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Energy outlook

Natural gas gains share, while the shares of both oil and coal fall

Shares of fossil energy Change of energy consumption
40% z
= 1990 2035 |Increase
Energy
30% Qil 3162 5065 60%
Natural | 1oeq | 4558 | 158%
Gas
20%
Coal 2215 4564 106%
10% Etc. 971 3269 237%

Etc. (Renewable, Nuclear, Hydro)

Total 8118 | 17455 115%

U% I I
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Unit : Million tennes cil equivalent

Source : BP Energy Cutlook 2035



New trends of a natural gas ‘

LNG increasingly as transportation fuels and a form of traded gas

Power Flant

Transportation

"\ = LNG-fuelled ships

LNG Locomotive

&= ) 2 . - Comply with MARPOL
LNGfuelled Annex VI (SOx, NOx)

- 65 in operation and
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Source : Shell, International Gas Union



Materials for LNG tanks

Types of LNG tanks by application, capacity, and pressure

Demand of the better safety and efficiency for LNG tanks and equipments

= Land

Large storage tank Small and mid-size pressure tank

LNG station, industrial
and vehicle fuel tank _

Applicationl LNGterminal

Capacity | 100k ~270km’ ~ 1,000 m’
Pressure Max. 0.7 bar Max. 7.5 bar
" In-land and sea water
\ Cylinder (C type) Membrane MOSS (B type) SPB (B type)
Application LNG carrier or LNG-fuelled ship
Capacity ~ 1,000 m’ 100,000 ~ 150,000 m’ 10,000 ~ 30,000 m’
Pressure Max. 7.5 bar Max. 0.25 bar Max. 0.7 bar




Materials for LNG tanks

Four metallic materials registered to IGC and IGF codes

Three materials excluding aluminum alloy are nickel-based alloys

Table 6.3 Plates, sections and forgings for cargo tanks, secondary barriers and process
pressure vessels for design temperatures below -55°C and down to -165°C (IGC Code)

i, celen Chemical composition and heat treatment S St
temperature temperature
9% nickel steel - double normalized and tempered or 5
-196°C
quenched and tempered
Austeniticsteels - such as types 304, 304L, 316, 316L, 196 °C
165 °C 321 and 347 solution treated )

Aluminum alloys - such as type 5083 annealed

Austenitic Fe-Ni alloy (36% nickel) - heat treatment as
agreed

Not required




High manganese austenitic steel @bbrev High Mng

Manganese-based alloy steel for cryogenic applications

Sharing the same crystal structure with austenitic stainless steel

= Chemical composition

C Si Mn P S B
% 0.2~ 0.6 0.1~1.0 22.0~ 26.0 <0.03 <0.01 <0.01

= Technical specification
= Crystal structure : Face-centered cubic (y-Fe)

4000 (111

1 2000

" Yield strength > 400 MPa -

= Ultimate tensile strength > 800 MPa ’E 6000 |

= Charpy V-notch test (impact toughness) R [1%'
> min. 41 J at-196 °C

40 41 42 43 &4 45 46 47 45 49 50 51 52 53 54 55

2 Theta (Degree)

Phase identification by X-ray diffraction
- Microstructure at 25°C



High manganese austenitic steel

= Testitems

@ Temperature at which the item was tested

Temperature (C)

Items Standard
-196 -163 -150 -100 50 O 25

Tensile test ® ® ® | IACSURW2.4.2.2
CVN (Charpy Vnotch) test @ ® ©® O O o IACSURW2.7
CTOD (Crack Tip Opening Displacement) test @ @ ® | BS7448
Drop weight test ® ASTM E208
S-N fatigue test ® ® | ASTM E466
Fatigue crack growth rate test ® ® | ASTM E6G47
Corrosion resistance test ® | ASTMG31
Thermal expansion test ® & & O O & o ASTME228
Thermal conductivity test ® O ® O ® | ASTM C518
Elastic modulus test ® | ASTM E494




High manganese austenitic steel

M Tensile test M CVN (Charpy V-notch) test
= Determination of yield strength, ultimate tensile strength, and percent elongation = Evaluation of impact toughness from energy level
= Relevant to the structural safety of a LNG tank on staticloads (ex. LNG cargo) ® Relevant to the structural safety of a LNG Tank on impact loads
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Stress-strain curves of 4 different cryogenic materials (25 °C). CVN test results of 4 different cryogenic materials.
B CTOD (Crack Tip Opening Displacement) test B Thermal expansion test
* Evaluation of fracture toughness from resistance to crack propagation * Evaluation of CTE {Coefficient of thermal expansion) : AL/(L*AT)
» Relevant to the safety of a LNG Tank against pre-existing cracks on static loads * Relevant to the safety of a LNG tank on thermal stress (ex. LNG leading-unloading)
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CTOD test results of 4 different cryogenic materials (-163 °C). Coefficients of thermal expansion for 4 different cryogenic materials,






