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Application of LNG engine to harbour tug for reduction of
emission in harbour and Green logistics

Gye-Bong, Lee

Department of Port Logistics

Graduate School of

Korea Maritime University

Abstract

This paper provides an overview of the effects between existing diesel engines
and eco-friendly lean burn LNG (Liquefied Natural Gas) fuelled engines in
economic and environmental aspects in application of harbour tug.

Climate change i1s now widely recognized as the major environmental problem
facing the globe.

GHG (Greenhouse gas) emissions have grown markedly since pre-industrial
time, especially emissions from the transport and energy sectors.

Without additional measures to mitigate climate change, GHG emissions will
continue to grow in near future and beyond.

Legislations and regulations to reduce emissions had been tighten in globally,

for instance October 2008 MARPOL amendments— revised Annex VI regulations



to reduce harmful emissions from ships, this protocol including a progressive
reduction in sulphur oxide (SOx) and nitrogen oxide (NOx) emissions from ships.

According to this research, application of LNG engines instead of existing
diesel engines to harbour tugs in Busan can reduce fuel cost KRW 9.3 billion and
reduce CO2 emission 6,576 tons annually based on MCR 75% rating.

Also above application can save fuel cost KRW 55.1 billion and cut COZ2
emission up to 38,000 tons annually when apply the LNG engines to all 183
harbour tugs in the whole country.

To reduce GHG emissions have a certain cost. However, they also constitute
an economic & environmental benefit, reducing air pollution and energy resource
depletion.

Variety of policy tools can be applied by governments to create incentives for
the popularization of LNG engines to harbour tugs or costal vessels and support
establishing infrastructure of LNG supply in port, such as regulation, taxation and
subsides.

LNG is set to become an important marine fuel of the future and LNG engines
with related technology will contribute effectually toward green growth and

green logistics.
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2.7 MARPOL Annex VI 7§A <t 5 NOx & SOx ##H FoU &

2008 A 10 9 21 A =ZAHAZ]F (IMO: International Maritime
Organization) 3| %374 B & 9191 38] (MEPC: Marine Environment Protection

Committee) A| 58 =} 3]l A 7jA ko] zfENIE Ao 2010 W 7 €

—_
o

A5E T ool Fa &S ok At

1) A2 2FENOx): A4 I F F7]F9 A7t a2 A AkslE o
W AEE A A4 3EEER NO, NO2, NO3, N20, N203, N204,
N205 7} gt}
(1) Tier I 7% 2011 19 1 ¢ o]F Axd dubol gAl
O RRE AL= Tier 1 v vl&sF oF 15.2% #EHEh
FAWES dotid 9 3ld (RPM) 130 w|vke] A5 144
g/KWh o2 Agem 3 315 (RPM) 130 °]/% 2000 7] 7+e]
739- 44 x n7"% g/KWh o2 &3 23 345 (RPM) 2000 ©]42]
A9 7.7 g/KWh o] &t =2 7+slech.
(2) Tier Il 7] 20163 19 1Y o]F Axd Auto] shAd
oA ARHH A& Tier [ the] vi&%F °F 80% A€t +3
314 (RPM) 130 ®¥ke] A% 3.4 g/KWh o8 &9 3=
(RPM) 130 ©]7¢ 2000 ®1¥+e] 4 $- 9 x n™*% g/KWh ] 32 473
AW 9 3de (RPM) 2000 o)/de] A% 2.0 g/KWh o]}
Zcial=

-4 .-



¥ 2-2 NOx Emission Limit"®

Tier Date NOx Limit, g/kWh

N <130 130<=n<2000 | n>=2000
Tier 1 2000 17.0 45.n70% 9.8
Tier II | 2011 14.4 44.n70% 7.7
Tier Il | 2016% | 3.4 9.n""? 1.96
* In NOx Emission Control Areas (Tier II standards apply
outside ECASs).

14

16 4
14 A
= . Tierl
=
f_",‘ 10 A
E
= 87 Tier Il (Global)
2 s-
4 -
e —— Tier Il {NOx Emission Control Areas)
2 -
0 T T T T T T T T T
0 200 400 G00 300 1000 1200 1400 1600 1300 2000 2220

Rated Engine Speed, rpm

" DieselNet> Emission Standard> International: IMO Marine Engine Regulations
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2) & 2Fs}hE(SOx):

1Y o]de] H% 45 % m/mojtf 2012 W 1¥9 1Y

o
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il

2012

o]Z o= 0.5%

0]
=

FEm 2020 1€ 1

S
pul

3.5% m/m ©.= A

T
| .

o] 5~

0
i

o

A (SECA: Sulphur Emission

= FA

sh=

)]\_]__

%

1

==
—._—I‘O

(2)

2010 d 74

1.5 % m/m o] o}

T
T

2010d 7€ 1Y oA

o

ehEw 20156 1€ 1 o]Fele=

1.0% m/m &% A|

QES R

14

0
z]t
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H# 2-3: SOx Emission Limit14

Date Sulfur Limit in Fuel (% m/m)
SOx ECA Global
2000 1.5% 4.5%
2010.07 1.0%
2012 3.5%
2015 0.1%
2020 * 0.5%
* — alternative date is 2025, to be decided by a review in
2018
5
45
4 Global
15
£ 2l
é 25 4
@ 12' SOXECA
1 I
ns
0 : : . .
2000 2005 2010 201 2020 2025

Year

'* DieselNet> Emission Standard> International: IMO Marine Engine Regulations
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¥ 3-3: 94 x 9y 714 2

EERRGILE EEBEE) E2(O/MMBtu) | 322 (SMMBLU) 3 012 (B1)

WTI |Brent | Dubai | Oman | OPECBasket | GasOil | Bunker- |Bunker-380] New York | Henry OSozma |LNGOF Japan

2004-01) 34.23| 31.33] 28.86] 29.3 30.26)  39.44 2141 2659 13.55 6.14 339 246.96
2004-04] 36.71| 33.39] 31.53 3149 2260 3899 2823 2123 6.24 511 348 255.57
2004-07] 40.81] 38.52| 34.74] 35.13 331 45.26 2981 28.76 6.34 593 381 263.81
2004-10] 53.24| 49.8] 37,99 39.92 4508 57.02 32.75 341 6.69 6.34 4.34 28141
200501 46.84| 44.44] 37.97) 39.25 4052 494 3018 28.38 12.26 6.15 506 281.78
2005-04] 52.94| 50.9] 47.21] 48.33 49511 6393 42.35 40.87 169 116 551 298.04
2005-07| 58.68| 57.66 52.84| 53.61 5318 69.43 4176 40.02 8.29 163 6.13 KIENE]
200510 62.3| 58.53| 53.95| 55.31 5.35  72.59 518 49.55 1451 1369 6.96 3143
2006-01) 6547 63.01] 5845 59.36 5848 69.33 49.14 4759 9.35 8.69 1,66 336.53
2006-04] 69.95| 70.51| 64.22 65.74 6444 83.06 554 53.84 18 116 8.14 345.76
2006-07] 7442 73.65 69.16] 70.32 68.89]  86.39 54,62 52.74 109 6.15 84 35141
2006-10] 58.84| 57.51| 56.58] 57.6 591 1117 4552 4442 6.35 585 8.65 367.31
2007-01) 54.21| 53.62| 51.75| 5221 50.79]  66.19 4391 43.12 9.75 6.5 8.39 361.67
2007-04] 63.85| 67.55 63.98] 64.45 6395  79.94 54.75 5321 8.57 1.6 183 356.02
200707 74.14| T7.51] 69.68] 7048 7189 8574 60.8 59,61 6.84 6.22 .19 376.54
2007-10] 85.91| 828] 77.23 7.8 1932 95.13 68.6 67.5 119 6.74 8.56 43913
2008-01) 92.99| 92.32| 87.24] 88.64 88.35]  105.71 1421 73.09 12.06 199 1027 51.21
2008-04( 112.64| 108.85( 103.62] 104.31 105.16]  138.38 8192 80.28 11.03] 1018 19 57148
2008-07{133.36| 133.6[131.31]132.78 13122 16615 11254 1112 1224 1109 14.36 634.58
200810 76.62| 72| 67.65| 68.35 69.16] 8329 65.45 63.49 129 6.74 16.02 772.58
200901| 41.82| 4363 44.12| 4453 4154 5838 432 4139 9.41 524 1447 652.02
2009-04] 49.84| 50.37| 49.99 50.27 5021 58.12 474 46.51 4.09 349 8.6 a7.07
200907| 64.16| 64.64| 64.97| 65.26 6459  T1.25 65.71 64.97 37 3.38 6.18 387.32
2009-10( 75.77| T2.81] 7317 1347 61| 79.62 AT 10.72 448 4.1 6.45 467.34
201001 78.34| 76.39] 76.75] 77.12 1601 84.28 1707 7629 8.29 583 159 514,03
201002 7645| 73.82[ 736] 74.05 7299 82.3% 1315 1236 6.69 532 159 520.7
201003 81.25| 78.95 77.34] 1781 m21 811 7401 1307 467 429 159 NA
2010-04] 84.5| 84.91] 8364 8381 833 %417 1748 76.69 4.38 403 8.35 NA
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¥ 3-4: Ag w2
T NS M7l
9] =i N = o Hkd 2

A kcallkg | 10,000 | kg/kg 1.0
3]k kcalll 8,300 kg/l 0.83
= kcalll 8,000 kg/l 0.80
S5 kcalll 8,700 kg/l 0.87

Hew 3 r kcalll 9,200 kg/l 0.92
W7 A kcalll 9,400 kg/l 0.94
7] B kcalll 9,700 kg/l 0.97
yAC kcalll 9,900 kg/l 0.99
A5 A1 | kealll 8,700 kg/l 0.87
JP-4 kcalll 8,500 kg/l 0.85
T 237} | keallkg | 12,000 | kg/kg 1.20
Het7~ | kecallkg | 11,800 | kg/kg 1.18
T A7}~ | keal/Nm® | 7,000 kcal/Nm® | 0.70

T
T A7} | keal/Nm® | 11,000 kcal/Nm® | 1.10
T A7}~ | keal/lNm® [ 15,000 | kcal/Nm® | 1.50
AA7b 2~ | keal/Nm® [ 10,500 | kcal/Nm® | 1.05
AA7F2~ | (kcallkg) | (13,000) | (kcal/kg) | (1.30)

-35-
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LNG tanks and propulsion machinery are situated low in the vessel to enable easy vehicle
access via the ramp and maximize the available cargo space. The tanks may also be situated

on open deck.

To maximize the cargo space and avoid intrusions, the LNG tanks are positioned above the

propulsion machinery and below the crew block.

For a short range vessel, such as a tug, smaller LNG tanks can be installed and orientated vertically to

optimize space in the vessel.

13 3-3: LNG TANKS] A v =] o>

# Rolls-Royce Marine (2010:39) Marine Propulsion(PPT)

-37 -



TFEA]7]17] 913 o] wl 7] 7k A s) A E A S| oF shal dA -
(MCR 15%) olslollAE dutd oz 7t~ A4t ofd =/ AFS

AFgSfoF Bt 7bA A Alo|%E Pilot oilEA AFE AE-E}

A el KU vE INGEEAIA Agsa AgE

** Rolls-Royce Marine (2010:28) Marine Propulsion(PPT)
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3.4 LNG

LNG Engine ¢ %

(Lean Burn)

| A7 A7 o] AspapAol A g, A

S

°F 100 %,

o
ﬁo

°k 30 %, SOx ¢

o
ﬁo

4 A CO2 9

B/

1% 3-5 ¢ 2o

i+

B

i

NOx 2] 2F 86 % % tJA 22 49 100% 7V7h- A% &3}

- MDO versus Natural gas

g/kW h 9/kW h
CO:
800 6
600
4
400
2
200
o o
MDO 1% § natural gas

g/kW h

Issions

Em

g/kW h

Particulate

U

a3 3.5: A7~ MDO 9] #

* Rolls-Royce Marine (2010:6) Marine Propulsion(PPT)
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=

3-5: duH¥ FHEZ v (¢ mg/7FKea)™
A=Y= | SOx NOx CO il
LNG 15 1,519 304 27
T 1,955 2,530 690 345
73 3,706 2,398 654 327
s 30,704 6.666 606 2,404
A 22,866 2,886 71,484 1,332

A EA 7T Fll o)A
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LNG and MGO prices vs Crude oil price on energy basis
1200
= 1000 L —=— LNG small scale /
__.,_,? LNG import Japan /
&, 800  —e— MGO market price —
3 600 -
c -
& 400 = _
_— -
@
3 200
L
0 T T T T T T T T
20 30 40 50 60 70 80 90 100
Brent crude oil price [$/barrel]

At high crude oil price LNG has a significant price margin to
Marin Diesel Oil (MDO)

' MARINTEK (@ SINTEF

19 4-1: LNG and MGO prices vs Crude oil price on energy basis

27

2) 9l 2P0 F5pE 24 Al ofulsh e ARE AT F Yok,

o HUEH 100% & 4 FardolA= Azt 124 & 57

&

*7 Marintek, Sea Japan (2008) Per Magne Einang
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3) Al A A obel o] £ 4-1, 4-2, 4-3 3 o

¥ 4-1: MCR 100% 7|5 AAA 2 CO2 A7+a 3
37/32 BV | UR ] O | ov | B2 | 0N | O | 53 | =4 | 20 | W | Tod
Ha 32 Kl Kil 2 18 12 13 8 4 2 1 183
HP(100%) 804100 942200 86462 78110 ©61724] 0442[ 379801 21100 124000 45900 25001 527,908
KW(100%) 66,724 70313 64524 58291 46,063 29434 28321 15746 9254 3425 1,866 393,961
b (Kg/KWh) 0189 0189 0189 0189 0189 0189 0489 0189 0189  0.189  0.189
SFAHH 2900 21900 21190 21900 21900 2190  2190( 2190 2190, 21900 2190
HOHEKg) 20 200 12100 120 1200 12100 2100 12100 12100 12100 1210
2 | (U0 B4 B2A5 236 29194 23070 14742 14184 7886 4635 1,716 934 197,308
ZR(A) 002 24 36531 1497 B30 914 25219 16,115 155060 862 5006 187 1,021 215,694
O1H]| (Kg/KWWh) 0163 0163 0163 0163 0463 0163 0163 0163 0163 0163 0.163
SN 2190 2190 2900 2190( 21900 2190  2190p 21901 211900 21901 2190
EOHEKg) 880 880 880 880 880 880 880 880 880 880 880
HO | GHUEH|(RE) 2090 22088 20269 18311 144700 9246 8897 4946 29071 1,076 586 123,756
JHAB) 002 24 764 20257 26848 24255 19.167) 12248 11784 655 3850|1425 176 163,927
THO| (B2 g ] RSO 124511 13121 120460 10883 8600 5495 5287 2940 1728 640 8 7355
(AB)|  CO2KZE (ton) 8768l 92391 8478 7659 . 6,053 3868 3721 2069 1,216 450 5 51,767

ZHAIE 1 50 22T x 4817 x 365 = 2190hrlyear

Diesel USS 1100fton: US§1100 x 11002/USS/000Kgton = 12102 /Kg

LNG USS 800ton: USS 800 x 11002/US§/1000Kgtton = 8302 Kg

CORZHE | [KgWh) | %24 {on)
DO 025 2156
NG 09 163907
CO2RZE 51,767

<MCR 100% JI= 3Hl8 ¥ CO2 K& 21>
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¥ 4-2: MCR 75% 71 A A4 2 CO2 A7=a ¥

3758 R E e I A R
B2 R U A 2 18 12 13 8 4 2 1 183
HP(100%) 80410 942201 864620 7801 61724] 30442 37900 211000 124000 45901 2500 527908
KW(75%) S0043| 52735 48393 43718 45Tl 22076| 211241 11810 6400 2569 1,399] 29547
| (KglkWWh) 0189 0189 01891 0189 0189 0189 0189 0489 0189  0.189  0.189
NS 200 2900 290 290  2190[ 2190 21900 2190 2190 2190 A9
HIHEKg) 200 200 12100 200 A0 100 A0 200 12100 1200 1210
B2t AIEH|(HDE) B063 26411 4207 21089 173020 1105 10638 5915 3476 1,287  701] 147981
25N 002248 .39 28872) 2649 23936 18914 12086 11629  6466] 38000 1407 766] 161,770
O1H](Kg/KWh) 0163 0163 0163 0163 0163 0163 0163 0163 0163 0163  0.163
NS 2900 2900 90 290  290[ 2190 2190 2190 2190 2190 290
SOHEKg) 80 80| 880] 880 880 80| 860] 880  880]  880| 880
HE | B2 O (EEE) 15,7200 16966 15202) 13733 10852 693 6672 3M0| 21800 807 40| 92817
JHAB) (0224 083 M43 20136 18191 14375 9186 883 4914 2888 1069 582 122945
TOL (B2 S| T (%0 933|986 9035 8162 64500 412 3%6| 2209 1206 480  261] 95,164
(AB) C02K 2 (ton) 6576 6929 6359 5745 4539 2901 2791 1552 92 33 184 36,825
2N SN T x4Z T x 365 = 2190hrlyear
Diesel US§ 1100/ton: US$1100 x 11002/USB/1000Kglton = 12102 Kg

30

LNG USS 800rton: USS 800 x 11002/US$/1000KgHton = 8802/Kg

CO2ZHE | (KglKWh) | %2t (ton)
MDO 025 161,770
(NG 019 12295
c02n2g 36,825

) <MCR75% JI= 204 2 C02 K2 a1b>
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A 2 COo2 Aza

R s fooE | oia [ oso | EE [ oM [ oM ] E8 [ s | 24 | BE | To
ks 3 A 3 B 18 12 13 § 4 2 1 18
HP(100%) 80410[ 9420 86462 78M0 61724 394420 37,050 211000 124000 4590 2500 527,908
KW(50%) 3362 35157 32262) 29046 28031 477 141600 7873 462 173 933 196,981
0| (Kg/KWh) 0189 0.189) 0.489) 0180 0189 0.189] 0.189] 0180 0189 089 (0.189
2NN 000 2190 A90] 2900 21900 2190 2900 2190) 2190 2900 2190
EHEKg) 2100 00 12100 12100 A0 1A0p 12100 t2t0f  AAt0p 1400 1210
B2 Agh|(%DH2) 16709 17608 16,198 4597 115635 73N 7092 3943 2317 868 467 9864
350 (02243 18266 19248 17663 15957 126100 8068  77MY 4311 253 93§ 511 107847
b (Kg/KWh) 0163 0163 0463 0163 0463 063 0163 0163 0463 0163 (0163
2HNE 2000 2190 900 AM%00 2190 21900 290  2190] 2190 2900 2190
HEKg) 880]  860] 860  880|  880)  880]  8e0f 8GO  880)  880] 880
HE | O SH|A0E) 104800 11,044 10135  91%6] 7235 4623 48[ 2473 1453 83§ 293 61878
JHAB) 02248 13862 14629 13424 12127 9583 6124 5892 3276 1925 T3 366 81,064
HOL | G2 g HAEE 6200 6564 6023 SAM| 43000 2748 2644 14700 864 30 174 K77
(AB) CO2KZE (ton) 4384 46200 42300 3830 3026 1934 1861 1035 60 29 123 %883

2HNL ST x 487 x 365 = 2190hryear

Diesel US$ 1

100fon: US§1100 x 11002 /US51000Kgton = 12102 Kg

LNG USS 800fton: US§ 800 x 11002/US§/1000Kgton = 8302/ /Kg

CO2Z M | (KgKWh)| %2ton)
MDO 025 107,847
LNG 019 81964
C02M23 25,88

<MCR50% )IZ ZHg 2 CO2 A2 aib>
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4.2 LNG Engine ¢ 3
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Aol g+t MCR 71 5 btk 42 45 275+ £ 2 24 m3
(2152 KW x 0.163 Kg/KWh/0.43 Kg/m3 x 6
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%% Rolls-Royce Marine (2010) Marine Propulsion(PPT)
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Royce Marine (2010) Marine Propulsion(PPT)

31 Rolls
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1) a5 A794(2008) K<LNG SH&EAbs A =t A+>
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6) Rolls-Royce Marine (2010) <Marine propulsion-powered by

natural gas> (ppt)
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