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01 General Overview
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General Overview
Main driving factors for Gas engines

Europe/Middle East
Africa/Latin America —
2 il ag
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General Overview
In-house Gas Experience

Rolls-Royce Power Systems AG

Rolls-Royce

Rolls Royce Marine
Bergen Engines AS

Mobile Applications Stationary Applications Marine and Stationary Marine Designh and Sytems
Applications
High Speed Diesel Engines High Speed Gas Engines Medium Speed Gas Engines Ship design
High Speed Diesel Engines Medium Speed Diesel Engines Shipside gas systems
Propulsion systems Gas and Diesel Generator sets Medium Speed Gas and Diesel
Power supply systems Generator sets

Know how transfer
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General Overview
MTU Mobile Gas Portfolio Development

Marine

SCLN  pmUNe

Marine application has been chosen as lead application

- Existing experience in gas fuelled ships — also in house (Bergen)

- LNG infrastructure starts to develop from sea coast

- Technical rules and guidelines most developed (IGF-Code, DNV/GL, BV, LR)
- Highest technical requirements allows downgrade to land based applications

- Time to market
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02 Emission Legislation
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Emission Legislation

Overview

2015 2016 2017 2018 2019 2020 2021

EPA gof EPA Tier 4 (NOx 1.8 g/kW, PM: 0.04 g/kWh); 1000 -1400kW -2017; 600-1000kW ->Oct 2018

% > 2000kW since 2014
R owerd

IMO &I@Em IMO Tier Ill (NOx 2.0 g/kWh, PM not limited) only in emission controlled areas
=7~

EU Stage V (NOx 1.8 g/kWh, PM:
0.015 g/kWh/ PN: 1*10%2 #/kWh)

\
v v
IMO Tier Il (in Emission controlled areas — ECA) EUV
EPA Tier 4

EU V-‘
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Emission Legislation
Overview

Existing ECAs
Coast of Canada, USA & Hawaii, Puerto Rico,
US Virgin Islands

Applied ECAs (January 1, 2021)
North Sea and Baltic Sea

EPA (referp “~-
required fi
I US-registered/ flagged

vessels worldwide

EU (refer p. 17 & 18):

Commercial: inland waterway vessels

Recreational: boats placed on EU market RRcs
Existing SECAs:

ECA: Baltic Sea (SO,? only - extension to NO,2 emissions
Coasts of Canada, USA & Hawaii, applied, enforcement estimated for January 1, 2021)
Puerto Rico, the US Virgin Islands. North Sea (SO, only - extension to NO,? emissions
Range 200 nm, NO,, SO, & PM? emission control. applied, enforcement estimated for January 1, 2021)

IMO Tier Il
Vessels consturcted on/after 1st January 2016 need to be IMO Tier Ill certified, if operation area is an Emission Controlled Area
Exemption: Recreational purpose yachts <24m length WL and/or <500GT, Naval vessels

EPA Tier 4
Vessels registered in the US need to be EPA Tier 4 certified, if engines manufactured on/after 1st January 2016

Exemptions: recreational provision, testing,...

EUV
Engines (>300kW) for Inland waterway vessels used in EU need EU V certification from 1st January 2020 on

S4000MO05-N - Presentation for Sales | Project Gas Mobil Marine | Benjamin Jager | March 2018 H.

© MTU Friedrichshafen GmbH | All rights reserved | CONFIDENTIAL




03 Engine Concept
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S4000MO05-N - Engine Concept

Engineering Target

Diesel like performance Use of proven S4000 base engine

Comply to latest emission

Suitable for FPP applications ¢ Use of common S4000 parts ;;j‘,’ regulation limits

/‘, IMO Tier Ii EPA Tier 4*
o 0 voaamo s
2000 | 95 77 s % / V % %
' R el (L 9
1800 | 7 R ‘ 77 : 7 ) 3 @
9000 | 2 ; e | 3 BT YV NV U GV S Z, 7 2 o
8oo0-) 2 / L s % 74 prote®
1400 S 7 y / 2 / 7 AN
7000 | L
5000 | 1200 ”, S
g
1000
5000 |
oo | 500
3000 600
2000 400 =
1000 { 200-|
o o 2 2 - - s St k
400 600 800 1000 1200 1400 1600 i

Heavy Duty Commercial Application
(1A rating)

* on request
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S4000MO05-N - Engine Concept
Technical Concept

Proven design of Core-Engine
S4000M03 - Ironman

Lean burn gas engine
Otto-principle

Most engine options as
S4000M03 — Ironman e.g.:
- exhaust outlet

- starting system

Double-walled fuel piping for IGF
code “gas safe machinery space”-
concept

Footprint and Flywheel connection
as S4000M03 - Ironman

-PTO’s
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04 Technical Data / Features
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S4000MO05-N — Technical Data

LA oA £
/,f////f ////j%://f// %// 7

7 A4

Power / Cylinder ; % w7 7
e
..

4 IMO Tier Il
EPA Tier 4 — on request
EUV —on request

% 7
93 - 125 kW 7 ;/
Engine speed /
600 — 1600 rpm
600 — 1800 rpm

Gas consumption

203 g/kWh @ 2000 kW @ 1800rpm

Cooling system

HT/LT
Separate circuit charge air cooling

Gas pressure before GRU
5.5 -8 bar
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S4000MO05-N — Technical Features
Gas Specific Engine Components

Ignition
Controller
By-pass

Engine Control LA / m— , . 3 : . Cylinder
Unit j —= -3 - j ‘ > Pressure
- ‘ : Control

Multi Point Gas Injection Spark Plug
Injection Valve Lancet + Coil
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S4000MO05-N — Technical Features

Cylinder Pressure Based Combustion Control

Cylinder

pressure
based

combustion
control

Cylinder Pressure
Sensor

Individual cylinder
pressure
measurement

Engine Control Unit

Combustion
process control
per cylinder

Observation of the in-cylinder individual burn rate

in time analysis of:

Start of combustion

Combustion progress

Knock

Max. peakpressure

Misfiring

BMEP to determine engine power

VVVVYYVYY

Benefits:

* Minimization of the scatter band of the cylinder individual peak pressures.

Control of max. firing pressure, eliminate knocking when MN went down (rich gas)
Control of mean effective pressure, gain stability (lean gas)

165

155 K|

w/o controlled B
combustion 145 11

controlled
combustion

p_cyl_Mean [bar]
p_cyl_Mean [bar]
=
]
@

T T
20 40
Crank angle [*]
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S4000MO05-N — Technical Features

Interaction / function of key components

Cylinder

pressure
based

combustion
control

Cylinder pressure
sensor

Individual cylinder
pressure
measurement

Engine Controller

Ignition

Ignition controller

Control of ignition
energy and timing
based on spark

Spark plug + coll

Ignition of gas/air
mixture

Gas flow and
pressure control

Charge air

Air / Gas Mixture
Injection duration

Multi point gas injection valve

b

- Air / Gas Mixture [

- Injection duration

Combustion
process control
per cylinder

IC
boost control

By-pass

TC boost control
by charge air

Waste gate

TC boost control
by exhaust gas

© MTU Friedrichshafen GmbH | All rights reserved | CONFIDENTIAL

:
'S4000MO05-N - Presentation for Sales | Project Gas Mobil Marine | Benjamin Jager | March 2018




S4000MO05-N — Technical Features

Diesel Like Performance

Achievements: -

= Performance map/range like Diesel N N BN B N N

= Suitable for Commercial Marine applications G- i S 7 S e S,

= Compatible to fixed pitch propeller and thruster S e = E

.. ' F ot Gas Mobil 7" T — e @

2000 S @IMOII/EPAT4 | 1.
| e T Emissions -
" | T

Engine speed [rpm]

Acceleration
Diesel Engine

Acceleration
Gas Engine

mean effective pressure[bar]

v Dyno test confirmed dynamic acceleration

time([s]

- First pure Gas high-speed engine with Diesel like performance in the market.
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05 Standard scope of supply
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16V4000MO5-N - Scope of Supply

Standard Scope Overview

16V4000MO0O5-N pure-gas engine

Local Operator Panel (LOP),
customer interface
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06 Shipside Gas System (option)
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Overview — Product Scope
Marine Heavy Duty Gas System

TCS Tank Connection Space

-+

GAS ENGINE (1614000, V4000)

® Gas regulating unit
o odouble walled flexible

_____________________ gas hose

................. edouble walled gas pipe

Automation-
system tbd.
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Shipside Gas System
Fuel gas system (LNG) - MTU’s system approach

Shipside system Standard MTU scope
Filling Station Storage tank with Gas Regulating MTU gas engine
cold box Unit 16V4000M05-N

Today we see high investment cost for LNG storage and processing system due to non standardized solutions which
have to meet strong safety requirements.

= MTU has launched a R&D project to develop a standardized system solution
= Typical MTU applications like ferries or Tugs and workboats shall be in the focus

= MTU will team up with Rolls-Royce Marine to benefit from their large experience in LNG propulsion and storage
systems.
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Shipside Gas System

Fuel gas system (LNG) — overview

LOP
Electronic control, monitor and safety system ¢ "> local control,

monitoring,
A\ interface system

1|

EXU EIM
EXU ECU

GRU

Fuel storage LOP - control, k=3

hold space Tank connection ety gymtem
EXU MIC
e, ||| L
z GAS
bunker — | LNG-Tank I = %SSU %1 e
station $

regu-
lating
I unit

‘3,‘ e
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-
:

Shipside Gas System I;.;w
Fuel gas system (LNG) — implementation, for example
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Shipside Gas System

Fuel gas system (LNG) — bunker station

BUNKER STATION:

* Electronic control, monitor and safety system

B EM
Fuel storage GRU L} e

mmmmm

hold space Tank connection ?ﬁ_‘mwﬁufﬁ
space, || |0

I é 83
— Tcs gas
bunker LNG-Tank = requ- & 938
; : engine
station ) lating

NG unit
E— GRU

=

task:
connection point for the LNG supplier (ship/truck/...) to refill
the tank and fulfill safety aspects.
components:
(1)-flange for coupling system (in dependence of LNG supplier)
(2)-break away coupling (safety)

(3)-filter
(4)-gas valve (pneumatic)
(5)-N2 interface (bottles or onboard system) skid mounted bunker station:
-pressure, flow and temperature sensors ® drip tray with capacity of appr. 200 liter
-pneumatic/electrical panel (not shown) (7)flange for removal of leaks, spilled fluids or
Il picture shows a single bunkering station!! other ||C1U|d$
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Shipside Gas System

Fuel gas system (LNG) — tank and TCS

STORAGE TANK FOR LNG:

* Electronic control, monitor and safety system

==

FupkStorage “\\\ bl =
Id space Tank connection T

space,
.rCS
LNG-Tank -
NG
N ‘7/

\/

@ Storage tank for LNG:
-Double walled tank (vacuum isolated / filled with perlite)
-The volume depends on the ship and load profile.
-Typical tank size for MTU gas engines: 10 ... 100m3
-Tank mounting position: horizontal or vertical

bunker
station

P

@ TCS (tank connection space):

-Regasification of LNG to NG with temperature and pressure, needed for MTU engines (within limits).
-Monitoring and control of the tank pressure

-Monitoring of the tank level (filling / consumption)
-Boil-off gas (BOG) handling
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Shipside Gas System

Fuel gas system (LNG) — P&ID

b pﬂwgﬂa:ic aeuﬁl b engine Fﬁg enghe :;EE
alr In i b fﬁ rw | Li)\?:ﬁ TANK- E air out
Vs QE,_X CONNECTION-
- i ] - < SPACE (TCS)
Vapour line | —
. o G S,
erasty =X
Buniering level manitaring max CE'X waler-glycal-tirait '
- o
auterank arizer sgglg_
vaumisolaied ek T /N'Lﬂ\ i h
+periite NG L] —
inner tank L M \A
L_& i B gasto GRU
Ve Vm Vm Ve im im Vm Ve
Master
v
Ve Vim )
{ Main gas -%—
tank vahe
ST
LNG tank
~10, 25, 50, 100 m3 horizontal

50 ..65 m3 vertical

[ cryogenic pump ][vaporizer] [ Super- ][ buffer- ]
heater J(tank (opt.)
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Shipside Gas System

<
‘4
‘.

Fuel gas system (LNG) — Automation and control system

led.CAN-Eus eld but

|| contral _room|

oomOo
B0 00 oheke e
gasrerated graphics

safety
Paneel

englne room

m—— had wired signal

bunker station Fuel storage hold space

m— Bussignal e safetys)stem LNG FUEL SYSTEM

LNG Fuel system:

2 independent control and monitoring systems for:
-Control and monitoring system
-Safety system

visualization:
-engine control room

-control stand (bridge)

© MTU Friedrichshafen GmbH | All rights reserved | CONFIDENTIAL
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Shipside Gas System <

Fuel gas system (LNG) — Automation and control system

Main process function:

- bunkering

- gas supply during normal operation (gas engines
supply)

- Safety System (LNG-fuel-system) and monitoring
to avoid critical situations

- Monitoring of all necessary information with re-
gards to control of the regasification process
in accordance to the acceleration behavior.

- Alarm processing

- Alarm monitoring

- Interface to the ship automation system

- Control and monitoring of the pneumatic panels
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Shipside Gas System

Engine monitoring —

Engine 1
X |[Gear/Shaft X | [Engine 4 X | [Engine 3 X |[Engine 2
Propuision 0
Ingection P-Charge T-Exhaust 20V 4000 M73L Injection
_Propulsion Overview FRONe s"“d Quantay Air (a) Eagie Speed Quantty
Engine 1 L =100 500 3000 100
Engine 2 — &
Engfne 3 B 2% (1500 =50 250
Engine 4
T-Exhaust 1 = 5 [T 5
T-Exhaust 2 LO 0 0
T-Exhaust 3 2050rpm 75% 337 bar 2050 rpm 5%
T- Exhaug 4
Slaﬂseguence 1 Control Mode Engine 2 Control Mode Engine 1 | Remote | \aw
Stasequence? ‘ Control Mode Gear 2 Control Mode Gear 1 [ Remote E)(emp . .
| Stasequence3 S en’ga’t\O\’\ .
Ingection P-Charge Injection P-Charge T-Exhaust
Slaﬂguence B Engne Speed oo Air (3) Engine Speed o uantiy Air (a) Mean repre
" E-Motor 1 e 3000 =100 =500 =3000 100 ) R G\NE
E-Motor 2 — — EN
N
Gear Details i 50 2.50 250
T I I: 4 Cutch  Clutch  Clutch  Clutch G
Tanks 0o Ey 0 Ahead  Ahead  Ahead d 0
Ship Area 5% 337 bar 509 °C 5% 3.37!18 —
; Shaft Speed Shaft Speed Shaft Speed Shaft Speed
ire
g 179 179 179 179
i Control Mode 4 “Remote (R S— gl ™ Control Mode 3 Remote.
Yel  UBACK HIT Air 1 17022017 165810 Graphic Document
‘Red ACK HBI Engine Speed Engine 1 17022017 163027  Graphic Document
IYel  ACK  HiShaft Speed Engine 1 17022017 155553 Graphic
0] :* [BI 1!] I"' :Cmiwﬂ”wwmuﬂmvrma» L‘Q [ \ﬂ Eldmsuato'
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Shipside Gas System

Fuel gas system (LNG) —
s | ! —

LNG Bunkering a System Stoppad Mode:Ready for Gas Supply
LMG Syetam Inhibt: 0 ||

Pine Col N 0 0 - BT Tank Prepared for Gas Supply - in Standby

ipe Colors = ] - ’ unkering I R
s - e = — 7]
MiE: —?—_—:— LHG Tank PS: Bunkering E ’ Bunkering Crossover I P
Mitregen: S o . e System Mode: Fuel Gas Systemn Stopped
Glyeol 0.0 - e R

SIGTTO SYSTEM . b L]
I:I " EH: El [ Print Bunkering report ]
LNG Bunkering Stations coan e -
Tank Pracess Message: Supas L

a

I:f_"m'r il VALVE POSITION MOMTORING e
| — 15847 |

% H
1202 =

— [ D420 |
NG DENSITY [ e e L EI..’W |

Bunkering Crossover

- x LIS agva /
Lo —_— =
R et oWl LNG Tank[ps 128,97 = o
:’:-I:‘: 1 28380 '.'EN;ﬁET
Bunketing Light PS5 i [i] |
j RESET | LNG Tank SB: Bunkering Crossover | 1564w
J P System Mode: Fusl Gas System Stopped
* ] [}
. LT B Ei e
mest .
it ix Lt—‘ e ¢
o " “aul D Furp i
Tank Process Meassage: LLEILS i

x BT
o L1235~ | pr=——— 155
— ; : e

19,35

Bunkering Light SB
RESET Bllge Well

r- b
odn® Castnin

— T T § 063527
W o @  Walve VDU CTRL T
v | g | | Pl e . Start/Stop devices A‘ |:E.Q.ﬂﬁum'

@

Bl
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Shipside Gas System

Fuel gas system (LNG) — safety system

(. monitor safety critical elements for
the LNG fuel system.

+ will perform a series of
predetermined actions to reduce
the safety hazard and if the
situation calls for it make sure the
LNG Fuel system will be shut
down and returned to a safe statg,

main
task

FS14

-

* In the case of a safety critical
event the Safety System (LNG-
fuel-system) will execute
appropriate action to reduce or
eliminate safety risks.

* Is built up with several levels of
control depending of the safety

\_ critical event.

Page 33
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MODE: not deflned

G@ t:old Box
FS11
- GAS VALVE . ]

- gas

I detection

a nkering Station

ring. - . 2as Engine
F312 Fs13|| & FS6 Room

Fs10 | |

GRU

 will monitor the level of dangerous )
gases at strategic places in the ship
and along the LNG fuel system.

* Typical mounting places are double
walled piping of gas supply to the
engine and in the TCS.

Gas detection are built on a system
©f dual sensing, where two gas
2NSOrs operate in pair.

J
\
* Is designed to monitor safety
critical signals from the LNG
fuel system as well other
signals that are important to
the safety of operating the
LNG fuel system.
J
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Shipside Gas System

Fuel gas system (LNG) — actual design studies

Bradrene Aa
a specialist for high speed
catamarans (HSLC) made
in carbon composite.

vertical tank solution “““4 horizontal tank solution ) = cut through the boat hull
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07 Ratings, Portfolio & Market introduction
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Portfolio, Ratings & Market introduction

Planned Marine Portfolio

Marine prop. 8Vv
IMO 11l / EPA 4* | EU V* max 1000 kW
Marine gens. 8V
IMO 111 / EPA 4* | EU V* max 1000 kW

12V 16V 20V
max 1500 kW max 2000 kW max 2500 kW

12V 16V 20V
max 1500 kW max 2000 kW max 2500 kW

16V4000MO05-N for main propulsion
8V4000MO05-N for main propulsion
124000 and 20V4000

Constant speed engine

* EPA 4 (with oxi-cat) and EU V

SOD Q04/2018
SOD Q02/2020
development subject to market demand
development subject to market demand

8V and 16V certification subject to market demand

© MTU Friedrichshafen GmbH | All rights reserved | CONFIDENTIAL
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d )

Portfolio, Ratings & Market introduction K
Planned Main Propulsion Ratings and Availability

Power [kW] Rated speed [rpm] | Availability (SOD)
8V 4000 M55RN 746 1600 Q02/2020
8V 4000 M65-N 1.000 1800 on request

16V 4000 M55RN 1.492 1600 Q01/2019

16V 4000 M55-N 1.840 1800 on request up to 2.000kW @1800rpm
16V 4000 M65-N 2.000 1800 12/2018

up to 1.000kW @1800rpm

SOD -16V4000M65-N with Lloyds Register - ABS, BV, DNV/GL subsequently

gg.‘;',—j o '__1"-‘ "z
A AT
.
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08 References
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References

High Speed Ferries:

2x 2x 164000 gas engines @1.492kwW
for Reederij Doeksen

Engine delivery in 2017

Ro-Ro Ferry (field test engines):
2x 8V4000 gas engines @ 746W
for Stadtwerke Konstanz

Engine delivery in 2020
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09 Customer Benefits
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Conditions 16V4000M65R  16V4000M65-N
Green Ocean Gas Mobile

R ©ia) 7St e ——
Comparison — Invest & Consumption Cost

Speed [1/min] 1.600 1.800
TBO [h] 21.000 30.000

Load profile Standard (LF 53/ LI 8)
Operating time 60000 h @ 15 years
. Urea cost 0,35 €/l -
Invest & Consumption* Cost over 15 years Oil cost 450 €l
Coolant additive 4,10 €/1
€25.000.000,00 Notincluded Maintenance cost
——Green Ocean
Fuel price 1,1 €] ROUQ
Equal 0,28 €/kWh h esf. Savings:
€20.000.000,00 +— . {p .
Gas Mobile f)af/ 4+ Gas 0,9€=~0,1 Mio €
Gas price 0,9 €/m? Of)
Equal 0,25 €/kWh
€15.000.000,00 —— —— Gas Mobile .
' Gas price 0,6 €/m3 Gas 0,6 €=~ 5,2 Mio €
Equal 0,17 €/kWh
—Gas Mobile , Gas0,4€=~8_8Mio €
€10.000.000,00 —— Gas price 0,4 €/m? —
Equal 0,11 €/kWh |]—‘>Current market price
€5.000.000,00
Gas Mobile ~3 Mio €**
Diesel ~1 Mio €
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Operating years ]
Calculation March 2018

Jel, oil, coolant, urea (Green Ocean)
nvest cost: Engine purchase + Tank system H.
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S4000 Gas engine for Marine application Key Facts / Highlights

Dynamic Acceleration Behavior
» Comparable performance characteristics to that of our series 4000 diesel engine for workboat
application, no visible smoke, even at acceleration

Better environmental footprint compared with that of the diesel engine

— 25% less Carbon Dioxide (CO,)

— Health-threatening substances in the exhaust gas - such as nitrogen oxides, sulfur oxides, fine
particulate matter - of gas-powered engines are reduced by 80 up to 100% compared to IMO Il diesel
engine

» No Exhaust Gas After Treatment (SCR, Particulate Filter) required for IMO Tier Ill and EUV

Gas Safe Machinery
- Engine built for “gas safe machinery space”
» No need for separate engine housing and ventilation within the engine room

First high speed pure gas engine in high power range

— Currently available gas engines are primarily medium speed engines

» Pure gas high speed engines offer significantly less weight than medium-speed gas engines for the
same performance - improved power-to-weight-ratio
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S4000 Gas engine for Marine application
Key Facts & Highlights

S4000 Gas engine for Marine application Key Facts / Highlights

Multi Point Injection

— Cylinder individual injection of gas

» ldentical combustion period in each cylinder
» Stable engine operation, increased availability

Engine Map

» All propulsion modes possible (fixed and variable pitch propeller)

Wide rpm range
» The rpm range is suitable for fixed pitch propellers to provide low-cost drive systems

Cylinder Pressure Based Combustion Control — e
— Minimization of the scatter band of the cylinder individual peak pressures [ 2
— Control of mean effective pressure, gain stability _
» Reduction of fuel consumption and emissions =y 5 St
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