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Our engines are responsible for ~ 1.5 % of the global CO2 emissions,

so we have a significant impact on the global maritime sustainability
agenda.
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The shipping sector’s possibility of contributing to the
Paris Agreement targets is threatened, even if net zero
CO2e operation is achieved by 2050
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Net zero by 2050 represents a
pathway that limits global
warming to 1.5°C with no or
limited overshoot

CO2 overshoot describes how
shipping annually emits too
much CO2e compared to a
line from actual CO2e
emissions in 2008 to net zero
in 2050

Shipping will have an
estimated 25 gigatonnes
CO2e overshoot by 2050
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Retrofit expected to shave off 6% of the CO2 equivalent
overshoot — other technologies such as digital and
increased energy efficiency can contribute further
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MAN ES’ 2-Stroke Engine development program
EVIVANENT

Historical timeline
First order of MAN 15 x MAN B&W Hapaq Lloyd
B&w ME-LGIP Retrofit 9S90ME-C ME-GI
Engine delivery Engine delivery 1st sea trial on 1st sea trial on 6G60ME-LGIP orders for BW LPG. retrofit.
for TOTE Maritime for TEEKAY LNG  ME-GI retrofit for Nakilat methanol ethane engines by Exmar Dry dock 2020 Dry dock 2020
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LPG LGIP cylinder 2
ME-GI ME-GI tightness- & installed ME-GA test at ﬁf}l,'l?,?g °
ME-GI test at demonstration demonstration Development Ethane ME-GIE PVU  function test on research engine RCC engine
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Modular design enables extensive retrofit options

By ensuring full fuel flexibility and extensive retrofit capabilities with a proven record, MAN Energy Solutions
future proof your investment
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Fuel types ME-C ME-GI ME-GA ME-GIE ME-LGIM ME-LGIP
Fuel oil v v v v v v
LNG Retrofit v v Retrofit Retrofit Retrofit
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Alternative fuels

Properties bl
_—_— —_— _— —_— _— l‘
Energy storage Specific Energy | Required | Supply Injection
t Energy Density | Tank Volume _pressure pressure Tank-to-wake Emission Reduction
ype MJ/kg MIL | me 1™ bar bar Compared To HFO Tier Il
I
I
MGO 42,7 35,9 : 1000 I 78 950 SO, NO, CO2 PM
) I
Liquefied natural gas | 090 _2n0 o o
(LNG -162 °C) 50,0 22,4 : 1602 ] 300 300 90-99% 20-30% 24% 90%
|
| |
Liquid ethane gas l _Q70 _ENO 0 0
(LEG -88 °C) 47,5 17,1 I 2099 : 380 380 90-97% 30-50% 15% 90%
_— I ]
liquefied petroleum gas | ) ) o _4E0 40 o
(LPG -42.4 °C) 46,0 23,5 I 1527 : 53 600-700  90-100%  10-15%  13-18% 90%
Methanol 19.9 15,8 : 2272 I 13 500 90-97% = 30-50% 1% 90%
i I will require Tier
Ammonia I _ Il equipment
(iquid 33 +C) 18,6 11,5 | 3121 | 83 600-700  100% >95% | >90%
i
Hydrogen |
(liquid -253 °C) 120 8,5 i 4223 JI
« 1: Given a 1000 m?3 tank for MGO. Additional space for insulation is not calculated for in above diagram. All pressure values given a high pressure Diesel injection principle.
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Dual-Fuel Retrofit offering

The dual-fuel engines in service and on order define the envelope of retrofit offerings to the
conventional fleet

Fuel type No. of engines Engine type Mk.
48 G | 9 ME-C-Gl 10.5
3 S | 9 ME-C-Gl 10.5 _ :
29 G [ 90 ME-C-GI 9.5, 10.5 » Parent engines are key to retrofit
4 S | 8 ME-C-GI 9.5,10.5 projects as reference engines
6d G | 80 ME-C-Gl 95105

LNG 447 216 (35 ;8 mggg: 9; 8'2’18'2 « Atechnical file for the reference engine
3G 50 VE-GGI = 9_5,10:5 type has to be available including:
54 S | 60 ME-C-Gl 10.5 . : :
8§ S | 50 ME-C-GI 82.85 95 Engine rating
8 G | 50 ME-C-Gl 9.5 . o
2 G | 9% ME-C-LGIM 10.5 NOx emissions
3 G | 80 ME-C-LGIM 10.5 . NOx componen

Methanol 35 23 G | 50 ME-C —LGIM 93,9596 Ox components
S | S0 ME-C-LGIM 2.6 - Engine performance data
24 G | 60 ME-C-GIE 9.5

Ethane 31 3 G | 50 ME-C-GIE 9.5
4 S | 50 ME-C-GIE 8.0
ol G | 60 ME-C-LGIP 10.5, 9.5, 9.0

LPG 118 77 S | 60 ME-C-LGIP 10.5
200 G | 50 ME-C-LGIP 9.6

Total dual-fuel ME-C 2-stroke high-pressure engines including options 648 engines

Total dual-fuel 2-Stroke high-pressure engines in service 200+ engines

Total accumulated dual-fuel operating hours 2.1 million+

As of June 2022

MAN Energy Solutions MAN PrimeServ Greener Shipping Summit 2022 16.11.2022



Overview of the Existing Retrofit Market Potential

Based on all ME-C engines delivered over the last 10 years
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22.000 2S engines

ME-C potentials with a
bore size 50+

4600 engines

Potential commercial viable if:
NB price is over 50 M$ (LNG)
NB Price is over 35 M$ (Methanol)

3800 engines

2500 engines

Potential where engines in market
have 100 % matching Parent Engine
test in an alternative fuel version

Greener Shipping Summit 2022
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Dual-Fuel Conversion — when is it worth it ?

MAN ES view on qualification criteria's for 2 stroke dual fuel retrofit

Main qualification parameters: Typical qualified vessel types:
— Engine type to be ME-C — Tankers > 50,000 DWT
— Engine size to be =2 50 bore — Bulkers > 160,000 DWT
— Having Parent Engine Test Available — Containers > 7,000 TEU

— Sea Trial after 1st of January 2015 — PCTC > 6,000 CEU

— Newbuilding price to be 2 50M$

— The total retrofit costs must not exceed 25% of

newbuilding value
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Retrofit

Retrofit Timeline

Parent Engine Test Available

Order should be placed 14 months before 1st docking date.

Conversion
1-2 months
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Project cost estimates in each vessel class
LNG retrofit to ME-GI

Vessel type Vessel class NB value Estimated Typical ME-C engine Gl - Parent engine available Indicative engine DF retrofit
non-DF maximum DF type project costs excl.

(Clarkson) project value (LNG) engineering costs

Bulkers Supramax 34 M$ 13-16 M$ 5S60ME-C8.5 Need upgrade to 10.5-Gl or 3,3 M€ (3,5 M$)
(65,000 DWT) specific new design to be tested
Karmsarmax 36 M$ 13-16 M$ 6S60ME-C8.2 — 10.5 Need upgrade to 10.5-Gl or 3,5 M€ (3,7 M$)
(81,000 DWT) specific new design to be tested
Newcastlemax 66 M$ 16-19 M$ 6G70ME-C9.5 YES 3,7 M€ (3,9 M$)
(210,000 DWT)
VLOC 87 M$* 16-21M$ 7G80ME-C9.5 YES 4,0 ME (4,2 M$)
(325,000 DWT)

Tankers MR 41 M$ 13-15 M$ 6G50ME-C9.5 YES 3,3 M€ (3,5 M$)
(50,000 DWT)
LR2 63 M$ 16-18 M$ 6G60ME-C9.5 YES 3,5 M€ (3,7 M$)
(110,000 DWT)
VLCC 116 M$ 19-21 M$ 7G80ME-C9.5 YES 4,0 M€ (4,2 M$)
(300,000 DWT)

Containers 5,000 TEU 64 M$ 19-23 M$ 6G80ME-C9.5 YES 3,9 M€ (4,1 M$)
10,000 TEU 131 M$ 26-32 M$ 11S90ME-C9.2 YES 4,9 M€ (5,2 M$)
15,000 TEU 159 M$ 26-32 M$ 11G90ME-C10.5 YES 4,9 M€ (5,2 M$)
24,000 TEU 203 M$ 30-35 M$ 11G95ME-C10.5 YES 5,0 M€ (5,3 M$)

hor 2022 prices Methanol total retrofit project values are estimated to be 30% lower than LNG
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Dual-Fuel Conversion

ME-GI Retrofit scope of componets

Main Engine Conversion Scope To be clarified based on detailed study

— Piston
HP Fuel Pipes
— Piston Crown
Cylinder Cover — Piston Rod
— Piston Rings

Gas Injectors
— Compression Shims

Gas Control Block

— Cylinder Liner

Adaptor Block — Exhaust Valve

Gas Chain Pipes — FIVA Valve

Sealing Oil System — To be MAN-ES Type

— PMI System
— PMI Auto-tuning DAU11

GI(E) Control System
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This is what we do ©

The “ME-C to ME-GI conversion” movie

https://youtu.be/XZ5-KQViCao
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https://youtu.be/XZ5-KQVfCao

MAN ES retrofit track record

22 vessels completed, 4 on order

MAN ES’ track record and in-house experience gained

EVIVZANENI|

Nakilat "Rasheeda” LNG retrofit of 2 x 2s Main Engines on 1 x LNG Carrier
Hapag Lloyd "Brussels Express” LNG retrofit of 2s Main Engine on 1 x Container vessel
Navigator LLC "Navigator Aurora” Ethane retrofit of 2s Main Engine on 1 x Ethane Carrier
BW LPG 15 vessels LPG retrofit of 2s Main Engines on 15 x LPG Carriers
Wessels Reederei "Wes Amelie” SNG retrofit of 4s Main Engine on 1 x Container vessel
Balearia "MV Napoles”, "MV Sicilia” LNG retrofit of 2 x 4s Main Engines on 2 x RoPAX vessels
GIE Dragages-Ports "Samuel de Champlain” LNG remotorization of 2 x 4s Main Engines on 1 x Dredger
Matson Inc. "Daniel K. Inouye” + sister LNG retrofit of 2s Main Engine on 1+1 x 3600 TEU
TSW/CMS Gas Gemini + Gas Aquarius LPG retrofit of 2s Main Engine on 2 x 84,000 CBM VLGC
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All data provided in this document is non-binding.
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.
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