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U 2.9 71E 2 AgEA
1) AA YA F 2 A Ag

O &% 25\(2010~2035'3)7F A AlAl oAU AF& S7tel 23 Fa ouAde] FH o
gtd AWoR o] 7IZF oY, HAVkE, HE2 T2 AYogA 9 Ado] x&Hd
AolM, 53] HA7tAe HAF duAe] & Aog Aidd

- AeH27.9%)2 sHds
HISH AR ARSS

O
#7} 3
?iﬁ), FRG REF T olFE s Me YA B JoR dd

2, 8 9 B8y SEANSl Aokl B

o AU A ] thd FRAH(FIT, RPS T) ALS A3t =

< FIT(Feed-In-Tariff, ®AAARZF) : Ao} AR Aka} o] 12)n BT
L EA8) Slslel WECl gAs mliE Alx
% RPS(Renewable Portfolio Standard, 1A AR} FERA) « AUAAGANA 55

RS

o YAHES A AUAR SteE o83 Al
<E 1-2> AA AU A FF 2 A7(1990~2035'F)
(%9 : Quadrillion Btu)
T 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030 2035

Liquids 136.40| 142.70] 155.50| 170.40, 172.90, 179.33| 186.05| 197.23| 210.03|223.57: 30.3%

Natural Gas| 75.40/ 81.20] 91.00| 106.30[ 117.30| 129.07| 141.25| 150.21| 155.77|162.03. 21.9%

Coal 89.20] 87.90| 92.30] 122.30| 130.26| 139.08| 152.40| 167.76| 185.65/206.26: 27.9%

Nuclear 2040 23.30] 25.70| 27.50| 27.64| 3219 37.43| 41.09| 43.86| 47.08: 6.4%

Renewables | 33.90| 38.70, 41.60 4620 52.05| 63.81] 73.37] 82.43| 91.23] 99.78 13.5%

A 355.30] 373.80| 406.10] 472.70| 500.15| 543.48| 590.50| 638.72| 686.54/738.72:100.0%

% Source : EIA(International Energy Statistics Database, 2009), LNGZHEAIG T A F4.



quadrillion Btu
250 -

History Projections 30.3%
200 27.9%
Liquids 21.99%

150 -

Matural gas
Coal
100 4 13.5%
Renewables

Nuclear

/’/- 6.4%

50

0 T T T T
1990 2000 2007 2015 2025 2035

ElA, International Energy Statistics database (as of November 2009), web site www.eia.gov/emeu/international.
Projections: EIA, World Energy Projection System Plus (2010).
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Y 73 TS EYE AFY F 48 Ad
- FPSOQ— LNG-FPSO= 3% 43l E&P(Exploration & Production; AH71%) 5719
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O 2009 M)A FA7}A RS 2987bem O 2 200813 =2] 3,066becmell HlE oF 21% 7+A3h

@)

Natural Gas Trade (bcm)

AA AA7k A F 876.54bem(SF 29%)0] A Zholl A=, AY 7t 7px
AWHE F PNG A FH-E 633.77bem(72.3%), LNG Al & 242.77bem(F 27.7%)

20099 % 7|FEo 2 187)o] LNGE A4tslal, 22700 LNGE Fd3tal U+
20009 % 7|Eo® Hu LNG Ai=d Jlel2=2 HA LNG A#ge of
20.4%(49.44bcm)E F=3tAaL, Tl ol Alo}, QIEHAo}, EAlZ7t 2 HE ol

Ho LNG F9(2009¢ 71%) 482 2 AlA LNG A 2] 35.4%(85.9bcm)E
FYsta, FEvEhE 14.1%(34.33bcm)Z 2914 (°] F-X= 200810l H3| YE
78%, = 71% AT AY)

TA IR 7] [EA2S] 3 2030W7FA] MA dA7F 8% 4,320bcm
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Source : Cedigaz, IEA WEO 2007

[19 1.2] AlA AA7F~ 8 2 A 7(1970~2030)

1) BP Statistical Review of World Energy 2009
2) World Energy Outlook 2009, International Energy Agency, Paris



A7FAE AR 584 71 AEd BEYXE FoAE F2 Y4 9 &3}
09 1990t 71A] A el AAtEE 7tARE A9 AFEE oy 2030
A AA 7122429 9F 16%(159bcm)E 4T Aoz A4

A AARoZ AA 712~ AgEF = LNG7} A sH= v F0] 20054 26.2% ) A
20303 50%°)e g2 Z71E Ao ®E HWsh

O A MAARSZ 203097HA] A 7+ 7k~ A el Ayto] LNG FHIZ AgE AS=
Aol welt LNG A3 7R} JA571A]9] 7o) FukslA| o] Fojx]a LNG

@)

o = F43 718 Ao BY
F71H 22 LNG & 2030 37HA4] S7kshe LNG A&l F-sdt= &
TS R3] 9t oF 4u) AR sold AT
LNG ##7|&9] R wt AF 2 LNG ChaindllA o2 7}A] digt7]
Fhol whet 5748 LNG 372 14712 Al s oA o] 7l1sS 3f
2 LNG B 7|d¢l LNG-FSRU$ LNG-FPSO 7]%°] 5438
2 LNG HstESHE Ado] g FxH7E A S7ktel wet LNG
Fes FEEAAL, o2 ddt TR k= Aol tigk Alde] el
w2} LNG-FPSO9| ZAgo] St = Je ¢
A BfgaEe BFRE 74 A2 K4 ASJFRE o] o Qe et
LNG-FPSO A177do] ZA F7HHal A+

f3te] 7t FERIE ofHE
TR 7F=e] A 70% BE7E sl sk
ki =Xl Zasta olE syl g

Relative size of gas fields

{ § 50.100 TCF

Convention

Onshore LNG /

73\ 550TCF

1-5 TCF

Small / Medium-scale 0.5-1TCF

LNG] Production 0.25-0.5 TCF

A\

0.1-0.25 TCF

3922 \ 15 TCF

AN

Sourece : Infield
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O Lindet Statoild?} %22 78 MFCP 7]&S =29°]9 Snobvit LNG Z 24 E
Agsto] Azl AdFet v 3, Axensd Liquefin Technology+w ©] &9

South Pars LNG Z2AEo] &S FRsta o] At Y 7FsAdo] =5

F 8 MTPA 7}HA] =olA 7|1& &9

O ExxonMobilE H|E3F wo]A7|Hde AAFoz dA3FAV|E FHE 39
ZENts F%a e

O LNG d3ZHE FHofo] dxyojdg HA7|E&S Rt e JAIZE KBRJGC,
Chiyoda, Bechtel, Technip &°l™ &9 3704 A1 fF&©] 90%E *A%

© ING stERiES @A 187113011*1 U ZRAEES $9 Fold, AA 22 FE
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- 20051 o] % 217 Z2AE(257] E#QNIF FFE] WAl Ak oF 43.3%<1
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Process

Licenser Capacity, MTPA
Optimized Cascade Conoco-Phillips 3.6
Cascade

Mixed Fluid Cascade Statoil-Linde 6~8

Single Refrigerant MR AP(CI 1.5

Mixed Refrigerant
= al M S « AX -~

(MR) Dual MR Shell, Axens 4~8

Propane Pre-cooled MR APCI. Shell 4.5
N2 Expander N2 Double Expander BHP. Aragon 1.5~2.5

=

(2% 14] 52 Asteg 2 o]
B) AF SHE I
h MF ZNHE A W FA
O [L¥ 15]2 ¥ dF 2 HA7IEY 35 AFE(Supply chain)S YERH, af ¢
FWEE F7 AEed Foste 74 84E F A AAHe Avss TF
- Drilling Rig & Ship, Fixed Platform, FPSO, FSO So] H&FZQl SFZHEY
- #< LNG-FPSO == FLNGZF 7= 9lar, s #3d s A A Bis
WEE HYZNHE HFo) 234
STl Production
© & Storage
QOil: DrillingRigs Fixed Platform Tanker Tank Farm
Drilling Ships FPSO VLCC (Refinery)
FSO
Gas: ditto ditto Pipeline (g), LNGC (1)  Pipeline (g)
FLNG: FILNG LNGC(I) FSRU

FLNG: Floating LNG Production Unit

F(P)SO: Floating, (Production,) Storage, and Offloading Unit
FSRU: Floating, Storage, and Regasification Unit

VLCC: Very Large Crude Carrier
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Global Oil Production 1950-2025
Source: Energyfiles
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Global Floating Production Expenditure 2004-2013 by Type
Source: The World Floating Production Report 2009-2013 - Douglas-Westwood
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<% 1-3> LNG-FPSO ZZAHE &3}

. Capaci Liquefaction Storage
Project (nl:tpa;y %’rocess (xlOOO?nS) Status
Flex LNG 1.7 Costain Dual N2 220 EPC
Shell 35 Shell DMR 436 FEED
SBM Offshore 25 Linde MFCP 230 Generic FEED
Hoegh 1.6~2.0 Lummus C1-N2 190 Generic FEED
Inpex 45 MR 230 Feasibility
Aker Kvaerner 5.8 MR 160~200 FEED
Bluewater N2 or MR Concept
BW Offshore 1.0~2.0 Mustang NDX 165~180 Concept
Hamworthy 05~22 N2 Studies
Teekay 0.5~1.0 Mustang N2 Concept
Exmar/Excelerate 1.0~2.0 B&V PRICO Concept
Saipem 1.0~25 N2 or MR 270 Studies
TGE Marine 04~15 MR Concept
ConocoPhillips 5.3 Optimized Cascade 350 Concept
Sevan Marine 15 Costain Dual N2 200 Concept
Proteus LNG 20 Turbo Expander 160 Concept
Petrobras 27 N2 or MR FEED
Pechora LNG 27 APCI DMR Studies
PNG 3.0 Lummus C1-N2 FEED
DFLNG 2.0 SMR 270 Concept

O s frAel FAE FHA ANAHY F7h B 9 olUg A8 ANBAEY
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A7F Fqa AR Bkg o]FE A
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s Topside Production
= Subsea Production

% Subsea Production
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*Global Offshore Production 2001-2025

*Source: Energyfiles
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O HArzkze] 4n7t S7Hgtel whet 4Hl A3t de] golx shdstr] o s
}2~% (Stranded Gas Field)e] 73S 7|thstal 101, 1tcf(trillion cubic

feet)7} H= 7h=AT 400700 23 flvete] A HAVkE LvlEo] Ttef 7
] G

S o] 2o HAylAvl n-IFAAN BE Qe
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Gas to LNG (LNG-FPSO)

Gas to Liquid (GTL FPSO)

Gas to Wire or Electricity

Gas to Hydrate
O o] FollX LNG-FPSO7t 7} #A Z483td Aoz 7=l 3l LNG-FPSO9]
I

- Shell& &3 2 WolAE HIEsY o AAYAYAL dEHE AAS

O f% FRE 4NF Bt 5L Fvd AFH 4B2 r A FAA Bh
A7A) AW WMol fFo] dFHoR s2A e AL erdskn AAHS

- [2¥" 11212 H2 EE A wfjdE 7HE ARl RA H7] fE dYE o] 8alA
s 7tEsiA stol = ol Evy e HAYE 9
: Power
Topside cable 7@\~ Straps
power supply
Electric dynamic Thermally
s riser cable insulated pipe
Cable splice Static feeder cables
. et Power cable ("piggyback cable™) Connection
e tion _ Cable splice . - \.__\\ f'
i . i B /
R — 1 = ' /l nué{nll;
poassannanansss o EEEETTEEESTT B SRR SR e i S e S
Current transfer zone \ In\l-ermediate ( urrent transfer zone
—_— Anodes on pipe Y anodes on pipe Anodes on pipe
[1¥ 1.12] Ste|=dolE 2 &2~ WAE 9IS A v /A 2= (A SUT)
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<F 14> LNGEHE Eof =& 74y
AAGA | o Cl-Expandedol] H3Ed =&
ZAADB | - Tomson ScientificAFe] Web of Science
éﬁﬁ% 2000 1€ 19 ~ 2009 12¢ 31¢ (1049)
A9 | o FA]
nsl B ("natural* gas*" or LNG) and (liquef* or
Nk wob refrigh or cryogen* or cool* or "sub* cool*") 66231
AN A LNG A% ot | ("natural gas*' or LNG) and storag* 59074
Z g E
ol =2 T—
A% ("natural gas*" or LNG) and (pretreatment
2141 B} |Or dehydration or (("acid* gas" or CO2 or
AR ok H2S or water or moisture or mecury) same 23041
remov®))
LNG ZHE #of 14827
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Amine-grafted MCM-48 | INDUSTRIAL
and silica xerogel as & .
superior sorbents for ENGH\IEERH\IGRI;uag}iD;IYI’) thnfl M,Ij}“ﬁ”an 2003 | 102 | 1500
acidic gas removal from| CHEMISTRY |’ oo &
natural gas RESEARCH
Advances in the study | Energy & Lo@oCastello D
f meth torage in Fuels; Alcaniz-Monge J, de Univ
©F methane Stbrage U a CasacLillo MA, | 202 | 93 | 1100
porous carbonaceous | Engineering, Alicante
. . Cazorla-Amoros D,
materials Chemical .
Linares-Solano A
Towards a fundamental Chemistry ROYAL
understanding of natural e SOC
oas hydrates Multidisciplina Koh CA CHEMIST 2002 79 10.57
ty RY
Optimal design of an Inst Sci &
activated carbon for an Biloe S, Goetz V, |Genie Mat
adsorbed natural gas CARBON Guillot A & 2002 58 >4
storage system Procedes
Natural gas storage in Inomata K, Tokvo Gas
activated carbon pellets | CARBON Kanazawa K, Cc}), Ltd 2002 29 4.00
without a binder Urabe Y, et al.
Dynamic discharge and Inst Sci &
performance of a new AICHE Biloe S, Goetz V, |Genie Mat 2001 » 260
adsorbent for natural | JOURNAL Mauran S & '
gas storage Procedes
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Exergy analysis of |[INTERNATIO
multistage cascade NAL Caziante
refrigeration cycle used | JOURNAL | Kanoglu M Univ P 2002 21 3.8
for natural gas OF ENERGY
liquefaction RESEARCH
A novel near-zero CO2
emission thermal cycle ENERGY N Lior N Chinese 2006 14 35
with LNG cryogenic g Ho Acad Sci '
exergy utilization
Novel cogeneration
power system with Deng SV, Jin HG, Chinese
liquefied natural gas ENERGY Gai RX, et al. Acad Sci 2004 14 2.6
(LNG) cryogenic exergy
utilization
Methodology for the
energy analysis of an airy APPLIED Univ
cooled GAX absorption | THERMAL Vele;zezltleé N, Autonoma 2000 13 6
heat pump operated by |[ENGINEERIN Baja )
natural gas and solar G California
energy
JOURNAL OF
. ENGINEERIN
Proposal and analysis of
G FOR GAS .
a novel zero CO2 TURBINES Chinese
elrims?g)r;1 Ct}:;lel with AND Zhang N, Lior N ;AciidE:cL 2006 10 25
o 5 | POWER-TRA e
o | sacrions et
OF THE
ASME
Analysis of temperature Chen QS,
and pressure changes in CRYOGENICS Wegrzyn J, |Brookhaven 2004 6 15
liquefied natural gas Prasad V Natl Lab

(LNG) cryogenic tanks
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activated carbon for an Biloe S, Goetz
CARBON Genie Mat | 2002 38 6.40
adsorbed natural gas V, Guillot A
& Procedes
storage system
Natural gas storage in Inomata K,
activated carbon pellets Kanazawa K, | Tokyo Gas
CARBON 2002 29 5.00
without a binder Urabe Y, et | Co Ltd
al.
ENERGY
Natural gas storage in Sun ZG,
CONVERSION
hydrates with the Wang RZ, | Yangzhou
AND 2003 25 4.40
presence of promoters Ma RS, et al.|  Univ
MANAGEMENT
Dynamic discharge and
performance of a new AICHE Biloe S, Goetz  Univ
2001 22 3.60
adsorbent for natural JOURNAL V, Mauran S| Perpignan
gas storage
Luikov
INTERNATIONA| Vasiliev LL,
Adsorbed natural gas Heat &
L JOURNAL OF| Kanonchik
storage and Mass 2000 20 340
THERMAL  |LE, Mishkinis
transportation vessels Transfer
SCIENCES DA, et al.
Inst
Effect of cycling CHEMICAL
Pupier O, | Inst Sci &
operations on an ENGINEERING
Goetz V, | Genie Mat | 2005 14 2.60
adsorbed natural gas AND
Fiscal R & Proc
storage PROCESSING
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and silica xerogel as Huang HY, Yang _
, ENGINEERING , Univ
superior sorbents for RT, Chinn D, et ] 2003 102 15.00
o CHEMISTRY Michigan
acidic gas removal from al.
RESEARCH
natural gas
Wind JD, Paul |Georgia
Natural gas permeation | JOURNAL OF | DR, Koros W] | Inst
in polyimide membranesy MEMBRANE | Cazorla-Amoros |Technol,| 2004 44 7.3
SCIENCE D, Linares-Solano| Univ
A Texas
Adsorption separation of]
carbon dioxide from flue
gas of natural gas-fired FUEL Xu XC, Song CS,| Penn
boiler by a novel PROCESSING Miller BG, State 2005 33 6.6
nanoporous "molecular | TECHNOLOGY | Scaroni AW Univ
basket" adsorbent
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dimethylsulfide and APPLIED
Satokawa S, Tokyo
t-butylmercaptan from | CATALYSIS _
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] Fujiki H Ltd
on Ag zeolites under NTAL
ambient conditions
Separation of SEPARATION Arruebo M,
hydrocarbons from AND Coronas J, Univ
_ 2001 21 34
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Cavenati S, )
from natural gas by ENERGY & Univ
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<E 19> 8 Grbmolnl F5A 2 A7 53
£3 NO. FFA(s) A 71A (s) L] 1A
) ] Alkylene amine ZZ1 A
. Tertiary alkanolamine (HaN(Cr HaeNH)) nH (=14, n=1-1)
35~65w%e] ta Fshs LTFEoR 8l ATkl it =Hl=
0.01~059] Z#opuls H7IghoZHA 25~200% o)tstetAd F5458 T
15-55w% Sulpholane NTA
10~60w% MDEA &< NHsFe(II)-NTA (nitrotriacetic
GB2192347 NHyFe(I)-NTA £ A acid)
AAAE EdeE FeAR 14 452 Bolq REA A4 7,
FFA 23 AF AHL Boto] AT 2
*Sulpholane
*Dimethylethanolamine *N-methylpyrrolidone
*Ethyldiethanolamine *N-methyl-3-morpholone
*(Iso)propyldiethanolamine *Dialkylethermonoethyle
GB2167397 *Di(iso)pr‘(')pylethanolami'ne ne'glycols
*Methyldiisopropanolamine *Dialkyletherpolylene glycols
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TS E2d F JF
*50ppm ©]4+¢] Cu®
*50ppm ©]7 9]
Dihydroxyethylglycine, | *52] %2 4]
ol 7} o}l Alkali metal or Ammonium | Cu®’
US4440731 permenganate (Copper
*Alkalimetal thiocyanate | carbonate)
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