Digital Ships Project .. .

SupportingBusiness Finland tBrive Faster Export
Success By Improving Insight On Trends

- FROST ¢ SULLIVAN

s

< L NI
(S




Contents

5.0 Profile of Shortlisted Countries

6.0 Country Benchmarking
Singapore
Norway

Germany
USA
Finland
Holland
Japan

FROST ¢& SULLIVAN




T o
7 - - "

'l. 2 (i
/]‘Za;—

FINLAND MARKET OPPORTUNITIES St "

1.0 RIORITIZATION

FROST €& SULLIVAN



Prioritized Countries I —

o g§
Countries across the world have made efforts to modernize their shipping infrastructure. Pubh#hvate partnersﬁl
has been a prevalent model to accelerate marine digitalization. q

Inclination Degree of Focus
County  Towards Rap s Readiness Level O EMeTOing
Spending P Applications
Final Score
Low -1 <1000 - 1 Low -1 TRL1,2,34-1 Low -1
Ranking Medium - 2 1001-5000 - 2 Medium - 2 TRL5,6,7,8-2 Medium - 2
High - 3 >5000 - 3 High - 3 TRL8,9-3 High - 3
Weightage 10% 10% 40% 30% 10%

o 3 3 2 2 3 2.3
L= 2 3 2 2 3 2.2
p— 2 2 2 2 2 2
= 3 1 2 2 3 2.1
3 1 2 2 3 2.1
— 1 1 2 1 2 1.5
.l_ 2 1 2 2 2 1.9
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Technology AttractivenesMapping

Al, Bid Data and Blockchain are the technologies with the highest traction globally.
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Country Attractiveness Mapping f

While Al projects are matured with high attractiveness, blockchain based use cases are still in t
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Key Competency by Countries (1/2)

Maritime Industries across the Countries reviewed are AcceleratimgAdoption of Te‘nologles%‘uch"‘
asAtrtificial Intelligence, Big Data and Blockchain achieve Higher Efficiency and PerfOrmancera‘y,. %

A

Singapore

Ly

United States

Japan

FENLAND MARKET oppoR RERTIES
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A Singapore is one of the major tech hubs in Asia Pacific and is one of thelggmtgakin terms of maritime connectivity.
Convenient connectivityg stableand encouraging political regulatory environment coupled with the fact that the country
oneof the major tecthubsin the AsiaPacific makes Singapore one of the better positioned countries to be a leader in
marine digitization.

A The MaritimePort Authority of Singapore(MPA) has launched muliipiéativesand has fostered partnerships and
collaborations among national and international partners in the areas dil@ddkchairand UAVs among others

S

A Big data explosion and increasing number of connected devices is driving the digitizatietuSshipping sectorA
Governmenpush for research in technologies like Al and Cognitive secustgriicalfactor driving the automatioof
shipping operations.

ALYAGAIGADPSEa o6& GKS 5SLINIYSYyld 2F 5STFSyasS (2 es@dsynthe
US naval sector is enabling successful integration of emerging technologies shippiSg.

A Japarshowshigh interest in developing novel marine applications by leveraging technologies ssehsassAl and
robotics. From 2025, Japan is planning to commercialize unmanned vessels on adalger

A With largecorporations involved in multiple aspects of R&D, there are more opportunities to explore frontier sciences
researchers within these weflinded organizations.

A Asignificant number of companies conduct R&D in domainsawa totheir existing business. Fujitsu, Yamaha and NTT
a few of the traditional manufacturers venturing intee digitalship domain in order to extend their product portfolios.

or

are
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Key Competency by Countrie®/2)

AutonomousShips are Gaining Traction and Countries are Making Efforts to De&gﬂnd bevé&@p
Autonomous Vessels as they Improve and bring New Business Opportunities > s ”(S’i’> N )2

—

A Norwayis forefrontin the adoption and implementation of netgchnologiesNorwegianmaritime industry
stakeholders areisingtechnologies such as Al, blockchdiig, datg AR/VR and cloud computing for use cagaash

A ‘ as eliminatingpaperwork, smart contracts, optimize roupdanning, vessel management and predictive

L] ' maintenance

A Norwayis leading irthe development of autonomous shipg launchingseveral test sites, a forufNorwegian
Norway Forum for Autonomouships) anq vari,ous project§ ipvplyed in resea}rch gnd developmer)t of autonomous vessegls.

b2NBIl eQa AYUSNBau AYy RS@OSt2LISyu 2F lFdzizy2Y2dza akKALJ
opportunities for shipbuilders, equipment supplier, and shipners.

A Holland has been a stronghold of the marine industry with the presence of The Port of Rotterdam, which is the

1”4

a largest port in Europe and has established a global foothold for tegéisgeldrom all over theworld. Strategic
4 alliances have played an important part in developing novel technologies for formulating digital ship concept.
Forming an alliance enables all stakeholders within the supply chain of marine market to collaborate under a $ingle
Holland platform.
A Theincrease in the development activitiestire systemsegment indicates companies are increasingly involved ir
R&D activities, indicating the potential of integrating emerging technologies such as sensors, blockchain, Al and
automation into marine products
A The Maritimeindustry in Germany is major contributor to the economy as it drives competitiveness and helps
e safeguard growth and development. The maritime industry in Germany is undergapig)transformation due to
digitalization in the areas of development, production and port services to achieve greater efficiency. Technolpgies
Germany such as 5G, big data, Al and blockchain are gaining traction due to their ability to improve both off and onshore

operations and performance
A BAIAGATIOAZ2Y A& (1Se F20dza 2 T théiAedralbabiheNBobeknnént initidtiSes & H

funding efforts are providing targeted support for research and development of innovative real time technologles

bringing safety and security.
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develop and test globally competitive green technologies

r
a Inthe wake of the recent decision by the IMO to reduce CO2 emissions from shipping by 50% by 2050, we ne
implement ways for the industry tecarbonizejuickly.Optimizingoperations of existing vessels is the fastest way tc
do this in the short term é
S

Pekka Pakkanen, Director @ievelopmentNAPA Shipping Solution

Sustainable Shipping el e |
1

A Finland has been one of the leading countries when it comes to framing and implementing environment protection initiaises. ‘Il'
initiatives have been spearheaded by private and public stakeholders and a notable amount of funding and efforts hawetiedn di
towards green shipping initiatives in the country. !

|
1
A INTENS, a Finnish reseaintustry collaborative consortium hasmmitted overe 13 million in the next thregearstowards |
energyefficiency improvement and emissions reduction of ship energy systdinsleyer Turku, a Finnish shipbuilding |
company has achieved a reduction 30% of yearly shipping CO2 emissions under this initiative. [2] :

1

A In August 2018, Finland along with Russia highlighted the need of the move to cleaner ship fuels in the Arcticlocean. [:%
International Maritimeh NH I y A {IMQjpkopogaita ban HF(Heavy Fuel Qil) was also-smonsored by Finland. [4]

1
|
1
A Many such examples have highlighted Finland's focus on clean shipping initiatives. Being a leader in sustainable siatpgag ini |
Finnish companies are also gaining experience and expertise in developing energy efficient shipping technologies. !

:

1

|

A The push from regulatory authorities in the country has also resulted in tangible research and commercial implementations.

A A Finnish cruise ship, Viking Grace, which entered in service in 2013 is one of the most energy efficient ships inréggoBaltic
and is fueled entirely by Liquefied Natural Gas (LNG). [5]

A In 2017, FinFerries unveiled a battery powered fespgrating between Parainen ardauvo. [6]

/édl;umnMARKETOPPom‘unmss FROST CJ“ SULLI VAN
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Finland is the leader in the design and building of icebreakers. While Finland can r%p bé&nefiis: od;t

the icebreakers in the near future, the country also has an opportunity to host increased traffle-m th
Arctic with melting ice caps B

%oing into the Arctic requires something extraordinary. It is a balancing act, where risks should be managed in
cooperation betweestakeholders.

Henrik O. MadsenGroup Chief Executive, DNCI:(/
Arctic Shipping ek e e I

A Finland is uniquely positioned, geographically, to design, develop and deploy technologies for ships specialized fos ivyimate ;
navigation expertise and skill has evolved in Finnish sailors and shipping companies by experience as Finland is thiyonly cou|

|

|

|

! globally where at times, all the ports can be blocked by ice in the water. [7] ,

1 |

: A More than 50% of the icebreakers in the world are built in Finland and the demand for new icebreakers is only increasing,
I firstly due to the aging of old icebreakers and also due to the increase in cargo volumes flowing through arctic routels coup
: with the pressure of keeping arctic shipping routes open throughout the year. [8] Countries such as Canada, United States
; China and Germany have planned to expand their fleet of icebreakers in the future. [9] |

1 |

; A Moreover, due to global warming the ice cap in Arctic ocean is melting and arctic waters are becoming easier to plougH.

I Increased shipping activity in the region would result in opportunity for Finland.
:
|
|
1
|
|
|
|
|

A While in short term Finland can benefit from icebreaker business, it can also look forward to developing infrastructumaigdtagn
volumes of cargo on its ports. It is predicted that by +o&htury common opesnwater ships will be able to cross the arctic ithgr
summer without the need of icbreakers .
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aFinferrieswants to actively take part in ventures where cuttdge technology is utilised to increase the safety of
maritime operations. We believe this cooperation will benefit both our customers and the environment as the foc
on increasing reliability of marinteaffic é

Mats Rosin, CE@inferries

Edge in Digitization —  Jeielie ettt s |

A Finland has been focusing on design and development of Autonomous ships. Finnish and international companies involved |n' thi
projects related to design and development of Autonomous ships and related technologies have made Finland their basnmeJper
for testing and development.

A Underthe project SVAN (Safer Vessel with Autonomous Navigatioty 2y 340 SNH YR CAYTFTSNNAXS
autonomous ferry.

A VTT is also working with Kongsberg on a concept for command and control center for cargo ships.

R el S

ACAytlyRQa LIXIY 2F AYLINILGAYy3I 'L SRdzOF A2y (2 AG& Ordhaviesy
skilled workforce to accelerate Al adoption among all sectors of its economy, including shipping.

A Finland and especially the Greater Helsinki area is home to many companies in marine digitization. These companies itsilade: W.

ABB, Cargotech and Konecranes.

A Finnish ports have also made an effort to be early adopters of 5G technologies and set up infrastructure for more connected

1
1
I
1
I
1
1
1
1
1
1
1
1
1
1
I
1
I
1
1
1
1
1
1
1
I operations of the ports.
I
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Marine Digitization- Strategic Imperatives (1/2) & alaEn
TheMarine Ecosystem is set to experience to technology shift from Automated to Autenomo u(sas less

/thi;JLAND MARKET OPPORTUNITIES

\

-
e 5

- -

2 i

=

Replacingautomated deviceswith autonomousdevicesis set to transform the
field of marine systems Unlikea conventionalautomateddevice,an autonomous
deviceleveragesseltlearningcapabilitiesthrough data storagecontrol systems

Autonomousdevicescarryingout long deep-seaoperationsfor months without
humanintervention are setto becomea keytrend.

In the future, underwater stationary power stationscan be replacedby a mobile
elevationstation (whichcanascend/descendn water asper requirements)which
can transfer power to the robots without cables through electromagnetic
induction

FROST & SULLIVAN




Marine Digitization- Strategic Imperative$2/2)

Emergenceof loUT will enable mjitization in the maritime industry

FENLAND MARKET oPP

ORTUNITIES o 1

S Al

Unliketraditional docking stations, the function of stations will not be
limited to charging batteries; they will carry out reprogramming and
complete maintenance of the robots.

Additional measures to mitigate buoyancy drift of Unmanned
underwatervehiclesUUVswill be takenin orderto allowthe vehiclesto
carry out long deep seamissions For example,UUVscan be integrated
with a variablebuoyancycontrol system

Advancementsin Internet-of-Things (IoT) and underwater marine
technologiesaswell asInternet of UnderwaterThings(loUT),definedas
a network of interconnectedsmart underwater objects, have enableda
wide range of applications including environmental monitoring,
underwater observations, disaster warning systems, and military
applications

FROST & SULLIVAN
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Context

Business Finland aspires to
AOGNBY3IOKSY Chaydnl
exporter of products, solutions and
services for a range of sectors and
segments.

Modern ships are noted to be
highly automated and are
increasinglydependanton
software-based control systems. A
significant shift is expected in the
way in which the maritime industry
manages information.

In this regard, Business Finland has
sought assistance from Frost &
Sullivan in gathering market
AyaSttAaSy O Digay
shipQ &

Digital ships refers to the
application of digital technologies
to the shipping industry.

F R

Project Context, Objectives and Approach

eci £e1x
I

Approach

%#

A To conduct research on the The objectives were achieved in

topic of Digital Ships, to
gather specific intelligence
on

A

A

Technology
development

A Technology adoption, A

and

Benchmarkingpf
countries

L

SULLIVAN

5
N\

OST ¢

3 steps,

Stepl ¢ Tech Scouting
which involves selecting and
shortlisting countries based
on preliminary analysis

Step2 ¢ Country
Benchmarkingwhich
involves benchmarking
Finland versus other
countries based on
technology development,
adoption status, stakeholder
ecosystem, amongst others

Step3 ¢ Prioritization based
on mapping country
attractiveness to understand
which countries are
competent in marine
digitization visa-vis Finland

18
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Singapore Profile

Singapore is emerging as a hub of maritime technology innovation owing to a strong tech ecosﬂtgm :
and a mature shipping industry - :

Fleet Value
(in million dollars (US$))CY 2017 A
Fleet Size
CY 2017 2599
______________________________________________________________ A
Spending on Research & Development 77
(in million dollars (US$))CY 2017
P 224 4
CY 20162018
Technology Adoption Status Medium A
Technology Readiness Levé¥arine 5
Digitization
\ J

2.1

39,193 Key Takeaways

Singapore is one of the most prominent
hubs of global maritime trade and
maritime contributes around 7% to the
O2dzy U NB Q§29]S 02y 2Ye

Singapore has hosted multiple pilot
projects from leading companies such as
IBM, Maersk and Airbus into a range of
emerging technologies.

A mature tech industry and a conducive
business environment has helped the
country gain an early edge in adoption of
technologies.

Singapore is faced with skill shortages
and has taken initiatives to tackle the
Issue so as to keep the momentum of the
industry going.

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future



Norway Profile

Norway has a full Maritime Cluster including Ship Building

2.1

Fleet Value 58 445 Key Takeaways

(in million dollars (US$))CY 2017 ’ A Norway is one of a few countries with a
___________________________ complote maritime cluster consisting of

Fleet Size 1842 international shipping companies,

CY 2017 AKALRI NR&AX h9aQaz
eeeuteRueeReRuseRseER e AR R LR E AR AR SR AR SRS E SRR AL AR AR AR AR £ AR R AR AR 4R AR AR E SRR AR AR AR R AR emp|0y|ng ~90k people[l]

Spending on Research & Development 56,5 A Norway has become a popular

(in million dollars (US$))CY 2017 : - destination for development and

implementation of various advanced

________________________________________________________________________________________________________________________________________________________________________________________________ e malosies i & Shove AErEeE

IP 120 technology readiness level.

CY 20162018 A Formation of various consortiums and
________________________________________________________________________________________________________________________________________________________________________________________________ initiatives by government and other local

Technology Adoption Status Medium bodies have accelerated the rate of
................................................................................................................................................................................................ technology adoption in the Norwegian

Technology Readiness Levé¥arine 5 Maritime industry

Digitization
N J

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future



Germany Profile ;

&

=5

>

Maritime Industry in Germany is highly Competitive due to its strong interest in Research and
Innovation

3.1

F_Ieet_\/_alue 38 142 Key Takeaways

(in million dollars (US$))CY 2017 A Maritime industry is one of the key
___________________________ sectors for the German economy with an

Fleet Size 3090 annual turnover of up t@50 billion and

CY 2017 providing employment for 400,000
\ .............................................................. people directly Or indirectly. [1]

Spending on Research & Development i A R&Dandinnovation initiatives by

(in million dollars (USS$))CY 2017 : government and maritime companies in

Germany has strengthened the industry.
A DSNXIyeQa || YodzZNH a
1407 implemented many projects using
advanced technologies such as 5G, loT
and Big Data.
DSNXYIyeQa YINRGAYS
_ _ experiencing a transformation due to
Technology Readiness LeveVlarine 6 increased digitalization aiming to achieve
Digitization Maritime 4.0

................................................................................................................................................................................................

IP
CY 20162018

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future



USA Profile

US Navy is leading the front for adoption of emerging technologies in countries maritime arena==

USA

Fleet Value
(in million dollars (US$))CY 2017 96182
Fleet Size
CY 2017 2104
Spending on Research & Development NA
(in million dollars (US$))CY 2017 ;
5 746598
CY 20162018
Technology Adoption Status Medium
Technology Readiness Levé¥arine .
Digitization

- J

AUS continues to drive its maritime
developmentand procurementfor a variety
of applicationsincludingsecurity,consumer
experience, shipbuilding, operation and
maintenance, fleet management, supply
chainamongstothers.

AUS government and shipping companies
will  continue to invest emerging
technologiessuchasAl, Augmentedreality,
Cloudto maintain its technologicallead in
the market for both political and economic
purposes

ACyber security is expectedto be a major
developing trend for US Shipping
companies are seeking tailored security
solutions and expertise to address
advancedhreat.

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future



Finland Profile

Finland, leveraging its geographic location has emerged as a leader in designing icebreakers aﬂl
polar ships.

Fleet Value N/A A
(in million dollars (US$))CY 2017
Fleet Size
CY 2017 145
.............................................................. A
Spending on Research & Development NJA
(in million dollars (US$))CY 2017 :
................................................................................................................................................................................................ A
IP
CY 20162018 >09
Technology Adoption Status Medium
Technology Readiness Levé¥arine 3
Digitization
\ J

Finland has started investing the
digitalization of its maritime industry and
has made efforts to foster stronger
relations between public and private
players.

The geographic location of the country
has helped the country gain an edge in
designing and building icebreakers and
polar ships.

Finland has seen trails of autonomous
ships for passenger transport and has
established a test area to test further
innovations to accelerate the
commercialization of the technology.

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future



Holland Profile

Holland has been a pioneer in the global marine sector and with the impact of digital technolog|ﬁ the
country is ready to maintain its position #1 3

Holland Country Index Score

Fleet Value 19.970 KeyTakeaways

(in million dollars (US$)), CY 2017 ’ A Holland has been a strong historical
___________________________ R Geuing e el S

Fleet Size 1256 and marine sector contributes to the

CY 2017 attractiveness of Mainport Rotterdam
............................................................... Eacla]year’the port attracts more than 400

Spending on Research & Development o million tonnesin Cargoﬂ(.)w. | |

(in million dollars (US$)), CY 2017 A Hollandhas hosted multiple pilot projects

from leading companies such as IBM,

............................................................... L|be“|um and Samsunginto a range Of

IP 60 emergingtechnologies

CY 20162018 A TheDutchgovernmentsupportsextensive
e R&D focus on developing the marine

Technology Adoption Status Medium infrastructureswhichis drivingthe growth
............................................................... forl 2 f £ mafifeSsEtor

Technology Readiness Levé¥arine
Digitization

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future



Japan Profile

Japan has been a pioneer in the global marine sector and with the impact of digital technologieﬁhe ==
country is ready to maintain its position F

Fleet Value 27 898 KeyTakeaways
(in million dollars (US$)), CY 2017 A From 1960 Japanhasbeen strongin the
___________________________ SETTTe Sy [ EeeETne s
Fleet Size 3901 on autonomousships The Japanshipping
CY 2017 and marine sector contributes to the
............................................................... attraCtlveneSS Of adOptIOH Of emel’glng
Spending on Research & Development | 152.79 trﬁgl;i?lzlggées?;‘gmdeveloplng loT based
(in million dollars (US$)), CY 2017 ' . . :
A Japanhas hosted multiple pilot projects
............................................................... from Ieadlng CompanleSSUCh aS FUJltSU,
IP 2930 Yamahaand Microsoft into a range of
CY 20162018 emergingtechnologies
............................................................... A The Japanese government SUppOI‘tS
Technology Adoption Status Medium extensive R&D focus on developing
T innovative technologies that aids in
Technology Readiness Levé¥arine 6 buildingautonomousships

Digitization

FENLAND MARKET oppoR RERTIES FROST & SULLIVAN
Future
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Key Technologies Assessment € B S

Testing emerging technologies in  the form of pilot projects has given Singapore based companies an __. &
edge over their global competitors {my/4)

Blockchain
Blockchain has been tested and

UAV QR D implemented to enable reaime
Novel usages of UAVs are being % tracking of documents anchrgo.
explored into offshore and on
shore operations by maritime
companies to enable use cases
into expanded visibility and
maneuverability .

Al

Al has been used to leverage
vast amounts of data in order
to enable autonomy and
safety functions.

Snapshot of
Advanced
Technologies
in Ships

Cloud
Shipping Industry can rely on

cloud technologies to address

their concerns around Big Data
o 2
standardization and data :@"., Big Data practices are helping fleet owners monitor anc
transmission. “ v improve vessel performance and make sense of swath

of data collected from a web of deployed sensors.

FiNianD naker oprorETIES FROST & SULLIVAN
Future



Technology Development Status: Significance (1/3)

Blockchain based applications are still in the testing phase and might not be implemented
commercially in the short term while Al is currently being integrated into business appllcatlons

'YX X XeXe D

A Shipping companies in Singapore are looking at Blockchain to bring improvements in the documentation process
and the larger supply chain management infrastructure.

A Multiple pilot projects have been initiated and implemented to test the viability of blockchain based solutions for
addressing the existing challenges on the industry.

A Leading tech as well as shipping companies have formed collaborations to accelerate the commercialization ¢
blockchain technologies.

A Apart from private companies, the Government of Singapore has also shown interest in leveraging blockchain to
enable crosdorder trade.

1234
%K_J
TechnologyDevelopment

A Al has been adopted by a wide range of industries and has started making inroads in the shipping industry.

A Multiple government agencies and private companies have either started pilot projects or have integrated the
technology into their operations

AlvL Aa o0SAy3 dzaSR Ay O2yedzyOQUuAzy GAOGK Fylfeadadaoda LINY
which can collectively result in time/cost saving and safety enhancements.

A In addition to managing the operations tward ships, Al has also been touted to revamp port management and
operations where Al is helping ports analyze #téak data to predict congestion and identify risk hotspots.

1234

—h

Blockchain

J
~

H_J
System/ Subsystem Development )
123 4 ®@ OOOO0O
[ DenotesTechnology Readiness Level ] [ DenotesSignificance ]
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Technology Development Status: Significance (2/3)

Big Data & Cloud are being implemented in tandem with each other  to transform the data

f

management practices in the maritime industry

0000 h
A As the shipping business gets more digitized and competitive, fleet owners are in need for reliable and accur:
insights generated from redgime data.
A These insights make it possible for fleet owners to take informed decisions on voyage management, vessel
operations and manning, as well as chartering and thady risk assessment.
A The Singapore government has formed partnerships with private players and universities to accelerate the
development and commercialization of Big data and related technologies.
A Upwards of 12% fleet maritime businesses have currently adopted and deployed big data practices. [16]
1234
H_J
System/ Subsystem Development )
0000 h

A Shipping businesses are inherently global and rely heavily on communication between different parties globa
However, many shipping companies still maintain their data in silos across continents, leaving employees with
limited visibly into information across the company and across geographies.

A Having centralized databases can help shipping companies avoid problems related to outages, latency and ¢z
reduce time taken by IT teams on unproductive and repetitive tasks.

A Processes such as ship building and monitoring of ship performance-irmealuring voyage are being

ate

<

AN

/thi;JLAND MARKET OPPORTUNITIES

transformed using cloud based applications where multiple parties across the globe are accessing and working o
single program.
1 2 3 4 7 8 9
W_J
System Test, Launch & Operations )
123 4 ®@ OO OO
[ DenotesTechnology Readiness Level ] [ DenotesSignificance ]
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Technology Development Status: Significance (3/3)

; a;'
While the technology behind UAVs is already  mature, UAV related use cases in maritime mﬁstry hav_e_ S
to be tested and refined for their commercial deployment

o
o

'YX X XeXe D

A Multiple use cases centered on UAV applications at sea and at ports are emerging globally which compliment th
capabilities of a ship, making them more agile and help port officials reduce congestion on port.
A Major companies in avionics and shipping such as Airbus and Maersk have shown interest in adoption of drones
a part of their workflows.
A Singapore is one of the few countries leading the adoption of UAVs for marine use cases and has piloted multiple
projects using the technology.

1 2 3 4 /7 8 9
W_J
Technology Demonstration )
1234 _ NONONONO®
[ DenotesTechnology Readiness Level ] [ DenotesSignificance ]
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Blockchain Application Landscape and Case Studies (1&2)

Blockchain will enable companies to eliminate paperwork and reduce processing times

\
Digitization and Elimination of Paperwork

Shipping transactions involve significant amou
of documentation effort from multiple parties
which pass through a long chain of network.
Leveraging blockchain based Smart Contracts
large part of the paperwork can be eliminated
and contractual obligations can be automated t
reduce processing times.

Container Registry and Shipment Tracking

The shipping industry accounts for 60% of the
g2NI RQa GN}YRS IyR A&
tracking issues. [28] Up to 20% of all the
containers are unaccounted for. [27] A
blockchain based registry system could help
companies develop trading platform upon a
shared container inventory resulting in drastic
cost reductions.

Cargo Management

Many Marine accidents have emerged from
mishandled cargo and lack of precautions whil

G

0 Idiiplicktingyhad papey tiiaf of B Avjthlalbldckchahlledfkr

Pacific International Lines & IBM
I

Pacific International Lines (PIL), a Singapore based shipping
company has collaborated with IBM to improve documentatio
and supply chain processes using blockchain. The project ha
been supported byhe Maritimeand Port Authority of
Singapore.

The partnership aims at using blockchain to creste
electronichbill of landing (BL) instead of hard copies and

J

D

transporting sensitive goods. Blockchain enable

interfaces can be used to ensure accurate of the system. Under the proposed terms BlocBox will collect

Colmtmduglctatlton (I)If we{.ght _a”dIV't3| _fretlr?ht and store VDR data using blockchain for a test ship provided

related data to all parties involved in the . : :

shipping process. Zeaborn, who will be responsible for the data analysis. [2]
AN

BlocBox & Zeaborn

BlocBox and Zeaborn Ship Management have signed an Mol
to collaborate on a blockchain based project to ensure the
safety of ships at sea. Under the partnership BlocBox will bui
an immutable distributed ledger to solve the challenges of
retrieval of black box data. The company is testing a prototyp

(7]

d

D

by

G
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Blockchain Application Landscape and Case Studies (2£2).

D . -
. o

IBM is one of the pioneers of blockchain in maritime and is involved in multiple trials for the same -

IBM, PSA International & PIL IBM & Maersk

A blockchain trial was conducted by PIL & PSA International IBM and Maersk have teamed up to launch a blockchain based
f SOSNIF IAYy3I L. aQa of 201 OKI Ay ||LIelectiohie létdyer rinded Tradel@ris. Theylddgeriwliket& O
movement. The core objectives of the trial were to enable-real| | details of cargo shipments and track them in their journey and
time tracking, transparent capacity booking and permission can allow the involved supply chain parties to view the tracking
access control. and documentation information which is updated in real time.

S

After a successful trail of the system, PIL is planning to expan The platform has captured data for more than 160 million
the scope and include more participants from the supply chain | shipping events. PSA Singapore is using the system as a part of
network. [3] the pilot deployment. [4]
N AN J

CrimsonLogic, a Singapore basegbgernment service
provider has launched a blockchain platform focused on eros
border trade. The platform named GeTS Open Trade Blockchain
can allow multiple stakeholders in the supply chain to view and
transact traderelated documents in a distributed way to
improve supply chain efficiency and transparency. [5]

)
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Al Application Landscape and Case Studies (1/2) 2155

Adoption of Al will make it possible for ships to attain a greater level of autonomy and for sailorgg '» :

have a better understanding of their

vessels

Ship Safety

Human errors have been at responsible for
multiple marine accidents. Aiding operators in
controlling a vessel and ensuring safe operatio
is one of the areas where Al is being used. Al
algorithms are being employed in ships to dete
anomalies in actions of human operators and tp
enable remote diagnostics.

3

(=)

Autonomous Ships
Companies across the globe are working

towards enabling partial or total autonomous
functioning of ships. Ithe nearfuture, vessels
such as tugboats and small ferries will be
automated and gradually the technology will b
expanded to larger and more complex vessels

Simulation and Training

Al also finds applicability in training sailorghe
shippingindustry. Al can be applied for
facilitating realistic training scenarios during
simulator training sessions. Complex Al based
engines can be designed to replicate the
environments found at sea and can mimic
variables such as weather and ocean currents

J

Fujitsu, SMU & IHPC

Fujitsu, Singapore Management University and Institute of High

Performance Computing have collaborated to develop vessel
traffic management at the port of Singapore with the support
of the Maritime and Port Authority of Singapore (MPA).

The project aims to leverage Al and big data analytics to
improve congestion prediction and collision detection
techniques. [6]

G

Singapore Navy and Defence Science
and Technology Agency (DSTA)

DSTA uses Al in conducting predictive maintenance on navy
ships. The agency also leverages Al algorithms to keep a track
of maintenance logs and to suggest when ships need to be
serviced and repaired or to predict failures.

The Singapore Navy uses Al in their training facilities to prep:
sailors for operating warships. The training center facilitates f
range of training from operator component training to mission
based training, helping sailors gain operational readiness. [7]

J
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Al Application Landscape and Case Studies (2/2) e ml

a5 A
Besides enabling autonomy, Al based solutions will also be able to assist sailors in operating aﬁl_}, » = 3
navigating their ships

CMA CGM & Shone MPA & IBM

CMA CGM, the parent company to APL has collaborated with MPA and IBM have collaborated on a project named SAFER
Shone, to embed Al on board its ships. Under the collaboration] (Sensemaking Analytics For maritime Event Recognition),
Shone will extract onboard data and will analyze it to provide aimed at automating critical tasks and increasing their

crews with decision support on maritime safety and piloting. efficiency.

Shone also makes use of data from multiple sensors to increase
detection accuracy and to prevent collisions. [8]

The project is to be rolled out in multiple modules and pilot
has been completed for modules including automated
movement detection, infringement analytics and pilot boardin
detection. [9]

N AN J

(@]
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Big Data Application Landscape and Case Studies y =
ta which .

Infusion of sensors and connected systems will result in
can help in optimization of vessel operation

\
Predictive & Prescriptive Analytics

Data collected from multiple sensors can give
dzy AljdzS @GAaAiAoAftAle Ayl
data generated from a ship can help uncover
patterns in its operations which can be used to
predict failures and avoid thepre-emptively
Data analytics practices can help in maintainin
prediction and prioritization.

Regulatory Compliance

Ships involved in international business are
subject to a wide range of regulations and
disclosures. Big data practices can help
companies in managing historical as well as-re
time operational data which can be readily
furnished and utilized for accelerating the
process of record keeping and disclosures.

Enabling Sensor Technologies

The shippingndustry is adopting sensor
technologies rapidly and data collected from
these sensors is emerging to be the most
valuable type of data. Big data tools enable
businesses to make sense of the data that is
collected from theses sensors, helping decisio
makers spot signals from mountains of data

the generation of vast amounts of

(Y

Ascenz

Ascenz, a company based in Singapore provides solutions for

reaki A YS &KALI LISNF2NXIyOS |yR
Shipulse solution provides insights for better decision making,
fuel savings and optimized vessel performance. To enable th
the solution analyzes data related to fuel consumption,
bunkering activity, engine, hull and propeller performance.

The company has been acquired by France based GTT. [10]

J

-

made available.
J

G

Maritime and Port Authority of Singapore

The MPA has launched MPA Living Lab, an initiative to help

companies adopt technologies to improve business processes.

The labs are focused on driving innovations across multiple
technologies. A dedicated hub has been set up under the
initiative for technology partners to collaborate and-develop
data analytics applications such as jirstime vessel arrivals
or predictive analytics to forecast traffic conditions and
potential collision for the nexgeneration vessel traffic
management system. [11]
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Cloud Application Landscape and Case Studies

Centralized storage of operational data can help shipping industry in maintaining a globally
coordinated workflow and avoid issues related to standardization

\

Sourcing and Supplier Management

Shipping companies procure multiple items fro
a range of suppliers globally. To maximize
profitability and to remain compliant to
regulations, shipping companies can use clouc
based collaborative databases of prices and
regulations around products such as bunker fu

Data Management & Disaster Recovery

Cargo ships transport valuable goods across
turbulent waters and are often at the risk of
natural disasters. Cloud computing plays an
important role in helping companies secure da
in a central and secure offshore location. Such
data management practices can also help
shipping companies in maintaining real time
visibility over weather conditions globally.

Process Simplification

Due to the complexities involved in the
languages and computing standards across
countries, much of the process is carried out
manually andbn paper. Cloud technologies have
been now leveraged to develop solutions
designed for maritime and shipping industries
that can help companies maintain a central

=2

-

Hanseaticsoft

Hanseaticsoft, a maritime software provider expanded its Asi
presence, opening an office in Singapore. The company is
focusing on tapping the market in Singapore and helping
shipping companies understand the potential of cloud
GSOKy2t23ed ¢KS O2YLI yeQa a
centralized, processed and accessed in real time. More then
maritime companies in Singapore are already using

| FyaSriAOazFiQa az2tdzirAzyaos

J

system in spite of complexities. y

MPA & PSA Corporation

The Maritime and Port Authority of Singapore (MPA) has
signed an MoU with PSA corporation for promotion of additiv
manufacturing (AM). Under the MoU an AM rapid production
facility will be set up which will make use of specialized
maritime digital cloud supported by Blockchain technology fo
more secure file transfers. [13]

G
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UAVs Application Landscape and Case Studies

UAVs can help in reduction of congestion at ports by enabling ships to exchange goods and pa

without docking

\
Goods and Passenger Transport

Ships have to follow an extensively elaborate
procedure for docking at a port, technically as
well as in paper work. Drones can help ships
remain at sea and can exchange goods or
passengers with ports. This can especially be
useful for larger ships which cannot be docked
smaller ports.

Surveillance and Monitoring

Ships employ a range of sensorslwrard and
also leverage data available from a host of
external sources to remain updated about the
weather and other factors that might affect the
ships voyage. Ships can also leverage UAVS tc
extend their visibility into the ocean and can
deploy them as the eyes and ears.

Search & Rescue

Rescue effortin turbulentseas are often too
difficult to be carried out by ships and boats. In

contrast, aerial rescue can be fast and safe. UA

can be deployed as a part of rescue missions
minimize the danger to human life. Such UAVs
can be especially helpful tlefencevessels.

J

Sengers

Wilhelmsen's Ships Agency and Airbus

XY

Wilhelmsen's Ships Agency and Airbus piloted a project of
using UAVSs to deliver spare parts, documents, water test kits
and 3D printed consumables to vessels at anchorage. The pi
project was carried out with inputs from MPA and Civil Aviatig
Authority of Singapore. Under the pilot a command and
delivery center was set up at the pier and the deliveries were
carried out in a range of 3km from the shoreline. [14]
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The Maritime and Port Authority of Singapore

C

The Maritime and Port Authority of Singapore has announcec
plans to leverage UAVs to carry out ship inspections. Trials fa
such inspections have been carried out for inspection of ship

tanks and holds. These methods have been found to be safer
and cheaper as ships do not have to create staging inside the

cargo tanks and potential safety concerns arising from
employees having to climb tall staging can also be avoided. [

=
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Adoption Life Cycle

IBM and MPA have made noticeable strides in accelerating adoption of emerging technologlesﬁ
Singapore

Blockchain

O

Artificial Intelligence

Big Data

Cloud

UAVs
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