastructure development in India
risk here is the fast-changing outlook regarding ship propulsion
technologies and fuel selection. For example, 7 years ago, the industry was _ _
mainly focussed on LNG as the main vessel fuel where a shift is now made 862 Hybrid Equipment 8% Full Electric Equipment :
to Ammonia and Methanol. E §

Implemented Under development No initiative

Decarbonied Bunker
Fuel

Port industry 9'6 Shore Power ﬁd Shore Power
One of the challenges for the port industry in India is the lack of vacant i i

area around the existing ports for the development of green industries. —  Solar Power .~ Solar Power
Most investments are coming from private parties they need to navigate Source: interviews

an evolving situation where new investments with increasing CapEx are

needed - while the concession agreements stay unchanged. This puts

pressure on the profitability.
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Infrastructure costs

India is making strides in port adaptation and mitigation measures but still has
a long way to go. Most ports in India don’t have plans yet to upgrade port
infrastructure in relation to adaptation. Major investments in breakwaters,
higher quays and improved drainage are expected in the future with
investment costs ranging in the hundreds of billions due to the large number
and size of Indian ports.

Today, the ports mainly focus on storm warning systems and decarbonisation
of the port equipment. Many ports are in the process of replacing the diesel
driven equipment with electrical or hybrid equipment. Replacing port
equipment requires up to hundreds of millions of dollars depending on the
size of the port. Investments in the production and supply of renewable fuels
are not maturing yet although plans are being made by private parties. The
Indian port sector is in favour of a viability gap funding, especially related to
the green bunker fuels. The market for these fuels is not matured enough to
provide a viable business case for the investments at the moment so support
is required to achieve a first mover advantage, but a business case will
probably become prevalent in the near future giving evolving regulation and
technologies.

Port Resilience

Ports in India are mostly threatened storm disruptions. Heavy rainfall due to
storms affect regions outside the traditional monsoon areas. These ports are
often not accustomed to the risk of rain flooding. Issues arise mostly outside

——
—

the ports on the access routes and hinterland networks.

To deal with the storms from an operational perspective early warning
systems are being developed. These systems are used to time the moment
when port operations need to be temporarily ceased.

Heat threats are mitigated by heat action plans in combination with sufficient
cooling and shelter.

Port Decarbonisation

India keeps track on the developments in Europe to minimize the risk of
investing in technologies that won’t make it to full maturity. The Indian port
industry is already investing in decarbonised port equipment and the
installation of shore power.

Multiple decarbonisation options for port equipment are investigated and
adopted. Electrically powered equipment is already in use and hydrogen
powered equipment is an option for the future.

Ports in India are struggling mostly with available land for the development
of renewable infrastructure and the inflexibility of old school concession
contracts when it comes to the new climate change investment needs. The
ports do face disruptions from increased extreme weather events but for the
moment these remain mostly operational. When it comes to mitigation,
private parties are driving the initiatives and they are trying to develop the
ports into the decarbonised bunkering hubs of the future. The focus here is
on hydrogen although a lot of uncertainty on the most prominent fuel type
hinders fast development. India is in a prime position to leverage its large
renewable energy generation capacity and key position on strategic shipping
routes in a future green bunkering economy.
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DEEPDIVE CASE — SOLOMON ISLANDS PORT SYSTEM

General overview

The Solomon lIslands are located in the pacific ocean and is geographically
dispersed nation consisting of 9 provinces across 6 major islands and over
900 smaller islands, a third of which are inhabited. The World Bank shows a
GDP per capita of $2,084, this places the Solomon Islands in the weaker
economic segment of the investigated peer group.

The ports of the Solomon Islands play a significant contribution to the
economy of the country, 95% of the GDP is depending on port operations.
About 85% of the island's population live in rural and often remote villages,
relying heavily on multimodal transport for access to essential goods,
services, and livelihood opportunities

With respect to vulnerability?®> the country is ranked 148 out of 185
countries. The Solomon Islands are classified as high vulnerability and high
readiness. According to the index the vulnerability is decreasing overtime.
The readiness score increased from 2012 to 2020.

The Solomon Islands are most vulnerable on human habitat and
infrastructure. Flood hazard, change in warm periods and projected change
of sea level rise are the most critical vulnerability categories with Projected
change of sea level rise impacts being amongst the worst infrastructure
indicators in the index.

On a readiness level categories to improve are the economic readiness and
the ICT infrastructure.

=

Macro Economic?? Indicators Solomon Islands 2022

S ND-GAIN Country Index?3
0.724M $2084
A0.016M A65
A
28.9Kk : f.]
3 )

Coastline in km Railline in km E

5310 0 S

33% 47%

Readiness

v

GDP contribution Industry GDI

Vulnerable, not ready

1 8 0/0 8 0/0 Vulnerable, ready

Not vulnerable, not ready

Not vulnerable, ready

,
R R

1)  Vulnerability according to Explore ND-GAIN Country Index: https://gain-new.crc.nd.edu/

61 Study on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Na§§on§°lgcel World Bank
M


https://gain-new.crc.nd.edu/

DEEPDIVE CASE — SOLOMON ISLANDS TRADE ROLE

Trade characteristics

Solomon Islands had a total

Imports?4 Exports?4
.export of US5569m and tqtal Singapore 90% China 77%
imports of USS$S601m making
them a net importer. The China 2% (i 7%
electricity of the Islands is Australia 2%  Philippines 2%
produced using fossil fuel Malaysia 1%  Switzerland 2%
powered energy stations hence Vietnam 1%  Other Asia 2%

the mineral products being the
largest category of imported
goods.

The second largest category of imported goods are vegetable products and
third largest is foodstuffs which is a reflection of most of the food consumed
on the islands being imported.

The Solomon Islands have two international ports, being port Honiara and port
Noro, which act as hub to supply the many small ports in the country. Port
Honiara and port Noro are managed by the Solomon Port Authority which is a
state owned company working under a landlord and operator model whilst the
Solomon Islands Maritime Authority (SIMA) oversees safety regulation, vessel
inspection, and search & rescue coordination.

95% of the exported goods from the Solomon Islands are shipped via the two
international ports. The Ministry of Infrastructure and Development is
responsible for constructing, rehabilitating, and maintaining publicly owned
assets.

=

Trade volumes 2018 (million tons)?*

Relatively high food
imports 2,721

N

Mineral Products 93%

3% Vegetable Products\
4% Other~y——

Negative trade

ballance - high
dependence on fossil
fuel imports
660  \Wood
?Animal/Vegetable Fat & Oil 5%
other 4%

Imports
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DEEPDIVE CASE — SOLOMON ISLANDS ENERGY LANDSCAPE IN PORT

Renewable energy capacity in Solomon Islands3°?

According to the statistics, 44% of the total energy
supply is in the Solomon islands made up out of
renewables. However, only 7% of the country’s 100
electricity is produced using renewables as source of 80

energy. 80% of the renewable energy in the country is €0 Low wind
40 < potential

originating from solar power followed by bio-energy
20

Hydro
M Solar
B Bio-energy

Distribution of solar potential3° 6%

and hydro power. As of 2020, close to 45 percent of
electricity at SIPA’s ports came from renewable
sources

Proportion of land area %

The levelized cost of energy for the Solomon Islands is <12 1,214 1,4-16 16-1,8 1,8-19 1,920 >2,0
0.12 which is the same as the LCOE of Brazil. Annual generation of unit (MWh/kWp)

The Solomon islands are located in a region where
more than 95% of the area has a wind power density
of less than 260W/m? which is the lowest classification.
As a consequence, there is not a big potential for wind
generated electricity.

Distribution of wind potential3° Share of renewables in Share of renewables in
final energy electricity generation3®
consumption3°

44% 7%

100

80

Low but constant
solar potential
40 = LCOE2® Solar theoretical

potential?®
considered in this study but does has the advantage of
S T 0.12 4,402
a small seasonality impact making it a year-round 3
enerator. S O S ~ O S S kWh/m
g # & FF S /
With support of the World Bank Solomon Islands Port v e )
Authority has also undertaken the Green Ports Wind power density at 100m (W/m?)
initiative in order to support rural communities, by
providing decarbonised power to those who could not

previously access any form of energy.
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With respect to solar the country’s average potential is
4,402 kWh/m?2 which ranks the country as the 152nd
placed country regarding solar energy potential. The
country has a lower score than the other cases
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DEEPDIVE CASE — SOLOMON ISLANDS MAIN ISSUES

=

Main climate threats and the effects they have on the ports in the Solomon Islands

The Solomon Islands experience the influence of several climate threats being, sea level rise, increase of storms/cyclones and even earthquakes. The storms
are accompanied with high wind speeds, waves and rain. In addition, earthquakes in the region-caused by climate induced land submergence, can cause
tsunamis.

Coastal flooding
A main threat to the islands and the ports in particular is the rise of sea level. Some of the jetties in the country are not useable anymore and need to be
elevated or replaced. Over time given the position and altitude of the islands, the archipelago is at risk of disappearing completely.

Rain flooding
The ports themselves do not suffer from rain floods. However, during storms the flooding of the hinterland connections is an issue due to lack of sufficient
drainage. A change in the weather patterns is noticed intensifying the problem.

Storms

The change in climate is noticed in the increase in the number and intensity of the storms that pass the Solomon Islands. These storms are accompanied by
the already discussed heavy rainfall. They are also accompanied by strong winds which affect lifting operations and thus the loading/unloading operations of
vessels. The yearly occurrence of storms is quite unpredictable, historically the Solomon Islands experience a storm on average 2 times a year.

Earthquakes & tsunamis

An underreported effect of climate change is the increase in Overview of impacted infrastructure
earthquakes and tsunamis. Due to the rise in sea level and the Sealevel rise Inland floods Storms Drought Heat Earthquakes
increased pressure on the seabed the number of earthquakes in and floods (rain) and

. . . . tusnamis
increasing. The Solomon Islands experience more and heavier

earthquakes, the last one was 1,5 years ago with a magnitude of Seaports
7.1. Earthquakes, when occurring offshore can cause tsunamis Rail
which can be the cause of serious damage and loss of life as Road
showcased by the tsunami in 2013 where 5 Solomon Islands River

citizens lost their life. ) )
Source: interviews
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DEEPDIVE CASE — SOLOMON ISLANDS RESILIENCE NEED
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The mitigating measures against the main climate threats Status of RESILIENT infrastructure development in Solomon Islands
The Solomon Islands are focused on port resilience to fight the rise of sea
level, rain flooding, storms, earthquakes and tsunamis. The small local ports _ _
are facing the biggest challenges. K¢ Raising quay &g Raising quay - Drainage installation

Implemented Under development No initiative

Raising quays
To mitigate the rise in sea level the deck level of the current jetties need to be Q
raised by at least 1 meter. Raising the deck level of a jetty that is operational
is extremely challenging, in practice new jetties are build and after becoming
operational the old jetties are demolished. Depending on the port the Source: interviews
location of the old jetty will be used to build another, new and higher jetty

increasing the capacity of the port as well as the resilience.

Earthquake resistant :
infrastructure :

Drainage
Additional drainage for the transport routes connecting the port to its hinterland is needed. The ports are in contact with both the disaster management
centre and the ministry of infrastructure to install better water management systems.

Seawalls

The seabed close to the islands has a steep slope and a result the water depths near the islands increase rapidly to depths over 100m. Due to these water
depths seawalls and breakwaters are not a realistic option from both the construction and financial perspective. Fortunately, the ports on the Solomon
Islands tend to be naturally sheltered.

Earthquake protection
The Solomon Islands do invest in building infrastructure that is more resistant to earthquakes. Due to the costs, they are not able to build infrastructure
that can resist high magnitude earthquakes.
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DEEPDIVE CASE — SOLOMON ISLANDS DECARBONISATION NEED

=

Impact of the energy transition on the ports on the Solomon Islands

The Solomon islands still for a large part powered by fossil fuels. The costs of electricity is rising due to the increase in oil price. The port is on a path of
gradual transformation to renewable energy with a focus on solar power, wind power is too capital intensive. A 20% cost reduction on energy cost is
achieved by the port authority by installing solar power infrastructure. Offshore solar power is an option, but risks are involved in the form of storms and
cyclones. Smaller buildings, perimeter lights and boom gates are 100% powered by renewable energy at the time of writing. The power for the perimeter
lights is saved in batteries to provide electricity during the night. The Solomon Islands made a lot of progress by taking part in the GreenVoyage2050 project
financed by Norway and executed by SIMA. Under this project data on fuel consumption, training for crew on energy efficient ship operations and port
efficiency have been identified.

Port operations

Transitioning from diesel driven port equipment to electric equipment is investigated but will not lead to a decarbonised operations as almost all
electricity on the Solomon Islands is generated using fossil fuel powered power stations. The same applies for the installation of shore power. The country
is working on hydro powered power station, it will take at least 5 to 6 years before affordable green energy will be available at a scale sufficient to install
shore power. Once available the shore power will not be provided to all ships. The power consumption of for instance cruise ships, which consume 10 to

15MW of power demands to much energy from the anticipated infrastructure. Container vessels consuming 1 to 3 MW of power would be able to make use
of shore power.

Bunker supply

The ports in the Solomon Islands are not ready to provide green Status of GREEN infrastructure development in Solomon Islands

fuels. The costs of the needed infrastructure are too high to make Implemented Under development No initiative

it a solid business case. : : Decarbonied Bunk

» Pl . . A ﬂ . . : ecarbonse unker

. Hag " N - :

Port industry Hybrid Equipment : Full Electric Eqmpment; Fuel

Decarbonising of the port industry will follow the pace of the - i g

country transitioning from fossil fuel powered electricity plants. -+ Solar Power -+ Solar Power £ Shore Power

Steps can be made by installing solar power on the buildings in the

port, however this will not be sufficient to provide decarbonised

energy 24 hours a day 7 days a week. Source: interviews
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DEEPDIVE CASE — SOLOMON ISLANDS CONCLUSION

Investment Costs

The current investments in the Solomon Islands are mainly climate resilience
related. Green energy related investments are considered if they can lead to
cost reductions and the capital investments are within a reasonable budget of
the port authority or government. Private investments are needed to finance
the climate resilient assets and energy transition. The government of the
Solomon Islands has a limited budget and is not able to cover the financing
demand with public funds. The GreenVoyage2050 project helped the Solomon
Islands to develop its National Action Plan and was financed by Norway. The
most capital-intensive investments are infrastructure related and in particular
the replacement of existing jetties with climate resilient jetties.

Green bunker fuel production and supply is not included in the current
planning as there is no business case making it impossible to fund such
investments.

The effects of climate change are already affecting the society on the Solomon
Islands, the main issues are jetties in local ports being inaccessible due to
flooding. As a consequence, the supply of food and other first necessities is
under pressure. To mitigate these risk harbour infrastructure needs to be
replaced, investments that can run op to billions of USD. The country does not
have the public means to finance this investment gap on its own therefore
private investments and investments from NGOs are needed.

Port Resilience

There is a strong need for port resilience measures in the Solomon Islands
from an economic and social perspective. The country faces issues due to
sea level rise, storms, heavy rain and earthquakes. 95% of the economy

=

depends on the port activities and most of the food supply is imported via
the ports.

Points of action are the replacement of existing jetties with jetties that
have a 1m higher deck level. The connection to the hinterland needs to be
improved by installing better water management systems as the access
routes may flood during heavy rainfall. New build constructions should be
designed to have a level of earthquake resistance as they are becoming
more common and more intense.

Port Decarbonisation

Funds for investments in the Solomon Islands are limited and therefore
investments aimed at securing the continuity of port operations are
prioritised. With regard to decarbonisation this means projects that require
limited investments and result in a reduction of costs will be considered.
Projects that do not have a financial benefit or that are not financed by
external parties such as is the case with the GreenVoyage2050 project are
not feasible at this moment.

Of all investigated cases, the urgency of climate adaption is the highest
for the Solomon Islands. Surprisingly, this does not mean that port
decarbonisation initiatives are discouraged. The ports are actually at a
phase 3 charging the region, providing solar power to surrounding
communities. Even though the Islands have a solid solar power potential,
the total generation capacity will be too low to generate some form of
export economy, limiting any future business case driven investments.
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DISCUSSION

Throughout the interviews a duality became apparent in climate change related infrastructure investments for developing nations. Namely that even
though all ports are struggling with similar issues, they are all also vastly different in both their way of handling their climate change challenges and they
way of being impacted. This section delves further into the commonalities and differences identified in literature and through the interviews.

Survival comes first

From the case interviews it became apparent that ports tend to prioritize resilience investments over decarbonisation investments, the higher the
vulnerability and the smaller the port the more prominent this development. The small island ports in Indonesia and on the Solomon Islands are the most

outspoken in this regard.

Ports are vital to the economy of the region they serve; the first goal of a society is to assure sufficient basic needs like food, energy and housing. Once
basic needs are secured the focus can shift to earning money and climate adaptation plans. When climate impacts threaten the existence of a society,
adaptation actions are given priority. The pyramid below shows a hierarchy of needs that need to be satisfied before investments at the level above are
considered. Resilience investments ensure trade can be continued; they directly affect the availability of secure basic needs and the creation of welfare.

Decarbonisation investments can be considered as
brave topics, the effects are noticed on the long
term and not always at the geographical location
where the investments are done. When lower level
needs are being threatened “Brave” topics become
less urgent and there is a tendency to sacrifice them
for emergency topics.

That is what happens in the small island ports,
secure basic needs are being threatened due to the
lack of resilience and  prioritized over
decarbonisation investments.

Investment priority pyramid

Sustainability

Resilience

Let’s save the world

~ .
Welfare | ‘ e
L ?‘0»01}_-6@

Accelerate welfare by
specialization

Secure our money

Create welfare — Import

_— Secure our welfare
& exports

Secure basic needs Secure our existence

69  Study on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Nations




DISCUSSION

Vulnerability and size go hand in hand

Small ports, both in size and management structure, are more vulnerable to shocks than large ports. This is both the case for climate shocks and investment
capabilities required for mitigation. While the small island ports in Indonesia are flagged as ports that need to prioritize resilience over decarbonisation, the
larger ports are often considered less “vulnerable”. Major ports in Indonesia do have the size and leverage to introduce mitigation measures as well as

decarbonisation investments.

Even though the small ports are often extremely important for the survival of the local communities, they are the ones struggling most for their continued

existence. Following reasons were identified:

- Less budget availability from national government

- Less budget availability from income of port services

Whether or not ports have the budget to do the
necessary investments is not just related to the country
in which the port is located but also to the size of the
port. The geographical location dictates the climate
risks, and the size of the port dictates the available
budget to mitigate the climate risks.

The need for financing aid should therefore be
determined based on the port size and inherent
capabilities and not just on the country a port is located
in.

- Lower quality of existing infrastructure both for climate protection and trade

- Smaller port management organisation limiting the potential for knowledge on

development

Vulnerability vs port size

0,8
0,7
0,6

Solomon Islands

vulnerable)

05 | Tt Benin
0,4 ®

0,2
0,1
0

Vulnerability (high

Port size - normalized 1-100
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DISCUSSION

Chasing the business case

Throughout the cases we saw that often investments are not done due to —
lack of budget, stringent regulation, lack of national strategy or lack of
available space. The most prominent reason for waiting with fleet
decarbonisation initiatives is the uncertainty in the market on final fuel
selection and high price of the (current) technology required.

In some cases, terminal operators and governments are not waiting for these
risks to be fully mitigated and are already investing, al be it often with a
bankable business case solar for e.g. is already competitive with grey power in
certain cases.

Over a timespan of 10 years solar power in combination with battery storage is
cheaper than grey electricity. There are only a few locations in the world that
can supply electricity at a lower costs than solar3>

Installing solar on the rooftops of the buildings on the terminal only provides
10% of the energy demand of the terminal. Power Purchase Agreements
(PPA) with nearby solar farms and the legislation that allows for these
partnership is needed to provide sufficient solar energy.

The costs of electrical equipment with a low utilisation is on par with
traditional (diesel fuel powered) equipment. The costs of high utilised electric
equipment is lower than for high utilised hybrid electric or high utilised
traditional diesel equipment. When automated stacking solutions are desired,
the equipment needs to be electric which is another incentive to invest in
electric equipment.

The combination of full electric port equipment and PPAs can result in a fully
decarbonised port terminal. Decarbonising a port in countries where PPAs are

not allowed is a challenge, different stakeholders need to be aligned to get
approval for practical solutions.

Improvement of air quality and the positive effects on the health of the local
people in cities adjacent to the port and climate goals can support the case to
approve renewable energy production facilities but will not be sufficient
arguments on their own. Experience shows that financial incentives for the
stakeholders involved are needed to convince the decision makers that ports
need to be decarbonised.

Building a decarbonised greenfield port is less challenging than transforming
an existing terminal into a decarbonised terminal. If infrastructure upgrades on
the port authority side are needed to decarbonise an existing terminal new
and complicated discussions arise who will finance these upgrades, which can
even lead to the renegotiation of concession agreements.

Costs of diesel equipment vs hybrid and electric equipment3¢

$600.000,00
$500.000,00
$400.000,00

%
§ $300.000,00
D $200.000,00
$100.000,00
$_

Annualis

Traditional Hybrid RTG eRTG
Diesel RTG

Low utilisation

eRTG Traditional Hybrid RTG

Diesel RTG
High utilisation

B Equipment CapEx M Infrastucture CapEx M Maintenance M Energy
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DISCUSSION

Allocation of funds remains an issue

The core challenge regarding funding decisions is how to identify which investments require support and how to assess not just the societal indirect and
direct value but also which countries need help the most. Large maritime economies (such as India and Indonesia in this study) often have a larger budget
at their disposal. Even though this is often not distributed evenly amongst all ports with the larger ones getting a larger part of the cake. The core risk when
looking at support mechanisms for developing nations is the misallocation of investment, i.e. putting public money in infrastructure projects that do not
create sufficient value for users and society at large to justify the use of public funds. This risk is relevant as the value creation cannot always be accurately
predicted.

We already touched upon certain examples, the actual use of port infrastructure is subject to uncertain factors such as the general development of the
economy (large ships need other infrastructure), the need for a port is dependent on the local demographic evolution (climate migration is leading to
derelict areas removing the need for local ports). The effects of decarbonisation and resilience are also still in an early level of development themselves,
both in concession pricing or investment business case development. This leads to a risk of inefficient use of public funds.

Assuming that the GHG levies as described in the first chapter
come into effect, allocation of the revenue from the charging
mechanisms will be key. Parameters from literature and findings
of the interviews indicate that at least :

(1)
(2)
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Vulnerability to climate change

Dependency on maritime transport

Cargo value and type (economic benefit of increased
investments);

Increase of transport costs due to charging scheme;

Food security;

adaptation vs. mitigation investment;

Cost-effectiveness (adapt to rebuild); and

Socio-economic impact and development should be
considered.

Fund allocation levels

Revenue from
emissions
charging

Advantages Disadvantages
Developing Low - More powerful nations
nations administration can skew selection
Clear rules process
- Difficult split mechanism
Medium administration - More powerful nations
Similar funds in can skew selection
Developing existence process
Pt Best knowledge of local - Vulnerable vs developing
situation allocation risks
Selected AII.ows for(:)othbl. - nghl-adr;lmstr:tlon
projects private and public - Quality dependent on
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DISCUSSION

Wait and see for alternative fuels

As we have outlined in section one, traditionally port investments only make sense if they create “value.” This value is traditionally economic or societal
value. The value created by the investments is attributed to either port users (shipping lines, terminal operating companies, and other service providers),
society (local or regional economy) at large, or both. Port users are to some extent the ones that “pay” for the investment indirectly. The charges for
shipping lines and tenants are mechanisms through which the port managing body captures the value they create for users. This type of economic added
value is, as explained in previous sections, less prevalent in developing nations, both through the pyramid of sustainability and the fact explained in chapter
one that many ports in developing nations are not well connected to the network and generate low value to users. The societal value creation is based on
externalities, i.e., effects of the investments that reach beyond the boundaries of traditional economic activity. They are harder to monetize and
traditionally include direct and indirect economic benefits, increased efficiency of transport infrastructure, increased safety, and security.

local and regional economic development and associated employment creation.

Most notably for our discussion today one of these values is reduced emissions. Value creation of European port infrastructure investments33

This business case becomes quantifiable through policies such as carbon pricing. 0 20 40 60 80 100 %
Viable and fi ble inf i d d Yalue for I
iable an manc.ea e infrastructure |nve'stments a.re expected to produce a future port users
value to both society and the market relative to their costs, e.g. be a bankable Value for
u
business case. Not all viable investments generate however, the necessary current port users
financial return to make them attractive from a commercial (private) perspective. Valetg ~-"TTTTTTTTSSooosomomommeey
The overall uncertainty of future fuel to be used coupled with the limited private ! society (sustainability) I
interest in the business cases in these regions created a “wait and see” approach Valusto ST TTTTTTmTTmToomommmmmmees :
with most interviewees. Hard figures on the necessary investment were not  |ocal residents (externalities) N
provided, however in literature zero- and low-emission bunker fuel supply Value to society
infrastructure investments account for nearly 90 percent of the estimated $1.4 (energy dependency resilience) NN
to $1.9 trillion needed to fully decarbonise the shipping industry by 205037, Value to
the urban environment |
Value to
society (geopolitical resilience) [ |
e !
Lsociety (climate resilience) [ _:
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DISCUSSION

Financing the green potential

During the interviews, we focused on the potential benefits and costs of (1) decarbonizing the port and using the port to (2) decarbonize the region. Many
of the ports interviewed were included in national sustainability plans and roadmaps or had plans of their own (e.g., India National, Kenya National-Ports,
etc.). Following a simplified model as introduced in section one, we can map the current initiatives and gap with fully decarbonized ports on the figure
below. The Y-axis shows that the involvement and decision power of port managing bodies decreases the more regional decarbonization investments
become. The more regional the impact of the projects, the higher the investment and the more complex the stakeholder field. With alternative fuels, this
stakeholder field can even extend beyond the national border where entire supply chains are structured as a joint venture or complex PPP arrangement
with supply and offtake agreements.

As mentioned before, decarbonization-related investments are often more feasible than resilience-related investments. Ecological and operational
improvements are often not infrastructure-related and more of a tactical nature, and investments in alternative energy sources are often business-case
driven.

The largest gap is visible in the Decarbonisation investments per type

alternative fuel segment or in the Ecological Operational . Alternative energy
L . : Alternative fuels
fleet decarbonisation segment (both improvements improvements sources

land and sea) where there is still too

Ongoing sustainability St e

H H strategies focussed on . Electrification of port-and Mostly on site solar (Kenia,
much .U ncertal nty for .pOFtS !n Decarbonizing the negating externalities, |'r3r:_pr0verrje-ntts th th_e- | terminal equipment by the Solomon, Indonesia) but
developlng nations to invest In port often included in budget of public or private termina operators and service depending on country and

. operators and . [
port managing providers EVETETTINNG

(U n)certa in tech nologies. transport/service providers

body/national government
Overlapping initiatives such
as improved waterway
planning

Decarbonizing the Overlapping initiatives such
Fleet as emissions monitoring

Wait and see approach — Wait and see approach —

In thIS segment a Iarge rOIe fOF the business-case driven business-case driven

international managing bodies and
regulators is visible where more
certainty- and therefore derisking of
investments can be created.

Overlapping initiatives
Decarbonizing the focussed on reducing
region externalities e.g. Forestry
Programmes (Kenia)

Overlapping initiatives . In some cases provision of
ppINg . Wait and see approach — P
focussed on reducing N X green energy to local
- business-case driven e
externalities communities

E Involvement of port managing body é

Low Need for infrastructure investments High

1: See case studies, most countries are focussed on solar due to the low costs and availability, Brazil is a notable exception using wind on the North Coast for Green Hydrogen initiatives
https://www.czapp.com/analyst-insights/brazilian-ports-get-ready-for-energy-transition-with-green-hydrogen/ 2: https://www.supplychain-outlook.com/ports/solomon-islands-port-authority-
sipa-green-port-pioneers

74  Study on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Nations


https://www.supplychain-outlook.com/ports/solomon-islands-port-authority-sipa-green-port-pioneers
https://www.supplychain-outlook.com/ports/solomon-islands-port-authority-sipa-green-port-pioneers

DISCUSSION

Where to draw the line

The case interviews outlined a large number of
examples both on the climate issue side and the
ongoing development project side. These projects
and issues range from local flooding of terminals
to flooding of entire coastal bound intermodal
links (see case chapter).

Given the complexity of both the port industry
and the effects of climate change, it will be of
utmost importance to clearly define the
allocation of potential funds. If the results from
the prior assessment studies made by the IMO
hold up and a potential revenue of about 100
billion USD will be generated , choices will have to
be made when it comes to which projects are in
scope of support and which are not.

Ports are strongly interconnected to their urban
centres and hinterland networks. Often the failure
of one network can be the end of the port.

Scope of potential financial support mechanism
Extended scope

I Becoming greener I
Sr.r:! CO2 captu !
l I
Rene ks Shor.e power Gre_en port/ Landlfvinginfra |
e I infra terminal assets I
O!fshore wind infra Solar l
| |
R : : e |
eshorlng/nea_lrshorlng oo odal split infrastructure I
I /relocation [
Ship side | P Hinterland side |
I —— o — - I
Digita‘zlatio” Focussed scope | I
o i | I I
| l Renewable ship | » |
I | fuel infra I I
| " |
I Re5|l_|ent port/ | S 15014ion I
I | terminal assets I I
Predictive stgym systegns
A | . ' |

Becoming more resilient
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DISCUSSION

Pathways to resilience

Capital for infrastructure investment availability is becoming more scarce and protective measures are
very costly. Hence, strategies to support the most vulnerable ports should also be regarded in respect
to the effectiveness over the investment lifetime. Early understanding of the resilience cost may
influence the strategic choices between protection, conversion, or replacement. For existing ports to
cope with the increased weather intensity, be it flooding, storm surges, or other disruptions,
infrastructure like additional breakwaters is needed and existing ones need to be adjusted or raised.

When coastal flooding is an issue, it is, from the perspective of contractors (engineers, dredging
firms), often more cost-efficient to build a completely new facility and move the port equipment to
the new terminal once the terminal is ready instead of upgrading an existing one. The sum of the
impact of the downtime of a terminal on the supply chain and on the costs of the terminal operator for
redevelopment often exceeds those of relocating a terminal to a new nearby location. As a
consequence, projects to raise existing quays and terminals are rare to non-existent.

The feasibility of port resilience investments is not only dependent on the capex requirement of a
specific project but also on the prospects of the hinterland. Several islands are threatened with
becoming completely submerged due to sea-level rise such as the Maldives and Tuvalu. In the
Maldives, the inside of atolls are being filled with sand to create new land that is protected by the
outside of the atoll. Tuvalu is an example where the costs to elevate the soil level of the islands exceed
the current value of the land, making it hard to justify such a project from a business case perspective.

Case: six - “100 year storms” in a decade

Port infrastructure is built upon a 100-year return conditions assumption. This assumption is
often not ready for the increasing speed and influence of climate change. The climate is
changing rapidly, there are projects that were completed less than 10 years ago and already
experienced multiple times weather conditions that should only occur once every 100 year.
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DISCUSSION

One size does not fit all (1/2)

The original intention of this study was to perform a full quantification of the investment needs across all developing nation ports by extrapolating the
identified infrastructure developments. This proved to be a close to impossible task since port infrastructure costs vary widely depending on port size,
location, existing infrastructure, existing activities, prior adaptation and mitigation plans, etc. The figure below shows a qualitative mapping of the
different investments identified during the case interviews. None of the interviewees wanted to put a firm number on the price of the required
investments. However, a couple of interesting things stand out:

1. The adaptation investments were estimated much higher than the renewable investments;
2. The option of “raising infrastructure” seems in many cases just not feasible;

3. Therequired investments were quite similar across all ports (size of investments varied widely).

Range of identified adaptation and mitigation investment costs for ports in interviews

Estimated investment costs per port

- .
W Drainage
= seawall
% Raising infrastructure :).)_ Flooding -. @ ] @&
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2 solar power g
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DISCUSSION

One size does not fit all (2/2) Range of adaptation and mitigation investment costs for ports
€1.000.000.000 ® °

The figure to the right shows the challenge when trying to quantify required ® Large port

infrastructure investments across a multitude of ports. For each of the €900.000.000 ® Medium port

adaptive and mitigating investments for which there is data available, and ® Smallport

which are above 1 million, we included estimated data points for small, £ 800.000.000
medium, and large ports.

Increasing variation
€700.000.000 depending on small vs
large port sizes

We have identified 51 developing nations which contain a total of 126

commercially oriented ports. They have been classified as small to large €600.000.000
based on estimated throughput and the CIA world factbook. We have built a
couple of very basic scenarios: €500.000.000 °
1. Protect at all cost, mitigate when necessary
) o ) € 400.000.000
2. Protect large and medium and relocate small, mitigate where possible
3. Protect large, adapt medium relocate small, mitigate all £€300.000.000
The outcome of these scenarios estimates the total 200,000,000

investment needs between 55 and 83 trillion USD in
mitigating and adaptive port infrastructure in the 51  €100.000.000

identified developing nations. o I : l !
€- ®

Please note that this is a very crude calculation and only intended to be used o o ~ ~ % o
as indication of the size of the issue, it excludes many adjacent costs and only £ LE &8 &8 §& £
focuses on the identified costs in this study. A full quantification is only QQJ,? éig'? ,\cz?{,zg ,\c‘,*\oc’,b Qﬁbg §
possible if a full bottom-up assessment of each of the ports would be made. OS\‘P “ S & & 9 &

Q &

e
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CONCLUSIONS
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- The importance and added value of ports is beyond any doubt. However, where ports in developed nations are generators of welfare and industrial
clusters, ports in developing nations are literally lifelines of local communities. In addition, they often have less access to funds and capital for further

development both in traditional and climate related infrastructure.

ic?

- Due to the wide range of activities possible in a port area, ports are both one of the causes of climate change but also at the forefront of all negative
effects. They are a direct result of trade imbalances and industrial clustering effects leading to often high concentrations of local emissions and a
supporting function in both the decarbonisation and sustaining of the shipping industry.

- Port infrastructure is a complex matter with many levels of infrastructure, often controlled and managed by different entities in the port. This makes
investment decisions in adaptation and mitigation infrastructure especially complex. Due to the high social importance of energy transition investments,
we see public authorities getting more involved in decarbonisation related investments.

- Port infrastructure is affected by slow-moving and fast-moving drivers, including demographic change, climate change, geopolitical change, and
technological change. Climate change is the exception among these drivers since it has both a slow and fast-moving set of effects hitting the port
infrastructure.

- Climate change affects ports at their core, they are often located in areas of the world where the effects of climate change are more prominent, with
heavier storm surges, direct effects of siltation or flooding, higher waves and winds, etc. Traditionally, port infrastructure is designed to deal with these
events for a foreseeable time window of 100 years, but we now see that more and more extra events are happening in a shorter timespan, putting
pressure on the infrastructure

- Developing nations are often more vulnerable to the effects of climate change than their more developed counterparts. This is a result of a smaller
scale leading to fewer in-house capabilities for climate adaptation management, less developed infrastructure, lower funds for infrastructure (re)
development, other priorities for investment, etc.

- Tackling climate change in the maritime industry means tackling both adaptation and mitigation for ports (and ships). Adaptation is focussed on
keeping ports trading and making sure that they are protected against the onslaught of climate change disruptions. Mitigation entails trying to get the
port to carbon neutral as soon as possible. Only through a combination of both actions can we both protect ourselves and stop climate change in its
tracks.
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CONCLUSIONS
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- The suggested carbon pricing mechanisms of the IMO both carry promise and risk for developing nations. On the one hand they will increase transport
costs putting even more pressure on countries which already have lower efficiency infrastructure and are less connected to the global trade network. On
the other the revenue of this tool can be used to help the countries invest in adaptation and mitigation measures by providing a reserve to support the

just transition of these countries.

!

- For shipping decarbonization to succeed and help prevent dangerous levels of global warming, the sector must reach consensus regarding the regulatory
framework and GHG mitigation measures of the future as soon as possible. Investment costs related to the energy transition for ports and shipowners
are significant, with no clear future standard the shipping industry runs the risk to invest in technology that will eventually not be (widely) adopted.

- Port infrastructure financing is already challenging today, most bankable projects require a combination of a positive socio-economic impact for the
region and a bankable business case. This business case will become even more challenging in the future given the changes in investment risk and pay
back requirements, this is even more the case for adaptive based measures like building storm barriers, where there is no underlying economic
business case except the potential protection from future economic loss due to disruption of the activities.

- The five investigated cases handled a wide variety of developing nations, from large port economies to small, both countries with many ports and few
ports, some with a mix of small and large ports, etc. The results showed that these ports mostly deal with similar issues when it comes to mitigation
and adaptation investment needs. The types of required infrastructure may vary and but overall, the need and findings were relatively similar. Wat
was vastly diverging was the actual estimation of costs and feasibility of the investments depending on the port size and country in question.

- During the case interviews it became apparent that ports tend to prioritise adaptation (resilience) investments over mitigation (decarbonisation)
investments, the higher the vulnerability and the smaller the port the more prominent this development. The small island ports in Indonesia and on the
Solomon Islands are the most outspoken on this.

- The costs of climate adaptation are a magnitude higher than those associated with mitigation. Construction of storm barriers, relocation and
adaptation of existing ports and soil related works are amongst the three largest groups. Mitigation efforts are also costly, but the in-port investments
are rather limited compared to adaptation measures. For examples assuming similar prices to LNG terminals decarbonising the maritime fuel on port-
based investments would run up to $100million per port for physical terminals or around $50million per port for barge solutions.

- Most mitigation related measures in developing countries are planned at an ad hoc basis, e.g. upon request of a terminal operator (sometimes with
joint investments) or regulatory driven. This is partly due to the high uncertainty of fuel selection in the future and uncertainties on future supply and
demand networks linked to renewables.

ﬁgﬂp-_—-StUdy on Port Climate Adaption and Decarbonisation Investment Requirements of Developing Nations



CONCLUSIONS

R

2l

- Developing nations hold just a tenth of the world’s financial wealth and have only made a fifth of the clean energy investment committed by developed
countries. Economic growth emerges as the primary solution to bridge this gap, enabling developing nations to offer incentives and subsidies for energy
transition and infrastructure development.

- Green energy from solar and wind will provide several developing nations a new opportunity to produce, use/and or export green energy to high
energy demanding nations. Green Hydrogen generated from renewable energy is earmarked as a base energy source to replace fossil fuel dependency.

- Mitigation measures are often business case driven, appetite from the private market is higher for these types of investments than for adaptation
measures. A carbon tax which goes further than the shipping sector and also targets the firms in the ports could therefore be a strong incentive for both
public and private port entities to further green their operations. This will however result in higher transport costs over time

- Smaller ports are more vulnerable than large ports, underlying factors are (1) Less budget availability from national government, (2) Less budget
availability from income of port services, (3) Lower quality of existing infrastructure both for climate protection and trade, (4) Smaller port management
organization limiting the potential for knowledge on development. When a just transition in the maritime sector is the goal, they should therefore be first
in line when it comes to support allocation.

- If infrastructure investments in developing nations will be supported through revenue of shipping carbon tax mechanisms it is important that the
allocation of the funds is as efficient, just and transparent as possible. This means that decisions need to be made on level of dissemination (country,
port, project) and parameters of viable investments, with a minimum of vulnerability to climate change; dependency on maritime transport; cargo value
and type (economic benefit of increased investments); increase of transport costs due to charging scheme; food security; adaptation vs. mitigation
investment; cost-effectiveness (adapt to rebuild); and socio-economic impact and development should be considered.

- When coastal flooding is an issue, it is, from the perspective of contractors (engineers, dredging firms), often more cost efficient to build a completely
new facility and move the port equipment to the new terminal once the terminal is ready instead of upgrading an existing one. The sum of the impact
of the downtime of a terminal on the supply chain and on the costs of the terminal operator for redevelopment often exceed those of relocating a
terminal to a new nearby location. This practice is comparable to the waterfront redevelopment we have seen in urban ports in the past century, at a
certain point infrastructure becomes obsolete given new external conditions.

- Port decarbonisation infrastructure cost vary widely depending on port size, location, existing infrastructure, existing activities, prior adaptation and
mitigation plans etc. Based on a very crude calculation we estimate that the total investment needs for adaptation and mitigation port related
investments in developing nations lies between 55 and 83 trillion USD
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Annex

List of countries included in calculation:
Algeria, Angola, Bangladesh, Benin, Cabo Verde, Cambodia, Cameroon, Comoros, Congo, Rep., Cote d'lvoire, Djibouti, Egypt, Eritrea, Gambia, Ghana, Guinea,
Guinea-Bissau, Haiti, Honduras, India, Kenya, Kiribati, Korea, Dem. People's Rep., Liberia, Madagascar, Mauritania, Micronesia, Morocco, Mozambique,
Myanmar, Nicaragua, Nigeria, Pakistan, Papua New Guinea, Philippines, Sao Tome and Principe, Senegal, Sierra Leone, Solomon Islands, Somalia, Sri Lanka,
Sudan, Syria, Tanzania, Timor-Leste, Togo, Tunisia, Ukraine, Vanuatu, Vietnam, Yemen

P72: Scenario distributions of investments in port size groups

Scenario 1

Onshore power supply
Solarfarm power field
Terminal expansion
Terminal relocation

Deepening access channel

Storm barriers

Small Medium Large Scenario 2
0% 0% 10% Onshore power supply
20% 20% 20% Solarfarm power field
20% 20% 10% Terminal expansion
20% 10% 0% Terminal relocation
5% 5% 5% Deepening access channel
100% 75% 50% Storm barriers

Small

Medium Large Scenario 3 Small Medium Large
50% 50% 50% Onshore power supply 90% 90% 90%
50% 50% 50% Solarfarm power field 90% 90% 90%
25% 20% 10%  Terminal expansion 25% 60% 10%
50% 10% 0%  Terminal relocation 50% 10% 20%
5% 10% 10%  Deepening access channel 5% 10% 10%
25% 75% 50%  Storm barriers 25% 75% 75%

P72: Assumptions for high-low cost estimations for infrastructure investments

Onshore power supply
Solarfarm power field
Terminal expansion
Terminal relocation

Deepening access channel
Storm barriers

FuelEU Maritime proposals.
https://www.marketwatch.com/guides/solar/solar-farm-cost/

Based on CAPEX database of MTBS, various online datapoints

Based on CAPEX database of MTBS,
https://esfccompany.com/en/articles/infrastructure/how-much-does-it-cost-
to-build-a-seaport/, various online datapoints

Based on CAPEX database of MTBS, various online datapoints

Mooyaart, Leslie & Jonkman, S.N. & de Vries, Peter & Toorn, Ad & Ledden,
Mathijs. (2014). STORM SURGE BARRIER: OVERVIEW AND DESIGN
CONSIDERATIONS. Coastal Engineering Proceedings. 1. 45.
10.9753/icce.v34.structures.45.

Not included in calculation:

Green bunker terminal costs due to high uncertainty of future fuel supply,
link to hinterland network cost, link to import export capacity cost.

Heat shelters, storm warning systems, drainage systems all estimated
below $100.000,00.

Replacement of port equipment with hybrid/electric similar to fossil cost
Any investments outside the port area including supporting infrastructure
investments.

Any costs for interruption of operations during construction works.
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