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Engines for now

and the future

17 December 2020 Part of

16:00-16:45 SGT » 08:00-08:45 GMT Maritime Air
Pollution Asia

Webinar Week

14-17 December 2020
Presentation documents:
Page 2: Kjeld Aabo, MAN Energy Solutions
Page 14: Lars Anderson, Wartsila Marine Power
Page 20: Dr Carmelo Cartalemi, Winterthur Gas & Diesel

#maritimeairpollutionasia riviera )»

marine -
propulsio

& auxiliary machinery

Ammonia Hydrogen e
: ' e
e

1 A
Ethanol / i

* | =

Methanol

E

Kjeld Aabo
Director New technologies
Sales and Promotion Two stroke Marine

Future in the making Member of WG ISO 8217 & Chairman CIMAC Fuels
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Engine Programme Development

1,000
A 2% G9SME-C10
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0O /13 bar Mark no. / MEP bar 10 / 21.5 bar

1982 Year 2016

Mission: Meet any combination of propeller power and speed the naval architects will need

MAN Energy Solutions Public Kjeld Aabo - The Motorship propulsion and future fuels conference 2019

ME-GA in the aspect of the MAN B&W dual fuel portfolio

LNG Ethane Methanol LPG Ammonia

ME-GI ME-GA ME-GIE ME-LGIM ME-LGIP — 2024

&

ULLUUE,

-
B
»

MAN Energy Solutions Public Lower the pressure on your capital cost — webinar ©2020 3
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Combustion Principle - diesel cycle

MAN Energy Solutions

Dual fuel reference list

Engine type

Public

Number of engines

Stroke

Bore

© From actual footage (colorized)

Blue

= pilot il (0.5 to 5%* @100% load)
= fuel gas

© Conventional slide fuel valve

© Gas fuel valve

O High pressure safety valve

© Gas distribution channel (yellow)
O Gas distributor block

@ Gas chain link double-walled pipes

*) based on main fuel selection

Marco Costa - Two-stroke power ~ 15.02.2019

Total
engines

Engines
in service

ME-GI

»

90

-
©

90

80

70

-
N[
©

70

235

70

60

60

50

50

45

333

ME-LGIM

50

26

50

ME-GIE

60

28

50

50

ME-LGIP

MAN Energy Solutions

60

42

60

50

o [N [B A [w|N]w ||| [o|n|w o

Public

DN DPODNO|D|D|N|D (D[ (D (V|G|

35

81

Future fuels for large merchant marine vessels - Webinar



Modular design enables extensive retrofit options

Full fuel flexibility and extensive retrofit capabilities with a proven record, MAN Energy
Solutions future proof your investment

Fuel types MC | ME-B | ME-C ME-GI | ME-GA | ME-GIE | ME-LGIM | ME-LGIP
0-0.50% S VLSFO Design Design Design Design Design Design Design Design
HFO Design Design Design Design Design Design Design Design
Biofuels Design Design Design Design Design Design Design Design
LNG - - Retrofit Design Design Retrofit Retrofit Retrofit
LEG (Ethane) - - Retrofit Retrofit - Design Retrofit Retrofit
Methanol / Ethanol - - Retrofit Retrofit - Retrofit Design Retrofit
LPG - - Retrofit Retrofit - Retrofit Retrofit Design

MAN Energy Solutions Public Future fuels for large merchant marine vessels - Webinar 6

Dual-Fuel Conversion

. MAN
ME-GI Retrofit
| 17- 17

Budget Estimate Breakdown A) o
Container vessel 13 — 15,000 TEU Main Engine FGSS incl. PVU
Assumptions Retrofit

- Engine Size: 9S90ME-C9.5 13 — 15,000 TEU 80

* LNG membrane tank endurance (app. 6800m3) A’

* BOG management by Aux. Engines or Boiler \S(?(;:I Work

ME-GI Retrofit

Split of Scope

 Retrofit Aux. Engines not included

+ FGSS include gas supply to both Main Engine (HP)
and Aux. Engine/Boiler (LP )

* Multiple vessels in the same series under the same

agreement 3 3
%

LNG Tank

254,

Yard
R&D and Installation

“Total conversion budget estimate is highly depending on speed, engine rating, demand of endurance (LNG tank size) and yard capabilities”

MAN Energy Solutions Public Dual-Fuel Conversion - Retrofit Projects - ©2018 2020 7
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Alternative fuels for marine

Drivers for change

Impact

@ Installation cost

@ Operation

@ Technology

® Fuel cost

@ Climate impact

@ Political acceptance

@ Regulation

® Social acceptance

CRITICAL DRIVERS

@ Future proof investment

v

Uncertainty
MAN Energy Solutions Public Shell - MAN ES meeting  10-08-2020
Alternative fuels
Properties
Energy storage Specific Energy Required Supply Estimated | Injection Emission Reduction Compared To
t Energy Density | Tank Volume | pressure PtX pressure HFO Tier Il
ype MJ/kg MJ/L m3-1 bar efficiency bar
MGO 427 35,9 1000 7-8 950 SO, NO, co2 PM
C”fmgas 50.0 224 1602 300 0,56 300 | 90-99% = 20-30% = 24% | 90%
""‘(t'ggtgasr‘fc%as 475 17,1 2099 380 380 90-97% | 30-50% | 15% 90%
E’jw;‘mg“ 464 23,5 1527 50 600-700 | 90-100% 10-15% 13-18%  90%
% 19.9 15,8 2272 0,54 500 | 90-97% | 30-50% | 5% 90%
26 212——1693 | 10 500
(nq;‘i“g‘_‘;g'ic) 18,6 11,5 3121 0,65 600700 | 100% | “equeion | >95% | >90%
m 120 85 4223 > 0,68
mmrk_efluadm,
Corvus, battery rack 029 033 108.787
Tesla model 3 battery
ol 2170" 2 0,8 25 14360

1: Given a 1000 m? tank for MGO. Additional space for insulation is not calculated for in above diagram. All pressure values given a high pressure Diesel injection principle.

2: Values for Tesla battery doesn’t contain energy/mass obtained for cooling/safety/classification .

MAN Energy Solutions

Public

83



Two-Stroke Ammonia Engine Development Schedule

2019 2020 2021
D

Pre-study Project kick-off 1st engine test
v" NH3 combustibility v 4T50ME-X test engine . gt :

i tigation received as platform engine

inves ’ confirmation at

for t.he Ammonia Research Centre
engine development. Copenhagen (RCC).

v" HAZID workshop on

: « Engine basic concept
engine concept.

defined based on
engine tests.

« Ammonia supply &
Auxiliary systems
specified

MAN Energy Solutions Public

All data provided in this document is non-binding.

2022 2023 2024

Emission Full scale engine 15t engine delivery
specification test to yard
« Specification of » Full scale engine * Ammonia engine in
emission after- test at RCC engine programme.
treatment done. completed.

* 1stammonia
burning engine to
be installed at yard.

Future fuels for large merchant marine vessels - Webinar 10

This data serves informational purposes only and is especially not guaranteed in any way.

Depending on the subsequent specific individual projects, the relevant data may be subject to changes and
will be assessed and determined individually for each project. This will depend on the particular characteristics
of each individual project, especially specific site and operational conditions.

MAN Energy Solutions Public

MAN B&W ME-GA engine —©2020 V.1
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NEXT GENERATION FUELS ——

WARTSILA

FUEL FOR THOUGHT: ENGINE
OPERATIONS ON NEXT GENERATION
FUELS




THE COMBUSTION ENGINE CAN BE DECARBONISED USING LIQUID AND/OR GASEOUS FUELS d

WARTSILA

Dual Fuel Engines

Biofuels available Green fuels available
| s
. |
Diesel cycle ! !

Diesel Biodiesel
Ammonia
: Methanol

i i
I I
Otto cycle | i
BioLNG, option to blend with Hydrogen
Synthetic LNG made from Hydrogen
| Ammonia

2020 20_ 7

2 © Wartsila PUBLIC

THE SAFETY ASPECTS AND SPACE RECRUITMENTS OF NEXT GENERATION FUELS d

WARTSILA
BUNKER VOLUMES..

LIQUID HYDROGEN

X 4,5

AMMONIA METHANOL

DIESEL LNG
- @ ) @ - -
m3 of — — — —
oil fuel

1 X1,7 X 2,6 X 2,6
Cryogenic -160°C Toxic Toxic Cryogenic -253°C
A\ AAA A A\ A\ A
Flammable Flammable

© Wartsila PUBLIC
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NEXT GENERATION FUELS — IT ALL STARTS WITH AN H ‘y

WARTSILA
THE MUST...RENEWABLE ELECTRICITY BIOMASS
STEP 1...GREEN HYDROGEN...BUT THEN WHAT?
4 © Wartsild PUBLIC
CONCLUSIONS d
WARTSILA

DF ENGINES CAN RUN ON ALL NEXT GENERATION FUELS..

BIOFUELS ARE THE ONLY AVAILABLE GREEN FUELS TODAY..

WAITING FOR 100% HYDROGEN AND AMMONIA WILL TAKE TOO LONG...

TAKE ACTION NOW, GO FOR LNG AND START BLENDING BIOLNG AND THEN SYNTHETIC LNG...

....AND YES WE HAVE A PLAN FOR THE METHANE SLIP. STAY TUNED!

5 © Wartsila PUBLIC 13 February 2020 Wartsila Corporate Presentation 2020
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WARTSILA

WinGD’s Engines for the Ships
of the Future '

future
C. Cartalemi

Carmelo.Cartalemi@wingd.com
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3

Global CO, Emission by Fuel Type

“If something cannot go on forever, it will stop” - the Stein's Law

35 billion t

Cement
30 billion t Gas
» Still 80 % of energy coming from fossil fuel
22 billent « The CO, emission cannot continue forever
o e If will not be a transformation soon on the
I .
20 biont energy mix, the consequences are
disruptive
15 billion t
10 billion t
Coal
5 billion t
0t
1751 1800 1850 1900 1950 2000 2017
Source: Global Carbon Project (GCP); CDIAC QurWorldinData.org/co2-and-other-greenhouse-gas-emissions/ - CC BY

© 2020 WinGD MAP ASIA WEBINAR WEEK: Engines for now & the future

A Shift in the Global Energy Mix is necessary

Share of primary Energy - Historical and Forecast

100% H —o— Renewables
—o— Natural gas
—o— Other )

non-fossil fuels
—o— il

—o— Coal

B0%

60%

40%

20%

1900 1915 1930 1945 1960 1975 19980 2005 2020 2035 2050

© 2020 WinGD MAP ASIA WEBINAR WEEK: Engines for now & the future
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Decarbonizing Shipping: The challenges

2.4% of the Global CO,

Biofuel

IMO target are

achievable with a
low carbon fuel

Synthetic Fuels (e-LNG)

Carbon Free Fuel ( Ammonia, H,)

Upstream: Well to tank

Total emissions & sustainability need to be considered

Not in the IMO’s competences?

Lack of infrastructure - high investment needed

Availability and cost of fuel

© 2020 WinGD

Downstream: Tank to wake

New technologies / upgrades are needed
Impact on the ship design

Safety and regulation

Etc.

MAP ASIA WEBINAR WEEK: Engines for now & the future

Low Speed X and X-DF engines: The Platform

X and X-DF are a versatile Platform for X-Fuels adaptation

i / Diesel technology \

© 2020 WinGD

iillql

Methane
Biofuels
& I Methanol/Ethanol

X-Fuel Hydrogen

\ \ Otto technology / Ammonia

New X-Fuel

MAP ASIA WEBINAR WEEK: Engines for now & the future
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Combustion and Thermodynamic Concept

Spray Combustion Chamber
/Spray Combustion Chamber

Fuel injection under
engine-like conditions

Control parameters:

*  Pressure

e Swirl

* Temperature
* Injection pressure

* Nozzle and other
injector
configurations

- A R

6 © 2020 WinGD MAP ASIA WEBINAR WEEK: Engines for now & the future

Fuel Injections System Design

Injection Test Rigs

* Hercules test rig

* LOTUS testrig

* Dragon test rig

*  GAV testrig

* |CU test rig

* NPP test rig

* Lubrication quill test rig

7 © 2020 WinGD MAP ASIA WEBINAR WEEK: Engines for now & the future
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Performance, Reliability and Validation

Test Engines

DF Engines:

* Single Cylinder Engine
(SCE) - Winterthur

e RTX5 Trieste
e RTX7 - China
e X-DF at DU - Japan

Diesel Engines:
*  RTX6 - Winterthur
* RTX8-China

Performance

8 © 2020 WinGD MAP ASIA WEBINAR WEEK: Engines for now & the future
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PROG/128/Rev.1
14 August 2020

IMO PROGRAMME OF MEETINGS FOR 2020

15 — 24 January SUB-COMMITTEE ON NAVIGATION, IMO
COMMUNICATIONS AND SEARCH AND RESCUE
(NCSR) — 7th session

3 —7 February SUB-COMMITTEE ON SHIP DESIGN AND IMO
CONSTRUCTION (SDC) — 7th session

17 — 21 February SUB-COMMITTEE ON POLLUTION PREVENTION IMO
AND RESPONSE (PPR) — 7th session

2 -6 March SUB-COMMITTEE ON SHIP SYSTEMS AND IMO
EQUIPMENT (SSE) — 7th session

18 March — COUNCIL — 31st extraordinary session By correspondence

8 April

4 May — COUNCIL — 32nd extraordinary session By correspondence

3 August

16 — 18 September EXTRAORDINARY SESSION OF ALL COMMITTEES  Remote meeting
— (ALCOM)

28 September — FACILITATION COMMITTEE (FAL) — 44th session Remote meeting

2 October

12 — 14 October COUNCIL — 124th session Remote meeting

4 — 11 November MARITIME SAFETY COMMITTEE (MSC) — 102nd Remote meeting
session

16 — 20 November MARINE ENVIRONMENT PROTECTION Remote meeting
COMMITTEE (MEPC) — 75th session

27 November — LEGAL COMMITTEE (LEG) — 107th session Remote meeting

1 December

2 — 4 December IOPC FUNDS Remote meeting

L At the conclusion of all virtual meetings during a remote session, a period of 5 working days will be provided
for additional review and comment, by correspondence, on the report of the session.
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7 — 11 December

14 — 15 December

16 — 18 December

10 — 14 February
6 — 10 July

5 October — 13
November

12 — 16 October
19 — 23 October

TBC

TBC

TECHNICAL COOPERATION COMMITTEE (TC) —
70th session

Remote meeting

42nd CONSULTATIVE MEETING OF CONTRACTING Remote meeting
PARTIES (LONDON CONVENTION 1972)

15th MEETING OF CONTRACTING PARTIES

(LONDON PROTOCOL 1996)

IMSO - 46th session Remote meeting

INTERSESSIONAL MEETINGS?

1st meeting of the Intersessional Working Group on the IMO

Review of the STCW-F Convention

16th meeting of the Joint IMO/ITU Experts Group on
Maritime Radiocommunication Matters

By correspondence

26th session of the Working Group on the Evaluation of By correspondence
Safety and Pollution Hazards of Chemicals (ESPH)

27th meeting of the ICAO/IMO Joint Working Group on
Search and Rescue

Remote meeting

7th meeting of the Intersessional Working Group on
Reduction of GHG Emissions from Ships

Remote meeting

2nd meeting of the Expert Group on Data
Harmonization

Remote meeting

3rd meeting of the Expert Group on Data
Harmonization

Remote meeting

INTERSESSIONAL MEETINGS CONVENED WITHIN THE FRAMEWORK
OF THE LONDON CONVENTION AND PROTOCOL

6 July — 18 September LC Scientific Group — 43rd session/LP Scientific

TBC
26 June
24 September

By correspondence
Group — 14th session

OTHER MEETINGS/EVENTS

Orientation seminar for IMO delegates Remote meeting

Day of the Seafarer Remote event

World Maritime Day Remote event

2 Meetings to be held without interpretation and with documentation in English language only.
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18 — 22 January

1—5 February

15— 19 February

22 — 26 February

8 — 12 March
15 -19 March
22 — 26 March

29 March — 1 April

7 —13 April

8 April

12 — 16 April

4 ALBERT EMBANKMENT
LONDON SE1 7SR
Telephone: +44 (0)20 7735 7611 Fax: +44 (0)20 7587 3210

PROGRAMME OF MEETINGS FOR 2021'

33rd meeting of the Editorial and Technical (E&T) Group
(IMSBC Code)?

Council Open-ended Working Group on Council Reform?

SUB-COMMITTEE ON HUMAN ELEMENT, TRAINING
AND WATCHKEEPING (HTW) — 7th session

Council Working Group on Applications for Consultative
Status of Non-Governmental Organizations?

IP Code Working Group on the Carriage of More Than 12
Industrial Personnel On Board Vessels Engaged on
International Voyages?

34th meeting of the Editorial and Technical (E&T) Group
(IMDG Code)?

SUB-COMMITTEE ON POLLUTION PREVENTION AND
RESPONSE (PPR) — 8th session

IOPC FUNDS

PROG/129"
8 December 2020

Remote meeting

Remote meeting

Remote meeting

Remote meeting

Remote meeting

Remote meeting

Remote meeting

Remote meeting

Communications Working Group on the Revision of SOLAS

Chapters Ill and IV for Modernization of the GMDSS?
COUNCIL - 33rd extraordinary session

44th meeting of the LC Scientific Group — 15th meeting of
the LP Scientific Group?

Remote meeting

Remote meeting

Reissued on 15 December 2020: Addition of the 35th meeting of the Editorial and Technical (E&T) Group
(IMDG and IMSBC Codes).
Reissued on 7 January 2021: Deletion of the IMSO Assembly session (11 — 15 January 2021).
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19 — 23 April

26 — 29 April
5 - 14 May

24 — 28 May

1-7 June
9 —15 June

10 — 17 June

28 June — 2 July

5—-9 July

12 — 16 July

19 — 21 July

26 — 30 July

6 — 10 September

6 — 10 September

13-17 September

20 — 24 September

27 — 30 September

4 — 8 October

11 — 15 October

18 — 22 October

21 — 22 October

SUB-COMMITTEE ON NAVIGATION, COMMUNICATIONS Remote meeting

AND SEARCH AND RESCUE (NCSR) — 8th session

IMSO Advisory Committee (IMSO AC) — 45th session

MARITIME SAFETY COMMITTEE (MSC) — 103rd session

8th meeting of the Intersessional Working Group on the
Reduction of GHG Emissions from Ships?

FACILITATION COMMITTEE (FAL) — 45th session
4th meeting of the Expert Group on Data Harmonization?

MARINE ENVIRONMENT PROTECTION COMMITTEE
(MEPC) — 76th session

COUNCIL - 125th session

17th meeting of the Joint IMO/ITU Experts Group on
Maritime Radiocommunication Matter?

SUB-COMMITTEE ON IMPLEMENTATION
OF IMO INSTRUMENTS (lll) — 7th session

IMSO SES Conference
LEGAL COMMITTEE (LEG) — 108th session

SUB-COMMITTEE ON CARRIAGE OF CARGOES AND
CONTAINERS (CCC) — 7th session

28th meeting of the ICAO/IMO Joint Working Group on
Search and Rescue?

35th meeting of the Editorial and Technical (E&T) Group
(IMDG and IMSBC Codes)?

TECHNICAL COOPERATION COMMITTEE (TC) -
71st session

IMSO ADVISORY COMMITTEE (IMSO AC) — 46th session

MARITIME SAFETY COMMITTEE (MSC) — 104th session

27th meeting of the Working Group on the Evaluation of
Safety and Pollution Hazards of Chemicals (ESPH)?

9th meeting of the Intersessional Working Group on
Reduction of GHG Emissions from Ships?

13th meeting of the LP Compliance Group?

Remote meeting
Remote meeting

Remote meeting

Remote meeting
Remote meeting

Remote meeting

Remote meeting

Remote meeting

Remote meeting

Remote meeting
Remote meeting

To be confirmed

Outside IMO HQ

To be confirmed

To be confirmed

To be confirmed
To be confirmed

To be confirmed

To be confirmed

To be confirmed

JAENGLISH\PROG\PROG-129-Rev.1.docx

106



PROG/129
Page 3

25— 29 October 43rd CONSULTATIVE MEETING OF CONTRACTING
PARTIES
(LONDON CONVENTION 1972)
16th MEETING OF CONTRACTING PARTIES
(LONDON PROTOCOL 1996)

1 -5 November I0OPC FUNDS

8 — 12 November MARINE ENVIRONMENT PROTECTION COMMITTEE
(MEPC) — 77th session

8 — 12 November 5th meeting of the Expert Group on Data Harmonization?

24 — 26 November COUNCIL - [126th session/34th extraordinary session]

6 — 15 December ASSEMBLY - 32nd session

16 December COUNCIL - [126th/127th session]

OTHER EVENTS
TBC Orientation seminar for IMO delegates
25 June Day of the Seafarer
30 September World Maritime Day
TBC World Maritime Day Parallel Event

To be confirmed

To be confirmed
To be confirmed
To be confirmed
To be confirmed
To be confirmed

To be confirmed

To be confirmed
Remote event
To be confirmed

Durban,
South Africa

Given the uncertainty regarding the COVID-19 pandemic, delegations should expect that all Council,

committee, sub-committee and other meetings taking place before 31 July 2021 will be held remotely. Should
the IMO Headquarters building become available for hybrid meetings (part virtual, part physical), delegations
will be given at least 30 days' notice of such hybrid meetings. Delegations will be given at least 90 days'

notice before full physical meetings resume, so that proper arrangements can be made.

Meeting to be held in English only.
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