. CHART OF THE ISSUE

INNOVATIO

OUTLOOK

Sustaining Innovation for a
Net-Zero Carbon Environment
Enabled by a Digital Ecosystem

ALTERNATIVE ENERGY | Widespread

Adoption of Alternative Power

- Increased prevalence of hydrogen fuel
cells, hybrid systems and nuclear energy

- Improved efficient power generation
technology from alternative energy sources

- Safe and sustainable byproduct waste
management

ALTERNATIVE FUELS | Alternative

Fuels Generation and Adoption at Scale

« Global adoption of low- and zero-carbon
fuels

- Scaled up zero-carbon fuel generation and
distribution

- New efficient zero-carbon fuel engines

ELECTRIFICATION | Mature Green

CARBON CAPTURE | Mature Carbon

Capture Value Chain

- Global adoption of carbon capture
technologies

« Increased reach of carbon capture
transport network

- Expansion of storage infrastructure

GREEN ECOSYSTEM | Green Maritime

Ecosystem

- Green trending for manufacturers,
shipyards and ports

- Certified green ships and operators

- Green labeled ship cargo

BLUE ECONOMY | Carbon Neutral Blue

Economy

- Increased installation of blue technologies:
space ports, aquafarms and wave energy
generators

- Continued development of offshore
charging substations infrastructure

- Floating offshore windfarms at scale

Source: ABS Technology Trends. Exploring the Future of Maritime Innovation
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Utilization for
Short Haul

« Onsite/onboard
energy storage

« Port and offshore
buoy charging
stations

« Lithium-ion
batteries

« Non-lithium-ion
batteries

» Ceramic batteries

Research and

Early Adoption

» Commercialization of

Electrification Infrastructure g amine-based

- Expansion of electrification infrastructure P technology

- Improved storage for short haul and deep- )] * Onsite/onboard
sea use portable carbon

- Enlargement of distribution substation capture units
network « Direct air carbon

capture

Green Vessel

* Vessel design
and construction
* Vessel operation

Investigation/Early
Adoption of Alternative
Energy Sources
* Hydrogen fuel cells

* Hybrid systems
* Nuclear

Testing and Early
Adoption

of Alternative Fuels

Continued
Adoption
* Hydrogen hub
* Modular nuclear
reactors

*« Ammonia
» Methanol
* Biofuels

* Hydrogen .
Scaling

* Reduced carbon emissions
managed through use of
alternative fuels and
carbon capture

» Dominant zero-carbon,
fuel generation

Widespread
adoption of
alternative
Alternative power
fuels
generation
and adoption
at scale

Limited
Deep-Sea
Sfalfe]e]lale]

» Charging
infrastructure

« Improved
onsite/onboard
storage

Mature green
electrification
infrastructure

Mature carbon
capture value
chain

Technology and
Infrastructure

« Utilization of solid
pellets

« Storage in empty oil
or gas reservoirs,

natural caverns Green

maritime
ecosystem

Carbon
neutral blue
economy

Green Infrastructure

* Green port operations
* Increased adoption of
green corridors
* Green cargo
management Offshore Infrastructure
to Support Blue
Economy

* Floating windfarms
at scale

« Build out of charging
substations infrastructure

Trending

Diversified Use
of Ocean Space
*» Offshore spaceports and
recovery vessels
« Windfarms
* Aquafarms
* Wave energy conversion
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VISUALIZAT o), , 2050 GOALS
E| CLEAN ENERGY TRANSITION
Fully transparent energy consumption and carbon footprint - Adoption of
zero-carbon fuels at scale - Full electrification of inland, short haul - Partial
electrification of deep-sea shipping « Mature carbon capture value chain

Remote Inspection
and Dashboards
3D ) DIGITALIZATION
. scanning . .. .
« Virtual training simulators Control of connected vessels at fleet via digital twins - Data
« Drone inspection /q management - Connected system models - Virtual/real tie ins
</4/ (visualization technologies) « Al-enabled self-correcting systems «
', Virtual immersive ship models

Monitoring with ((/ O/
. '“.“p“.’ved Machine Learning (ML) O APPLIED R_ESEARCH
Visualization Tools ML for edae computation Complex integrated energy management systems » New
* High-fidelity virtual ,cOnversat?on natsm materials and processes - Improved ship connectivity «
simulators with Al- language processing Increased application of autonomous functions - Real
time performance optimization - Fully integrated

generated scenarios (NLP)
el ti ith ed
i Self-learning green ecosystem « Expanded blue economy

; R4
computing System Robotics %

* Human-level NLP
* Autonomous bot
° SEliFEEREEing VISUALIZATION TECHNOLOGIES |

B V"tua_l systems - . . .
immersive & @WETR ) 'a\ Virtual Immersive Ship Models
ship computing Realtime Vessel e - Global adoption of augmented and virtual
models Monitoring > reality inspection tools
Self-aware and . « Voyage planning and © . Rersonnel training through immersive
cognitive systems Self Learning optimization > simulators . o
Digital Twins « Day-to-day operational % - Remote control through visualization
« Data-seeking decision support m technologies
* Environmentally aware\ ¢ Enhanced reliability, =
Fleet level : Control of physical availability, n ARTIFICIAL INTELLIGENCE |
_ control via a.szetlf et m‘?':ta'gfsl'gy and Self-aware and Correcting Systems
interconnected SIPCISIIECH N Y (¢ ) - Technological advancements and adoption
digital twins X ; N
of self-diagnostics and self-repair

digital twins
- Global application of quantum computing

« Increased presence of autonomous bots

[ d Shi
COnnecteg el B VIRTUAL ASSETS | Fleet Level Control
unmanne via Digital Twins

(7]
autonomous « Complex g
Ship Connectivit O - Transition to fleet level virtual asset
vessels SUIONOMOKS 2 A = - Global adoption of model-based systems

functions Infrastructure < X :
i » Reduced manning JRrS— % fnglneer&n% St?indaédsd .
Real-time fleet + Seafarer knowledge/ t5nomous functions g..l - Improved cloud and edge computing
performance skills and ability o [ereREEd SUppEr: )
optimization G=ch activity with low v AUTONOMOUS OPERATIONS |
. q orbit satellites
Application ob \(;onneicted Unmanned Autonomous
of advanced essels
terial Vessel System 23 - Increased use of autonomous functions
HELCUELE Level Performance o , o
and A S - Real-time decision support through
Optimization - ;
processes (o) advanced SIM-based analysis
« Fast solvers for s - Diversification of seafarer knowledge, skills
) high-fidelity models < and ability
New Materials * Advanced SIM-based « Enhanced broadband coverage, speed and
and Applications decision-making cybersecurity
* Onsite additive - Increased complexity of autonomous
Component Level functions

manufacturing for

spare parts Performance Optimization
* Lower cost/fit for « Multiphysics/multi-domain VESSEL PERFORMANCE | Real Time

purpose materials optimization Fleet Performance Optimization

oSy mEErElS * Virtual testing and - Wide-spread adoption of energy saving
commissioning devices to maximize vessel performance
- Enhanced high fidelity performance
New Materials optimizatior} at the Ve;sel system level
Manufacturing Methods : ;ﬁ?ﬁ;gﬁ%ﬁiggalym enabled by

* Onsite additive manufacturing

for non-critical parts MATERIALS | Application of Advanced
* High magnesium steel Materials and Processes

- Application of onboard additive

manufacturing for repair and part

replacement
« Serialized additive manufacturing through
blockchain
- Adoption of lower cost/fit for purpose
materials

RESEARC‘“ - New self-healing materials
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