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Abstract : In the rapidly changing LNG market, securing stable energy has become very important due to
the instability of the international situation with the continued rise in oil prices in 2013. Accordingly,
South Korea is conducting stable LNG supply and demand through long-term LNG contract projects with
the United States and Australia. In this paper, the performance of the propulsion system based on the data
from the operating ship and the newly changed IMO emission factor was evaluated, and the results
analyzed in the design stage were compared and verified. Fuel consumption based on the data from the
operating ship of each propulsion increased by 230-240% between UST and FMDFE compared to the
design stage while TLDFE showed fuel consumption with no significant difference in design and operating
ships. Air pollutants CO,, NOx and SOx were calculated by applying the IMO emission factor. In the
case of CO,, UST with the lowest fuel efficiency was the highest, and in the case of NOx and SOx,
TLDFE, which consumes the most liquid fuel oil, was the highest. In the IMO, the NOx emission factor
was changed by engine type in 2020. This is an action according to the characteristics of the engine
using LNG as fuel. At the time of design, the emission factor of each fuel type applied to analysis is
proportional to the fuel consumption. So TLDFE shows the lowest emission when applying the fuel type
factor. Therefore, the applying the factor reflecting the engine characteristics is judged to be reasonable for

calculating the actual emission when calculating the NOx emission of LNG carriers.
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CAPEX : %7|%A}H]-8-(Capital Expenditure)
CBM : % 9 E|(Cubic Meter, m’)

CST : %7] E]¥l(Conventional Steam Turbine)
EEDI, EEOI : A4 olu#] &-&4 A X F(Energy
Efficiency Design Index), 34 oUAZEAE
(Energy Efficiency Operation Index)

FBOG : 74A7187}F2~(Forced Boil-Off Gas)

FGSS : INGYE FgFAIZEl(Fuel Gas Supply System)
FMDFE : 4374 S$& o] d = AX(Four-stroke
Medium speed Dual Fuel Engine)

GCU : 7}2=2A47¢*](Gas Combustion Unit)

NBOG : A17]38}7}2~(Natural Boil-Off Gas)

NCR 474822 (Normal Continuous Rating)
OPEX : -8H|-8(Operation Expenditure)

TLDFE : 237 A& o]FA =5 A (Two-stroke
Slow speed Dual Fuel Engine)

UST : =3¢ 37| H¥(Ultra Steam Turbine)

o 2

1.1 97 Hid & =5

A 201332 AEAQ] f7F A &
I ofxze|7te] XA Bt dE AALE 9
Zo2 Q3] AA oA Aol FEF
Atk ol FWAE Al e FH
GRS 5% ddAH A FHo} Fdot
of X3 FU HArt= =EYAe
g AEg AUAE AR FFete ZEA
EZH T3 GLNG(Gladstone LNG) Z =4 E(350
Tl E)e} )= Sabine Pass LNG ZZAE(280%

o g
rE
o to
il

B2 Y3t F ZEAEES B3 ¢HFF o]
T AAAR YE Tt £ A o7 FU =
W LNG At Lgdvtozs REste A Al

aho] W FEA HAY?
z7] ZRAEAE A5 B 255 A
LNGA o] & A4 g3 A &3 A7), 8
30 TR, Az dH T HAAo] oAtk
o5 3l MAH BHAA At LTF LNGAH 9
HAEE A bt ok £ =

e
ro

o

U719 EH WEASFE 7Hte 2 3t A~
ZAEE 9|3 LNGA O WF A 43
ole] vz HEE B3 FAAA HAes A5

stazl gkot,

2. TS U

13

1
2 AFoA= LNGA
A& A9 LNG Z=ZA)

A
>
o

— Lo
oX
r

N

b o
o
F &

(m
o
oo
[-'\l

ot
i

c WL
[t mf L

=
>,
ol
b
fd
2
o\
N
o
%)
—

ol oY ox
f o
ol
2
Z o[ 0
[
Ac)
ki
2
Q
r>~
e
2
o}
ol
oo\

eS|
=
=)
3]
i
wd L
)
(O 1T

N
oo
o
4y
X
o
N
lo
o
X
ox
X
U
et
ot
v
tio
M
P o )y i
0]
ok

ol i ¥R

"]= Sabine Pass LNG ZZA Eof| FEH Al4f
W Adbke] H7)= 174,000 CBMO. 2 AR H %
Table 12 U= Sabine pass ZZAEE 93] 44
H ING RHde 7]EAHA ABeE Az A

Table 1 174,000 CBM LNG carrier general information

General Information
LNG Tanker size 174,000 m’
NCR, Laden 18.5 knot x 59.8 rpm
Distance 9987 NM
Shaft loss efficiency 98~99%
Gen' alternator loss efficiency 97%
BOR, Laden/Ballast 0.15%
Engine margin 20%
Voyages per year 7 times
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Table 2 174,000 CBM Operation profile (Laden voyage)

UST FMDFE TLDFE
Speed |Distance| Time : ; ; ; ; %
Laden vovage Engine| Fuel |Engine| Fuel Pilot |Engine| Fuel Pilot | .
ve (knot) | (NM) | (Hrs) output | gas rate | output |gas rate | oil rate | output |gas rate | oil rate (time/yr)
kW) | (kg/hr) | (kW) | (kg/hr) | (kg/hr) | kW) | (kg/hr) | (ke/hr)
Manoeuvring 12 60 5 6500 | 2425 | 16640 | 2047 | 80.3 | 4370 | 600 50.0 | 0.4%
N"ggﬂgsea 185 | 9807 | 530.1 | 23670 | 5644 |25450 | 5351 | 350 | 16087 | 2180 | 170.0 | 42.3%
Panama canal | 5 60 12 | 5300 | 2200 | 3850 | 1500 | 50.0 | 700 100 100 | 1.0%
Manoeuvring 12 60 5 6500 | 2425 | 16640 | 2047 | 80.3 | 4370 | 600 50.0 | 0.4%
Waiting 12 | 5300 | 2200 | 3850 | 1500 | 50.0 | 1800 | 250 100 | 1.0%
Unloading time 12 6500 | 2425 | 16640 | 2047 80.3 4370 600 50.0 1.0%
Table 3 174,000 CBM Operation profile (Ballast voyage)
UST FMDFE TLDFE
Speed | Distance| Time : : ; : : %
Ballast voyage Engine| Fuel |Engine| Fuel Pilot |Engine| Fuel Pilot | .
YIS (ko) | (NM) | (Hirs) output |gas rate| output |gas rate| oil rate | output | gas rate | oil rate |(GME/YY)
kW) | (thr) | kW) | (thr) | (thr) | kW) | (Yhr) | (thr)
 Rest 79.2 | 5300 | 2200 | 8000 | 1913 | 114.0 | 1800 | 250 10.0 | 6.3%
n port
Bunkering 20 | 5300 | 2200 | 8000 | 1913 | 114.0 | 1800 | 250 100 | 1.5%
Manoeuvring 12 60 5 6000 | 2350 | 16000 | 2095 | 75.0 | 4300 | 590 50.0 | 04%
Noggfﬁgsea 18.5 | 9807 | 530.1 | 22000 | 5303 |24470 | 4952 | 350 |15938| 2150 | 170.0 | 423%
Panama canal | 5 60 12 | 5300 | 2200 | 3700 | 1500 | 50.0 | 700 100 100 | 1.0%
Manoeuvring 12 60 5 6000 | 2348 | 16000 | 2095 | 75.0 | 4300 | 590 50.0 | 04%
Waiting 12 | 5300 | 2200 | 3700 | 1500 | 50.0 | 1800 | 250 100 | 1.0%
Loading time 12 6000 | 2348 | 8000 | 1913 114.0 | 2500 400 30.0 1.0%
Total 100.0%
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Table 4 Characteristics by propulsion type
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UST FMDFE TLDFE
Figuration gzm
High reliability and stability High reliability and stability High thermal efficiency(50%)
Low maintenance cost Low LNG injection pressure Low engine room volume
Long endurance span (6 bar) ratio (Effect of increasing
Bundle inspection possibe at | - High thermal efficiency cargo tank capacity)
drydock due to long (46%) Relatively easy to operate
Advantage| maintenance period Low engine room volume ratio| - High familiarization
High fuel oil flexibility (Effect of increasing cargo for crew
tank capacity) High flexibility for fuel oil
Relatively easy to operate
High familiarizationfor crew
High flexibility for fuel oil
Low thermal efficiency(33%) | - High CAPEX High LNG injection pressure
Disadvan | - High engine room volume ratio| - High maintenance cost (300 bar): If leaking, high
-tage - Difficulty in self-maintenance| - Low propulsion efficiency risk compared to other
- High familiarization for crew| - Need to repair regularly engines
- Need to repair regularly
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Table 5 Major items for CAPEX calculation and

ratio
UST FMDFE TLDFE
Main boiler (regﬁgliy) Main engine
Main turbine | Electric system ]()rle:z dgrililz;_nsc;t)s

Feed water
pump & turbine

Fuel gas supply
system

Reduction gear

Electric system

Generator turbine Fuel gas supply

box system
Diesel )
generator(em'cy)
100% 105% 95%

Table 6 Maintenance cost based on design data

2-stroke SD 4-stroke SD Total
engine W engine W
(kW) KWiyr) (kW) (kWyr) | (USDryr)
UST - - - - 160,000
2200]0
(Gxd)]
FMDFE - - 10,000 x 35 | 1,330,000
(&)
TLDFE | 30,000 | x 11 1,112 | x 25 | 607,800
30
@UST «=FMDFE «TLDFE

[ N
= 7]

USD (million)
7]

3.2

0 Accumulated period (Years) 20

Fig. 1 20 years maintenance cost based on design

data
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Table 7 Fuel Consumption based on design data

UST FVDFE TLDFE Remark
(Gas mode) | (Gas mode) | (Gas node)
Pilot-oil
MGO
0 190.5 476 (FMDFE/
(ton/yr) TLDFE)
HFO Pilot-oil
(tonfy) 0 0 6452 | (1 DrE)
BOG
(ton/yr) 121163 17045.5 145979 -
FBOG
(ton/yr) 6113.8 0 0 -
Total
(ton/yr) 18230.1 17236 15290.7 -
12.0
10.4
10.0
10.0
8.8
8.0
z =MGO
i o0 =HFO
é =FBOG
= 40 NBOG
*Total
2.0
0.0
UST FMDFE TLDFE
(Gas mode) (Gas mode) (Gas mode)

Fig. 2 Yearly fuel cost based on design data

250
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«FMDFE

TLDFE

-
n
=)

USD (million)

0 20
Accumulated period (Years)

Fig. 3 20years OPEX based on design data

AR, A7t 8482 TLDFE 8.8 M$, FMDFE
10.0 M$, UST 10.4 M$3l Aoz A=

A, 207 & 81982 TLDFE 188.2 MS,
UST 211.8 M$, FMDFE 225.6 M$Sl Z o=z Ait
= At
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F v EAAYL S B FE= Aie Bddn

=4, NOx WAZEFS TLDFE 100% thH],
FMDFES 18%, USTE 6% = A =Ed, o=

EA =2 gSHld o3t
71918 A2 B 4= 9lth NOx

o] A%, 20163 FE TEH ‘IMO-Tier I’ 74 <
- gt o5 918l w717k A

Aol 2 dRe]
A

A 2AbelE A 74X (EGR, Exhaust Gas
Recirculation) E& A€ A 3 o) X|(SCR,

Selective Catalytic Reduction)S F7}2 AX|3|of
@_T;]_'IZ)

AA, SOx TLDFE 100% ©ti®],
FMDFE©| 48%= ®X=H3Uth 574 SOx A&
A AZH AHEF] HlEEEZ AUFoE A}
gFo] @2 TLDFEAIA A=) &A vehd
Aoz B 4 o SOx HEFHS ARIFASH
E AMESHAY w7k "3 &S AMESEe] o
A Aok AaAsER FsE gas 9
g 7leEo] Autd gAlE Ag, 27FEARE
g 8 l%% Z7VsHAl =A% IMO 87 71 A ol

=
e 7 =A% WEY 5 YA Aok

By

78 FHA2HIURK] H26H M1z, 2022 2

= CO2 = NOx = SOx

100%

80%

60%

40%

20% '

-
DFDE ME-GI

Fig. 4 Comparison of air pollutants based on design
data
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Table 8 Fuel oil price information (2021.09)
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Table 10 Fuel Consumption based on operating

Fuel properties D(leitggly‘)") (II‘S/Y(I;)) (I})Sr}g:n) ship’s data
UST FMDEE TLDFE
NBOG" 470 50000 211 (Gas node) | (Gas node) | (Gas mode) Remerk
FBOG’ 470 47500 211 MGO 0 2 0 Pilot-oil
HFO" 40400 527 (ton/yr) ' (EMDED)
MGO" 42700 637 (tf}f,(y)r) 0 0 12872 (%’5%
i) Unit conversion basis : 1 toe=52 mmBtu (tlzl(l)/;}r) 37320.1 36772.6 16480.8 -
i) NBOG/FBOG price : 4 $/mmBtu_Average 6month FBOG
(Source: Henry Hub Natural Gas Price) (ton/yr) 63394 3476 0 -
ii) HFO/MGO price : Average 6month Total
(Source : Clarkson) (ton/yr) 43639.5 411034 177630 -
ii) HFO : 0.5% Sulphur
iii) by Korea Gas Corporation 1on
00 o 8.9
Table 9 Specification from operating ships 8.0
UST FMDFE |  TLDFE ZZ oo
Tank Type Moss Membrane | Membrane % 5:0 = =FBOG
Cana;’cl;ty 155,000 CBM| 15890 1174000 cBM| 3 :Z o8
LOA 288 288 295 2.0
BOR 0.15 0.15 0.15 0
MCR | 26000 kW, | 28,000 kW, | 24,100 kW, S 2, 2P e
74 rpm 90 rpm 74 pm
NCR 23.400 KW, | 25200 kW, | 21,690 kW, Fig. 5 Yearly fuel cost based on operating ship’s
71.4 rpm 82 pm 71.4 rpm data
]gepiig 195 knot | 21 knot | 21 knot _ _
AR dEEo] Wi FEF ¢HS A
Diometar | %4 m 9.6 m 83 m gs 274 "L BOG del= F7b LA
H BOGE E¥P E= GCUNA AAE T M
Pﬁrc‘l’llf(’gl.?f{) 8150 mm | 7215 mm | 883 mm |70
Prggcgéer 6 5 4 HkAol TLDFEE Fig. 6914 UEhd A3} 2o
BuiltYear 2016 2008 2017 EARS RS Fel SR s ING
JAZIBZE 3= S Alofstrlel F

Fig. 55 Table 105 EUE A4 FUAXE 4
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AAXE $%3 BOG 9o HEH A= BOGZF AY
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FF 2093 AXA HlolE Wk FIAAER
285 E $498(0PEX)S 2H43HY Fig 73 2
°] TLDFEE 962 MS$, UST 187.2 MS, FMDFE
£ 2066 M$ 2.2 T At et
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Fig. 6 Partial re-liquefaction plant & GCU plant

flow
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Fig. 7 20 years OPEX based on operating ship’s
data
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Table 11 Emission factors for fuel type (g
pollutant/g fuel)
HFO MGO LNG
CO, 3.114 3.206 2.75
SOx 0.01158 0.00264 0.00002
Table 12 Emission factors for engine type (g
NOx/kWh)
UST FMEFE TLDFE
NOx 1.3 1.3 34
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EM, = FC, x EF, (1
EM = FC X EF, <(D/ V)

EM, : The hourlyemission (gpollutant /hr)
EM : Totalemission

FC : The hourly fuel consumption (g fuel)
EF, : Fuel emission factor (gpollutant/ g fuel)
D : Distance(NM)

Vi Ship's speed(knot)

EM; = EF, X W, )
EM = EF, < W, x(D/V)

EM, : The hourlyemission(gpollutant/hr)

EM : Total emission
EF, : Bhergyemission factor (gpollutant/kWh)

W, : Engine's power output (kW)
D : Distance(NM)
V' : Ship's speed(knot)
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Fig. 8 Comparison of air pollutants based on

operating ship
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Fig. 9 NOx emission comparison by fuel type and
engine type for operating ship
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