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Method: wisdom of the crowd o

Malcolm Gladwell. . . . The Wisdom of Crowds ranges far and wide.”
—The Boston Globe

JAMES
SUROWIECKI

Paradoxically, the best
way for a group to be
smart is for each person
in it to think and act as
independently as possible
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Innovation forecast prompting

“please estimate how many years from now, that accomplishing
[task A] with/by [technology B] will become...”

e ...an accepted practice.
e ..commercially available.
e _.aviable alternative.




Respondents’ estimations and opinions

3 1 2

It's already When it will happen Never going
here to happen
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Technology diffusion curve g

Moment of "accepted practice” =
n=1

Innovation forecasting:
time to
commercial availability

Adoption by market

Valley of Time

Death *****

Early Early Late Laggards

‘ l

Innovators



O ©

325+

LR SIS

PERISCOPE
entrepreneurial discovery

U (



ous bird abaterment

s O 10 e

+ o Sl

Ao fanw 10

2 sutonomaous wind

s warad futtres

WO T e 10

e wesuled gy mer ot

e conmbonily than

rone charging

an af mutisen drones
HErrae A ST e it

Ve vqom € ol st Com L Dilobos <ony

"
oement cantx 30 penting
Nt Dlades oo sne on jack 4

1 10 205 OF wired pork

orval

W e T s

Undorwator data lasors

Solar-powered charging
vessel

A necovock of aLscoDemons molne

eravmencd vwaera e cout et rendle =m

Wave powered Lsus
waming

s W v wy Tonmwow vy O

WO W T gy 4

tet allow for momm fraq

NGNS, 5 ok \Crar 3

OF roonvsol Boneyy repace

L = m

Pl s sy 1 ure

opeTabors

Laching robats

Lashing and de-lasking
s o PR Tt AR

PRRRT REON TR PUE Ry PN

Woler couid oot

ty
4P y” throuh the wabter

o turbine
ntx

e it Trtine

it of

i Cr-ste 30 preting
AT of speeee,
v AECinncy

ter laser pipe

e of wilates

Baal alid. o2t =i%2. 0.1

Fully wlectric fah farm

et Fanrrrs, Mo otond Tow wml B s

Could O
wnergyy, and

Mly Clocine Ly

" rg e

Urplus powes to
WS TR TNk

chowae the slec
WL CoE 10 Thes T

2o el

Offshore container terminal

) wives. of

A Zhipen will
W ot N i, IO

ovide

v turrrumals woldd g

rpanees for Lnliriend ceeranh aned
Newibality for <nips
I & »

Smart weather buoys

e Wi buoyy cotl v

v L

Contamer stacking ¢

Houvy BNy v mm ol

O e s oot Of g

abis bo reducs crane mav
e e

ks et
Cheapes

Rocharging at winad

Ao wAnt 1

e T ~howiye

CQUIPDOEE Vel that s
WIOTAIn thewm reclioacing ¢
B T L T

Drones de-icing win

turbines

W Lurte
o U

v budd-up o
sty Claxtresly

mn
=xioning

vearn_ 150 ol anc aas

rowindpe base of bast
of rindex would lead 1o
WU AT

g hulks e tere-
Aapeasan ARG IMpeecian
PESCRERTEIE PR L

ULy arid Al

P Inzpection

CyLlarly undcrgonng
w Ll wAE Y

Turbine blade cleaning
drones

A O efOrn This. aevvic e

I TR A Corite

Offxhore logistics huby

Co-loouling o corbanss b ol un
Cahors warkt LnTgy ek would e
Al 1O Lise ecnar adecericity 10

Wenobeate water for bydrogon foe

TN oy v

i e ® =

Cliatene plalionrmn o undorwalor

PTRIRT VAT Pl M P T pee——tT ™

Autonomous service

Ars ulon

InCTense o

ey

Digital vesxsael twinmn

A scivered Lal Ly
LUl W Oan b o b
Planinest cpecifeatons wi

vt P slubecs for oo

e ryascul

Offahore malintenan:
drones

Ol abrore padionrs ey
AL R O SN




Maritime & offshore
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Road to Shipyard 4.0:

The state of play, a brief history of maritime developments,
and a future roadmap

Shipyard 4.0

An innovation and policy roadmap for digitalising shipyard operations
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RADAR THEMES o

* Circularity

Autonomous systems

* Maritime « Construction

* Ports * Decomissioning

* Shipyards » Digitalization

e Offshore wind e Drones and robotics
* Other infrastructure .

Maintenance and repair
 Multi-use platforms

" * Ocean energy
IlltE"cs T . ]
North Sea Region [EEESEEN e Policy, standards, and regulations
European Regional Development Fund  EUROPEAN UNION * Process optimization
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INTERNATIONAL MRV: CENTRALIZED
DATA REPOSITORY FOR FLEET

Maritime transport emits around 940 million tonnes of CO2 annually and is responsible for about
2.5% of global greenhouse gas (GHG) emissions. Establishing a central data warehouse would
require a standardization of the digital data file formats that national regulatory bodies can agree
to. In turn, this can inform efforts to develop maritime carbon and emission trading schemes.

Avg+1std dev. % already here | % never happen

2026 2025 July/2027 Dec/2031 8% 13%

A central data repository is
established to monitor global ship

performance data

NOVEMBER,
2020

2020 2025 2030 2035 2040 2045 2050
Time to commercial availability prediction distribution



COMPOSITE BULK CARRIER HULL

Fires and explosions are the third largest cause of vessel casualties and have resulted in 112 large
vessel losses during the past decade. A single loss could see damages in excess of S1bn. Although
steel does not burn, it is a good conductor of heat and therefore spreads fire to adjacent
compartments. Composite materials are of low density, low weight, high strength, are non-heat
conductive, and highly resistant to corrosion and fire...

2030 2030/2035 Jan/2032 Feb/2039 0% 0%
A large bulk carrier is built with a fire- “ —
proof composite hull
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution



r 3D PRINTING TURBINE BLADES

Between 2020 and 2030, it has been forecasted that approximately 4,091 offshore turbines will
be installed throughout all of Europe. [1] Counting the modern standard design of 3 blades each,
we can anticipate that 12,273 turbine blades are needed. Transport of blades can amount to 20%

of development costs...

2031 2035 Jan/2033 Mar/2041 0% 10%
Turbine blades are 3D
printed offshore at the sites
of wind park development
projects
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution l
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RENEWABLE METHANOL TO POWER
OCEAN GOING VESSELS

Ambitions for zero emission maritime operations by 2030 require new power sources. Renewable
methanol is produced from an electrolysis process, powered from a renewable energy source.

The process combines hydrogen with CO2 captured from the air or the emissions from an
industry, making it carbon neutral.[1]...

Avg+1std dev. % already here | % never happen
2031 2030 Jun/2033 Mar/2039 0% 0%
Renewable methanol is used as S = -
a fuel for powering long-distance “
ocean-going vessels
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution



MICROGRIDS AT LARGE PORTS

Ports are the sites of major pollution, where large vessels continue to run their engines even
while at berth, and heavy-lifting work is being performed by diesel-powered cranes. As the
maritime industry explores ways to decarbonize, microgrids that at ports can play a
supplementary role to existing electric grids with an enhanced energy storage systems...

2030 2030 (2040) Jul/2032 Aug/2038 0% 0%
Microgrids are retrofitted into
large ports
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution
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CONTRACTS THAT INCENTIVIZE
MINIMUM TIME AT PORT

When at port, ships keep their auxiliary engines running for electricity, resulting in unnecessary emission
of pollutants and over $18bn in fuel waste.[1] Estimates suggest that an eight-hour stay at port can emit
2.5 tonnes of pollutants.[2] Waiting time at ports increases when ships fail to arrive on schedule, causing
systemic delays for other inbound vessels, trucks, and trains.[1] While penalties exist for late arrivals,
there is little incentive for the port to process cargo faster...

2025 2025 Apr/2026 Apr/2029 0% 0%
Contracts between ports
and shipping companies are o o
designed to minimize time : I 0
at port
, 1 1 1 1 | J
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution



CARGO HYPERLOOP

e Hyperloop proposes using magnetized tracks to move goods friction-free through a vacuum-
e sealed tunnel. The speeds in these systems are aiming to reach 1,000 kilometers per hour.[1,2,3]
) ., hyperloop runs on electricity, and when powered by renewable energy, will contribute to
= £ #R \ advancing the decarbonization of transport...
2040 2050 Jul/2039 Aug/2048 0% 4%

An underwater hyperloop is used to
transport cargo

2020 2025 2030 2035 2040 2045 2050
Time to commercial availability prediction distribution

ANYAY
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OFFSHORE WIND KITE FARMS

At higher altitudes, the wind blows stronger and more consistently. Whereas windmills have
yet to exceed 200m in height, wind kites are reaching 800m in the air. To produce energy
from wind kites, the rope is connected to a generator on the ground or surface of the water.
The kite then deflates as a motor reels in the kite closer and the process is repeated...

““ Avg+1std dev. % already here % never happen

2035 2035 Mar/2035 Dec/2042 3% 14%

Offshore wind kite farms
become a viable alternative
to offshore windmills

1 1 1 1 1 ]
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution




AUTONOMOUS CONTAINERS

In 2019, the containerized shipping industry will have transported over 800 million
TEU, generating earnings in excess of $25bn.[1] These containers arrive in ports on
container ships, where they face an immediate bottleneck as they are unloaded...

2033 2030 Aug/2034 Mar/2043 5% 32%

Containers navigate autonomously
from the sea to their final
destination

2020 2025 2030 2035 2040 2045 2050
Time to commercial availability prediction distribution



CONTRACTS THAT INCENTIVIZE
MINIMUM TIME AT PORT

When at port, ships keep their auxiliary engines running for electricity, resulting in unnecessary emission
of pollutants and over $18bn in fuel waste.[1] Estimates suggest that an eight-hour stay at port can emit
2.5 tonnes of pollutants.[2] Waiting time at ports increases when ships fail to arrive on schedule, causing
systemic delays for other inbound vessels, trucks, and trains.[1] While penalties exist for late arrivals,
there is little incentive for the port to process cargo faster...

2025 2025 Apr/2026 Apr/2029 0% 0%
Contracts between ports
and shipping companies are o o
designed to minimize time : I 0
at port
, 1 1 1 1 | J
2020 2025 2030 2035 2040 2045 2050

Time to commercial availability prediction distribution



How many years from now, will we have a commercial
vessel sailing on a molten salt thorium reactor??

DECEMBER,
2021 Go to www.menti.com and use the code 7755 2534 :l' I‘



A FEW WORDS OF CAUTION

Forecasts are not the end, but a beginning

. Just becasue many believe it to be true, it does not make it so
Innovators and organizations need to preserve optionality
Innovations do not happen by themselves
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Go to www.mentl.com and use the code 1119 2467

When will it become accepted practice that wind turbine
blades will be 3D printed offshore, at the sites of wind park

development projects?

2022

Go to www.mentl.com and use the code 1119 2467

\When will retrofitting kits for terminal tractors be
commercially available?

2022

Go to www.mentl.com and use the code 1119 2467

When will 3D printing be automated - including material
supply, removing products, and quality control?

2022
25 years from now
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