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What NYK/MTI is

NYK Corporate Profile

* NYK LINE (Nippon Yusen Kaisha)
* Head Office: Tokyo, Japan
* Founded: September 29, 1885

* Business Scope
* Liner (Container) Service
* Tramp and Specialized Carrier Services

* Tankers and Gas Carrier Services NYK Head Office in Tokyo
* Logistics Service

* Terminal and Harbor Transport Services

* Air Cargo Transport Service

*  Cruise Ship Service

* Offshore Service

 Employees: 35,711 (as of the end of March 2019)

* Revenues: S 21.8 billion (Fiscal 2018)
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What NYK/MTl is

NYK Fleet (as of the end of March 2019)

Container ships (including semi-

container ships and others)

63 vessels / 5,200,000 DWT

Bulk Carriers (Capesize)

105 vessels / 20,200,000 DWT

Bulk Carriers (Panamax &
Handysize)

252 vessels / 15,392,000 DWT
Wood-chip Carriers

44 vessels / 2,382,000 DWT

Cruise Ship

1 vessel / 7,000 DWT

710 vessels
67,341 KT (1,000 DWT)

Car Carriers

118 vessels / 2,200,000 DWT

Tankers

56 vessels / 19,050,000 DWT

LNG Carriers

29 vessels / 2,209,000 DWT

Others

42 vessels / 701,000 DWT

NYK GROUP

NIFPON YUSEN KAISHA
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What NYK/MTI is

MTI Company Profile

MTlis “Monohakobi ( = quality transport) Technology Institute”

e Established : April 1, 2004

* Equity capital : JPY 99 million

* Stockholder : NYK Line

* Number of employees : 76 (as of 1st September, 2019)

* Head office : 2-3-2 Marunouchi, Chiyoda-ku, Tokyo, 100-0005, Japan
* URL: www.monohakobi.com/en/ Technology Institute

Monohakobi

SINGAPORE BRANCH
* 1 Harbour
*  Front Place #13-01
* HarbourFront Tower One
* Singapore (098633)

YOKOHAMA LAB

* (Transportation Environment Lab)

* 5-32-84, Sugita, Isogo-ku, Yokohama,
Kanagawa, Japan
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NYK SUPER ECO SHIP 2030 (Concept ship for the future 69% less CO2 emissions)
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Smarter ship and operation in NYK/MTI
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MT-COWL

(s1empaeH)
diys

Alternative Maring
Power

e S

Hybrid T/C
Shin Koho

pax12AMT¥E

Solar Panel
Wind Power Generator
Andromeda Leader

J QW/ W

Auriga Leader

Innovative
Air Lubrication System
SOoYo

Air Lubrication System
YAMATO, YAMATAI

i

7“ g
R T
#x316%

LNG-Fueled Tugboat

NYK GROUP

Now Future
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loT platform of NYK

SIMS (Ship Information Management System)

SIMS IoT data
+ SPAS manual data

Data Center

SIMS Data Collection SIMS Monitoring & Analysis

Sat Com
n K
Onboard (VSAT, FBB) at Shore

A

Operation Center
(Tokyo, Singapore ...)

¢ GPS
* Doppler log .
* Anemometer . = A
SIMS unit 1210) - alysis
¢ Gyro Compass 381)
: Performance Analysis
¢ s R | Onboard dashboard |

Long term analysis

B H RTINS | . = S——
VDR > ‘,° Y X In service performance Shore Dashboard

- For operation

Processing

<Navigation Bridge> Technical Analysis

<Engine Room & Cargo> (NYK, MTI)
¢ Main Engine >

* Power plant — 3| Integrated

* Cargo control > Automation

o Auxiliary machineries ) System
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Ship performance in service

NYK GROUP

6000TEU Container Ship
Wave height 5.5m, Wind speed 20m/s

BF scale 8, Head sea @ Trans-Pacific (Oakland, US — Tokyo, JP)

@ engine rev. 55rpm
<Calm sea performance>
speed: 14 knot
FOC*: 45 ton/day

* FOC: Fuel Oil Consumption

<Rough sea(BF8) performance>

speed: 8 knot
FOC: 60 ton/day

Effecting factors

1. Weather (wind, wave and current), 2. Ship design (hull, propeller, engine), 3. Ship condition (draft, trim,
cleanness of hull and propeller, aging effect)
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In-service ship performance mc&el

<Target vessel> 160
6000TEU Container -
Draft 12m even 150 Base line performance
140
_ 130 - W; v
NYK LINE S
120 3 85rpm
110 | ——BF0
Sea condition 100
—— BF3 (Odeg)
Beaufort scale —
wind speed| wave height | wave period E 90 —— BF4 (Odeg)
o B D R
BF3| 45 | 06 | 30 @ 8F6 (0deg)
BF4 6.8 1.0 3.9
BF5| 9.4 2.0 5.5 60 BF7 (Odeg)
BF6 | 12.4 3.0 6.7
BF7| 156 | 40 | 7.7 50 BF8 (0deg)
BF8 | 19.0 5.5 9.1 40 ——— BF9 (Odeg)
BF9 | 22.7 1.0 10.2
Odeg (wind, wave) — head sea 30
¢ 20 ABSRREREEN
5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22
' speed [knot]
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Estimation of seasonal sea margin

30000
25000 M
RA ——BFO
YA ——BF1 (0deg)
A ~ B0
20000 Jiidld rf il — (0deg)
e | ——BF3(0deg)
. L Ao i 8F4 (0deg)
- i 7 —— BFS (0deg)
J:. b ::\“1 Ln H 13 It il —BF6 [Ddeg]
10000 RO 8 — BF7 (Odeg)
AT BF8 (0deg)
SRR | sorem s (ocen)
5000 i S EAR S a sseps [IIHHNHNAGE - - rpm(1)
Ship performance model TR 4“5 !::iﬂ —rpm(5)
ﬂ T
012345678 910111213141516171819202122
Ship Speed (water) (knot)
Combine ship performance model with weather data to run simulations
@ Copyright 2019

11 Monohakobi Technology Institute
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Improve bad performance ship

%

..||||| I,

i
TENINEEE
2
H

H““h ET},,T?.JILU.H'.I;..“, IL_ "23;% CO2 reduction
e e =S was confirmed
Operational profile Energy saving modification
* Speed, RPM, Power * Bulbous bow modification
* Draft, trim, displacement * Install energy saving device (MT-FAST)
* Weather e Ftc.
* Sea margin
* Etc.

‘Digital Twin’ will be more used not only for energy efficiency but also for improving safety
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Anomaly detection from loT data
- Find trouble phenomenon in engine & power plants -
Case) M/E (Main Engine) No.3 cylinder abnormal exhaust gas temperature
:g-’_-_"x \1—\ -.;'__ = ; .‘-_:_\ e i @ - = - - - - - - Select Dote {UTC)
TSN S e z e 3
- U W e ST - -
e ' ~% D Increase No.3cyl ~
- ﬁm::mg 'E : ext. gas. temp
[ ) K 1‘.4.\‘1].‘#‘ m W [ E . - =
A QUT B S &1 428 %2 B T =
i Malfunction -~ B 4
. exhaust valve

1. Visualization of data

Analysis by domain experts (marine engineer) . Accumulate cases.
3. Implement automatic anomaly detection function by using the accumulated data.

N
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Hull Stress Monitoring System

Arrangement of Sensor . Acceleration Sensor |_Vave analysis device
Strain gauge
Strain gauge Monitor
4 Strain
gauge
./ \ #

) 6 &

/
, >
7

Strain gauge

Operation/Environ
mental/
Loading Data

&S

1) Estimation method of hull stress
2) Hull structure monitoring system in view of Ship Operator

1) This study was conducted as a part of the collaborative research project “Hull structure health monitoring of 14,000TEU large container ships” under the sup-port of
the Ministry of Land, Infrastructure, Transportation and Tourism of Japan for i-Shipping operation.

2) This study was conducted as joint research by Japan Marine United Corporation, ClassNK, National Maritime Research Institute, Japan Weather As-sociation, NYK Line and MTI Co., Ltd.



I I Monohakobi /5
Technology Institute NYK GROUP

Assessment of Fatigue Damage

. . P H
—— L l Y ll: : : :
- '\‘:,\N vy \r\:q 74 i P 1
B S~ .\\\Nw:ﬁhﬁ %222 P
® ot j:ﬁ&S sl | ]
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f— ® : ; 1= :I: =i : T N — r: T
0] HE I R I I I R R ] - = =
a HEHNEEEEE R S ss
BRI R EER T
= g RELHER R R R R R
A T S-N curve sample
CILJ Source (Rules for Building and Classing Steel Vessel of
ram] Class NK )
p]
—— RAW (0.01Hz-2Hz)
——LF(0.01Hz-0.3Hz)
~——HF(0.3Hz-2Hz)
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Multi-Layered Doppler Sonar (MLDS)

v S

For measurement of
Flow velocity at Stern

Source) Yonezawa et
al, “Improvement of
Measuring Accuracy
of Ship’s Speed
through Water by
using MLDS”,
HullPIC2018,2018

Spectrum leve

receive

Mult-layered  AEjuency

relative velocity

® Familiar as Speed log
® Easy to install
® Low cost
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. . JMU
Observed cavitation =

Similar to model test cavitation pattern

-1t implies that the assumed inflow was a good estimate
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JMU
Feedback to the subseauent vessel =

no

Propeller efficiency

1.2%

—i— KT(Previous propeller)
improvement

—@-— 10KQ(Previous propeller)
10KQ,

Thrust coefficient —&— n0(Prevuous propeller)

== KT(New propeller)

KT Torque coefficient -8 10KQ(New propeller)

== nO(New propeller)

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85

Advanced coefficient J

Apply new propeller with 1.2% higher efficiency
to the subsequent vessel in the series
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Utilizing loT data for safer operation

- Open collaboration with industry partners -

n Collisionavoidance ... = =™+ L oo o | )
and-autonomous ship- ’ S S g e et S .

i | Simulation of LNG cargo transport

I 'Structural Health Monitoring / O, i T
. & ~ B ,,1( ::,w

i : i
jDamage prevention of engine-power pIant/

) m LIT CIassN K n i-Shipping(Operation): Japanese government

) ) < funding R&D projects — loT for safety (2016-2020)
Miristry of Land, Infsamtructare, Transport and Tourim

— Joint research with ClassNK
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Internet of Ships (loS) Open Platform - ShipDC

Roles are defined and each player provides their expertise on the Internet of Ship(loS) platform. Data
governance and business rules have been built by 10S OP Consortium under ShipDC.

—

Solution
Platform User (SU)
User (PU) — @

® PP ShipDC
. Platform Ship data center SquFion
Sh|p owne’ I Dridler Provider

Operator
<) Data collection, Aoolicati
. ication
Operator Provider of storage, psF:ervice @
onboard data standardization and i
. - provider ip management
collection provision
) ) based on loT
) equipment and data of
Ship management services Data integration @
from other sources

Qo =
Operator I loS Open Platform I Data Buyer
L’@ Qe Q@

Shipyard, manufacturer, weather service, insurance etc.
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Standardization activities of Ship loT platform
(SSAP3: Smart Ship Application Platform 3 Project by JSMEA)

. icati User
Ship — shore'open platform Ol
VDR Owner
Fleet management
Broadband Operator
Engine Onboard
D/L | data Performance —
server owner
IAS (standardized) 3 party application Ship
manageme
i . Proposal of new ISO regarding Ship loT
wn applicatiol
I e 1SO 19847 - Shipboard data servers to share field data on the sea
Performance e .
Ship LAN = == = = * Specifications of ship onboard data server
Machinery
& Equipment Fpartyapplicatic e 15O 19848 - Standard data for machinery and equipment part of ship

* Specifications of dictionary and format
Weather routin

Ship Shore
JSMEA: Japan Ship Machinery and Equipment Association
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Engineering knowledge, simulations and tools
have been used for design and production

ED

CAD, CAE CAM

* Designers and engineers consider life cycle values of products
only at design stage
— Manufacturability, usability, maintainability, disposability ...

NNNNNNNN
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Era of loT:

Engineering knowledge, simulations and tools are
now demanded through life cycle of products

CAD, CAE

Engineering knowledge

* Operation optimization with engineering knowledge

* Feedback of operation data to product design for design optimization

@ Copyright 2019
Monohakobi Technology Institute
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Approach to advanced automation of ships
ex) Automation level (AL1 — AL5) by Lloyds Register

NYK GROUP

ALO AL1 AL2 AL3 AlL4 AL5
* No cyber * Manual cyber ¢ Cyber access * Cyber access * Cyber access * Cyber access
access access for for for for
autonomous/ autonomous/ autonomous/ autonomous/
remote remote remote remote
monitoring monitoring monitoring monitoring
and control and control and control
» onboard s onboard * onboard
. permission permission not permission not
Example of subject onboard systems required required required
+ onboard + onboard * onboard
override override override not
Propulsion and steering possible possible possible

Power generation, management and distribution
Navigation and communication

Ventilation and chilled water

Cargo and ballast management

Fuel, lubrication and other ancillaries

Fire fighting and emergency systems

Reference) Edward Fort, Global Head of Engineering, Lloyds Register,
“Autonomous ships — LR approach” January 2018

L] L] L] L] L] L] L] L]

The advanced automation will proceed as per each machinery system, depending on the
importance level of each system and on the progress in automation-technology levels.
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Typical category of MASS (Maritime Autonomous Surface Ship)

=N o N N

i Conventional ship ->
Manned autonomous ship Crew
M‘- abeetd

P e O O D 4

D

Crew Crew Crew

on board on board on board

Remote
operator

@ Copyright 2019

Monohakobi Technology Institute
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Assessment of MASS (Deep sea vessel)

Conventional Manned a:.tonomous Full autonomous gFuII remote controlled
: ship . :
sz (advanced machine support) ship ship
Incident risk Base + -+ +
Workload Base + + +
Cyber risk -+ — — —_—
Total reliability Base + — —
Cost Base + — —_—

Remarks
1. Using heavy fuel may not be suitable for ascertaining reliability of MASS.
2. Current essential elements such as international rules / industrial standards / insurances, have not covered some aspects of MASS.
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Participate in Open Simulation Platform (OSP) JIP

r"q._, S ':tn . ‘ s P r
OPEN SIMULATION PLATFORM

Joint Industry Project for the maritime industry

https://opensimulationplatform.com

* DNV-GL, Rolls-Royce, SINTEF Ocean and NTNU leads the Joint-Industry-Project
e Open source simulation platform for design, construction and oeperation.
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OSP Architecture

The Open Simulation Platform Architecture

NYK GROUP

Visualization

=

Co-simulation

3 Standardized co-simulation interface - FMI
Master Algorithm

Monitoring
& Control
Test tools system

Scenario
management | 3 ...,

Automated testing

Remote
interface

HIL

_____
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Software Quality & Reliability

NYK GROUP

Highly automated system requires more & more reliability of
software. To develop, design and approve efficiently, simulation-
based test environment become more indispensable.

HIL testing

Control
system

SHRINE

o

( .
HIL Simulator
i [ “Simulated ' \
Control signals imula {
M actuators F |
Simulated Ity (g ; Simulated !
Mmeasurements | (oo o -I | dynamics
| sensors l

Source) DNV-GL Marine Cybernetics Advisory

https://www.dnvgl.com/services/hil-testing-concept-explanation--83385
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https://www.dnvgl.com/services/hil-testing-concept-explanation--83385
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Cyber Security

Cyber risk management will need to be implemented. Protection of
Industry Control System is crucial

_ Cyber security guidelines in shipping
CYBER SECURITY ONBOARD SHIPS B «  IMO, MSC (98) — Cyber risk management onboard ships

should be included in SMS as of 1 Jan 2021 (Jun 2017)

*  BIMCO - the guidelines on cyber security onboard ships —
version 3 (Nov 2018)

« ABS, DNV-GL, LR, BV etc. — Guidelines and notations of cyber
security onboard ships (2016)

 |EC 61162-460 — Safety and security standards for navigation
and radio communication equipment

* IACS Maritime Cyber System Recommendations (MCSR)

Praduced sad suppocnd by

MMED, O, 1K, L
. — o Fsration al

BIMCO cLN & coriiveene (@ mrencanco
= z *p == pomi 8

InterManager INTERYANSNO

Cyber security guidelines

*  NIST Framework and 800-53 — computer security policies,
procedures and guidelines

= =} . ISO 27001/2 — ISMS: Information Security Management

The Guidelines on Cyber Security System
onboard Ships - Version 3, BIMCO - Nov 2018

Source) BIMCO
https://www.bimco.org/products/publications/free/cyber-security
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Future ship concept toward zero emission

NYK SUPER ECO SHIP 2050

A 100% 67% reduction of necessary energy for propulsion

(comparing to ships built in 2014)

*Light weight materi
*Hull optimisation
*Super structure

Resistance ™~
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Key R&D items for 2030

Electrification

Research for Fuel Cell

Hull & propulsion

* Digitalization

NNNNNNNN
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NYK Maritime Museum & Hikawamaru (Sightseeing)

@®The NYK Maritime Museum
1993 The NYK Maritime Museum was founded in Yokohama.

2003 The Museum removed to the location of NYK Yokohama building.
O®NYK Hikawa Maru

1930 Hikawa Maru was put into service on the Japan-Seattle Line.
1960 She retired from services, and was moored at Yamashita park in YOKOHAMA.
2008 She was reopened to the public after renovating and redecorating.
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Thank you very much for your attention
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