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Three Sectors
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Methodology - Horizon Scanning

Standardisation
SN N

T11

-p
Technology = National Q:l

availability & policies
affordability -’ . 1"¢= Regulatory
N pressure

1 ?1 ﬁ\‘r

B om

Societa

emands < :
demands Using Horizon Scanning

— i
\]ﬁ Step 1 - Scoping

Identity key stakehciders and key sectors

Step 2 - Environment
{dentify competitive landscape

Step 3 - Content Generation
Identity critical tachnologles

Step 4 - Evaluation

Assass and Identity rarsformational technologies

Step 5 - Recommendations
Outiine Tuture Impacl and actions
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56 technologies evaluated
& ¥ 18 technologies chosen
8 technologies for each sector
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18 Transformational Technologies for 3 Sectors

N\ Propuision and powering
Smart ship

Commerdal shipping Carbon capture
and storage

@
Shipbuilding O e ‘ Advariced materials

Advanced ; :
@ @ manufacturing @ Big data analytics 0
- i i
Ocean space

Human

i Sustainable energy A
augmentation ay Marine

generation biotechnology

A . Deep ocean
Human computer mining
interaction Naval
g

Cyber and /“’\; Energy
=] electronic warfare management Autonomous

systers
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Structure of the GMTT2030 Report

Future competition
landscape

marine technologies in individual sector:
1) What a technology providers wish to sell,
2) Why an end user wish to buy,
3) What are the risks and uncertainties (investor’s perspective),
and
4) What is the impact on the industry (stakeholders’ perspective).

Transformational effects on each sector :
The report provides visions summarising the transformational
effect of the selected technologies on a given sectm
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Commercial Shipping

Commercial Shipping
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Lloyd's
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Commercial

Shipping

we  QinetiQ  Southamipton

Register




Global Marine Technology Trends 2030
Commercial Shipping

8 Transformational Technologies
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S
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First arena:
Internal developments

Propulsion and
Shipbuilding powering Smart ship

Advanced Big data
| materials analytics

Second arena:
External developments

Communications

Sensors

Robotics
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Advanced Materials
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Commercial Shipping
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Materials fine-tuned at micro- or nano-scale
Thriving Composite Materials
Bio-inspired and bio-based materials

High strength, toughness, malleability,
corrosion resistance and self-healing
structural material

Self-cleaning and
self-repairing finishes

Drivers of advanced materials include:

Protection of People,

Assets, and the

Environment

- Higher structural and fire
protection performance to
safeguard people and assets

- Improved ship stability by
lowering the centre of gravity

- Ergonomics and comfort

- Sustainable sourcing

- Design for end-of-life

w

Energy Consumption

- Reduce lightship weight

- Reduce energy consumption
of heating, ventilating, and air
conditioning (HVAC) system

- Offer a surface that improves
hydrodynamic efficiency

Improve Operational

and Maintenance
Efficiency
- Higher cargo-handling capacity

- Reduced maintenance costs

Graphene-doped

anti-corrosion coating

Bio-based materials made
from sustainable resources
such as bacteria, waste
plants, or fast-growing and
non-food feedstock
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Big Data Analytics

Commercial Shipping
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| Design

Material
performance
Inspection and and inventory

maintanance

Condition
monitoring

£ — J -— ‘/ i~ / — ] X \
L maty tum s e e

Communication
and navigation

Meteorological and
oceanographic data

Data’s multiple connections between
different sources in the marine et
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Commercial Shipping
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Cognition
Robots will have cognitive capabilities in

terms of attention, dialogue, perception,
memory and decision making

Versatile

Swim, fly and climb functions will ¢
provide a multitude of resources ;ﬁ
to researchers and engineers both
onboard and onshore

Imitation
The re-creation of animal-human
actions, like soft arms inspired by
an octopus or articulations inspired
by human fingers, will provide a
full range of capabilities

Senses

Speaking, touching,
seeing, listening senses
will enhance robots’
capabilities

lAdaptabiIity

Ability to carry out specific

tasks autonomously, ability to
operate in subtropical and Arctic
areas, battery-powered, wireless
communication with other
networks: these features will be
of paramount importance for
the shipping industry over the
decades to come

QinetiQ

. Lloyd's
Register

w

UNIVERSITY OF

Southampton



Robotics

R Lloyd's Register

Energy

Compliance & Inspection  Drilll

Lioyd's Register / Energy / Energy Technolo

Unmanned Airc

How is LR supporting
Systems (UAS)?

LR has an active research progra
technology, design codes, policie;
We see UAS as part of the unmar
underwater and ground-based sy

There is no doubt that these tech
and Energy industry — and across
leverage the opportunities.

Guidance Notes
for

Inspection using
Unmanned Aircraft Systems

March 2016
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Commercial Shipping
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Blogs Projects Brasil Contact us

/orking together for a safer world

ation  Sectors

ur offices

st information

) to our Technology mailing list
Ive industry news, insight and
'h straight to your inbox.
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Sensors
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Hull Engine room

Low
Consumptio
n

g

Bridge

Cargo
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Communications
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Commercial Shipping
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» The frequency spectrum congestion

» Explore in higher frequency bands

GMDSS areas — A2, A3, Ad—P4¢— A3, A4 — P A1, A2, A3, Ad

Y

)

A

. ¥

——A3; A4 ——P

2015

Number of
Operational
Satellites in
GNSS

L% Lo

designated

oo

30 MHz

o0

3 kHz 30 kHz 300 kHz 3 MHz 300 MHz 3 GHz

Source: various
official owners /
operators

M crs
GLOSNASS

. BeiDou

M Galileo

M qzss

M russ

SHF Y EHF Y THF

30 GHz 300 GHz 3THz

(N ]
?

Frequency bands of electromagnetic radiation

2030
]

0—150
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Shipbuilding

- Higher level of automation

- Software integration

- Data visualisation

. Additive manufacturing O CHALLENGES O

Cognitive Integration Cost reduction
overloading and with legacy
ergonomics systems
7~ 7~
J

- Adaptive hull form and less/no

. 5\
ballast design O O
Protecting
ntellectual Production
property efficiency Quality control
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Propulsion and Powering
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Commercial Shipping
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Non ECAs - focus on
proven technology

w

Future and Existing
ECAs - focus on novel
technology

Marine fuels and
non-renewable
energy sources

Use of distillates (MGO)
and low-sulphur heavy
fuel oil

Start of adoption of
LNG as a marine fuel

LNG, methanol,
Bio-diesel

Fuel cells (with
hydrogen or methanol)
Muclear energy

Prime Movers
and auxiliary
systems

@ ronecas
@ wisting cas

2030 ECAs

Main engine re-rating
Advancedintelligent
engine tuning and
electronic control

Lloyds QinetiQ

Register

Diesel-electric and
hiybrid propulsion
Waste heat recovery
(Rankine Cycle)
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S m art S h I p Commercial Shipping

Electronics and
— technology

Wearable
technology

Crew

Surveyor

Crew
Offboard
robots

e QinetiQ  Southaripton

Register



Global Marine Technology Trends 2030
Commercial Shipping

Transformation effect: TechnoMax Ships 2030
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Transformational Effect: Supply Chain
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Setting the scene

Naval Operations in 20307 ==
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8 Technologies

Advanced Energy Big Data Human Computer
Materials Management Analytics Interaction

Advanced Autonomous Cyber and Human
Manufacturing Systems Electronic Warfare Augmentation
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Advanced Manufacturing
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Cyber and Electronic Warfare
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Human Computer Interaction

.....
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Naval

Human Augmentation
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Human Augmentation

Article Source: New Scientist Magazine (Online)

Robotic suit gives shipyard workers
super strength

Workers building the world's biggest ships could soon don robotic exoskeletonsto lug
around 100-kilogram hunks of metal as if they're nothing

By Hal Hodson
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Setting the Scene

of life on earth
Is aquatic

Vs

times as many offshora
structures by 2030

times more wind
turbines by 2030

[

of gold per parson
on the seabed

less than five percent of
Earth’s ocean explored

|
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o5/

-0

of atmospheric CO, s
absorbed by the ocean

revolution

for the globai popuiation
we In coastal reglons
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8 Transformational Technologies for Ocean Space

Big data Sensors and Sustainable Marine

analytics

communications energy biotechnology

generation

@ Advanced

Autonomous Carbon capture Deep
materials systems and storage ocean
mining

s QinetiQ  Southaripion

Register



Global Marine Technology Trends 2030
Ocean Space

Advanced Materials

Composite material
in platform structure

el : g Three new facets of fibre reinforced
tanks and barges W\ e, e TS polymeric composite materials:

+ Ultra strong materials (carbon
nanotubes and graphene)

* Smart materials with embedded
Sensors

+ Self-healing materials

These new smart and extremely
lightweight materials will enable

Composite isers | | « Higher level of durability

| * Reduced downtime for maintenance
* Lower operational costs

* Increased levels of robustness

* More reliable operations.

T
Smart, self-healing composite pipes |
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Autonomous Systems

Satellite A g

LR
—h
communications i

for remote

Mass deployment of marine
autonomous systems

Unmanned aerial
vehicles (UAVs)

operations

Commercial drivers:

» Coastguard

* Research organisations

* Weather and climate bureaus

Remote deployment of

Bio-inspired at.nono;tnous autonomous systems « QOcean Space |ndustr|es SUCh as
marine systems . . .
deep ocean mining, oil & gas and
pharmaceutical companies

Technical enablers:

* Cheaper long endurance marine
robotic

* Powerful sensing, communications
and navigation systems.

* Improved reliability and robustness
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Autonomous Systems

Article Source: BBC News (Online)

Starfish-killing robot close to trials on
Great Barrier Reef

By Tom Espiner
Technology reporter

(© 2 September 2015 Technology

| AN

VRN

Crown-ofthorns starfish have been described as a significant threat to the Great Barrier Reef . . UNIVERSITY OF
2 Lioyd's QinetiQ Southampton
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Sensors and Communications

e
| Onshore control station

Onboard control

station

Structural
heaith

o — pa—
Temperature
Salinity

COz sensors

¥ Environmental and

chemical sensors

Sea state
Weather
{Iessel motions
Structural response
Monitoring stresses

Acoustic signals

Global Marine Technology Trends 2030

There is a need for obtaining detailed
information from a wide range of
sources throughout the Ocean Space

This may be achieved thanks to

Miniaturisation of sensors at a
reduced cost

Accessible commercial satellite
networks with high uplink capacity

Positive outcomes include

Lifecycle monitoring of offshore
structures

Process efficiency optimisation
Robust safety rules enforcement

Better understanding of the marine
environment
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Ocean Space

Carbon Capture and Storage

Coal- or gas-fired power station Fuel mining
with CO: capture plant (oil or gas
fields)

Aims to reduce the CO, emission to
the atmosphere and the ocean
environment.

1 The sunrays pass
through the atmosphere
and warm the Earth

Industry benefits

2 Most of the infrared
radiation emanating from the
Earth escapes back into space,
thus cooling the planet

» Sustainable geological oil and gas
sites (natural)

» Use of existing oil and gas
infrastructure (man-made)

3 However, some
of this infrared
radiation is
trapped by the
atmospheric
gases, especially
CO;, and this
reduces the
cooling effect

Societal benefits

CO: injection

* New industry and jobs

» Continued access to cheap energy
sources promoting economic growth

* Improved air quality and reduced
pollution in densely populated areas

CO:; transport
pipeline

4 Higher quantities of atmospheric COz

increase the amount of heat retained Depleted oil

and thus cause the atmosphere and or gas fields

Earth’s surface to heat up

CO; storage
sites

we  QinetiQ  Southamipton
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Ocean Space

Sustainable Energy Generation

Hydrogen Production: Electrolysi The offshore floating platform housing

(electricity from marine renewable . .
Wind energy Solar energy energy) a)r/\d photocatalysis (using energy'generatlon plantS, prOCGSSlng
R gukke plants and storage plants, as well as
Wi Tidal energy living accommodation and docks for
energy e v H
Tkl — ships.
— A

Provide cleaner power
Solar @

energy

» Utilise solar, wind, wave and tidal
energy

Cargo terminal for

transportation of liquefied

hydrogen (H,) Enabled by

* Abundance of raw material

Tidal

energy

» Existence of floating marine devices

L

Positive outcomes include

» Potential to create new supply chain
industry and distribution industry

Wave

energy

* Contribution to reduction of the fossil
fuel consumption
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Ocean Space

Marine Biotechnology

Potential benefits that algae
< Wastewater offshore stations will bring to
" society:

Wind energy Wave energy Cities Onshore agriculture
Fresh, clean
water

* New drug development

* Fuel security

» Goods and services from the ocean
» Resources

* Food and fresh water

Key enablers:

Biofuel

» Adaptability of facility to produce
different products

» Technologies proven at pilot scale
» Existing market chain

Fertiliser

Offshore algae station Fish farm
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Register



Ocean Space Transformed

Global Marine Technology Trends 2030

Humanity will need to adapt to

« Climate change, sea level rise, increased risk of
extreme weather events

» Growing population in coastal regions

* Reduced capability to provide enough food,
energy, and resources on-shore

Challenges at this scale will require:
» Adoption of emerging marine technologies
» Understanding and exploiting their linkage

 Integrating them with legislative and management
structures

Three key missions bind humanity to the ocean
space:

» Protecting the People
» Protecting the Environment

* Providing for the People
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Protecting the people

Early Warning System Situation Planning
006 | m

Offshore Structure Condition Search and Rescue
Climate/Weather Protection

0: Y

®:.L: ©>@ s [ TS
|

Selsmology and Geology . ' . ‘ ‘ I . . . .

n =
@ L ®
. . . . Coastal Infrastructure

o0 0000
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Protecting the environment

Responsible use of the Ocean Space Pollution Control and Mitigation Ocean Climate Condition Monitoring

006 L 0066
O

Bathymetry
{ 2

Exploration and Discovery |

Marine Environment o B
Techinology Condition Monitoring
impact s

@ L 0000

&

Madium

High
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Providing for the people

Global Marine Technology Trends 2030
Ocean Space

oIl and Gas

& &sL@

Lloyd's
Register

Medicine and Cosmetics

.. e .

Materials
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