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Electric propuision

QI Xl (Main Engine)2 2 FZI « 7| AH Al . M/EO| Of:l AFIRBE|{Z X£XI5
| dMof| 2 HRE XHE Uy =g

(Y, m4H « S AU H|of, 7| 2HEH| o] ZAHH
2t A ol CHE517] fI8H HFOZ} « 0 M2} C
Ll LNG ¥ 2°| M/EO| ZHat
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Electric power

Z7 |=EIMEIO| BENRI? 212 x4 sxiMuto o} SiCRLE wisralo] mi} 75
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. CIAYH7|/0|5¢HR WM « YHEI|+ESS
« LNG 93 UH7| . WH7

|+H &M X|(F/C)+ESS

ESS (Energy Storage System) Tt?
("2)) 37 HX|IE ME N 3S5H= olHX| K
X =, ES| HI|HXIE MY R 35
EF) T710HX] M2 2t =2 2l HE2|
7t AH |0, 11 2| Super Capacitor*, NaS, Redox
Flow Battery 50| &

* I FH I M E{(Super Capacitor) : 5748 2F0| CHEH
o 2 MHAIHE, % SEN, g2 SN B
S EY Al AO| 2 =HO| EF

(o) =4, MATIA HEE MQ 5 21T A
9| 2St0f|HX|E H7|0f|HX|2 2T HtAl
7|2 1280 B3l UTHYX|

EH) a2k, AHE8E0 M2t PEMFC(E
RS EH), MCFC(E -8 EH ), SOFC(IA &t
E)=E &

A4 ME0|l= PEMFC, CHEME0 = 124
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STE P 1 Electric Propulsion

[E=XI] H7|=Z i 2
[24X4] Only 2+&7|

NOT Zero Emission

B E Drive

Just Electric Propulsion Ship

M7 A% ALNGM - (EHETH) LNG Mo BOoG &H| sl 2 98t DFDE
(SCF YAMAL LIMASSOL =) 3 (Dual Fuel Diesel Electric) LNGM 7S A X2 2 DP
(Dynamic Positioning), &efid, AR = Sof & Mg
- (Fa¥EH)
- 7| 2| o] E4HuiX| 7} 7SS, o] 52t H A7 80|
- 231 2IF0| F7|(w/E)Y HIs Mo, MUt =FH 2=
£3], Azipod =T17| 5 PODY F=7T7|& 360% 3| M 7ts)
- HI YoM deet 2 H 5= H o

(M= Ry | o/ =

- MAE0M 52 3 JHs (UM, DPMO| S2)
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STE P 2 Electric Propulsion

[521] H7|%5!
(] W)

+ESS/Fuel Cell Close to Zero Emission

HEHEX|

Load Balancing= S¢ Of|L{X| 2 & 24 Hybrid power-driven Electric Propulsion Ship

ESS discharging o (RTTHA) Mol o X|2 88 =0/7| ®I) HEE A
3 £ = ESS(ER, 2|EHIEHE) B2 BHIE
LR HRHX| 7L LT | 27H AL 7] A%

- (FREY)

-Load Profileg 1 2{$t *|Xo| M3 MA/XEH/AIRO 2
OlUX| 28 g

- A0 A zero-emission 7Hs (53], ECA X 9)

- 2 /XN S/IOPEX HA

Power

mmmm Battery Charging Battery Discharging === Base Load

\ Time J \ J

Source) Corvus Energy
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STE P 3 Electric Propulsion

100% Zero Emission

ZERO-emission Electric Propulsion Ship

o (Y HotdEh) ESST RS MI|FTMEe] FHRAS
EMNEYUSEM, HQte 7|2 H 2 siE 7ts.
&t 10f| Shore Power 35 4H|7}

« (CHY Muh HHE{2|Qt 2 HETNX|IE 20| AHBECRE
M, Z7He| g7t 7ts. o, oM HAEFX| O HE

= == TSk A A o A
Hisa22 = Jes dH|7t 2

S
xHE2EA) RR B4 2H S S 27| UeH, K82

ME All-battery (+F/C) O 2 L E|= FA|

SHHE SHE
ROBOTE 7{% b
(ABBIiL)
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ESS Energy Storage System

H712] Z|CH ERY (Matat 2H|2| SAIY)E SHE = U= OILXIXEALEH

(+2|EHHE{2l:= ESS2| &t EF

Module
(6.7kWh)

(ZH: Corvus Energy iit)

Peak load shaving

Improved dynamic response v _Eﬂ- 'TI‘EEL':' g%
v BE 2% 54
= 0 | - — < HAB/MTE
Less-noise . v H|E7}A ZERO
@ v R, YL A
L,»/V\q e/ 0|4
Ge"f-,’faf'l:’,,’e' gl Improved energy efficiency v Er—_ll: cl>_|-xc-;§|./o.“ |_-| xl ﬁ.&zg

Load Levelling - Charging Batteries Peak Shaving - Power to Grid (Discharge) - Spinnin g Reserve - Silent Ship == Ships load




_ ZemShip (FCS Alsterwasser) 15 (‘08)

(_ SF-BREEZE ZZHE /0|3 (AL E)

- ™ =)
unconverted combustion
and reaction gasses
-— co
Heat HZOZ\L SOFC Nitrogen,
i 900-1000 °C Co—> S unconverted
Oz oxygen
ol |
H,OR2 MCFC
600-650 °C cO—» ‘F
Hydrogen ' a
H,0 Q AFC
60-120°C H > W
2
PAFC
160-220°C (6 e el
Water 20-120°C 2 Ht
|
{quj out 160-220°C PEMFC
20-120°C Hyeee e )
H Nitrogen,
Fue| =———pp— unconverted
FUEL CELL Electrolyte oxygen
\_ \_ Anode Cathode J
*Source) Department of Energy I r Prototech
~ (~ =)
Buffer Battery | 12 Hydrogen tanks 2 Fuel Cell Systems
Lead-Gel, 350 bar, »PM Basic A 50 maritime*
560 V, 360 Ah In total 50 kg H2 48 kV!peak power each
' Power
electronics |
y
el \#
==
Propulsion motor
100 kW Passenger
compartment
Bow thruster
20 kW

_J







BENEFIT | ow Maintenance (1)

Moving Parts = Repair

&) Moving Parts2| %|23}0| @2

ex) A7 X=X} 2,000+ 7H) vs
™| XtS Xt (187, Tesla Mode S)
- Moving Parts2| Zt4 — Friction/Heat Zt2~ —
1YE 42, 85 uMF7| 7t - OPEX &4
(POD F7T17|9| B2, 22 100 Bl BZ)

(*CPP: controllable pitch propeller)

Moving Parts (M/E)

X 2H B
- Gearbox, CPP*, (POD M-&A| Rudder, S/G) & 228

F

Ref:
http://

Oil pumped at
a certain
pressure

Crank pin, bottom end
bearing (rotatory

motion)

ww.marinediesels.in
fo/2_stroke_
osshead.htm

Piston

engine_parts/cr .

—— Pistonrings

——Piston skirt
Platform separatingcylinder Piston rod
from crank case )

Stuffing box

Crosshead, crosshead

bearing (reciprocating)

Connecting rod

ournal, journal bearing
(rotatory motion)

crankshaft, pistons and piston rings and piston skirt, fuel
valves, air start valve, exhaust gas valve, inlet valve, fuel
injectors, turbo blowers, connecting rod, crank pin,
camshaft, push rod and rocker arms, crosshead,
crosshead guide and fuel pump, etc.

Int. Journal of Engineering Research and Application. 7(11). Nov. 2017

[Ex‘i]: Waleed Alturki, “Marine Diesel Engine Fixed and Moving Parts” Eng.

4 ZA/Hofof Mg

#
- Xf%—i—%“.‘_ 2ol wAE+ FE0 7E

Propeller

Web .
Stern Tube Sealing Intermediate Gear Box Main Engine
Equipment Shaft ; Flange

Main
Engine

Thermal Stress and
Thermal Deformation

Bearing Loading




BENEFIT Easy of Propulsion Control (1)

Engine Power & Torque Curve
120
280 ]
d & ZEN
Spee Torque N
240 Z
ContrOI g / Tarque 80 E
= 220 =
g / / 60 $
5 180 / o
|
) &M &2 Torque 7Hs . N\
- VFD*Z, Torque®} Speed MO (FEIZE Z& | 0f) " 20
- MH0M =2 ESE Y2 = A0 MyMo Het
(* VFD: Variable Frequency Drive) 1000 2000 :Wﬂd [‘:3;";“ 5000 6000
pee
X1 &} 5} 2 oct
@ S=¢ Speed/Torque MO & e SE N o e a R Turning circle test
- Stop / Start / Reversing / Turning 2536 &4 Ao unit 35 _at full speed
- Crash StOp 7" El El_l':j:_ / (Elation) Conventional
- Reduction gear & CPP =282 500 N udders 40" Siste
400 / \
&) 248 Maneuvering 45 4 N\
(£3|, POD, Azimuth Thruster FTIA o
- o[BS LA & HsHE| A (~46%) 0
- bt ™OHA| AlZH BHF (tug, bow/stern thruster 22 Q) 0 \, /
N~
\:—. 4/
100 200 300 400 500 600 700 [Al-XI*x-i ABB]




BENEFIT Easy of Propulsion Control (2)

Different
Control Mechanism

&) HAAZ H|of A ) H7IFEF Hof A
- Governor*E &%t Fuel control - VFD* (Motor Drive) Q/HE{£0{AM2| HtEX| AKX} A2|H
-ZHI|E S PR LS ZHTCEMN M/EQ control (*VFD : Variable Frequency Drive)

&= 8 HOfots TS AlAH

______________________________________

Vin

Fuel injection T T i b i e e B o
pump i DC "

| g \\& :

i '

AC | ¥ PAC a4
: : —+ Restifier Filter T Imverter ———— i Mmor

i '

1 | | ]

1 ]

. Input: ! P Quiput:
) BOBOHz(1 dor3 g } Wariable voltage
Main engine ! ! and frequency

1 ¥

1 T - ]

[AZEAN: NYK]

Lo !
IL- 0":-"15
ol
HAlY
iy
Ry

[Detection of rotation speed change ]

F-—-—=-7--

__________________________________________



BENEFIT Redundancy & Reliability

Redundant M/E possible ?

So Difficult!

) OoIE3 MA /K| 7Hs
- HHE o] Tt 24 % 2MHHX] 7S
M olg2l o|F BT E =HE 7ts)
- HjH S o] F=t 24 % 2MuiX] 75
A2l 24 7ts, e EZAAH 2H Jts)
- FUR 0|53 24 | ZLHHR] 7S
(Chs=2f =TI AX| 7+5, Cable Way 22| E2X| 7H5)
- T nEo ME = &2 X
- 72 FE0| [HE /A A YR
(o144, mehofl Mg

ofZ4M oM T 7
« 20104 7& O| F M Fl L 72l srtP (Safe Return
O Pt do| & A3t

2 Al MEFXER| 7L eI 29| ot
Mot etk 2 4= LO{of S, O| £ 2fsl, =+ ( N
&10| 0| % (Dual)Hi x| 7} @ 7 ; : | 0| 52t/ & AtHH X]




SEREFIT High Efficiency & Low Emission (1)

EP VS ME %l ¢i7td 5 A B 2kH| Wl (ABB)

Optimal
5 7000 % ——
Power Control ¥ j’: e
E, Sﬂﬂﬂk - ==E=Conventional
3] T T e
S 5000 !
R : |
H S £ = x|x X 4000 '
W) FoiEsol mE xH M of 0 8 5 40 30 Dynpos
- dhEorer FN 7S Al SO % Ral time in transitand dynpos o

- ESS HAIA Hybrid 2HAA”H M8 Tts
- §9|, #5t#HS0| 2 d4FDPY, Tugl 5)0 Mg

(ZIE2l M/E =TAO|= EF et A)

Fuel Consumption .
Engine Ioa_d -%

(Diesel Engine) / Wartsila

- 100

90

Reduced SFOC
with 5% at lower

- 80

70

2 UHHI| 2H 75
Hto| A, Variable Speed 222

= .
- 60
2t B (2 20730% =&

- S0

W) HSAl Ed0jLx|2| TYAHS
- VFD2| 7|&/HEE, MSAl 2dEl= 240U X| A8 7ts
- 2[OH A= UHHEE2 R HIZ AFESEALY, ESSO|
Mg 2 22A A8 7ts

400 = 500 = 600 700 | 800 900 1000
Engine speed - rpm

[EX] Geertsma, R. D., et al. "Design and control of hybrid power and propulsion systems for smart ships: A review of developments." Applied Energy 194 (2017): 30-54.



SEREFIT High Efficiency & Low Emission (2)

Optimal

Propulsion Control

) =ZIZ 8 =7} (POD/Azimuth thruster)
- Rudder 2282 g =282 24 42 52 &%
Cavitation Zt2 > FXaE 37t (& 28/78 L)

*  Optimum wave field
¢ Lack of shaft line & shaft brackets etc.

* Uneven wakefield for the propeller
* Added resistances

(rudders, shaft brackets and stern thrusters)
* High Cavitation

* Lack of long shaft line (optimize the hull)
* No separate stern thrusters & rudders
 Low Cavitation [AHEIEX: ABB]

@ POD =YX ABB(Azipod), Siemens(eSiPOD), GE(Inovelis), AAA Propulsion(V-POD), etc.
(Azimuth) Thruster &R Y H|: Rolls-Royce(Azipull PM), Voith, Wartsila, Thrustmaster, Niigata, STEERPROP, etc.



ENEFT Flexibility of Arrangement

NO Direct Shaft-line @) Mur"e] & 7|2%H| Bix|ol 7
- MO|E MEFSE] 7N Tts

saving IVlOore Space - &) Hjx o] 2H sl

bt -
St /plEEE S0t
(POD =717|, %[Ol 30% s 7t=HE 7ts)
oerTeITRmn zRan i [ ]
— 'a lL‘ _ -~ A -
“ I. ] ! = === === 4 u;
et L . 'l' B A I O S mar - o "% Bl PN
S . C—
= = - ;
| T - T
- =T
o |20CR T B2 ZNORE IR h .' B
| monzen
SILENCER (TYP.)
Bl - F 1 -2 Ronl i EMERGENCY
’ T N ENGINE (ON JOINT (TYP)
1 M LT 1 .
5 ; =
V =1
L = = . -
T pe— - 7 _ =
“ ‘\4‘ LA ’da [
Va5 i = %
naosmE@HIR ' \ T :xz:;l:nv
wmasry HARELR LY oRL 08
CEUE ALY ROLIL AR |
_\,
[EX: L& S3]X[(KANRIN), 20164 5 H66=] JEPP——. M,_\




9 Electric Propulsion Challenges

Conversion I.OSS Installation COST Unfamiliar SYS
A7} O L K| H S TROf| M2 £ A ‘ I|E M/ECHH] £7] =2 £X1H|8 ’ Ol A|H = g Major Maker S50 22

[ 100 96 ~98% BUT, M3} 2 A0l & X 7|%70|
M/EFTEA B2 80| H &5
: (at 25% load)

M/E
3| & 5 M/E =l P, =0.24 %Py,
=
h bropel HI|FTL: Py =0.31%Pg
Thrust ropelier
Intermediate shaft ; h ?t beari (ZX: Mohamed Gamal Hussien, etc.)
bearing bearing ~ shatt bearing
optional
Main Supply | Frequency E- Propulsion
Generator Switchboard Transformer Converter Motor 90.3
By |10 92,3%
= Engine 3% 0,2% 1% 1,5% 3% - 4% iy
= Power (Pg) i )
*) not applicable if e g . .
. ) Synchronous: 3%
converters with Active Induction: 4%
Front End are used

Water 2.9%
Air 0.2%
Air 1.0%

Water 1.5%

Heat losses | [EAPZNEN]







HM & E==X CHH|

SEfEY SR HE - I HH qrdoj= 7
E
=

o oY HMRR - 37 37 LR 22/ S

TPP g2 80| E2aHz! =& IsR O{YE S FAlY

(B9 2R
2 9| i3 6.797 6,808

©, 717) (8'459’
<Ot - SHOLEHO| - 1o L S 1 >

o] Fao| =7H8§0| TPP Aol BikR TR TPP =3 82

O[RI= 2| iR| Q40| Ot EERnE] BARFO| 22| S21 A

X oy UE HEY § SICHD Hetg A Rt 2st
YA £ qu=n+s [ R P Ze a8 a7

5 Foss E“?H Ha e ts

s 7tsd 2011 2012 2013 2014 20154

()2 e

=
e 7" 2 HM7|SH0] 2021 H12E31LE YUE

L= ofMof CHot Mg Z3 W =MAY E/d3)
MEH 21E0|4 =32 o{M M| 27% XX (=L 0{4 67t5835%)
al AdS)

O|M HCiSHE S3H Muto] obHA 23t U MY BX| By
E

MEE S20{4H H#E 20191 |

1958

W B8 BN ME W) U3 a7 £% S¥ NE 0¥ ¥R ¥ A4S

b =g

Zay

Y- ATDF 60% Ol &
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