Korean Chem. Eng. Res., Vol. 46, No. 3, June, 2008, pp. 598-603

A HEHT +d Al 7IZ o= 2[RI &2 FHH

571

Aedsty s EE
151-742 A &A] e A1-dE Ab56-1

(2008 1€

39 A4, 2008 29 24 A

Economic Efficiency of Using Existing Pipe Line in Hydrogen Network

Daehyeon Kim, Changhyun Jeong and Chonghun Han'

School of Chemical and Biological Engineering,, Seoul National Universty,
San 56-1, Shinlim-dong, Gwanak-gu, Seoul 151-742, Korea
(Received 3 January 2008; accepted 24 February 2008)

o
i

2= Y

AFafeiieA| o] A vE

Atele] 2]

& 288 e =4
& T AU

At )22 spolzelle
149} 2 S Aot

93 HAsR= A gsierae] v ) 7+ o) 7t oo o] Zea9) 9
HE el Zlolth B =ielME AlE vERaS T
E‘r“q Bl Y F e 5 Ao Bk dohiy] S8 71
Zele dgohs ﬁj} %}%ﬁ A o= F 7HA9 cases BAESkL AW *F%OPO% 7k, 1) wsh
3f oA dolZnlg-5 20%01°

of
el

]

iy

)
ro b

£ %) gt

% ) 72 sfolzekelg 11
S MESE 5] V1] 3
i,

Zo) 31 AAUES A o]o)S oF

ME

Abstract — In petrochemical complex, Hydrogen Network optimization is surveying the extra Hydrogen and needed
Hydrogen of each company and calculating the optimized distribution. This paper compares the case of using the exist-
ing pipeline and the case of not using the existing pipeline to show the effect quantitatively and clearly by modeling the
both cases and using mathematical programming. As a result, using the existing pipeline can save the pipe cost over
20% and increase the whole network benefit by thirteen billion won.

Key words: Hydrogen, Network, Pinch Analysis, Optimization, Pipe Line, Economic Efficiency

1. M

) AfSER AR AR, BT, A7

FEOR B FAS) gusha k. webd 4 %:«‘z@ QAL
199 A8 5k Slah sk BAs) vl

Hol ARsteideA] JAVES] A a8220 e}l 58=
A Alm=shaL glar qtEe] s °1$ I g2
7 Q15 o] ko dks] ool 7 :
o ouA 2AIg S EAE SOl EE 5 e
ko thAleldA A 2 2 AL gl ol g ¢
229] - AsFeIRieA] i ARsteisiAlel =
o] A8t Fazke HIEAAE I Al AR 3t o]
ol& G& I 3lof AA| 719 3hel| Fhdah HEo] oo L ‘il
Hallale9} Livi= FZelA7} 23 43795 MILPE A

oTT o
o] 2 HEYT S TETH1]. 28] Livel Zhang ]‘jﬂ

T o
oz
NS
=
=

53]

Jo
2
S
~

}
|

"To whom correspondence should be addressed.
E-mail: chhan@snu.ac.kr

598

3 Ruls x o] WA AAARE E3elE HEYS Ruls
A3 TH2]. =3 Changhyun Jeong> UIEHZL Hdof H Q3
A 01 g 9 AFRAES R 4 ASE HA UEYT A

—a—wﬂ& 1 3Hgel A1) A B8-S elek] P V=R

bopen A7) Sl A dck =R )

9 1 o] Zol5o] d=all7} oh EelE 2 % gk,
whebd] 2 =RelAls AR U SAEE

JE ol
S r°1'

Al 71

golzefqle] Sg3le u] P& T A= AAAR] EAE case Hl
£ &3l AkeiRE 1 gt
2. HiZo|=
2-1. AEIX[EM (Hydrogen Pinch analysis)

AX|HAS A2 Linhof’} Alleh & wdhd ol BAwst
off A3t 1P EE o] Fohs WHECISI=HI[4] ©1F Alves?} Towler
7} S MANE 02 AL R ES Assiehs]. olele 9



T VESA 7 Al 7IE Fjol el &-8e] A w3 599
100— 100—
99.9999 _..._.I...........l 99.9999
€ 9999 b——cerermeees - 99.99— o
2 H <
3 99 : 97 2
§ 95— : 95— &
o ] H
'g 90 — E 90 —| ém
£ : g
80— : 80— £
70 — i 70 —
L]
:
| I 1 T 1 l : | !
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 0
Flowrate (Nm3/hr) Flowrate (Nm3/hr)
Fig. 1. Construction of a hydrogen composite curve and surplus diagram|3].
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Fig. 2. Feasible hydrogen composite curve and surplus diagram|3].
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2-2. =4 Ljo|=Z2RIC| HIE 2™
Nathan parker= HA7FA 2] sfo] el 1]-8-0] FAIZ]] 4]
&3l Favte] 2 gl Hl8-3 thaat o] BRIt
H2 Materials (dis, length)
= 1.5{[330.5(dia)*+687(dia)+26.960](length)+35,000}
+
H2 Labor(dis, length)
= 1.25{[343(dia)*+2,074(dia)+170,013](length)+185,000}
+
H2 Misc(dis, length) =1{[8,417(dia)+7,324](length)+95,000}
+

o

H2 Right of Way(dis, length) =0

H2 Pipeline Cost(dis, length)
= [924.5(dia)*+12,040(dia)+260,280](length)+378,750

where(dia) is in inches, (length) is in miles, and Cost is in dollars.

Nathan parker®] 3= 4:= dia, length, cost®] ©$]7} inch, mile,
dollar® Ho] l=H] o1& Z+Z} inch, km, won® 2 $Hikslo] A
shH R 2T}, dollar®t wongt #-8-2> 980 won/dollar®. 7}y 3k
St

CPipeline(diav length)
=[562967.4(dia)*+7331669(dia)+158495579.9](length)+371175000

dia : 3] 27 (inch)
length : XA 2] (km)
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Fig. 3. Hydrogen Pipe diameter by flow rate.
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u: superficial gas velocity (usually 15-30 m/s)
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2-4. 4 MHAX| HIE ZH(PSA Cost Model)

0] Bggol = viAE T2 A = = (feed
purity), A3 <=5 (product purity), 3= 2] (feed pressure), A&
S+ (residue pressure), & 2H#]|(absorbent) 5] 31t 015 WFISH]
AAPEA B8l 7HE T2k s vXE dAREE aEskd
0.4330 "
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Cpgy(KUSS$) = 503.8+347.4 x F g, [Mscfd]

won, Nm3 ©¢| 2 gHitshd o33 2}, dollar®} wonit &
980 won/dollar®. 71331t}

Cpgy(won) = 493724000+288362.844xF g, [Nm”]
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Fig. 4. Case 1 - Using existing pipeline.
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Fig. 5. Case 2 - Not using existing pipeline.
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3-2. HlO|AL| data

k] 7 7HA] Case?] 7t 3593 949 ¥ 555 Table 1
ol ] s3lrt.

83 IR oA Ale)e] ARl & Ty FeAE 9E
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Table 1. data of source and sink

Flowrate (Nm?/hr) Purity (%)
Source
1 15,000 99.9999
2 10,000 99
3 30,000 75
4 15,000 75
5 8,000 75
Total 68,000
Sink
A 15,000 99.9999
B 15,000 95
C 10,000 99
D 15,000 99
Total 55,000
Table 2. Distance between source and sink (km)
Sink A Sink B Sink C Sink D
Source 1 2 5 9 17
Source 2 1 2 6 14
Source 3 5 2 2 10
Source 4 13 10 6
Source 5 18 15 11 3

Table 3. Hydrogen selling price by purity

Purity (%) Price (won/Nm°)

1 99.9999 200

2 99 180

3 75 150

4 75 150

5 75 150
FRESH 99.9999 300
PSA1 99.9999 200
PSA2 99.9999 200
PSA3 99.9999 200
PSA4 99.9999 200
PSA5 99.9999 200

3-3. AT AN

7t ol Bl 7S S 255F M S =) st
AL QoA AL 99.9999%2] A (Fresh)2] 7122 @l
3009H1 0 2 A3kt

o] Table 3° B33 FRESHE UIEY AL 9] o 4 3E A}
2 T )it

T HESA] E8shs 740 EE ARkkeb] SlaEiA vE
A= FAo Aol FAS AR AR-S Fta PSSl 4
o] Wdeko 2 RE 49 AT} (Fuel Value)s 7-5133T). Lut
o= fo] 2*0]i= Bunker C oil?] 7143} M-S 7|50 7 3}
St

Fuelvalue = 2580/9790x476xFxC (Standard : bunkerC oil)

01714 €9 won/Nmolth, of|E E9] 10000 Nm/hr, 95%+%
= 7 420 AR v ol & 4 Qo

2580 476 % 10000 1%50 = 1191702 won

9790

34, FEHEEH

3-4-1. 52 3=(Object Function)

EAsk= U339 22 Economic Potential2 Ztha}r]7]= 7

olt}.

Max EP =

n m nm m
ZZCIWU’ - chi,fuelvaluewi/’ - Cﬁ‘eshzwfresh,j_ Cpipe - CPSA
- - 7

L

~

n m
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ij
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-

Cppet THOIE W18
Cpsst AAA 18

3-4-2. M|2Z=Z (Constraints)
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m
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Table 4 Result flow rate set of Case 1

A(99.9999) B(O5) C(95) D(99) FUEL Total
1(99.9999%) 15000 0 0 0 0 15000

2 (99%) 0 0 0 10000 0 10000

3(75%) 0 0 0 0 0 30000

4 (75%) 0 0 0 0 0 15000

5(75%) 0 0 0 0 0 8000

FRESH 0 0 0 250

PSA1 0 0 0 0
PSA2 0 0 0 0
PSA3 0 20000 0 10000
PSA4 0 0 13333 1667
PSAS 0 0 0 8000
Total 15000 20000 13333 29917
(99.000%) o] o000 15000 500
i 2 ‘ 8 ‘ 4 5
¥ ¥
|
15000 15000 10000 25000
(99.9999%) (95%) (95%) (99%)
Fig. 6. Optimization result of case 1.
Table 5. Result flow rate set of Case 2
A(99.9999) B(O5) C(@O5) D@9 FUEL Total
1(99.9999%) 15000 0 0 0 0 15000

3(75%) 0 0 0 0 0 30000

4 (75%) 0 0 0 0 0 15000

5(75%) 0 0 0 0 0 8000

FRESH 0 0 0 250

PSA1 0 0 0 0

PSA2 0 0 0 0

PSA3 0 20000 10000 0

PSA4 0 0 3333 11667

PSA5 0 0 0 8000

Total 15000 20000 13333 19917

4-2. Case 29| Zu}

Case 22| A= Table 500 &3tict. 54 281 24 DAL
ole] FFat sfol el Adlska MEATE T 2O 9]
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Fig. 7. Optimization result of case 2.

Table 6. Comparison between case 1 and case 2

Case 1 Case 2

H, selling profit 95,921,994,654 won 95,921,994,654 won

H, fuel value 60,163,359,288 won 60,163,359,288 won

pipe cost 4,677,950,846 won 6,061,091,144 won
PSA cost 3,352,880,546 won 3,352,880,546 won
Total network profit 27,727,803,973 won 26,344,663,675 won
Table 7. Cost saving

Won Saving rate
Pipe cost saving 1,383,140,298 won 22.82 (%)
Total network profit increment 1,383,140,298 won 5.25 (%)

2 o83k case 10] oF 1389] 7}eke A7) Ugkeh

o1% & AR Table 7914 2 5= A%0] case 19] 7
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