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Maritime transport is the lifeblood of global trade,
but it is also responsible for generating 3% of the
world’'s greenhouse gases (GHGs) — that's 1,708
million metric tons of emissions; based on Arthur
D. Little (ADL) analysis, we expect this figure to
rise to 44% by 2050 if measures aren't put in place

to control the increase.

Consequently, green topics have become a

top priority for the maritime sector as it faces
growing pressure to decarbonize. Key users of
shipping services like lkea, Toyota, DB Schenker,
Amazon, and Walmart have all publicly committed
to reducing Scope 3 emissions along their supply
lines with the aim of becoming net zero emitters
over the next 10 to 20 years (see Figure 1).

In response to this changing environment,
stakeholders across the value chain are using
emission-trading systems, internal carbon pricing
(ICP), and a range of carbon-reduction solutions
to help monitor and manage the environmental

impact of their operations.

Some shipping carriers have begun offering
carbon-reduction services to their customers. For
example, the Mediterranean Shipping Company
(MSC), a prominent global container shipping
company, has a Carbon Neutral Programme that
calculates customers’ CO2 emissions and seeks
to minimize or offset production.
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GREEN TOPICS HAVE
BECOME A TOP PRIORITY
FOR THE MARITIME
SECTOR AS IT FACES
GROWING PRESSURE

TO DECARBONIZE

Other carriers focus on helping customers track
their supply chain emissions. One example

is through the use of platforms like Maersk's
Emissions Dashboard, a subscription-based
digital service, that gives customers real-

time data and analytics on the environmental
performance of their shipments. It can even run
what-if scenarios to evaluate the environmental
effect of various shipping strategies, such as

adjusting a vessel's speed or route.

REGULATIONS
ON THE HORIZON

These measures are voluntary, and although

they can help companies meet carbon-reduction
targets, they don’t carry the game-changing
weight of legislation and regulation from national

or supranational organizations.

Figure 1. Major corporations’ push for maritime sector to decarbonize
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Signaling its commitment to environmental
sustainability, the International Maritime
Organization (IMO) is setting ambitious GHG-
reduction targets, pushing for the maritime
industry to reach net zero by 2050, having
previously aimed for a 50% reduction of GHG

emissions by that date (see Figure 2).

IMO will also indirectly seek to penalize ships that
exceed designated GHG emission levels through its
Carbon Intensity Indicator (Cll), a measure of how
efficiently a ship transports goods or passengers.

In November 2022, it became mandatory for ships
to calculate their Cll based on the quantity of

CO2 emitted per ton-mile of cargo transported.
The expectation is that a poor CIl will make it
increasingly difficult to find favorable terms with
financial institutions and port authorities. Beyond
this, IMO has introduced a plan for at least 5% of
energy used by international shipping to come from
alternative fuels or energy sources and is striving to
reach 10% by 2030.

For its part, the EU is imposing more direct
financial penalties on shipping carriers that
breach emissions targets through its Emissions
Trading System (EU ETS), which focuses primarily
on CO2 emissions and covers aviation and energy
production, and FuelEU Maritime, which targets
emissions from the maritime sector and includes

not only CO2 emissions but other GHGs.

ARTHUR D. LITTLE

THE INTERNATIONAL
MARITIME ORGANIZATION
IS SETTING AMBITIOUS
GHG-REDUCTION
TARGETS

With the tightening of GHG-intensity targets, as
set by FuelEU Maritime, noncompliant maritime
operators face significant penalties. For instance,
these penalties likely will increase the cost of
conventional fuels for noncompliant shipping
Lliners by 100% to 200% post-2030 for intra-Europe
voyages.

THE QUEST FOR
ALTERNATIVE FUELS

A more effective and sustainable way for the
maritime sector to cut its GHG emissions is
producing less of them in the first place. One
major step involves switching from heavy fuel oil
(HFO) to cleaner alternatives. Here, the maritime
sector is at something of a transitional phase.

A number of alternative fuel projects have been
announced, but they will take time to come
online, and this, combined with a lack of raw
materials, means there is insufficient supply

to meet the growing demand (see Figure 3).

Figure 2. Ambitious new targets show IMO’s commitment to GHG reduction
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Figure 3. Recently announced green methanol projects
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Increasing use of blue methanol, ammonia, and
hydrogen is an obvious first step, since these
offer some decarbonization benefits, cutting
emissions between 20% and 60%. They are
relatively inexpensive to produce, and existing
infrastructure can use them. However, they are
not a sustainable long-term solution because
they are fossil-based.

A better option is via usage of green fuels

(e.g., biodiesel, bio-methane, and bio-methanol),
which cut emissions by 60%-80%. Although
these also use existing infrastructure, there are
issues regarding their environmental impact and
ability to scale at speed to meet demand given
uncertainties over feedstock availability.

E-fuels such as e-methane, e-methanol, green
ammonia, and hydrogen hold the most promise.
They provide the greatest decarbonization
benefits (up to 95%) and are consequently the
regulators’ fuel of choice. However, they are more
costly to produce than other green fuels, making
them less commercially attractive. For example,
based on ADL analysis, green methanol prices
are expected to fall from today's US $1,700 per
ton to $900-%$1,200 by 2027, leaving them well
above shippers' expectations, which are around
$650-$750. For these fuels to become more

widely adopted, shipping companies should be
encouraged to use more of them, and producers
must be incentivized to make more of them.

For shipping liners to adopt these fuels, a

highly active maritime hub is crucial — the port
must have scale, connectivity, and operational
capability. It must also have a favorable business
environment to facilitate maritime activities.

On the production side, establishing global
standards for carbon accounting, offering OPEX
subsidies, and using mechanisms like contracts
for difference would help remove the market
uncertainty that surrounds green fuels and

accelerate the move away from HFO.

Although the feasibility of green fuel development
projects has yet to be demonstrated, we can

see how regulatory support will help facilitate

it by looking at collaborative projects such as
HyNetherlands and H2Global Foundation, a cross-
country collaboration between the Netherlands
and Germany aimed at stimulating the production
of e-methanol and green ammonia. As supplies of
hydrogen-based fuels from this project come online
in 2024, we expect a price drop that will stimulate
the hydrogen economy in these countries and

beyond (see Figure 4).
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Figure 4. Regulatory support facilitates alternative fuel ecosystems
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OPERATIONAL EFFICIENCY

Improving the operational efficiency of existing
assets will go a long way in enabling the maritime
industry to decarbonize. In the short and medium
term (before zero-emission vessels become the
norm), slow steaming and switching to larger
vessels are options (although they are not always
possible, given the need to meet customer needs
and for port infrastructure that can handle the
presence of larger ships). The real opportunities
lie in the adoption of technical innovations.

For example, onboard carbon capture and storage
(CCS) systems, which trap more than 60% of a
ship’s CO2 emissions and can be installed without
changing any existing equipment, are being
tested on tankers and bulk carriers. We are also on
the cusp of the ability to build autonomous cargo
ships that can be sailed, cleaned, inspected,
maintained, and protected from pirates by robots.

Wind-assist propulsion systems that make ships
less reliant on their main engines can greatly

diminish fuel consumption.

Transport fuels

Feedstock for consumer goods

REAL OPPORTUNITIES
LIE IN THE ADOPTION
OF TECHNICAL
INNOVATIONS

A kite-sail system, for instance, can bring down
fuel consumption by a remarkable 20%-40%
annually. Solar panels and fuel cells powered

by green hydrogen orammonia are emerging as
promising options for decarbonizing propulsion
systems, and battery-electric systems are finding
a place in ferries and offshore support vessels.
Improved hull designs and friction-reducing
surfaces that cut drag can lead to fuel savings of
up to 8%. Innovative materials such as graphene-
doped anti-corrosion coatings and self-repairing
finishes can improve vessel performance and
longevity while reducing emissions by ensuring
the consumption of fewer resources during

maintenance (see Figure 5).
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Figure 5. New technologies help create fuel-efficient ships
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EMBRACING ONSHORE

TECHNOLOGY

These types of improvements are not confined

to offshore use. Port authorities across the globe

are using technology to move to more sustainable

and eco-friendly practices. Shore power and
cold-ironing facilities, for instance, minimize
vessel emissions while berthed by letting them
connect to clean, grid-based electricity rather

than running their traditional auxiliary engines.

To get a sense of where port technology is

heading, we need only look at Singapore, which

aims to become the world's largest automated

terminal by 2040 and ensure that at least half

of all Singapore-flagged vessels are “green” by

2050. The Port of Singapore already generates

renewable energy for lighting and to power

environmentally friendly equipment, and its smart

port management systems include Internet of

Things cargo-tracking solutions. Its Tuas terminal

will soon have fully electric-guided vehicles and
harbor craft, along with unmanned vehicles like

automated yard cranes and drones.

)
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When these handling facilities are fully

integrated, the port should see a reduction in
the emissions generated by operations while
increasing the terminal’'s annual container
processing capacity, rising from its current

50 million twenty-foot equivalent units (TEUs)
to 65 million TEUs. To further establish its green
credentials, more than 50% of the materials
used in land-reclamation work around the port
are either reused or recycled. Even sensitive
coral colonies living nearby have been relocated

to safer waters. Similar changes are being

made at the Jurong terminal. Here, solar panels
installed on warehouse roofs are generating
9.65 megawatts of power for port operations,

with excess channeled into the national grid.

Other ports are emerging as trailblazers.

Rotterdam, the Netherlands, and Los Angeles,

California, USA, have set up liquefied natural gas

(LNG) bunkering facilities, and China’s Qingdao
port uses lithium batteries for energy storage
and hydrogen fuel cells to power its automated
gantry cranes. This has significantly reduced
annual emissions of carbon (down by 28,000 tons)

and sulfur dioxide (300 tons less).
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GREEN CORRIDORS:
ACCELERATING THE
TRANSITION

Green shipping corridors are specific trade
routes between major ports where there are
efforts to reduce carbon emissions and promote
clean energy solutions. Rotterdam is a major
hub for several green corridors, including ones
to Gothenburg (Sweden), Hamburg (Germany),
Gdynia (Poland), Ronne (Denmark), and Tallinn
(Estonia). Rotterdam is collaborating with
Singapore on what would be the world’s longest
green corridor and with Halifax (Canada) to
establish a transatlantic bunkering and green
hydrogen infrastructure. As green corridors
become established, it should put pressure on
previously hesitant shipowners and operators
to invest in green technologies, which could
accelerate the transition to zero-emission

shipping.

THE HURDLES AHEAD

Creating the robust, reliable infrastructure
needed for alternative fuels like green hydrogen
and ammonia has just begun. There is also a
high up-front cost associated with transitioning
to alternative fuels and green technologies,
presenting a significant economic hurdle for
many shipowners. Similarly, if eco-friendly
solutions don't meet the industry’'s expectations
regarding ROI, there is much less incentive to
adopt them.

Introducing cutting-edge technologies also

carries inherent risks, creating uncertainty that
shipowners and operators must navigate if they
are to choose eco-friendly solutions that are
reliable and will improve performance long term.
There is also a fast-evolving regulatory landscape.
Differences in international and regional standards
inevitably create unwanted complexity for shipping

companies.
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THERE IS A HIGH
UP-FRONT COST
ASSOCIATED WITH
TRANSITIONING TO
ALTERNATIVE FUELS
AND GREEN
TECHNOLOGIES

A harmonized approach to regulations is
essential to give greater clarity to decision-
making and create a level playing field. In fact,
so significant are the hurdles to decarbonizing
the maritime sector, they will only be achieved
through a holistic approach that encourages the
development of a cross-industry ecosystem with
extensive, ongoing collaboration between all
stakeholders.

Such an ecosystem is beginning to develop.
Organizations like the Global Centre for
Maritime Decarbonisation (GCMD) are being

set up with the express purpose of eliminating
GHG emissions from the maritime industry. Key
players like Maersk, Shell, and Siemens, as well
as financial institutions such as Swiss Re, are
becoming involved in the development, funding,
and creation of green technologies and the

infrastructure required to support them.

The Getting to Zero Coalition, led by the

Global Maritime Forum, consists of more than
200 stakeholders from across the maritime
energy sectors that are committed to the
decarbonization of shipping, working together to
deliver commercially viable zero-emission vessels
by 2030, with full decarbonization of the industry
20 years later. For a study on maritime ecosystem
and regulations, see the ADL Viewpoint “Creating
a Greener Future for the Blue Economy.”



https://www.adlittle.com/en/insights/viewpoints/creating-greener-future-blue-economy
https://www.adlittle.com/en/insights/viewpoints/creating-greener-future-blue-economy

VIEWPOINT

THE MARITIME
DECARBONIZATION
ROADMAP

ADL's research and analysis indicates four routes
to maritime decarbonization:

1. The firstis greater adoption of widely
available lower carbon fuels, like LNG and
biodiesel, in the short to medium term, with
a longer-term aim of switching to zero-
emission fuels. This will require retrofitting
existing vessels so they can use new fuels
and the construction of zero-emission ships
of various types and capacities that can be
added to the global fleet. This transition will
require development of an alternative fuel
infrastructure, and the market for alternative
fuels will need to offer support through
avenues that encourage both greater
demand and production through new

fuel-supply agreements.

2. Second, there must be continuous
improvement in the way the industry
handles carbon management. The industry
must explore technologies like CCS for
commercialization and adoption, and there
needs to be wide deployment of low-carbon

services (carbon offsetting and reduction).
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3. Third, there must be significant
improvement in the operational efficiency
of ships. We have detailed some innovations
finding their way into the industry;
collectively, these new materials and hybrid
propulsion systems can help shippers
dramatically cut emissions. Using slow
steaming practices and larger vessels is also
aviable short- to medium-term solution for
optimizing costs and operations prior to

zero-emission vessels adoption.

4. Finally, the improvements we are starting
to see on ships are being echoed onshore.
Forward-thinking ports with environmentally
sensitive infrastructure and the development
of green shipping corridors are putting
sustainability at the center of maritime

operations.

However, achieving maritime decarbonization will
take much longer without effective collaboration
among all stakeholders. We are already

seeing better collaboration between shipping
companies, energy companies, researchers,
academia, and interested organizations such as
GCMD, but this ecosystem will need to grow wider.
Achieving maritime decarbonization is a complex
process that will require committed, sustained
effort from all industry stakeholders starting now

and continuing for the next 20 to 25 years.
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CONCLUSION

CHARTING A CLEANER COURSE

THE GLOBAL MARITIME INDUSTRY
MUST UNDERGO SIGNIFICANT CHANGES

In response to climate change, the global maritime industry
must undergo significant changes to address and mitigate

its environmental footprint:

1 Major corporations like lkea, Toyota, and Amazon that are
committed to net zero emissions are putting pressure on

the maritime sector to decarbonize.

2 Shipping carriers are adopting innovative solutions for
continuous carbon management and better emissions
management, but voluntary measures (while impactful)

lack the transformative force of regulations.

3 Green fuel adoption, which is crucial for widespread
decarbonization, faces production challenges in terms

of cost and scalability.

4  The development of “smart” ports and the establishment
of green shipping corridors are redefining decarbonization

practices onshore and improving operational efficiency.

5 Fostering collaboration and ecosystem development is key
to maritime decarbonization and is reflected in initiatives

like the Getting to Zero Coalition.
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Arthur D. Little has been at the forefront of innovation since
1886. We are an acknowledged thought leader in linking
strategy, innovation and transformation in technology-
intensive and converging industries. We navigate our clients
through changing business ecosystems to uncover new growth
opportunities. We enable our clients to build innovation
capabilities and transform their organizations.

Our consultants have strong practical industry experience
combined with excellent knowledge of key trends and dynamics.
ADL is present in the most important business centers around the
world. We are proud to serve most of the Fortune 1000 companies, in

addition to other leading firms and public sector organizations.

For further information, please visit www.adlittle.com.
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