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The world’s leading ship and offshore classification society

Global reach 20%o > Quality

Survey stations in market share of the > ships + mobile offshore Among the top ranking
100+ countries and world’s classed ships  "¥ ynits in DNV GL Class societies in Port State

expertise in all ship and mobile offshore Control performance
and offshore segments units (gross tonnage) (280.6 mill GT, Jan 2019)
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Pre-amble

. ' Climate change in corporate Australia as
= Greening ships — why the need? businesses go carbon-neutral

By business reporter Rachel Pupazzoni

— Shipping accounts for 2-3% of global emissions but carries 80% Possd R a3 e
of world cargo

— Supply chain approach by investors

— An estimated 1,700 major firms around the world make their investment decisions based on
pricing carbon

— Several large Australian companies are making moves to slash their carbon emissions,
including Atlassian, ANZ and Rio Tinto

— ASX-listed companies in the clean energy sector have outperformed the ASX 200 index by
more than 70 per cent

— GHG need to be reduced by cutting consumption
— IMO ambition by 2050 (ref: 2008 level)
— 50% lower total GHG
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PHOTO: Businesses, big and small, are cumng carbon emissions, (ABC News: Amy Bainbridge)

Companies  Mining Paris Agreement

— 70% lower GHG intensity
BHP escapes shareholder resolution on emissions
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Introduction

Greening ships — what does it mean? = Also a competitive advantage

— Reducing environmental footprint

— Cutting waste = Financial incentives
— Increasing efficiency — From ‘government’
— Improving productivity — From supply chain

— From charterers

i

Fuelled
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MARITIME FORECAST TO 2050

Energy Transition Outlook 2019
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Maritime forecast to 2050 in a nutshell

2008 2020 2030 2040 2050 within 2100

GHG regulation

LOGISTICS AND FUELS AND
DIGITALIZATION HYDRODYNAMICS MACHINERY 3,113 {c) @-e V] {ef 3

Units: CO, emissions (Mt)
1,400 »s»»  Baseline
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Logistics
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Energy efficiency
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The foundation for the outiook is the IMO GHG strategy

Units: GHG emissions

2008

as base year
{ J

8 Emission pathway
in line with IMO's
GHG strategy

B Business-as-usual
emmissions?

Emission gap

@ Zero emissions
as soon as
. ® . - possible within
Peak as soon Intensity: this century
as possible 40% reduction s
@
Total: 50% reduction
Intensity: 70%
@
2008 2020 2030 2040 2050 within 2100
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New 'CO2 Barometer’ signals shipping decarbonization is off course

1. World fleet CO,

emissions
« Slight increase in CO,
emissions in recent years

2. Alternative fuels uptake

« 0.3% uptake ships in operation
* 6% for newbuildings
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3. Regulation

« Current policy scenario will not
meet the IMO ambitions
without further policy

The CO, Barometer provides a high-level
decarbonization status in the form of a ‘transition
pressure level’
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Decarbonization options for shipping

&

FUELS AND
ENERGY SOURCES

LOGISTICS AND
DIGITALIZATION

MACHINERY

HYDRODYNAMICS

= Significant GHG reduction can be achieved by technical and operational measures

= Up to 100% GHG reduction can only be achieved with Alternative fuels. Barriers to
implementation includes:

— Cost
— Availability and infrastructure
— Onboard storage
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LNG fuelled

ships are already covering a large area
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LNG bunkering infrastructure is being developed to su

owing fleet
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AIS-positions of ships with scrubbers installed
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AIS-positions of ships with batteries installed
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Decarbonization options for shipping - alternative fuels and energy sources

P

Three main “family types” Fossil- Electricity-
of fuels, categorized based based based

on energy source.

- - Battery
Similar fuels can originate

from different energy | L -
sources, but lifecycle

emissions and cost vary Hydrogen/Ammonia

oreatly -—

A given energy converter Diesel
(e.g. combustion engine)
may apply many
alternative fuels

Other fuels
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Electricity-based fuels

Renewable electricity in batteries is energy efficient and carbon free

Hydrogen (H,) is a carbon-free alternative

energy carrier produced from:

Electrolysis using electricity from
renewables or nuclear (i.e. “green” H,) | \

Reforming natural gas with CCS (i.e.
“blue” H,)

Compressed hydrogen
Liquefied hydrogen

ICE
iquid i d
Carbon neutral fuels can also be produced T S
pl) b
from renewable electricity and H, — — urbine
_+ CO _et ane, methanol,
(e|eCtr0fue|S) . 2 diesel, etc.
Fuel cell

Ammonia and its

Diesel, methane and methanol (from
combining H, and CO,)

+N,——

2 derivatives

2 s : (ICE- Internal combustion engine)
Ammonia (from combining H, and nitrogen) |
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Biofuels start to gain traction in the market

= Biofuels

— has carbon emissions at
the stack, but the emission
is considered as being part
of the natural carbon cycle

— exist in gas-phase and
liquid-phase

Feedstock — =  ProCcessing — === FUE| PreCUrsOr =y  ProCcessing s Fuel

— can be blended with

conventional fuels or P
Qil Crops Vegetable oil gnc'l-c:';f?r?ir;;g P— HVO
— used as drop-in fuels fully

substituting conventional
fossil fuels Bio-crude Catalytic refining e Drop-in diesel

Lignocellulosic

— challenges relate to price biomass
and sustainable production
in sufficient volumes

Fermentation we Ethanol, butanol

(IEA, 2017)

21 DNV GL® 10 October 2019 DNV-GL



The Alternative Fuel Barrier Dashboard:
Indicative status of key barriers for selected alternative fuels

Barriers exists on many
levels for different fuels.

Designer, yard, engine/equipment supplier, shipowner, cargo owner

Adoption of alternative
fuels depend on

Feedstock suppliers, fuel suppliers, authorities

demand from
charters/cargo
owners,

Fuel supplier, authorities, terminals, ports

proactive regulators,
procurement policies
and

IMQ, Class, regional, national

incentive schemes and
international
cooperation

Equipment supplier, designer, yard, incentive schemes

Feedstock supplier, fuel suppliers, competition authorities

R&D, designer

HVO
LNG

H, (FC)
NH, (ICE)

Battery
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Alternative fuels must evolve over time to increase marked penetration

Units: Energy demand/infrastructure LNG

3

Gradual steps allow for:

- maturing of technology

- scaling of supply and
infrastructure

Deep-sea shipping
(intercontinental)

Short-sea and feeder
shipping (intra-regional) _
HVO Battery Not all the options have

Coastal shipping/ )
NH. (ICE) H. (FC) . Offshore vessels the potential to reach the
2 c
: Inland ferries deep-sea stage, mainly
. . Fjords and islands due to limited energy
R&D and piloting density

Time

It took LNG around 20 years to climb all steps. To reach the IMO targets, carbon-neutral fuels must mature faster!
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Decarbonization options for shipping

&

FUELS AND
ENERGY SOURCES

LOGISTICS AND
DIGITALIZATION

MACHINERY

HYDRODYNAMICS

= Significant GHG reduction can be achieved by technical and operational measures

= Up to 100% GHG reduction can only be achieved with Alternative fuels. Barriers to
implementation includes:

— Cost
— Availability and infrastructure
— Onboard storage
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CO, emissions towards 2050 in the 'Design requirements’ pathway

Both the design and Units: CO, emissions (Mt)

operational focused 1,400
regulatory pathways fulfill -
the IMO ambitions: 1,200

New fuels, alongside
energy efficiency, will

play a key role. 200
Carbon-neutral fuels + Baseline
need to supply 30%- 600 - EE Logistics
40% of the total energy B Energy efficiency
in 2050. 400 I Speed reduction
500 BN Fuel
The “Current policy” | — Pathway
pathway is not fulfilling 0
the IMO ambitions. 2020 2025 2030 2035 2040 2045 2050
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Fuel mix towards 2050 in the '‘Design requirements’ pathway

Units: EJ/yr LSFO or MGO I Hydrogen Bl Ammonia I n 20 50
Bl | PG B HFO and scrubber [ Advanced biodiesel
LNG Electricity from grid W Liquefied methane Liquefied methane
(bio/electro) (bio/electro)
2% LPG

Advanced Ii 1% Hvd
biodiesel _\ \ T y 1r°oAgen
1%

Electricity —
from grid
7%

HFO and
scrubber
10%

2020 2025 2030 2035 2040 2045 2050

In all three pathways modelled, liquefied methane (both fossil and non-fossil) ends up dominating the fuel mix.
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Several ways to meet the IMO targets - policy matters
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Operational profile — RV sample

Operating Modes

0 - under way using en...

1 - at anchor

2 - not under command
3 - restricted manoeuv...

5 - moored

7 - engaged in fishing
8 - under way sailing

AIS Navigational ... @0 - unde.. @1 -ata. @2 -not.. @3 -restri.. »

100%

80%

60%

18.26%

40%

20%

0%
2017

19.22%

2018

17.02%

2019
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Irregular speed patterns resulted in USD 0.5m higher fuel bill for one vessel over .cLIENT ExampLEpPeriod

Clien
-

t example: Speed development of a 8,500 TEU container vessel
Vessel XYZ |

P = : B ; X V#-"“’

5
=
[~

Theoretical savings potential through constant speed: $0.5 m

$124K $140K $93K

$147K

4 )
Speed legend

Bl 20-25 knots
B 15-20 knots
[ 10-15 knots

5-10 knots

[ | 0-5 knots

[ ] 0 knots
\_ J
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What is the exposure to carbon risk under different scenarios?

CO, emission intensity

Py
w
Top performers ﬁ
(e.g. high R, score) o
v
2010 2020

The model also evaluates the
CO, emissions of a design to

that of the competing fleet.

e
v High exposure
ﬁ to carbon risk

$

Finance risk

S @
4
Regulatory risk

Average fleet CO, intensity
required to reach target

2050

It is possible to asses the

CO, emissions could become
balance between short-term

an additional differentiator.

cost reduction and long-term
carbon-risk exposure.
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Key findings ETO

T N R TR

B Lo oo D B e S e ey S0

Shipping decarbonization is off course

Uptake of alternative fuels is picking up, but needs to
breakthrough to the large ocean going ships

- W\ . -
~. = In addition to LNG, carbon-neutral fuels will be needed
towards 2050

Bridging technologies and fuel flexibility can smooth the
transition from traditional fuels

Ships should be future proof in a changing eﬁvironment, =
securing competitiveness and mitigating carbon risk

We have provided tools to support policy makers, ship
owners and other stakeholders
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New ways of approaching the problem

= Norwegian Green Shipping Programme
= Commenced 2015/16
= In a nutshell.

— We perform studies

— We start pilots

— We transfer knowledge between the two, between
theory and practice

— And last but not least, we facilitate dialogue and
collaboration between all stake holders, authorities
and politicians included
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Briefly ...

= Paris goals primary driver led by Department of = Goal was to test new technology and export to other
Environment countries
= Difficult to change international shipping significantly — Plus create local jobs
— Coastal shipping sector much more practical — Plus removing cargo from roads
= Government funding so that participants could join = Focus was on identifying any and all barriers and
free of charge devising strategy to overcome and make things
— Industry included ship owners, OEM, suppliers, happen
charterers, operators, regulators, community
businesses i
N § A
— Observers included NFP/NGO/Government . 9

Green Shipping Programme

S b BIOFUEL ___J
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Pilots ...

= Multiple ... simultaneous
— Logistics and supply chain dynamics
— Batteries for container ship
— Fuel shift

— Hydrogen bulker (deep sea), passenger boat
(short sea)

— Feasibility studies - short sea/coastal versus deep
sea

9% . COMMOAADWCE DATACENTHE
\\ X& B — f,r

DATA TRANSFER & 4
REPORTING

— Influence application to research
— Plug in hybrid fishing

— Bio diesel powered plug in hybrid ferry o

38 DNV GL® 10 October 2019 DNV-GL



Next stage - scale the solution

* Set clear goals Assess the Potential
= Collaborate and engage

a9 2015/2016
= Focus on policies that facilitate change
= Calculate _

Evaluate Business Cases

= Resolve barriers
) IVI® == — 2016/2017

About IMO  Media Centre Our Work  Publications  Knowledge Centre

Pilot, pilot, pilot

IMO / English / Media Centre / Press Briefings / UN agency launches new global project to tackls

Press Briefings
Archives
Meeting Summaries

Secretary-General

Remove Barriers
2018/2019

What's New

In Focus

IMO News Magazine
Multimedia

Attending IMO meetings

IMO Events
UN agency launches new global project to tackle maritime GHG emissions

Briefing: 08 13/05/2019

A major intemational project to suppart the Intematianal Maritime Organization (IMO)'s initial strategy for
reducing greenhouse gas emissions from shipping has been launched 4 h

Scale the Solutions
2019/2030

Entitled GreenVoyage-2050, the project will initiate and promote global efforts to demonstrate and test
technical solutions for reducing such emissions, as well as enhancing knowledge and information sharing to
support the IMO GHG reduction strategy.

GreenVoyage-2050 is  collaboration between IMO and the Government of Norway and will run for an initial
two-year period. More than 50 countries in 14 sub-regions across the globe are expected to participate
including developed countries and strategic partners from the private sector, who will contribute expertise and
experience.
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RV segment ...

Significant differences in operating profile

Alternative drivers

Growth margins non-existent for significant retro fit

Long operational life
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Thank you

www.dnvgl.com

SAFER, SMARTER, GREENER
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