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| /other

48 Mt H2
By-product of which < 0.3 Mt

H2 produced with
hydrogen renewables

Xt © IEA, June 2019. The Future of Hydrogen - Seizing today’s opportunities.
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1) BTX, 327 52| SHoiAMe| RIxQl 4 Bl(ES2[EA sletE, UeE alets)

= sIstE-S 2]2)5l7] €8t BTX(Benzene, Toluene, Xylene)” 37, &
£ kg ARG A 9] B EAQl 422404k NCC(Naphtha Cracking Center) &72] o€#l(Ethylene),
I =33 (Propylene) 5 =2 (Olefin) Al Al FAE= 4284 0] AT BTX B= S8R Al2370]
K9] 424 AR Ti7ll C5~Cll & A8l BTX A4kE 918t 370l 2 Co~Co 7M1 2= ¢

S AaEge] A= Tl 2E20] i -2 Fuigte]7] wio] AREAr 240 BAglol &
A LE}E 2= HE27) A9 (Reformate) Z AAsHH BTX Al 2240l A= BTX 482 Huglstd, o] 1}
oA a7h BP0 = LA BTk ANE3AY] 4 Aate] tigh 892 tie 3-4% % 21w, 4
F37dolu Afaletadolr o] W3 golM e FolE= HSROAEZ S & 4 o, Brlste] AitE=
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HSR 7HE- 2 (Reforming Process) & A At

Condensor

Hydrogen (probuced), Fuel Gas, LPG ...
Hydrogen

(consumed) /
_

Furnace

\

Separator

Reactor

o

HSR (Heavy Straight ~ NHT(Naphtha
Run Naphtha) Hydro-Treater)
PreHeater

Reformer(Catalytic

Cracking) Reformate (aromatic rich)

N2 YRAA LR

6) EESHEE(PSA, Pressure Swing Absorbtion)SE2 7IHM Qe 2EE EAEE0| S0IU= F 7 0[42| H0|M HZOPIH &8t |7 |0 &i5t= 71|
ol zzE 22= 33

7) i SR, X2 o SHe| YMER 28 TR, 4Rl YR 2 E85s nRIPIR HEY

8) HRIYll= Rd=l= SYEL Y, FalSFIM O e 2 247 Qs | W20l 7IAWES FIl6l7LE 242 SE= 97T LeHY

9 202 E UEE SN A9 HE HISS 20IF

10) Z&'AN(Heavy Straight Run Naphtha), 7HEL7|(ReformenS 73 3|2 Q TZELE W5 20| YRS AEEt
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W& ZX(Reforming Process)2| SZI4-X|(Material Balance)H|&

Mass Balance Unit Reformer 1 Reformer 2

NHT Feed HSR @ Kg/hr 251,226 211,322
NHT H2 Make up @ Kg/hr 403 148

Net Gas Produced @ Kg/hr 28,459 21,874

Wt.% of H2 in Net Gas @ Wt.% 30.00% 34.00%

H2 Produced (®*®) ® Kg/hr 8,537.7 7437.16

Reformate Kg/hr 198,570 193,851

H2 (Total, ®-Q@) ® Kg/hr 8134.7 7289.16

Yield of H2 (®/®) Wt.% 3.24% 3.45%

A YR LRALZ

2) NCC 3H0f|M2] 42 2y
NCC(Naptha Cracking Center)" 3742 2ol Eele ZHZAGAHLight Straight Run Naphtha, LSR)&
FEsfsto] o€, 233 o] Y StES AXSTH(1E 4]) Ak IEoA NCColA9] 4

Al EFElolEE B3l o4 I EEAPA WS4 S 5 ANSES S 4 Qlom, BIE= LSR &
S B8 Ol A FA0] 7hsslt) <& 3> AI7FE oF 230E9] LSR(Light Straight Run

Naphtha)& Hefah= A4] L= gl NCCO] $44:4% Bela Itk o] B8 NCCFAS) 44 4
Aol thet £-82 The S V1FO.R 10%E BG4 M NCCo| FYHE LR AelF& B 3
of AFERE S VS FHT 5 Uk Th, %) BTX 343 7 2 71908 2749) ol u}

NCC(Naphtha Cracking Center) 2&4=X|(Material Balance)

Mass Balance Unit A NCC Unit
Feed LSR @ Kg/hr 229170
Raw H2+Methane(C1) @ Kg/hr 7600
H2 Purified ® Kg/hr 3,000
Methane(C1) Returned @ Kg/hr 4600
Yield of H2 (®/®) Wt.% 1.31%

1) NCC 32 LSRe 2=3li5t0] of|22il(Ethylene), Z2Zzil(Propylene) S ARals} 7| =R HA0| 2X0| 10 £4= FYHEL.
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NCC(Naptha Cracking Centen3H0i|A 3|4/HH| 35

Hydrogen-rich gas

| >
Cold box ® » Methane-rich gas
Y (Carbon X U:'l Product (ethylene)
- Ce ene
monoxide) hydrogeynatlon ®

Off gas

v 69 reacltor—éb |—> ,—» Off gas
—

Cracked Demethanizer Deethanizer| | |Depropanizer|[ MAPD* Ethylene Propylene
gas d>—} tower tower tower hyd;fe)ggtrzjartlon rectification P rectification | Product (propylene)
tower tower

@

I I
*Methyl acetylene propadiene  —>»To debutanizertower%» To To cracking furnace
cracking furnace
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12) R380lM= A= #H|(IMO2020)E E5517| flsh H3d SoIM +48 F/I2 K 2511 US.
13) NIO/AI203, NiO/AI203/Ca0, NiO/MgAI204

14) LNG(E7tA) o 1| = ZM(Componentsy= C189.33, C2 650, C3 2.69, C4 1.25, C5 0.04, 7|EF 0.19 (£H2]: mol%); S (Sulfur, 2} 1.7 wtppm N (Nitrogen, &)
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LNG 7HE 240 SHEQ EE4X

123 Product
Steam Export Steam KNm3/hr Hydrogen
38kg 21kg

45 C

Reformer
28kg
540 C

112.8 Geal/hr Convection

Section Condensate
Hydrogenator 7 3 Geal/hr
31kg
370 C
Steam Purge Gas
To Burners
350 CHT 0.35kg
He Air
Cooler

Desulfurizer

17¢ PG Boiler BFW DMW
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Power Supply

Anode Y Cathode

Chlorine gas (Cl2) Hydrogen gas (Hz2)

2H20 + 2e- = H2 + 20H-
(This reaction happens at the cathode)

33% Caustic
soda (NaOH)

Depieted brine

2C1=—> Cl2 + 2e
(This reaction happens
at the anode)

(Ealstigsodal
Saturated brine| (Na@h); 33% Caustic soda (NaOH)
(H20 & NaCI)

30% Causitc Pure water

soda(NaHO) (H20)
Diluted brine ’ I .
(H20 & NaCl) Non-permeable Diluted caustic soda (NaOH)

ion exchange membrare

Xhz : Hholy| O&HS. (2015), 2222i2| Woefol#int ®at B=2ol ol 25 No. 3 p. 205
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