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Commercial impact of forthcoming rules and regulations on
shipping and technology based management system

Hwa Lyong Lee/Key Account Manager
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Fuel price - a blessing Crash and burn Regulatory
in disguise - or driver in all markets? understanding?

for overcapacity?

.Sufficient?

OO0OO0OO0O 00O

@ Scrubber - @ Hybrid fuels as @ Batteries on @ LNG revolution

the simple choice? preferred SECA every ship? or contribution?
solution?

Connectivity » BWT - forever around the corner?
= what will that mean? No = already here...
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DN GL @ 2014

SCENARIOS
Econamic growth
HIGH
E
SCENARIO A SCENARIO B
FULL STEAM AHEAD KNOWING THE ROPES
= - Regulatory and
LOW = * HIGH stakeholder pressure
SCENARIO D SCENARIO C
IN THE DOLDRUMS SINK OR SWIM
=  World growth is low, and =  On the regulatory side, the Scenario C is most
this leads us to the negative picture is more complex, We appropriate as the basis for
vertical axis on the scenario have neither a very high nor further discussions and
graph. wvery low pressure. predictions.

DNYW-GL
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REGULATORY PRESSURE - TIME LINE TOWARDS 2020

2010 2011 2012 2m3 2014 2015 2016 2017 018 2019 2020
. . . .

Wy e 1
Pt rrarviviin il
Iagh

2010 2011 2012 2013 2014 2015 2006 2007 1018 2019 2020
Figuee 12 Upcoming maritime negulstions. Source: DNV,
Notes:
Il Suiphurfemission to air m s B tew
Bl NOx/emission to air Other
2
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REGULATORY PRESSURE - TIME LINE TOWARDS 2020

2010 2011 2012 2m3a 2014 2015 2016 2007 2018 2019 2020

. I- i n"“

B 3% plobe
SRUE S implamented

NG tler I
har fareiuibd
Ings

2010 201 2012 2013 204 2015 20086 2007 2018 2019 2020
Figuee 12: Uproming marttims meguiations. Source: DNV o
Armvoricn
unl.:,-
Notes:

Il Suiphurfemission to air m s B tew

Bl NOx/emission to air Other
5 DNV GL D 2014 DMNWV-GEL




Shale gas

Cutting emission

3-D printing

h22MEMZH M2 MolLt

Currency shocks

Rich and poor

Regional power lay-
out

Gas production in
China

Restarting Nuclear
Japan

Instability in the
Middle East

Two tier shipping
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o 11T for maw
n North
SriCa

n ECA sulphur
limit

In the pipeline, or
possible...

DN GL @ 2014

EEDI phases 2

ban pricing?

HE Recycling
convantion ratified?

DNYW-GL
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LNG

Ballast Water Treatment _ _
Selective Catalytic Reduction (SCR)
Exhaust Gas Recirculation (EGR)
Scrubber

Hybrid fuels

Optimized ship design

Battery hybrid

System optimisation
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Air emissions in a nutshell

1. SOx ECA requirements remain unchanged. Global 0.5%
may be delayed until 2025 - but will anyhow be valid in
EU waters in 2020

2. Limited near-term spread of new ECAs, prime
candidates are Mexico, Bosporus / Marmara, Hong
Kong / Guangdong

3. NECA (NOx) Tier III requirements for NB’s effective in
North American waters from 2016

4. NECA (NOx) application for North Sea possible as early
as '16-'17, but politically challenging. Effective date will
depend on applicants. The Baltic will likely lag behind

L] DN GL @ 2014 DMNYW-GL
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LIQUIFIED NATURAL GAS (LNG) AS FUEL

- Revolution or contribution? -.. ﬂﬂ

Point of interest

= Early April 2015: about 140 ships in
operation (60) and on order (80)

= The LNG-fuelled market is maturing

= Increase in LNG-fuelled newbuilds with
dual-fuel salutions

= “"LNG ready” vessels have been embraced
by the market

= Infrastructure for LNG rapidly developing
= Gas tankers rebuilding engines for LNG

dual fuel

Development

= Qur initial estimates on 600-1000 LNG- 2015 2020
fuelled vessels in 2020 might be a bit on
the high E‘ﬂd, but not much: 50 in operation 600 estimated

= taking into account the LNG-ready vessels
on the market, this is an ok estimate

10 0N GL D 2014 DMNYW-GL
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BWM status: Convention signed by 45 countries

* Albania = Lebanon

= Antigua & Barbuda = Liberia

= Barbados = Malaysia

= Brazil = Maldives

= Canada = Marshall Islands

= Congo = Mexico

* Cook Islands = Mongolia

= Croatia = Montenegro

= Denmark * Netherlands

= Egypt = Nigeria

= France = Miue

= Georgia = Morway

= Germany = Palau

= India = Republic of Korea

= Tran (Islamic Republic of) * Russian Federation
= Japan = Saint Kitts and Newvis
= Jordan = Sjerra Leone

= Kenya = South Africa

= Kiribati = Spain

11  DONV.GL D 2014

Sweden

Switzerland

Syrian Arab Republic
Tonga

Trinidad & Tobago
Turkey

Tuvalu

33,64% of world fleet GT

(threshold 35%)

DNYW-GL
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BALLAST WATER TREATMENT

Point of interest

= Systems converging to two main
technology combinations: “Filter + UV
systems” and "filter + electrolysis”, but
other options are also avallable

= Likely ratification after MEPC &7 in May
2015

= Early planning is recommended
Development
» USCG is currently driving implementation

= If ratified in 2015 - approx. 200-250
vessels weekly need to install BWT
system.

= Ratification will lead to entry into force
after Dec 31, 2016 (and date of
compliance is first IOPP survey after
entry into force)

= Full implementation of the world fleet
within 2021 assuming enter into force in
2016

== LRl Lty lg
I

2020

Approx, 1000 MNear 100%

of fleet

12 0N L D 2014
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Technology overview

13 0N L D 2014

Heat
treatment by

circulation

J_

DNWV-GL
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The uncertainties when selecting a ballast water treatment system
are many

Dl GL @ 2014
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SELECTIVE CATALYTIC REDUCTION (SCR) 1.

Point of interest

= Most widely used method for purification
of NOX from a vessels exhaust gas

= Represents a cost-effective means of
reaching Tier III compliance

= Low CAPEX compared to LNG. However, a
significant OPEX to the operation (urea)

Development

= Regarded as the preferred NOX
abatement technology in American and
Morwegian waters

= Mostly installed in Morwegian waters —
because of NOx fund support 2015 2020

= It is expected that SCR will maintain its 300 installed Vessels trading in US water
strong position towards 2020

15 0N L D 2014 DMNYW-GL
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EXHAUST GAS RECIRCULATION (EGR) rvox

Point of interest

= Still a relatively new technology for
maritime applications but is still
developing intoc a competitive option for
NOX compliance.

= Tier II1 and/or local regulations will be
main driver for EGR

= Requires clean exhaust - Clean fuel
(MGO) or exhaust cleaning

Development

= Currently only installed on a few vessels,
but installations are expected to increase
2020

as the technology matures £

= Expected market penetration to increase AT = = T
in L.IS tqward.s 2016 - Iinstalle 255215 (rading mn U water

16 0N GL D 2014 DMNYW-GL
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SCRUBBER - the simple choice?

Point of interest

» Has been a slow start for the scrubber
industry, but now picking up speed
= Lower CAPEX than the LNG alternative

= Lower operating costs than the low-
sulphur distillate fuels

= Some owners speculate on enforcement
of global sulphur limit in 2025 rather
than 2020

Development

= Scrubber market is developing faster
and is applicable for a wide range of
vessels

= SECA regulation has been main driver
until now

= Future EU regulations will be a driver for
a much wider uptake

17T ON L D 2014

2015

213 In aoperation ‘.'1IIZ']1IIr.II ant increase

or on order (March 2015) towards 2020
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HYBRID FUELS - ECA compliance ok. But...

Point of interest 2015 2020

= Ultra low sulphur fuels complying with
the 0.1% sulphur limits Price/availability Price/avallability

= This new fuel is rumoured to be 10-20%
cheaper than MGO and available

= Operational experience indicate
significant challenges with hybrid fuels —
high focus from industry

Development

= Fuel supply has been announced by
several energy companies*

= Fuel is available in several locations
globally
= Can become a significant contributor to

SECA solution depending on price and
availability

*{Exxon Mobil, Shall, Chemoll, CERSA, BF and Lukoil)

18 ©ON L D 2014 DMNYW-GL
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OPTIMIZED SHIP DESIGN
— the new standard?

Point of interest

Optimised hull lines based on
operational profile

Retrofitting of propulsion improvement
devices (PID) and hull modifications

Development

High focus on hull line optimisation last
years

Hull optimisation contributes to between
2-10% reduction in hull resistance
depending on operational profile, ship
type and design

Vessels are being designed or retrofitted
based on operational profile

Most common retrofits are bulb
modifications and PIDs (Propulsion
Improvement Devices)

2015 2020

Most pewbullds All newbuilds
Estimate 2-3% of world
fleet conducts retrofit activities

1%

DN GL @ 2014
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BATTERY HYBRID
— relevant for every vessel?

Point of interest
= Promising energy efficiency technology

= The technology allows an engine system
to operate at its most efficient point
regardless of power requirement or load

Development

= Pilot projects for hybrid systems indicate
15% fuel savings, compared to
conventional systems

= Vessel engines can then be de-rated or
smaller engines can be installed, while
maintaining the same max power for
shorter periods

= Most applicable for vessels with variable
operational profile and low load
operation

20 O GOL O 2014

2015

33 in operation
or on order april
2015

2020

"More than hundred”
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BATTERY
Zero emission technology for special segments - ' - ﬂ '
Point of interest 2015 2020
= Battery technology is becoming cheaper
and more robust 2(3*)in Increasing number

operation

= Two pure battery ferries in cperation and
one cable ferry in operation

Development

= Promising technology to meet stricter
environmental requirements in special
areas

= Pure battery propulsion will only have

limited application in special segments
and areas

*Cable ferry in Norway

21 DNV OL O 3654 DMNY-GEL
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SYSTEM OPTIMIZATION
— for every design or retrofit project?

Point of interest 2015 2020
= Maximum 30-40% of energy used is
captured Limited markat The common

nenetratic a3 gcach?
= Modelling of advanced data flows is Ceci Mad gl RRREDOEN
becoming more accessible

= Used for design, retrofitting and
operation optimisation of ships

Development

= Tools available to conduct energy flow
mapping and for simulating complex
machinery setups

» Sensors for continuous parameter
monitoring are becoming more common
— this is an enabler for systems
optimisation

= Will have a large impact on vessel
efficiency and maintenance in the future,
at a very low cost

23 DNV GL O 2014 DMNYW-GL
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TECHNOLOGY UPTAKE

SHIPPING 2020 THSTALLATIONS 2015 {IN TREND ACCORDING TO MAIN DRIVERS
REFEREMNCE OFERATION/ TN ORDER) 52020 {SC. C)
{SC. C) AS PER 2012

SCRUBBER Very low uptake £0/100 F - -

LNG &00-700 S0/ 70 4 approx. 40 LNG ready - n - - n

BWT o000 Approx. 1000/no figure ‘r '

SCR 700 400200 - a

EGR 700 20/na figure =5 a

WHR [T Mo estimate —-— - -

OPTIMIZED

SHIP DESTGM L1000 A - ' -

T — - T DEeD

— wologies” * OEOODO
es “NewLtechnolog

MG (ULC) MG Still sprong altsrmativa.

HYBRID FUELS Dt mich !‘l)-r altermative Hybrid fuals announced [ a t

ALTERMATIVE FUELS suppliers.

EYSTEM OPTIMIZATION

AND CONRECTIVITY HA M Higure , - -

23 O OL O 2014 DMNYW-GL
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A TANKER OWNER — How to be the best for decision?

What to do?

Age
Operating profile

ECA exposure

TC f spot (..who
pays for fuel?)

MNorth America
trade?

Possible
Solutions:

3

High speed (15
knots)

Medium
TC (long term)

HO

"v"

Scrubber in ECA
Waste heat system

No EGR/SCR

Performance
management
systam

Propulsion
Improvement
devices (PID)

13

Low speed
{11 knots)
Low

Spot

MO

v

Hybrid fuel in ECA

MNo waste heat
System

No EGR/SCR
Performance

management
System

To be bulld

High speed
(15 knots)

High
TC (long term)

Yes

LNG ready?

Waste heat system
with battery?

EGR/SCR (tier I11)

Performance
management system

Hull optimisation/
PID

24 DN GOL © 2014
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A BULK OWNER — How to be the best for decision?

What to do?

Age
Operating profile
ECA exposure

Geared?

MNorth America
trade?

Possible
Solutions:

3

Normal spead
profile

Medium

No

No

"v"

Scrubber in ECA
Mo EGR/SCR

Performance
management
systam

Propulsion
Improvement
device (PID)

13

Mormal speed
profile

Low

Mo

Mo

v

Hybrid fuel in ECA
Mo EGR/SCR
Performance

management
system

To be bulld

Medium fhigh
speed
High

Yeas

Yes

LNG ready?

Waste heat system
with battery?

Hull
optimisation/PID

Performance
management systam

EGR/SCR (tier 111}

2% O oL O 2014

DNYW-GL
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A CONTAINER OWNER — How to be the best for decision?

What to do?

Age 3

Operating profile Normal profile

ECA exposure Medium
Morth America No
trade?

v

Scrubber in ECA

Mo EGR/SCR

Possible
Retrofit bulb?
Solutions: Propulsion
improvemeant
devices (PID)?

Performance
managemeant
system

28 DN GOL O 2014

13
Mormal profile

Low

Mo

v"

Hybrid fuel in ECA

No EGR/SCR

Retrofit bulb?
PID?

Performance
management
system

To be bulld

Mediem fhigh
High

Yeas

‘v

LNG ready?
Waste heat system
with battery?

Hull
optimisation/PID

Performance
managemeant
system

EGR/SCR (tier I11)

DNYW-GL
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A OFFSHORE SERVICE VESSEL OWNER
— How to be the best for decision?

What to do?

Age

Operating profile

ECA exposure

Possible
Solutions:

27 O OL O 2014

Varying

v"

SCR

Propulsion
improvement
device (PID)
retrofit?

Performance
management
system

Mo SCR

PID retrofit?

Performance
management
system

To be bulld

Varying

High

~—

LNG as fuel / LNG
ready?

SCR

Battery hybrid

Hull
aptimisation/PID

Performance
manage mant
systam

DNYW-GL
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SUMMARY OF FINDINGS — WHAT'S IN IT FOR ME?

Should I run on Hybrid fuels?

o Follow fuel closely — availability, price

and technical issues are still uncertain

Should you buy a battery for your

next vessel?

o Depends on operational profile and

technological feasibility within yvour
segment

LNG vs Scrubber — what to
choose?

Should I join the performance
management trend?

o Depending on vessel age, ECA exposure,

fuel price developments and LNG
availability in your trade

This area is definitely growing in
importance and will be key for future
competitiveness in shipping

How do I benefit from system
integration and modelling
tools?

This a low cost way to see optimisation
potential of a vessel, without interfering
in operation

Do I need SCR or EGR?

28 O OL O 2014

o Only if sailing in US, and vessel built

after 1.jan 2016
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Digitalization

Digitalization — a room of opportunities? How to go ahead for the
maritime world?

(11

What can be digitalized
will be digitalized

Carly Fiorina

20 DHV.GLD 2014 DMNYW-GL
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Digitatization

Example of smart-data opportunities — as seen from DNV GL's
perspective

Model based ¥. ~ condition-based - Dynamic barrier
approval survey management

Automated
technical review

The digital twin Cyber Security

A0 DNV GL O 3014 DMNY-GEL
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"Green Shipping©

Green Coastal Shipping Program — a case example of industry
collaboration and innovation

Ambition: Establish the world’s
most effective and environmentally
friendly coastal shipping

Profitable emisslions reductions

Green jobs
Increased competitive advanta

Leading international position PR i s, S T""_"""
ARR . - EGN i WS | L
Frgtuye .'_.a:._._.‘.: o:-» - mlm“#‘b o=
Lloyd’s List Environmental Award : NOx-fond e u__u_g___l_"_: ) it
2015 for the unique collaboration S ] ot
between Government and “ﬁ‘ © ocasnim [T ]
Industry s N | W i nany
Noaepes BB O SiGeanr B
DNY-GL

31 DNV GL D 2014
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Green Coastal Shipping Program: Pilot Projects were defined «to
make things happen>», Phase 1

Plug-in-hybrid cargo ferry (Norlines)

Mext generation green shuttle tanker (Teekay)

Hybrid aquaculture vessel (ABB/Fraktefartoyenes rederiforening}

Conversion of general cargo ship to LNG fuelling vessel (Ovtank Bunkerservice/EGN)

Green Port (Risavika Hawvn)

i —

I3 DNV GL O 3014 DMNY-GEL
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Massive Information & Communication Technology (ICT) related
change is going on around us

Things become sensored
Things become smart
= Product boundaries and competition will change

Internet of Things

= People are connected

Connectivit
4 = Things become connected wherever they are

Computing Power = Moore’'s law turned 50 last year

= Increasing data volume
= Increasing data velocity
= Increasing data variety

= Increasing data veracity

I3 0N L D 2014 DMNYW-GL
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In shipping there are already now massive amounts of data
generated which could be used to generate further insights

e.g. Ship

e.g. Traffic

oy ==

34 DNV GL D 2014 DMNYW-GL
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Shipping will be affected in different aspects

Impact on shipping

Improvement of operational efficiency
= Optimization of operations

= Integration of parts of the value chains across
stakeholders through sharing of assets, processes

Transparency and information

Insight

New & refined business models

* Enrichment of existing services

= New services capitalizing on data as the new raw
material

I5 0N GL D 2014 DMNYW-GL




2016.7.15(8) 10:00~12:00 / s

o

22 HEMEE H22| MolLt

Operations could be further optimized through real time 1 i |

performance management and CBM

Motors & Generators

= What is it about?

— Real time Fleet Performance
Management and Conditions Based
Maintenance out of central fleet
control centres

— Optimisation of operational efficiency
(focus fuel efficiency), maintenance

cost and downtime

= What is the status?
Real time FPM established by some
early movers (e.g. Maersk, Hapag
Lloyd, CMA CGM); CBM available but
not well accepted yet

= How could it look in the future?
Global fleet control centres controlling
voyage execution & equipment health?

36 DNV GL D 2014
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Cost and human element related risk could be reduced
through unmanned, remote controlled or autonomous ships

e.g9. AAWA Initiative e.g. DNV GL Revolt

7% B Firat sutcnameus ship repected

B Autoromnois ships commonby
deplayed in merchant shipping

11 to 20
yoars

next 10
YEars

= 20 years

MUNIN Project forecast on autonomous ships

IT DNV GL D 2014

What is it about?

— Unmanned, remote controlled or
autonomous merchant ship

— Reduction of cost and human
element related risk

What is the status?

Several projects ongoing to explore
economic, social, legal, regulatory and
technological benefits and barriers

How could it look in the future?
Autonomous ships for short and deep
sea shipping

DNYW-GL
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Administrative effort across stakeholders could be reduced TN
in one example through a 'Shipping Information Pipeline” -

s L o

Bsn 20 — Shipping Information Pipeline
o o i_gm providing digital infrastructure in
' = which supply chain partners and
l_%‘*‘-' = i 1. authorities can share and access
o s information required for a trade
— it Las — Reduce administrative effort and
L.= " - S create supply chain transparency
= e = What is the status?
= e == = How could it look in the future?
. e Google Drive for container trading?

| Za" =)

Maersk Shipping Information Pipeline Concept

I DNV GL D 2014 DMNYW-GL
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"It is difficult to predict, especially about the future”
Make it more Transparent and Systematic

requrr&:ent fo.my ﬂeeha'ﬁﬁ prepare tailored -
plan for my operation. . e

e

Outsource fi:u-nperate with technology
leaders in the associated industries

Establish working-in-together model across
_business areas/roles

3% O OL O 2014 DMNYW-GL
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"It is difficult to predict, especially about the future”
Make it more Transparent and Systematic — Inside Company

&0 DN GL O 2014 DMNYW-GL
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"It is difficult to predict, especially about the future”
Make it more Transparent and Systematic — Korean Industry

Class/Yard
University

_Research . __

41 DN GOL O 2014 DMNYW-GL
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DNV GL

Safer, Smarter, Greener

www.dnvgl.com

SAFER, SMARTER, GREENER

4 DN GOL O 2014 DMNYW-GL
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