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Welcome to the web-seminar:

Defossilization of shipping
and (C)CIMAC

27.10.2020

The web-seminar will start soon...




Source: DNV GL 2019 and 2020 — Maritime Forecast to 2050; Climate Action Tracker

Status quo

= GHG emissions from shipping globally 2012-2018:
9.6% increase

— Share of global emissions: 2.89% in 2018

= Emissions from shipping projected to increase up
to 130% in 2050 (compared to 2008)

Trend in world fleet CO, emissions

Units: CO, emissions (million tonnes) Units: Carbon-intensity (gram CO,/tonne-mile)
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(a) Excluding black carbon

1.45% 0.52%

|

98.03%
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(b) Including black carbon

1.35% 0.48%
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91.32%

International shipping emissions contribution of individual species, 2018

IMO Targets
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CARBON INTENSITY 2030 target

Coverage
2050 target
Coverage

At least 40% below 2008 average CO2 emissions per transport
work

CO2 only

70% below 2008 average CO2 emissions per transport work
CO2 only

ABSOLUTE REDUCTION 2050 target
Coverage

At least 50% below 2008 levels
All GHGs as defined by the Kyoto Protocol
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Recognition of fuel switch as biggest lever

Overview of technologies and fuels and their GHG-reduction potential (%)

3 & O,

FUELS AND
ENERGY SOURCES

LOGISTICS AND

DIGITALIZATION HYDRODYNAMICS MACHINERY

Speed reduction Hull coating Machinery improvements LNG/LPG
Vessel utilization Hull-form optimization Waste heat Electrification
Vessel size Air lubrication Engine de-rating Biofuel

Alternative routes Cleaning Battery hybridization Hydrogen etc.

10%-15% 5%-20% 0%-100%

©DNV GL 2019

Alternative fuel uptake (percentage of ships)?
Ships in operation Ships on order

Hydrogen 0.04%

Methanol 0.08%

99.70% 93.95%

Source: DNV GL 2019 — Maritime Forecast to 2050

Methanol 0.01% LPG 0.13%
— LNG 0.14% LNG 2.73%
World fleet Order book
Battery 0.15% 2018 Battery 3.07%
Sum 0.30% Sum 6.05%
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GHG Strategy Group - Overview

= Chair: Christoph Rofka, ABB; Deputy Chair: Prof. Kangki Lee

= Core group continuously working since summer 2019 on several documents

@ Drew Marine \\> woobwARD

WlGATA +
fuan) ¢ OfW
MAN Energy Solutions WARTS“.A MARITIME €a VSHIPS
DNV-GL ADD
FRIPD WIN GZ

CATERPILLAR

27/10/2020 | page 4



@) CIMAC

INTERNATIONAL COUNCIL
ON COMBUSTION ENGINES

The bigger piCtU re (simplified schematic view)

( ) S5 ~
] o Se Mobility / Transportation I&Wm%
] _ ‘
Industry / Agriculture hl %
) Heating / Cooli
‘ eating / Cooling,
{ Cooking, other needs L "‘ w’a $q
Electrons L
o
Renewables
—— Heating, other needs h x %

Industry / Fertilizer H‘II wlg

Seasonal Storage

(heat & electricity) g @

Mobility / Transportation +
B y / Transp Y F
T Global Energy Trading g® E

_____ > (heat & electricity)

_—— e —— -

) |{ Physical-, bio- or I I
i’ thermochemical I — — = = = = = = = = === - - - !
| i |
i conversion
Biomass , N Sl __—-
Zero Carbon pathways 1) SMR = Steam Methane Reforming
==== Net-zero Carbon pathways CCS = Carbon Capture & Storage / CCU = Carbon Capture & Usage

www.cimac.com 27/10/2020 | page 5



@) CIMAC

INTERNATIONAL COUNCIL
ON COMBUSTION ENGINES

Biofuels — availability & sustainability

15t generation biofuels (crops produced on farmland)
= high land use

= jssue of indirect land use change (ILUC) - 45,000t year
= potential negative net impact on GHG emissions Iy

= most 1t generation biofuels banned in EU by 2030

20,000 TEU CV

140 — 280 km?
. . . average best elnergy crop;z, in
2"d generation biofuels (wastes and residues) NW Europe?: 0.5 W/m

" traceability problem

= limited global resources; e.g. in EU 6.3 — 7.8 Mtoe of adv. biofuels in 20302 — not even
enough to supply the targeted 3.6% for road and rail transportation in the EU

... and competition with increasing demand for nutrition — social acceptance?

1) Best energy crops in NW Europe: 0.5 W/m2 [Sustainable Energy — without the hot air, Version 3.5.2. November 3, 2008]
2) www.transportenvironment.org/sites/te/files/2017_06_Advanced_biofuels_target.pdf, accessed September 2019
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The bigger piCtU re (simplified schematic view)
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Hydrogen — fuel pathways & efficiencies ton exnaustive

pressurization : ( )
. —> CGH, volume
N ~88% , . J
liquification Ly LH, volume
N ~80% : J
. | '4 N\
LOHC loading —> LOHC volume
n ~65-75% | . J
|
N, from air + Haber-Bosch 513 ( . )
H2 —_— o —_— g P> Ammonia volume
n ~7OA) g| %)_ 4 J
|
CCU (air or biomass) + hydrogenation : (oo \
- - ( ) oy g — == syn.Methanol 1 volume
n ~50-70% : e e !
|
|
CCU (air or biomass) + methanation : T k
-—=- ( ) . -—t+ =% . syn.Methane 1 volume
n ~50-70% ! . !
|
I e e e e ——
CCU (air or biomass) + Fischer-Tropsch ! ! . k
- ( ) P - == syn. Diesel | volume
n ~35-60% 6 e e !
Zero Carbon pathways red = severe limitations / orange = maturity level to be further developed
====Net-zero Carbon pathways CCS = Carbon Capture & Storage / CCU = Carbon Capture & Usage

www.cimac.com

@) CIMAC

INTERNATIONAL COUNCIL
ON COMBUSTION ENGINES

: 14.5 x HFO / 350 bar

:4.7 x HFO / -253°C

:5.6 —6.1 x HFO / unloading
:3.5x HFO /-33°Cor 7.5 bar
: 2.6 xHFO

:2.3xHFO /-162°C

:1.1x HFO
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Hydrogen — fuel pathways & investments (on eaustive)

«<——— Capacity: 354 MW, ———»
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CIMAC position on GHG reduction

= (Net) Zero carbon fuels = most promising energy carrier option for
future shipping
— ICE likely to remain major prime mover for deep-sea shipping + electrification © CIMAC
and hybridization of the machinery and potentially fuel cells
= H, with a (net) zero carbon footprint as starting product for main 01 | 2020
future fuels CIMAC Position Paper
= increase of operational and technical efficiencies continue to be a £E10 Cambon Tnergy Sources for Shipping
main driver to reduce GHG emissions.
= Biofuels = volume constraints and a potentially negative net impact
on GHG emissions
= For faster uptake of (net) zero carbon fuels: production of H,with
SMR combined with CCS or pyrolysis as an intermediate step
= IMO must adopt binding measures until 2023 to phase-in net zero
and zero carbon fuels.
— Otherwise no investment stimulated
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IMO Engagement

= Submission to MEPC intersessional working group on GHG as
. . — E

document “ISWG-GHG 7/5/1” concerning agenda item 5 on IMIO ==
proposals to encourage uptake of alternative low-carbon and

WORKING GROUP ON REDUCTION OF & February 2020
GHG EMISSIONS FROM SHIPS ENGLISH ONLY

zero-carbon fuels

FURTHER CONSIDERATION OF CONCRETE PROPOSALS TO ENCOURAGE THE
UPTAKE OF ALTERNATIVE LOW-CARBON AND ZERO-CARBON FUELS, INCLUDING
THE DEVELOPMENT OF LIFE CYCLE GHG/CARBON INTENSITY GUIDELINES FOR
- ALL RELEVANT TYPES OF FUELS AND INCENTIVE SCHEMES, AS APPROPRIATE

.
C O nte n t . Zero-carbon en for shipping — Assessment by CIMAC

ergy sources for shi

Submitted by EUROMOT

— One-pager with main message submitted by EUROMOT

SUMMARY

Executive summary: This document adds further information to document MEPC 73/7/2,
T4 H submitted by CESA and EUROMOT. Annexes 1, 2 and 3 of this
- POS It I O n Pa pe r + Ite Pa pe r a n a S a n n exes document have been prepared by the Intemational Council on
Combustion Engines (CIMAC): Zero carbon energy sources for
shipping (Annex 1), Production pathways for hydrogen with zero
carbon foatprint (Annex 2) and Zero and net zero carbon fuel options

(Annex 3)

" In line with other submissions highlighting importance of well-to- i ¢

if applicable:

wake (w-t-w) s

Action to be taken: Paragraph 6

Related document:  MEPC 73/7/2

= Discussions on alternative fuels and w-t-w approach halted due i

EUROMOT prot dedp intly with CESA, in document MEPC 73/7/2, a frsl ssment

° flfwl le GHG inten ty marine fu \ dpop sed in addition definitions of re I ant fuel

types. The document is d be discussed HSWGGHG7 Nof twlhl d ng the \ ck of

O OVI - feedback to dl g facturers recognize the need to develop an understanding of
future fuel optior tmey manner.

- MEPC75 and ISWG-GHG 7 meetings postponed and now online
with focus on short-term measures (not zero carbon fuels) i
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Industry initiatives and collaboration are essential

SEA CARGO
CHARTER

We support the
Getting to Zero
Coalition Outlook on planned work:
= Continue White Paper Series
Supported by CIMAC = QOverview of process efficiencies

and well-to-wake perspective
= Continue engagement at IMO
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The voice of the large engine industry

Thank you for your
attention!

View our publications here:
https://www.cimac.com/publications/index.html

For more info contact the CCS
via info@cimac.com
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