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A study on the evaluation of Greenhouse gas from ship’s alternative fuel

considering the life cycle assessment

Jeongmin Cheon

Department of Mechanical System,
The Graduate School

Pukyong National University

Abstract

Strong policies are being announced to reduce greenhouse gases in the
international community. The International Maritime Organization is promoting the
reduction of greenhouse gas and policy establishment of ships sailing
internationally. The initial strategy for greenhouse gas reduction announced in 2018
aims to reduce greenhouse gas by 50% by 2050 compared to 2008. In order to
achieve the greenhouse gas reduction goal, it was decided to introduce regulations
on operating ships such-as EEXI and CII. In addition, safety standards and
evaluation standards are being developed for the introduction of low-carbon and
zero carbon fuels.

LNG, LPG, and biofuels are evaluated as low—carbon fuels, while hydrogen and
ammonia are evaluated as non—carbon fuels. However, in the case of hydrogen and
ammonia, there is a possibility that a large amount of greenhouse gas will be
emitted depending on the production process. In this case, when the fuel’s Life
Cycle Assession is performed, more greenhouse gas is emitted than the existing

fuel. In order to reduce greenhouse gas generated by ships, greenhouse gas
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emissions from other industries are increased, resulting in a problem of ultimately
increasing greenhouse gas emissions. As a way to solve this problem, we intend
to introduce LCA of fuel, and we are developing standards for performing LCA.

In Korea, a method of reforming and producing hydrogen and ammonia is used,
and LNG fuel must be imported from abroad to modify. For imports, it is
necessary to consider greenhouse gases generated in the process of domestic
transportation and vaporization, and in this case, the greenhouse gas emission
coefficients of Korea and LNG producers differ.

Therefore, it is expected that each country will have a greenhouse gas emission
coefficient, and in the case of Korea, the emission coefficient of alternative fuels
used in Korea is to be developed in this study through life cycle evaluation of

alternative fuels.
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CO-
ECA
EEDI
EEOI
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GHG
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Ship Efficiency Management Plan
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Specific Fuel Oil Consumption
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Table 2.1 Carbon Conversion Factor®

ISO Carbon Cractor [tCO2/tFuel
Type of fuel o
Specification | content m/m ]
_ ) ISO 8217
1. Diesel/Gas Oil 0.875 3.2060000
Grade DMX
_ ) ISO 8217
2. Light Fuel Oil 0.86 3.151040
Grade RMX
3. Heavy Fuel ISO 8217
i 0.85 3.114400
Oil Grade RME
Propane 0.819 3.000000
4. LPG
Butane 0.827 3.030000
5. LNG 0.75 2.750000
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Table 2.2 CO2 index reporting sheet”

NAME AND TYPE OF SHIP;
Fuel consumption(FC) at sea and in Voyage or time
Voyage port in tonnes period data
or day Fuel Fuel Fuel Cargo | Distance
(i) type type type | ... (tonnes (D)
( ) or units) | (NM)
1
2
3
4
ZZ(F]” x CF)
EEOI = —Z (2.4)

mergal x D

7
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Proposed EEXI framework

Attained EEDI/EEXI Required EEXI Survey & Certificate
§E8 551 BN
Existing ship

Calculate energy
efficiency performance

Efficiency
improvement required

Shaft/Engine power limit

IS5 B1 B
(power optimization) -

Fuel change and/or

" Efficient operation
Ener&y saving devices
Replacement with | IEE Certificate |
new ships
Other
verifiable options
Fig.2.4 EEXI framework'?
g9t Lo J)Ee ASHHYE UA ALl A4 B v q
&8 A 3+4 2 (EPL, Engine Power Limitation)S #ztefjof 3to}, oz =
A G E & A% 2as s FAd ¢34 270t}
Engine power Engine power
1 Reserved available power Light propeller curve 1 Reserved available power Light propeller curve
MCR s 3 MCR [ ’
l = K - 7
p 4
Available power B i, Awaltable power ,
T
- "
Maximum Maximum
/engine speed engine speed
Engine speed  Muce 105%Nuca Engine speed Nucs 105%Nyce
ShaPoli or electronic EPL

Mechanical EPL

Fig.2.5 Engine load diagram on Shaft/Engine Power Limitation™
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MCR 3
Implied PL = 100% — (———=2) = 100% — ( 1 )2

MCR,; 1+ EEXIexceedance (2.10)
/718 E9AT A= A 280 wet AlikE oA ok st Fig25¢F 2

of Azl ot velofagiate] HEE o] FA o] HSE WA A
6 & 10,000 teuw ZEleldAMMte] EEXI @& H7heh =q=
EEXI k& w=shr] flsirs <lxle] S3H2 oF 66% TT7HA S5k

st =AE 7R A "

Typical T Engine and sea
aperations margins

EEXI score (g CO,/dwt-nm)

0
0% 10% 20% 0% 40% 50% 60% 70% 80% 90% 100%
Power (% of unlimited MCR)

Fig.2.6 EEXI score by main engine power and evaluation point for a
10,000 TEU container shipw
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2 CEF9Y =707k dlgste Attained CII gho] X &Aooz vrolx=

22 HolA4 3t
CIIgt2 20199 7lse= HaE SEMMP PART.2(DCS)%k

o

7o 2
202013 ~2022W3 7k AZF 1%4, 2023 A FH 202613 7k A = AZF 2%A CII

(AN ' fofm X 47)o] FFEojof

SEEMP audits + annual Cll rating

Et .
D
~C
Required annual iy B .
operational Cll A 'T;::‘!}‘
G ®
SEEMP
approval Rewview
2008 2-[!;1‘.!" 2023 E[I.Eb 2030
Fig.2.8 Description of Carbon Intensity Index'®
. Y(FG x ¢
Attained CII = - (2.11)

Capacity X Total Distancetravelled
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i)

M =
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T= A3 CI #S Axs= 4% AER, &
cgDISTE vt}
olu 71+ #7193 CII 72 2] 2108 #o] A4 HAc}

= H

CIL,; = aCapacity ° (2.12)

a®t ci= 2019 IMO DCSE &3to] tt=d 7B Ao &3 ClI 24

S 7)¥to g =3 wj/WaEE Table 233 7o) CH #S Aos] &

T

AT,

N

N

Z

Required annual operational CII = (1 — W) NCiL (2.13)

21 2110041 8] 7= 2019 71wt tiH] AEd CI ASAFEA, A% 2
7] SOl @Al sddd BFAFTE 7HAH, 202374 5%, 241714
7%, 253742 9%, 261744 11% #52] o5& 7HA9 27d o] %
AG7t vhgold o g o]t}

olml AXE CH #S E3dto] Hube ARE ESFoz WA wc

C5F Wbt 39 A%HAL ESF WAE wE 4% CO 24e 9%

O
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Table 2.3 CII parameter for a and c'”

Ship type DWT Capacity a C

= 279,000 279,000 4745 0.622
Bulk Carrier
< 279,000 DWT 4745 0.622
= 65,000 DWT 14405E+7 | 2.071
Gas Carrier
< 65,000 DWT 8104 0.639
Tanker - DWT 5247 0.610
Container ship H DWT 1984 0.489
= 20,000 DWT 31948 0.792
General cargo ship

< 20,000 DWT 588 0.389
Refrigerated cargo carrier 3 DWT 4600 0.557
Combination carrier - DWT 40853 0.812

=100,000 DWT 9.827 0

) 100,000>DWT
LNG carrier DWT 14479E+10 | 2.637
=65,000

< 65,000 65,000 | 14479E+10 | 2.637
Ro-ro cargo ship(VC) - GT 5739 0.631
Ro-ro cargo ship - DWT 1952 0.637
Ro-ro cargo passenger ship - GT 7540 0.587
Cruise passenger ship - GT 930 0.383
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Inferior boundary o - - — .

Upperboundary o -------------msemee da

| &

' o Required CIl
| de

Lower boundary o 4
i

Superior boundary uE

Superior boundry = exp(d;) x required CII
Lower boundry = exp(d;) x required CII
Upper boundry = exp(ds) x required CII
inferior boundry = exp(ds) x required CII

Fig.2.9 CII grade A to g
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Table 2.4 Candidate measures represent possible short-term further action

of IMO on matters related to the reduction of GHG emissions from ships'®

No

Approach Specification

Remark

further improvement of the existing energy efficiency|
framework with a focus on EEDI and SEEMP, taking into

account the outcome of the review of EEDI regulations;

CO2

develop technical and operational energy efficiency
measures for both new and existing ships, including
consideration of indicators in line with the three-step
approach that can be utilized to indicate and enhance the

energy efficiency performance of shipping,

CO2

establishment of an Existing Fleet Improvement Programme;

0(0)

consider and analyse the use of speed optimization and
speed reduction as a measure, taking into account safety
1ssues, distance travelled, distortion of the market or to
trade and that such measure does not impact on shipping’s

capability to serve remote geographic areas;

CO2

consider and analyse measures to address emissions of
methane and further enhance measures to address

emissions of Volatile Organic Compounds

VOCS,
CH4,

encourage the development and update of national action
plans to develop policies and strategies to address GHG
emissions from international shipping in accordance with
guidelines to be developed by the Organization, taking into

account the need to avoid regional or unilateral measures;

CcO2

continue and enhance technical cooperation and

capacity-building activities under the I'TCP;

consider and analyse measures to encourage port

CcO2

27



developments and activities globally to facilitate reduction
of GHG emissions from shipping, including provision of
ship and shore-side/on-shore power supply from renewable
sources, Infrastructure to support supply of alternative low|
carbon and zero—carbon fuels, and to further optimize the

logistic chain and its planning, including ports;

10

initiate research and development activities addressing
marine propulsion, alternative low-carbon and zero—carbon
fuels, and innovative technologies to further enhance the
energy efficiency of ships and establish an International
Maritime Research Board to coordinate and oversee these
R&D efforts;

R&D

11

incentives for first movers to develop and take up new

technologies;

Leagal

frame

12

develop robust lifecycle GHG/carbon intensity guidelines
for all types of fuels, in order to prepare for an
implementation programme for effective uptake of

alternative low-carbon and zero—carbon fuels;

LCA

13

actively promote the work of the Organization to the
international community, in particular, to highlight that the
Organization, since the 1990's,has developed and adopted
technical and operational measures that have consistently|
provided a reduction of air emissions from ships, and that
measures could support the Sustainable Development Goals,
including SDG 13 on Climate Change; and

Leagal

frame

14

undertake additional GHG emission studies and consider
other studies to inform policy decisions, including the
updating of Marginal Abatement Cost Curves and

alternative low-carbon and zero—carbon fuels.

MBM
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Table 2.5 Estimated distribution of emissions from international shipping

per generation (one decade), assuming no changes in carbon intensity™”

Current Low growth High growth

Generation

2015 2030 | 2050 | 2030 | 2050
Ships built before 2000 24%
Ships built 2000-2010 40% 7% 12%
Ships built 2010-2020 36% 45% 36%
Ships built 2020-2030 48% 16% 52% 15%
Ships built 2030-2040 38% 33%
Ships built 2040-2050 46% 52%
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el oy el e A AAFBIL A4 Aol F7] B 7
Z7F HAT o]lF 1970dt A 3 ZE9 #4](Resource and
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Protection Agency)oll A& AellF=7] H7le] FA A1 WHel digh AFE
Fote] FAXETS7FISO)7F BEH G xS FH87] A5t V&2
¥ 3] (Technical Committee)E A#slo] ISO/TC207 (Environmental

management)ol Xl A =S A A7 Al 2

Table 3.1 Structure of ISO/TC207

Reference TITLE

[ISO/TC 207/SC1 | Environmental management systems

Environmental auditing and related environmental
ISO/TC 207/SC2 | . o
Investigations

[SO/TC 207/SC3 | Environmental labelling

ISO/TC 207/SC4 | Environmental performance evaluation

[ISO/TC 207/SC5 | Life cycle assessment

ISO/TC 207/SC7 | Greenhouse gas management and related activities

SC5 Life Cycle Assessmentol A= Aol=7] H7bo sk ¥+ 2 ISO
14040 Environmental management Life cycle assessment Principles and
framework <} 14044 Environmental management Life cycle assessment
Requirements and guidelines& A3t AlFol| s AejF7] F7HE Al
A7t FEAOR £ + Yt =T AT

i

A AgRte B 2 w25 2, A ag 9@Esh 4 3 o

=
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Goal and scope definition

State study objectives; set system
boundaries; decide methodological
issues; etc.

v 1

Inventory
Analysis

Collect data on inputs and outputs
crossing the system boundaries;
allocate burdens; model emissions;

I,

Impact
Assessment

Translate inventory results into a

N

4—-

Interpretation

Use the results from the impact
assessment and inventory
phases to answer the questions
set in the goal and scope
definition; check that the
conclusions are consistent with
the assumptions made; etc

meaningful and relevant set of
environmental issues affected by the

\ system; etc /

NG

Fig.3.1 Definition of life cycle assessment framework”
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Table 3.4 Definition of eco friendly ship7)
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Table 3.3 3 34 oAAH et JHAM= flo 22 duA=
ARE S AukE 8 Ay A Ao w AFojstar Qv
Table 3.5 Specification of Alternative fuel®”
) Liquefied | Hydrogen )
Fuel Ammonia LNG Diesel Methanol
Hydrogen Gas
Storage | o o N N
Liquefied | Liquefied Gas Liquefied | Liquefied | Liquefied
state
Storage
25 -253 25 -162 25 25
Temp
Storage
Pressure | 100-1700 | 101-3,600 25,000 101-125 101 101
(kPa)
Density(
. 603 71 17.5 430-470 480 786
kg/m)
LCV
18.6-18.8 120 120 49 43 19.7
(M]/kg)
Octane
130 130 130 120 - 109
Number
Flame
0.015 3.5 3.5 0.34 - 0.43
speed
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Table 3.6 Storage method for alternative fuel®®

Bio Bio ~ | Hydro
Type MGO LNG . Methanol | Ammonia
Gas Diesel gen
Fuel Fossil fuel Zero or low carbon fuel
-34°C
Storage room A ] room | room ,
L -162°C | -162°C or -253°C
condition Temp Temp | Temp
10bar
Relative fuel
] 1 %3 23 1 2l 4.1 7.6
Tank size
Expen
CAPEX 1 1.3 1.3 1 1.15 1.2 )
sive
Hard
; Expen
o
Hard Expen | Expen sive
expect ) )
to ) sive sive to for
Fuel cost & price
o Easy mass for mass | storag
Availabilty and
produ CCS produ | e and
] Food )
ction . cost ction | transpo
security .
. rtation
issue
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Table 3.7 GHG Definition at IPCC*”

Emission trends

Qualifying ) Lifetime
Gas since the late GWP | Annex. |
Sources (years)
1980s
EU static
Carbon ) ) ,
o Fossil fuel burmning, | increase other
dioxide ] 100 1 81.2
cement OECD countries,
(COo) .
Sharp decline EITs
) . . |Decline in most
Rie boas barg .
—|countries 12.2
Methane |and decay fossil| = . 28 13.7
_ (big increase Canada,| + 3
fuel production
US, norway)
Caries, small
. Fertilizer fossil|increase in many
Nitrous . - .
] fuel burning, countries  decline
Oxide _ 120 268 4.0
(N20) land conversion | expected before
to agriculture [2000, decline in
EITs
Hydrofl fast rising 15
uoro-c |industry emissions due to ' 140- 0.56
arbons |refrigerants substitution for 264 11,700 '
(HFCs) CFCs
Industry
Perfluo |aluminum
. 2,600
ro-car |electronic and : Avg
] static - 0.29
bons |electrical 6,770
. : . 50,000
(PFCs) |industires fire
fighting solvents
Sulphur | Electronic  and )
, Increase in most
hexaflu | electrical .
) ] ] countries, further| 3,200 |23,900| 0.30
oride |industrious )
] ) rise expected
(SF6) |insulation
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Table 3.8 Scope of Life cycle assessment for alternative fuel

LCA GHG emissions Well to Tank Tank to Wake

Tank to Wake
Well to Tank
GHGelgCO,,,] = (fuel consumed including
(input energy)
fugitive emissions)

CO, CHy N-O CO, CH; N2O CO, CHsy N-O
WtT GHG energy
Total ship's GHG TtW GHG emissions from
carrier emissions:
emissions that can fuel consumed and fugitive
fuels, electricity that
be measured emissions that can be
can be measured
in[gCOseq/M]] measured in [gCO.eq/M]J]
in[gCOseq/M]]

7y A7t~ A 23S A]=(GWP, Global Warming Potential)+
Table 3.9¢F #Zo] =ASAL7]FA AFE3t= GWP 100s 4 -&3sk3 o
o] 7]%& IPCC AR5 7|5+ 2 #8319t

Table 3.9 GWP for each GHG*

GHG GWP-IPCC AR5
CO 1

CHy 28

N-O 265
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Table 4.1 Assessed criteria for evaluating the most appropriate carbon capture technology7 )

Evaluation criterion| Chemical deorti Membarane | Cryogenic
adsortion
for candidate ship adsortion separation separation
Technology .
_ HIGH LOW LOW Medium
maturity
CO, purity (est.) o o
99% Purity and capture rate 99.9%
from process
are linked. In general,
CO, purity is low (80%
COcha?ture rate 90%-99% | for adsorption, 60% for | gno_g99
potential (est.) membranes)
Sensitivity to H,O NOx Potentially
] N NOx & SOx NOx & SOx
impurities AND SOx SOx, H,O
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Table 4.1¢} o] &5 I3, A%, &&= 7lE2 ol 7o 7E
Holx glou Aol v Ao dAdHu Utk T AdAbe] 24 B
UME HED A 159 olitsteas Adstrl A HlE&2 175

PACOZ=A] ¢ =& FFS Hola glo] giAAdRe] A&l AH 7H&

(Tank to Wake)oll Al A o] A3letAvnts 27t A~82 48 Hrbstdch 1

U A8 Fes A8 Autoa 247~ wjEEe 0o MR A8

webx] 2 4o A= oA dud AR T dAAREEA TtsAdel =
2 qdaE= 4 dEYol LNG d 34 (Well to Wake)F A
Abol A AR B A7 A (Well to Tank)7HA 8] #AS EAsla &47120%
FS AbAs A sk
Az Al EFEAA7A ] g LCA £4& fste] vl=re] = AAF
Z~(Argonne National Laboratory)?] +% A] A= 22712 H7bel ¢
o|¥ o]~ 7|Htgt A8 LCA £ GREETE AFE3te] alelol Al =4
THA ol Al MAE = 2AVFEo gk FH A S E 8t
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A (MEA, Membrane Electrode Assembly), 7}
e del wel Gzl
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o= TAHEH,
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Table 42 3 433 o] #Ze%= B AR &=o we} A dafzd

S A A (PEMFC; Polymer Electrolyte Membrane Fuel Cell)9} &-§ &4t
A 5 A A (MCFC; Molten Carbonate Fuel Cell) L8] i3] 2tslE A
F A (SOFC; Solid Oxide Fuel Cell) 522 FEHAT. Az dA9 2H
ole]e] FA¥%S BOP(Balance of Plant)gtil a9 273w %3%], A5
7], d#FdA Fol s
Table 4.2 Specification of Fuel cell 3
Working
Type Electrolyte Catalyst Power
Temp
PEMEFC, High 80
Polymer Electrolyte molecular Platinum | 1-10kW 100
Membrane Fuel Cell membrane
SOFC, i ; 600-
) ) Ceramic Nickel 1kW-MW
Solid Oxide Fuel Cell 1000
100kW-1
MCFC, :
Carbonates Nickel MW 650
Molten Carbonate Fuel Cell
PAFC, Phosphoric ] under 180-
] ] ) Platinum
Phosphoric Acid Fuel Cell Acid MW 210
AFC, potassium ) 200kW 60-
] ] Platinum
Alkaline Fuel Cell hydroxide Under 220
High
DFMC, ) 1kW 100
. molecular Platinum
Direct Methanol Fuel Cell Under Under
membrane

o7



Table 4.3 Technical status of each fuel cel

1 34)

PEMFC, Polymer Electrolyte

Membrane Fuel Cell

As the most actively studied
technology, commercialization of
practical use is also progressing faster
than other batteries

SOFC, Solid Oxide Fuel Cell

250kW commercialization, 2mW
demonstration at USA and Japan

It is more efficient than MCFC, so it is
used as a distributed power source for
large power plants, apartment
complexes, and large buildings

MCFC, Molten Carbonate Fuel Cell

it is used as a distributed power
source for large power plants,
apartment complexes, and large
buildings

PAFC, Phosphoric Acid Fuel Cell

It is currently in the commercialization
stage in the United States and Japan
with the most advanced technology

AFC, Alkaline Fuel Cell

Use pure hydrogen and pure oxygen.

DFMC, Direct Methanol Fuel Cell

Most actively researched along with
high polymer electrolyte fuel cells.

wehA FaE Akl
= 2d7eE A9 gle

4§ A9 528 U8 s AFNA w4
Ao voret,
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ol

ol TAs= COE s HE2 digf USD 1.2-2.0/kgH,= =}

A,
Table 4.5 Comparison of raw materials, energy sources, and
technology levels of hydrogen production methods 3D
Technical
Type Method Sources Energy
Level
. NG .
Steam forming Heat Commercial
LPG, Naphtha
CO; forming NG Heat Starting
From
Fossi] | Partial oxidation Coal, HFO Heat Commercial
fuel Geothermal NG )
: Heat Commerical
reforming LPG, Naptha
Direct .
’ Natural gas Heat Commerical
decomposition
Electrolysis Water Electric Commerical
Thermochemical )
From b Water Heat in study
decomposition
Non
; Heat,
Fossil Biological Water or . ,
fuel . : microorgan in study
degradation bio mass -
ism
Photolysis water Solar in study

AQIA ZRE e A0S Fd 4444 WEL USD 32-77/kel,
Faolm, ARG FAd &Rl G WEaGon A A
Aol = AQNUAE 8T S 7 Fadie] HAZts ADL
S At v b d e e 2w g,

oxde] uUA RN Fao AEe ARFTEOG BHAREAA

Eujol gl g Ao m ARE o gtk 20194 VI AA & e
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Liquefied Natural Gas
Pu:lm L ka ~lof liquefied Natural Gas
Target Year 2020 )
e
v Emissions = - o h
v Well to Use -
w  Emistions =
w02 Total 0.5200 kg
o2 85202 kg
€02 Blogenic -23037e-4 kg
VOC 03%3g
co 08727 g
MO 1.0272 g
PM10 38.6145 mg
PM2 35 35,6708 mg
SO 0.5767 g
CH4 14,0063 g
M20 £.0082 mg
BC 5.4304 mg
POC 18.3430 mg
v Groups o
GHG-100 0.9448 kg

Fig.4.6 LCA result for LNG (GREET Program)
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W7 nslo R FAHEAES 582%% A ATHVLPGEY AR
tgaht FAE Lz Fekel diste] g
C,H,, + 8H,0 (+ Heat )— 4CO, + 13H, (4.5)

oA AAF TGN FIFE ARE= LP
o] LPG7F 22 3HA ¥ o= 4 1 mole AAsH7] 9138ke] 0.68 mol
o] o]xbater Ayl AT o] 4 1 kg AARS 9ldbe] 15.03 kgol o4t
stebart BAsks Aom =E .

S vee] LPG 92 20209 71 662.8% =ol™ Ul A 3759
v Eo g ulolHEltt, GREET Z 2138 &83lo] Figd7, 4.8 ¥ Zo] =r
WAL LCA BES Hste] AlAbetl o, Figd9, 104 o] 4
d=z AAste] ¢ Y 05735 kgGHG/kg #2794 Al 0.8343 kgGHG/
kge Z==3FAth wEbA YA 48 LPGE A8 4% 158035 kg
COy/kg, =l A4E LPG AF8 Al 15.8643 kgCOy/kgol A E o,

AFS FHA 2.22 mol
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Fig.4.8 LCA result for LPG(Production in korea)
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o= RN
Per | | i . of Liuefied Petroleum Gas
a=l | =
~ Emissions
w el to Use =
W Emissions -
v C02 Tokal 0.5829 kg
Co2 0.6839 ki
C02_Bioganic -0:0010 kg
VIOEC 0357 g
co 0.5880 g
MO 0.8579 g
PO 83.2644 mg
PVIZS 71.023% myg
SOk 03032 g
CH4 4.BB35 g
N20 10.8265 mg
BC B.0352 mg
POLC 14.2331 mg
w Groups =
GHE-100 0.8343 kg

(GREET Program)
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Main Output: Petroleum Gas.
Per i | tha  of Liguelied Petroleum Ga:
Target Year 2020
w2l | T
v Emissions
v Well to Usa .
~  Emissions. -
v CO2 Total 0.3551 kg
coe 0.3554°kg
CO2_Blogenic <3.2307e-4 kg
WO 0.5740 g
co 0.7350 g
ML 09512 g
PMI0 9177 mg
PMI2 5 30,7648 mg
SO 10149 g
CH4 it g
N2D 7.4763 mg
BC 6.0304 mg
FOC 125514 mg
v Groups -~
GHG-100 0.5735 kg
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Per Tka of Cnede Naphtha
Target Year 2020
el
~  Emissions
v Well to Use
= Emissions -
v 002 Total 0.5251 kg
02 15280 kg
02 Blogen 5.5580e-4 kag
- 1.0981 g
05076 0
0.7931 g
55.9224 mg
1.3 483272 mg
Q.2331 g
CHE 45242 g
|2 94361 mg
B5B6T mg
149674 mg
w  Groups
SHEL1O 0.66076 kg

Fig.4.11 LCA result for LPG(Production in korea) (GREET Program)
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Table 4.6 LCA result of CO2 emission (kg-CO,/kg-H;) depending on
hydrogen production methods in Korea

Total Total
Feed(Raw) H?2 Production | ammount ammount
Method : .
Production process at gas at Liquid
(COz/keg) (COz/keg)
NG
) 0.9448 11.37 12.3348 17.3838
reforming
0.8343
(Production in 15.03 15.8643 20.9043
LPG KOREA)
reforming 0.5735
(Import from 15.03 15.6035 20.649
middle asia)
Naphtha
] 0.6676 15.02 15.6876 20.72'76
reforming
Electrolysis 25.704 - 25.704 30.753
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Fig.4.14 Diagram of ammonia fuel cell
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Fig.4.15 Ammonia supply system for Fuel cell in marine use
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Results for Process: Matural Gas (NG) To Liquefied Natural Gas (LNG) Plant
Cutput: Natural Gas
Per 1ka of Hatural Gas

Target Year 2020

o
»  Ernissiong
»  Well fo Lise
w  Emissions
v {02 Total 0.2029 kg

02029 ko

4E17 O
L8157.0
59637 mg
4.0BSS mg
E 5%.6B04 mo
v  Groups -

04048 Ky

Fig.4.19 LCA result for LNG (GREET Program)
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4.4 LNG d=g9] Aojx7](Well to Tank) 2AI7}A ™7}

4.4.1 LNG 9g0o] EX

A LPGY} 2o] Aeola] e & glo] -163TC FALolA oslg) o}

st= A4S 7 A

Table 4.7 Methane, Ethane, Propane properties47)

Density
Chemi | Molec . . Critical | Auto- | Comb
Boiling Critical o )
Proper| cal ular ) . Pressu | ignition |ustion

) . point |Liquid | Vapour| temp

-ties | form | weig C) ) re temp | scale
ula ht (MPa) (°C) (%)

kg/m
5.0~
Methane | CHy | 16.04 | -161.5|0.42 | 0.716 | -82.6 4.60 537 15.0
2.9~
Ethane | Cy;Hg | 30.07| -88.6 | 0.54 | 1.356 32.2 4.87 472 13.0
2.0~
Propane | CsHg [44.10| -42.1 | 0.58 | 2.009 96.6 4.24 450 9.5
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o

A7r==

Table 7] A

gu] 6008 2 37t Zo S Hol gaaA

.}

Wl 2 4ME AAA "ok geby dse £ 4 ohire $59
glofRt LNGO] ZAAZE §A & 5 dom, olet AAG LNGE= N3t
71, WE7leE, LNGA 7ls, Y4Egd8rls & 93 s /It 9 &
&o] e A "t
Table 4.8 Properties of LNG®
Methane | Ethane | Propane | Butane | Pentane | Nitrogen
Molecular
] 16.042 | 30.068 | 44.096 | 58.120 | 72.150 28.016
Weight
Boiling point
at -161 -88.6 -42.1 -0.5 36.1 -195.8
1 bar abs(C)
Liquid density
at boiling 0.426 0.5441 | 0.5807 | 0.6018 | 0.6102 0.8086
point(kg/m)
Vapour RD at
. 0.553 1.04 1.55 2.00 2.49 0.97
15 °C
Gas volume
liquid ratio at
. i 619 431 311 222 205 694
boiling point
and 1 bar abs
Flammable
o Non-
limits in air 53~14 | 31~125 | 21~95| 1.8~85 | 3~12.4
flammable
by Volume (%)
Auto-ignition
. 595 510 468 365 - -
temperature(*C)
Gross heating
value at 55,550 | 51,870 | 50,360 | 49,520 | 49,010
15°C(k]/kg)
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Table. 4.9 LNG Composition49)
Properties Composition (%)
Methane 89.26
Ethane 8.64
Propane 1.44
1-butane 0.27

n-butane 0.35
i-pentane 0
n-pentane 0
Nitrogen 0.04

Table 4.93 #Zo] LNG2 FAAEHZ LNG 959
TA s Bkt

S92CH,; +86C,Hg +14C3Hg + 3C4H10 + 3231 (02 +4N2)

— [115CO, + 4226 H,O +12924 N,

(4.8)
INGE 948 o287 %e 1057 [INMAir/Nm'LNGlo| ™, INGE 94

23} 9 ¥ 2] 4= (Wobbe Index)7} T 238 gk o]t}

Uxe] Z7] &S A58 3 oA

i

g AEstt JEes og Ak
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W Wobbe Number
CV : Calorific Value
p: 0°C, latm gas density
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Fig.4.21 Methane number results for simulated fuels
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g 80 144, Critical
E Compression Ratio for
= B0 methane as determined
2 ' by Ryan &t al. [4]
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Fig.4.22 Test gas compression ratio vs measured methane number”?
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Table 4.10 Type of LNG Tank

Type A Type B Type C Memberane
Desige .
High
pressure <0.07 MPa <0.07 MPa <0.025 MPa
. pressure
(Boiling)
Partial
Secondary Secondary
] No Secondary No ]
Barrier ] Barrier
Barrier
Capacity ) ) )
o High Medium Low High
efficiency
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Table 4.11 Classification of LNG Tank

Type Membrane Type A Type B Type C

Shape

Tank MarK III, Cylinder type
an

NO96 ADBT MOSS, SPB Bi-lobe type
name

KC-1 Lattice type
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1990t = LNG "Wa+= FdAdo]l =2 MOSS Typed LNG ®HAE
T2 AL oY FAgo] offga FHEEAC] "WoAE FAE 7HA 1L
UATH wepA Zgx GTTAA 7lss 483 WEHQ 899 LNG
TankEs 70 A&t low u7lse AlA il FFolv.

gy GTTARS 7S A8 A5 7les5&5 A7HY ¢F 5% 7M=& A
E3la glo] &£4o] vt 24 AAHe] gy e TAR UFY
i o], YUY LNG "#a A7]es &-83te] KC-1(Korea Cargo

Containment) & 7'¢3slo] 20181 =5-¥ 3

SHE ®a Type-At 2% WS &2 2 AA o AA|sfoptoz A
A F4 2 JMAEAR Qdste] LNG fd8F34Ad H83817] oz o
At

Fig 4.23, 4.24% Type B BA2 dEA g E dH7&S 7FA L 3
= MOSS e @ SPB(Self supporting Prismatic 213)ElY] ®a2 =
T AUtk MOSS B2 Fa&o] wg ymr] o] %o o,
SPB ®4a+= €274 3 tasA 59 Aol o, Adx A= 2

= AR FogAsE gL Adstel TPaL 4% sbsseh a9

A
Type C 3+ AA 8 o] 25bar o] oz AAHIPALS 7[AH, o] F
T FEA SR, dare] Az A- ThsAdol o), AFTeE A=Akl

)

o Ful Wi EE B N TR Aol AAsE A7t Bk,
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Insulation wall

Fig.4.24 LNG Fuelled ship Tank(Type C) >V
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Table 4.12 Comparison for Type of LNG tank %)

Type
of Strengths Weakness Remark
Tank
The maximum drying period.
Measures to deal with BOG
are needed. MK-III,
Membr Low cost i
] sloshing. NO96
ane Low weight .
The space utilization is low. KC-1
The fuel supply system is
complicated.
shipbuilding period increased.
: Tank price in the middle.
Low weight . ) ,
. * Measures to deal with boil-off | It's not
Type A | The space utilization is in )
, gas (BOG) are needed. applicable
the middle. i
The fuel supply system is
complicated
The space utilization is in Tank price in the middle.
the middle. Evaporated gas (BOG) needs
Type B | No problem with sloshing. treatment measures. SPB
Shipbuilding period is The fuel supply system is
short. complicated
] S Tank price is high. )
Type C | The drying pericd is the shortest. ) It is
] ] Tank is heavy. )
(Cylind | Can be ingtalled on top of Dack. o suitalbe
. Space utilization is also very
er No problem with BOG. ) for small
low when placing tanks on _
Type) ship
board.
The drying period is the It ;
is
Type C shortest. L , .
) _ Tank price is the highest. suitable
(Lattice | Can be installed on top of Deck ) _
) o Tank is the heaviest large
Type) High utilization of space.
vessel

No problem with BOG.

97




Type-C o]l® 7]&9]

ATE I+

3

Eil

duto 2 Type-C71 485

= X
T

3

5}

Hell o

A 7| AL Aoz sutr o] 297

T
file)

2E ojo]4

R

=
T

REFAsE

A

)

oL
o

18 I EAH250 bar) o] Ao =

A
vl

ME-GI <l

g4 Aol

FE ] ME-GA x1& 7)

Holrh, HToll= A

H

o
— =

EE

SAR A2g FA o

ol
o
._OL

—~
file)

olo

o wARE AR ek

ol EGR

S

gt
An
me

<N

o}

Iz
B

I LNG

S

o] FAE A&

™

Fol wg &

485

X
=

98



3. LNG 583 Al=d

ILNG 55344 LNG 9858 Fwst7] 9% LNG 5w 28
o] AR HolAoksim, JE FANARIY AnFHFA2DS Bl Bieta
SeFE 14 T E e Aok Fh

Table 4.13 LNG FGSS Component for Engine type56)

ME-GI DFDE X-DF
Engine
Rolls-Royce /
Maker MDT MDT / Wartsila WinGD
/ Hyms
Require
300 bar 5.5~7 bar 16 bar
Pressure
Adjusted )
Diesel Cycle Otto Cycle Otto Cycle
Cycle
FGS HP Pump + HP LP Vaporizer + LP Booster Pump
Component Vaporizer PBC + LP Vaporizer
] Glycol Water
Heating ] Glycol Water )
(Electric Glycol / 0Oil
Source _ (Waste Heat)
Heating)
VLCC, Car Ferry, .
) _ VLCC, Container,
Applicable | Container, Bulk, | RO-RO, RO-PAX, )
_ Bulk, PC, Cruise
PC, Cruise Tug
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4.4.3 LNG 9g°] 2] AAIA oA YL QAIZTIA T}

FEuetE LNGE 100% Fskar o] =dH s fAgeA ddd 24
7y 27 F7E A A Ak vl A 7R Weol FYetal e Jb
A WA Y] & R T D= 2ATE: EEFS °F 0.22 ~
[kgCOy/kg] o.ZH 22 <folgta & &

AE = 247b2s Azt AL 2§
A7 7 A

T YeE oF 40% <1 14,250,000 tone] LNGE 7l 2 A Fdstar 3l
om FF3AEE °F 11,297 kmE 7|Fo2 9o, GREET Z219&
Abgste] JhEtE VI S = AZHA] SN = 2ATVES EEE F

shgiet.

Al liytymail a

I:‘-.-E-“:m-:u. Uhhduu.uuﬂuul-l—m
wirgsta Enin _I_fi ] 'F

L3 Bl Smanal Brape: &6 # Trans porisdon Fual

runhiu }
PusbaaBordeiilc e Yiwk-boimy|cioaycloof Lanalll
(Rc-EaneFabunysand Toet Atfbion o fhe OREE Thind

Fig.4.14 LCA model for LNG from Ras Laffan (GREET Program)
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U LNGE =2 =94st7] $ste] avlHes 247h2%dS GREET
T2 aRE F3to] AFEd 2y 09448 kgGHG/kgl. .2 =& 5o, o
=% 5 LNGZ 71327171 $18te] 0.02 kgCO/kg?] o]xtatetir) wi%
97& gl A wEb el AlEE = LNGE Well to Tank<
L7k~ W) E ASE 09468 keGHG/kg #S =& a3t

Matural Gas and Flare Gas (Transportation)
Resultsfor o tput: Liquefied Natural Gas
Per 1ka of Liquefied Natural Gas

Target Year 2020

2 |
v Emissions
v Well to Lse
w  Emitcions
w (02 Total 0.5200 kg
qo2 0.5202 kg
€02 _Blogenic -2.3037e-4 kg
i 0.3543 g
CC 08727 g
ML 10472 g
M0 38.6743 myg
5 15,6708 mg
G0 0.5767 10
CH4 14.0063 g
2C B.0082 mog
Bl 34304 mog
POC 18.3430 mg
v Groups
GHG-100 0.9448 kg

Fig.4.15 LCA result for LNG (GREET Program)
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4.5 JQA|A=29] Tank to Propeller 24714 |71 A}

A5 7kA 8 Table 4143 #o] AHdup 2A7FA= Adubol A Azl A
£ Soto]l IAE olisteants 2AVtAR ERSEATh Ly At
A oEE s 24d7FEs olttEtea HiE, ofibstE AT glew, o=
UNFCCC®| 6t 247txel sfjdsl= =dol ARt mAsjAL7] o] =47}

2 Helol 2EAAA A Fe= £AE THH L AT

Table 4.14 Fuel mass to CO, mass conversion factor

CF
Type of fuel Carbon content

(tCOg/tfuel)

Diesel/Gas oil 0.875 3.206000
Light fuel oil 0.86 3.151040
Heavy fuel oil 0.85 3.114400

, , 0.819 3.000000

Liquefied petroleum gas

0.827 3.030000

Liquefied Natural gas 0.75 2.750000
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Table 4.15 Cf Value for Tank to Wake

Cslip
As % of
the
Energy Cf CO, | Cf CHy | Cf N0 Total
Fuel mass of
T Converter | [gCO; [gCH, [gN,0 h ammount
e e
P Class gFuel] gFuel] gFuel] (e0eq/ghud)
fuel used
by
the
engine
HFO ICE 3% L2 0.00005 | 0.00018 - 3.16349
MDO ICE 3.206 0.00005 | 0.00018 - 3.22949
LNG Otto
K, s 3.64748
(4 stroke)
LNG Otto
LNG 2 0 0.00011 T 3.25548
(2 stroke)
LNG Diesel
0.2 2.83548
(2 stroke)
3.03 3.03
(Butane)
LPG ICE - - -
3.00 3.00
(Propane)
ICE 0 0 0 - 0
H2
FUEL CELL 0 0 - - 0
Methanol ICE 1.375 - - - 1.375
NH; NO ENGINE 0 0 - - 0
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4.6 A9 82 Well To Wake 2AI7IA Hj&F

b oA AME FdEUYol 49 Well to Tanke] 27}~ vl &F
Tank to Wake®] W&&s FAtstod =& Cf & =53t

Well to Wake s AlAsiE 23 HFO7F 718 21874
= otelyyd A e 4= F UMY ole FougtelM Fu W

ING 989 3% £4712 AAF/187 A L4712 459 4ol gl
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AN ARETpr FdEs & ¢ vk Teld HFOS AdiFrait
°F 8%7Fe] Aol g ow AAY tAAREA H7E Y] oHE
Ao AekEnt

Table 16 =13 EU 7|2 Well to Tank el zkojolt}. LNGS H

3 FHA WPHE Ak o] ARE BFOL

ot

%, <

L/\éojg_o , 9

PN
1Y T

Eyolol A= 2 7]EAtolE Bola Ut

Table 4.16 Comparison for Cf(Well to Tank) Korea with EU

Korea EU
Fuel
LCV COzeq WtT C0,eq WtT
Type
[gC0Oseq/M]] [gCO2eq/M]]
18.5 (SINTEF)
LNG 0.0491 19.2
17.7 (Sphera)
Hy
_ 0.12 144 132
(NG Forming)
NHj
0.0186 207 121
(Habuor bosh)
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Table 4.17 Cf Value for Well to Wake

COzeq COzeq
Energy
Fuel WitT TtW WEW
Converter
Type LCV [gCOzeq/ Class e/ | (€0eq/grud)
M]] Fud)
HFO 0.041 13.2 ICE 3.16349 3.70469
LNG Otto
3.64748 4.59488
(4 stroke)
INGOtto | 5 oreas | 490088
LNG 0.0491 19.2 (2 'stroke) | '
LNG Diesel
2.83548 3.78288
(2 stroke)
NG
Forming ICE 0 12.3348
H, 0.12 144
Electoysis
FUEL CELL 0 25.704
214.2
Habuor
NH; 0.0186 bosh | NO ENGINE 0 3.8548
207
et AREE S, rEUele] Z% SnEiMS A1§d
SHEE WFUY 2As wMEge we Jow gt 1
WAFS TP ARG A Aol e A MEFS T2
7 Aoz AgAH Hhg g 2 A7~ &S HUE B
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Table 4.18 LCV for Alternative fuel

Type of Fuel LCV
HFO 0.045 MJ/g
LNG 0.049 MJ/g
Hy 0.12 MJ/g
NH;3 0.0186 M]/g

Table 4.19 LCV for Alternative fuel(based on HFO)

MASS gross at
Type of Fuel
(45,000 MJ)
HFO 1 ton
LNG 0.91 ton
Hy
0.37 ton
(gas)
NH;3 2.41 ton
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Table 4.20 LCV based GHG emission at Well to Wake (based on HFO)

Total ammount CO, emission
Fuel and
COzeq gCO,/gFuel
Method
(8C0O4/gFuel) (at 45,000 M])
HFO 3.70469 3.70
LNG
_ 3.78288 3.47
(2 Stroke diesel)
NG
] 12.3348 4.56
reforming
15.8643 5.86
LPG
H f i
’ Y « 15.6035 5.77
(gas)
Naphtha
£ 15.6876 5.80
reforming
Electrolysis 25.704 9.5
] Habuor
Ammonia 3.8548 20.086
bosh
9] ®o] Avts} o] HFO 189 FFS 45000M]Z 7| F5ke] 272
MEFS Brkd B A LNGE 743 24727t 24 HEHE ARl
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Table 5.1 Sample ship(LNG carrier)

Description Specification
LOA(m) 279
Breadth(m) 43
Dimension
DWT 75,320
GT 92,866
Kawasaki
MAKER
(UA-400)
Main engine Power(kW) 29,052
RPM 90
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2) 20y A Rbd(™AQzl)
Table 5.2 Sample ship(VLCC)
Description Specification
LOA(m) 336
Breadth(m) 59
Dimension
DWT 317,614
GT 159,530
MAN B&W
MAKER
(7S60 MC-C)
Main engine Power(kW) 29,346
RPM 76
3) AlEF A (H 2 dR)

Table 5.3 Sample ship(Product carrier)

Description Specification
LOA(m) 244
Breadth(m) 42
Dimension
DWT 105,348
GT 57,773
MAN B&W
MAKER
(6S60MC-C)
Main engine Power(kW) 13,560
RPM 105
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EEOI®] 7]& 2] ofefjo] 2 51 3 o] IHefFatA vetd 5 Sl

Cf X Fuelconsumption X Carbonreduction factor 6
: x 10 (5.1)
Cargo X distance

EEOI =

A7F g H dE ARZFLS HFO 2811.7ton ©1H, MDO 6.2 ton,
LNG 1,817.2 tone & FHAEAC. 8] Agl:= 12911 mileo]H, 3}&E =
62,596 TonC = A = A},

2247t~ wEHS 7= Cf 33 LCAE 53l 4t=d Cf &8 A &3}
o] Table 549} Zo] A7t~ vi&E =S AAbs it
Table 5.4 Comparison for Conversion factor
) Conventional
Fuel Fuel Conventional GHG LCA Cf | LCA GHG
Type | Consumption Cf (WtW) Amount
Amount
HFO 2811.7 3.14 8,829.27 3.16349 | 8,894.78
MDO 6.2 3.206 19.88 3.22949 20.02
LNG 1817.2 2.75 4,997.3 3.78288 6,874.24
Sum 13,846.45 - 15,789.04
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LCAE Cf2 2gste] B71a A% 71Eu] o 13% ol mgon,
INGE ARZ A8 29 247k EFe Aol wj$ AXE A3
22 %9

EEOI 3 71& 17.13 gCOy/tonmile °l 4] 19.39 gCOy/tonmile & Z7}5]

[e] 2=
Ae & 5 Ak

rir

3,296.1 ton, MDO 5.2 ton= Al&3slomw Hyr g
Pt I EHFS 275251 ton ©]t}.
227t~ wEHS 7€ Cf &3 LCAE &

of 247k wiE e ALksH

Table 5.5 Comparison for Conversion factor

) Conventional
Fuel Fuel Conventional GHG LCA Cf | LCA GHG
Type | Consumption Cf (WtW) Amount

Amount
HFO 3,296.1 3.14 10,349 3.16349 | 10,427.17

MDO 52 3.206 16.67 3.22949 16.79
Sum 10,365.67 - 10,443.96
LCAE CfE &88 7

114



EEOI =3+ 7] 2.826 gCOy/tonmile ol 4 2.847 gCOy/tonmile & <7}%]

S AL QS Ak £ ABARE AfeE Aue Lav)s NET
% EEOl] 2 s/t gle Ag o 4 vt

Fit s 86,826 ton ©] U
A7 @S V1€ Cf #3% LCAS st 5" Cf #¢t=

Ak o,

of 2AVIA WiEFEs

Table 5.6 Comparison for Conversion factor

1 Conventional
Fuel Fuel Conventional CLGC LCA Cf | LCA GHG
Type Consumption Cf (WtW) Amount

Amount
HFO 1,216.58 3.14 3,820.06 3.16349 | 3,848.63
MDO 69.77 3.206 223.68 3.22949 225.32
Sum 4,043.74 - 4,073.95
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EEOI T3 7]1& 469 gCOy/tonmile ©| 4] 4.732 gCOy/tonmile & 715

LA U 5 oA R ABARE ASSE Aue Ars uEY
a2 & 9tk

2 EEOI| 1

.

n2

7t gle A=
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5.3 Al @M%t T2 Well to Wake 2AI7IA HjSa w3}

thAaAEke] g s £ dRYol INGE H3S 71AHew, 9% 7|+
o2 ABRAEFS HASta 24V AnE s 9 EEOIE ALlbel H ;o

A7 HA d8 ARZEHS HFO 2,811.7 ton ©|™, MDO 6.2 ton,
LNG 1817.2 tone. 2 FA =AU}, s A= 12911 mileold, 3}&EHFS
62,596 ton o2 FHAHAG. E HMHle INGE A5z ALt 7] W

Bol, &, gEUclze] AR

riet

& 7hAstal 4%l s Well to
Wake LCA Cf #= A83t7] flste 7| A= duigds 29F
7lEem 2 52, 53 53 3 o] 2t a3tk

2811.7 Ton of HFO = 2811.7 X 1P [g of HFO] x 0.0405[LCV MJ/g]
= 113,873,850 [MJ]] (5.2)

6.2 Ton of MDO = 6.2 X 10°[g of MDO] x 0.0427[LCV MJ/g]
= 264.740 [M]] (5.3)

1817.2 Tom of LNG = 1817.2 X 10°[g of LNG] x 0.0491[LCV M]/g]
= 89,224,520 [M]] (5.4)

9 Aubo] AR oA e] FE 203,363,110 [M]le]ch
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AUA FEFe 7ITo® T4 An AEEFS 4 549 #o] sitd A4

°F 1694.69 =9 G4 AR o] A AT

H> = 203,363,110 [M]] / 012 [LCV MJ/g] = 169469 ton of H» (5.5)

LNGel A 7Hdg =45 AL

)

Ba AT B, A 548k 2ol 247t

2~ W E 2 20,903 tonCOy7F W& ¥tk

NH; = 203,363,110 [M]J] / 0.0186 [LCV MJ/g] = 10,933ton of NHjz (5.6)

LNGIA sHusy 34 Bstol 448 drvels Agddy 7
2 42,146.45 tonCO37} ¥l =¥ ot

o
et
o
—o
rlo

>,
B
1>
)
g
ot

Table 5.7 GHG emission from alternative fuel

Type of fuel Fuel amount GHG amount
Based Fuel
20351 15,789
(LNG, HFO, MDO)
H, 1694.69 20,903
NH; 10,933 42,146

B4 Qmel JWE ik, dEUohs 7]E

rO

TR 22724 w &)

FAeA Fhehe Bee weln gt
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3296.1 ton, MDO 5.2 tone AF&3stom st 3sfA 2+ 13,325 nmile,
F SEFS 275251 ton ojth £ AdEke OAS A5 AFES Q7]
i Zoll, 4, FEYol LNG <

Well to Wake LCA Cf @< #8371 91ste] 4] 57, 58 3} o] &
S 34 S

3296.1 Ton of HFO = 32961 X 10° [g of HFOJ] x 0.0405[LCV M]/g]
= 133,492,050 [M]] (5.7)

5.2 Ton of MDO = 5.2 X 10°[g of MDO] x 0.0427[LCV M]J/g]
= 222,040 [M]] (5.8)

9] AMubo] Abg3F oA o] F&S 133714,090 [M]lelth dUAx FHS
Zlro 2 2 599} 7ol el AbgsFo g FAEA T LNGOA /A 4=
A 247~ wiE S 13,739 tonCO.7F wiEH o}

H> = 133714090 [M]] / 012 [LCV MJ/g] = 1,114.28 ton of H> (5.9)

INGI A sholnsy 242 Fohol 448 guuobd Agdvtn 714
g A4S A 5107 o] &7k~ wjEEe 27,677.37 tonCO,7F WjEH T},

NH; = 133714090 [M]] / 0018 [LCV M]/g] = 718892 ton of NH3 (5.10)
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45112 A3kl LNGS] @d5e AL LNGAA 5 484 2 EA}
ol FZ ARESte= AT 1212878 tonCO,, 234 QL EAO|EFS AS
11,101.04 tonCO,, 2374 tjAAlo]E9] 79 9,999.87 tonCOE BlZE3h+=
Ao §a Hr,

LNG = 13371409 [MJ]] / 00491 [LCV MJ/g] = 272330 ton of LNG (5.11)

Table 5.8 GHG emission from alternative fuel

Type of fuel Fuel amount GHG amount
Conventional Oil 3296.1 10,4277.17
H, 1694.69 20,903
NHj 10,933 42,146
LNG Otto
2,723.30 12,128.78
(4 stroke)
LNG Otto
2,723.30 11,101.04
(2 stroke)
LNG Diesel
2,723.30 9999.87
(2 stroke)
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"4 7tk Eae Holal lew LNG <Xl 44 23874 A

Aol 2 AHET BSolw SAsks AFEo] Wi Ao vepdt)

1,21658 ton, MDO 69.77 tong Atg3tgiem Bt FsA2E 9914 nmile,
Bt SEHE 86826 ton otk E Hule TAZ Az AL 97

o, 4, dEYol LNG 529 IS 7135t 473oA st
Well to Wake LCA Cf 3ts A &3sl7] fsto] 2 512, 5

Fe kst

1,21658 ton of HFO = 121658 X 10 [g of HFO] x 0.0405[LCV MJ/g]
= 49,271,490 [M]] (5.12)

69.77 ton of MDO = 69.77 X 10°[g of MDO] x 0.0427[LCV M]/g]
= 2,979,179 [M]] (5.13)

9] Mulo] Abg3 oA FHE 52250669 [MJ]o]e& 2 5145 A}

§otol ok A AgFoR Baratgith

Hy = 52250669 [M]J] / 012 [LCV M]/g] = 43542 ton of H> (5.14)
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i

INGAA MAT F425 A&atta 7488 49, 4 5159 2o 4

7h2 W= S 5,370.84 tonCO»7} Wi =¥t
NH; = 52250669 [MJ] / 00186 [LCV MJ/g] = 280917 ton of NH3 (5.15)
LNGolA st EAY s4S Sste] Aite gEYols ARSIva 7HA
& A5, A 5163 o] 2A7FA wiER2 10,828.81 tonCO.7t i & .
LNGAH T 43874 LEALO]ES A&t 4 4,739.497 tonCO,, 2384
QLEAFO]ZFS A5 433761 tonCO; 2378 tlAArtolZo] A5 3907.34

tonCO, =S Wi &E3t= Aoz 3hak o)

LNG = 52250669 [M]] / 00491 [LCV MJ/g] = 1,061 ton of LNG (5.16)

Table 5.9 GHG emission from alternative fuel

Type of fuel Fuel amount GHG amount
Conventional QOil 1,289.35 4,073.95
H, 435.42 5,370.84
NH;3 2809.17 10,828,81
LNG Otto
1,064.1 4,739.49
(4 stroke)
LNG Otto
1,064.1 4,337,61
(2 stroke)
LNG Diesel
1,064.1 3,907.34
(2 stroke)
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