Korean Chem. Eng. Res., Vol. 45, No. 1, February, 2007, pp. 25-31

A - olEN - 20 - siEE
Aeisi S YR Fe
151-742 224 et Ads Ahs6-1
(20061 1€ 169 37, 200651 122 13U A=)
Optimal Hydrogen Recycling Network Design of Petrochemical Complex

Changhyun Jeong, Chul-Jin Lee, Dae-hyeon Kim and Chonghun Han'

School of Chemical and Biological Engineering, Seoul National Universty, San 56-1, Shinlim-dong, Gwanak-gu, Seoul 151-742, Korea

(Received 16 November 2006; accepted 13 December 2006)

RSP AAAATD IATIE e AL B9l Fa) et pgen glo
o= Tl AAAOE A AE I Gt e} AR AR duRe] Fag uAdd dat Zle 3
e A 73%, AR 52:9] 7S ol ARGE S Qe ATl ARESEA B

EEEEE
s ABE VENAES AR, ik A B2 Fale] g P Bed Aol Sk o7 B PARE 5
oFshs, WIS Yol B Wl gt 7]k Aok 210w ALt BAS TYele] 5 (source)s} 727 (sink) T

8 2=

Azl Ao 7 FAS AEEE] Y3t EYIS AT

Abstract — In a petrochemical complex, large amount of hydrogen is produced as a by-product and used as a fuel in
petrochemical and oil refinery plants. By recycling this byproduct hydrogen as a raw material, the value of hydrogen can
be greatly improved. This paper proposes a design methodology for optimal hydrogen recycle network between plants in
petrochemical complex by analyzing the hydrogen pinch, required cost and constraints.
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Fig. 1. Hydrogen network overview.

I~

DA PAL DO, 520 SS9 Tlo]Teilat 45
5ol )} Moot wa ARE Aok TA) S
& AR vlgo] Tefslolo s, 42 AHESHE BelAIE v

E92 YL B A U A9 A2t ] 99 e
& vhisio} ek, oleld FAIE Telah) 91, 42 S V=

-
i

9121 o] Bestel, Z171e] Z9ol thek A B Fal 5
A ARG EAD Fel die A2k g ok} Al o] ek,

2-1. ZHQ] Hef

AfEshdA el A8 R ARREE IEEATES] T4AE A
e UESTE I f1al vhat 2ol EAIE Aejgitt

1) 471 Fie 32 TAE 358 F Ui 354 (source)
geletal, FavF Qs 34 FAE AT s A
(sink)= g2 it}

2) 24719 SAlIA Fis e TRE FAlelA AlEgsle] ALg
= A, zo]7] Q& AAFTALE Huo]A ALY, A8 EMN
ARE-EIT)

3) A7t A L3 SRR ATt e SAbelA AR AE-EskA
w, A FHE AR FAE ARSI, 18R sk
T QAZNE QFelA lste] ARgSL.

4 ATE Tt A FAE Folo] AR F, 20
AR WAL g exn 2g3i
Jolo] BA FaE AL WS AR AREE 40
5ol webA Fig. 2004 UERd 213} o] 2711 A= ol
A7 = Qi A8 E AMEE 40 2t Hlw A ol A
o] =5 Ul AR S Qs 3go] EASH, T A
TA & g6 AR aEste] sl ekl AFTE T
A MEYIS AT 5 ok ilE AR E AMEHE 49 &=
TIh Gol & AREE Sl A9 A0 v E Eo)V]
s 22 A A9 58 A% go|ZEely} AFV|E 1S

oF gt}

-
L

o=
o=

= =
TAoE

Best

;O

o
M
o~
e

i1

2

2-2. 2 EX|(hydrogen pinch)

G WAE LAY AN oA DA BN S22
A wale] A8 TAUAG Woltk. T BA AL odn
ehil, =AY, e AIAE TR ol AgE gttt

Source 1

intermediate Unit
(PSA & Membrane
Separation)

Compressor & Pipeline

Fig. 2. Typical structure for hydrogen recycle network.
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Table 1. Process data of sinks and sources

Flowrate(Nm?>/hr) Purity(%)
Source
1 10,000 99.9999
2 15,000 99
3 12,000 95
4 15,000 95
5 8,000 75
6 10,000 75
Sink
A 15,000 99.9999
B 25,000 95
C 15,000 99
D 8,000 99
E 10,000 99.9999

Table 2. Distances between sources and sinks (km)
Sink A Sink B Sink C Sink D Sink E

Source 1 6 2 1 3 12
Source 2 3 1 4 6 15
Source 3 15 11 8 6
Source 4 11 4 2
Source 5 1 8 10 19
Source 6 13 6 4 5
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Fig. 6. Construction of a hydrogen composite curve and a surplus dia-
gram.
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Table 4. Hydrogen network matrix with purification process

Sink A SinkB  SinkC SinkD SinkE  Fuel

Source 1 2,000 0 0 8,000 0 0
Source 2 0 0 15,000 0 0 0
Source 3 0 10,000 0 0 0 0
Source 4 0 15,000 0 0 0 0
Source 5 0 0 0 0 0 0
Source 6 0 0 0 0 0 0
Fresh 3,000 0 0 0 0 0
PSA1 0 0 0 0 0 0
PSA 2 0 0 0 0 0 0
PSA 3 2,000 0 0 0 0 0
PSA 4 0 0 0 0 0 0
PSAS 8,000 0 0 0 0 0
PSA 6 0 0 0 0 10,000 0

Sink A SinkB  SinkC SinkD  Sink E Fuel

Source 1 10,000 0 0 0 0 0
Source 2 0 0 15,000 0 0 0
Source 3 0 10,000 0 0 0 2,000
Source 4 0 15,000 0 0 0 0
Source 5 0 0 0 0 0 8,000
Source 6 0 0 0 0 0 10,000
Fresh 5,000 0 0 8,000 10,000 0
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Table 5. Hydrogen network results

Existing Network (no network) New network 1 (without PSA) New network 2 (with PSA)
Hydrogen Purchased Costs W 156 billion/yr W50 billion/yr We6.5 billion/yr
Hydrogen Fuel value W 70 billion/yr W17 billion/yr WO billion/yr
Capital costs
Pipeline - -W8 billion/yr -W14 billion/yr
PSA - - -W7 billion/yr
Compressor(operating) - -W0.1 billion/yr -W0.2 billion/yr
Fuel costs - -W353 billion/yr -W70 billion/yr
Hydrogen Selling Profit - W76 billion/yr W11 billion/yr
EP(economic potential) - W19 billion/yr W33 billion/yr
Payback period - 0.4 years 0.6years
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