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* =4 THO|Z2FQl ZX|= =2 100bar O|LHS| 23, ASTM 3 API #4 BAME ALE F0|, Yt BAaZol 42
2=20] ofst 2ABIX|E 2|5l PolyethyleneS Z&I5H0] ALEE

o

* M M7 =4 mto|Zapelef ZO0[E 4,542km0|0d, CHE E| A= MRstst ZRE CHX|0f|A AH|E7| 20 2
ML 2HE 22 O2|1 2THNO 2 0|20 QEN LEE 0 A ST 2)
- TMIAl =2 ol Z2telo] 68%E Air Liquide®@t Air ProductsOilAf %] 2 22| 0|04, 44 mo|Zatele
X42~X522 Z S 082510 ERW EE= SeamlessHO 2 M|E S¢
USA 2,608 km

Belgium 613 km

Germany 376 km

France 303 km

Netherlands 237 km

Canada 147 km

Others 258 km
HyARC 2017; own diagram
(& : HyARC, 2017)
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FIGURE 1

Mature European Hydrogen Backbone
can be created by 2040
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Green Octopus Project
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£8) 02 42 H3 B2 HEH 2717 p2G TRAE v v v v |V
H2V Program
- 35% .2 9 500,0008 799| Green i At Abg ‘/
- T|S sl MElA B4 0| ZRl0IS BE T
A7k Ba

Green Spider Project

» AP LPE ] LY S Large-scale Green 5=2-9] { V/ ‘V/ 'b/

=2 7t [ Transport 9122 72 Ay
Golden Eagle
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ISSUE4 =4 THO| QI 2R 7|S7He &

A7} ato|zatelo) 2

501 240| Hatk|

7

A B4 oF x| QIR A= AXHe| tHY| & QI =Tt 1.06Pa B2 =1t A| 25| Xotkls= HAek= 20[7|
20, DA 8 AT RLER AFY BHZ ™A T 1.06Pa O|2H] SHFHE(0 US
== 2 (pure hydrogen) 252 flall 7|1& HATIA(LNG) mHo|=Z 2kl Ao XSto] lenq, =7totct
njo|=2fRlef Hi 2t F7H, A 2 S 74 L ALEStE AX7HEHE X7 US (3R D)
Years of = Length | Service pressure (MPa)
Location Pipe material operanon | DEmeterimm) | O | e purty ) | 528
AGEC, Alberta, Canada Gr.290 (5LX X42) Sincet987 | 27 "_q"a'“"ms" 37 3.8 (99.9%) Operational
Alr Liguide, Texas/Louisiana, USA API 5LX42, X52, X60 and other ? 76 - 356 390 51 Operational
A Liquide, France, Belgium, Netherlands Seamless Carbon steel Since1966 | Upto 304.8 879 B30 (U 2 | oparations!
Air Products, Houston, USA - Since1969 114.3-324 100 0.345-5.516 (pure H2) | Operational
Air Producls, Louisiana ASTN 106 7 101.3-304.8 83 3447 Operational
Air Products, Samia - - - ~3 - Operational
Air Products, Texss Handard "";‘:;5?“ o pie >10 1143 8 5.5 (pure H2) Operational
Air Products, Texas steel, Schedule 40 =8 218 19 1.4 (pure H2) Operational
Air Products, Netherlands - - - 45 (flow rate : 50 t/day) Operational
South Africa - - - 80 - -
Chemische Werke Huis AG, Ruhr, Germany | Seamiess equibment o SAE 1016 | gincergz | 168273 215 Upto25(pureHz) | Operational
Cominco B.C., Canada Cammgss}m 20| Since1964 | 5 (Thickness: 0.8) | 6 >30 (62-100 %) Stand-by
Gulf Petroleum Cnd, Petromont - Varmes camgcm;%mms‘ 2 168 16 93.5% H2-7.5% CH4 | Operational
Hawkeye Chemical, lowa ASTM A3 Gr. B 3 1524 32 28 Operational
ICl Bilingham, UK Carbon Steel : : 15 30 (pure Fi2) i
LASL, New Mexico ASME A357 Gr.§ - 254 64 138 Abandoned
Tos Alamos, New Nexica 5Cr-Mo (ASME A357 GI_5) >3 30 6 7338 (pure F2] Abandoned
Linde, Germany i : : 76-32 : 5
NASA-KSC, Florida Stainless steal 316 (austentic) 516 50 52 2 Operational
NSA-MSFC, Alabama ASTM A106-B z 76.2 0.091 345 Abandoned
Phillps Petroleum ASTM A524 3 203.2 20.9 21-128 Operational
Praxair, Golf Coast, Texas, Indiana, H2 commercial grade .
Calfornia, Alabama, Louisians, Michigan fstion Sie : : 238 (14MNm3ay) | Operational
Rockwel Interational . Stainiess steel 116 10 750 z 5100 (uitra pure H2)
[ 225 M MA A THo|Z2tle| 2 EF |
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A IHO|Z2fol AXl= 20t ALS E0f| W2t ChFSHA| AHZ [T, CHE 2 Carbon steel(ASTM A106, X42~52)0]
2 L5t 19 510f A Micro alloy steel(API X52~) A2 Z(32! 6)

* 24 AXRE BASHA0 W2t Stainless steel, AFR 2=0] [}2} Cu&Cobalt alloy S0| AFRE|H, HIZ 4 AMZE
Plastic 2! Elastomer S0| A2 &

Metallic Materials

' i
Carbon Micro alloyed :
Steels Steel !
I

I

I

|

i

Most commonly used  high pressure service
ASTM A106, X42~X52 AP| X52 ~

SR

s

STS 304L, 316L
(&X : Nexant, 2010)

| 22 6. A2 =0i| [hE 44 THO|Z2tel F &5 AXY |
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77 22| 718 SF
* O0|Z2 HYHYES HIE o= o FMAtA JHE H AXHYOHX|ZRE MAE 4 822 2{sh At QX2 E
&3¢
- OZ0{ M =4 mpO|ZEfRl AL AXl= PI(Amemcan pipeline institute) X42, X50, X60 seamless pipelineg 2
ArgotH, FEZE 2290 MPa 04 2 & A41E 15 % O|&fe| 28E 7HKl= ZH AFE
- FHLICH= FE APIX42 ZTHE FE AHESIL S
* RE2 4 S MUxdoAX|2] AoIXZ S 0| &35l =4S Mitstd 7|EQ| 7tA J2|ES &l +45 2&51|
QIst HM s 43t
- £0| AR EMABIZF0] 0.16 wi%7} BFRE| SAE10162S AL 5HT o0, 81 2HE = 350 MPa2 0|2, FHLITHOf|A]
ABBX42 AMBLL 22 ZEE K= AME AL
- Q0| AR £A S HEHS} A 0|83 7| EQ| HAI7IA WO|Z2felo 2 £45H= Power to Gas(P26) Z2HE 7}
RS
- SYU2 SR ZHAUTM MitE Hg SRR XYooz MEstH= ZEHMES 7 S0|0{, P26
ZENEO| MU= HES HAIZ 0185t A RS2 AHE B
| #2.0|2, S oto|=Zatl ZH2 7[AX E4 |
) Yield strength(MPa) Tensile strength (MPa) Total elongation(%)
Pipe Grade
Minimun Maximun Minimun Maximun Minimun Maximun
X 42 290 495 415 760 27
X 46 320 525 435 760 27
X52 360 530 460 760 27
X 56 390 545 490 760 27
X 60 415 565 520 760 27
SAE1016 240 390 430 480 21 28

(&X: API'Z DIN, 2020)
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