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Integration of refinery hydrogen network with multiple impurities
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Abstract: The evolutionary method is applied to optimize the hydrogen network with multiple impurities.
With every match possibility and the complementary advantage of source streams considered, the
maximum match flow rate matrix (M matrix), potential match flow rate matrix (P matrix), and optimal
match flow rate matrix (O matrix) are determined in turn. The results shows that the minimum hydrogen
utility consumption of this system is 1495.83 m® « h '.Compared with the current hydrogen utility
consumption, the saving potential is 1004. 17 m® « h™!, accounting for 40. 2% of the utility consumption.

Furthermore, the optimal network is determined according to the O matrix.
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Table 1 Data of hydrogen sources

Stream

Flow rate/m® « h

. Impurity concentration/mg * L7}

Other H.S N C
SR, fresh hydrogen 2500 0. 00 0. 00 0. 00 0. 00
SR, outlet hydrogen of reforming unit 14000 1918. 59 0.01 0.01 81. 39
SR: outlet gas of R-509 1000 49775. 36 74. 84 88. 88 60. 92
SR; outlet hydrogen of membrane separation 2700 49857. 74 56.13 56.13 30. 00
SR, outlet gas of D-205 640 64998. 98 1. 00 0.01 0.01
SR; gas of I high pressure separation unit 22800 69954. 05 0.94 0.01 45. 00
SRs recycling hydrogen of | high pressure dewaxing unit 26500 1990 2. 00 0.01 50. 0
SR; outlet gas of D-102 500 80149. 98 150. 00 0.01 0.01
SRy recycling hydrogen of | high pressure treatment unit 54500 98399. 65 200. 00 200. 00 30. 00
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Table 2 Data of hydrogen sinks

Upper bound of impurity concentration/mge+L !

Stream Flow rate/m®+h !
Other H;S N C
SK, inlet hydrogen of R-501 1400 1990. 00 0.01 10 100
SK» inlet hydrogen of R-502 4000 3890. 00 50. 00 10 50
SK; inlet hydrogen of [I high pressure hydrogeneration unit 25000 64135. 00 10. 00 5 50
SK, inlet hydrogen of R-201 28000 75835.00  10.00 5 50
SK;  inlet hydrogen of R-202 9100 81576.58  780.57 385. 60 257.25
SK;  inlet hydrogen of R-102 56000 105305. 24  194. 64 200. 00 50
SK;. SK,. SK;Hfl SK¥&7EVC Pl i 12, B AR AN

3 HZRRANEM® K

MR (3 M () I Z A N4 R G
FARAC G R B R IC e R R M (M) . 1 M
FEERT UL, A BF SK, 55 4 & I VT T I i) G 58 % x
FHIA], AR5 other, PRI FY 5 KU 2 o DU W] R
B SK, B ¥ 7R DL BC I Ry 008 SR, ¥ 78 DS e Ui 12 N
1452. 11 m®* « h™', & Bk SK.. SK,. SK,. SK;
1 SK 5 4 &0 U5 VT I B A9 G B % BN [A] . R G
BRI A AMEIL . B, HEBF SK, IERCH .
AUR SR i RFEZ Ry C. AIE SR, (528 5
other, SR, " C WMk JE H 50.0 mg « L', /NTH
P8 SR, i 4% 5 C WM JE s 1 SR, th other ¥y
49775.36 mg « L', KT A SRs ' other Ay ¥
FE. . RIE SR Ml SR, AAFTEIR A #MEAL # .
[i5] B AT L S0 SR A SR 2[R A7- 78 1R & #ME AR
P, X T AAETEIR A AMEIL AR S, AR AKX
Jo A B AT RN AR SR il SRR A R & BF SK, DL it
I, WAEPE G & 0 4000 m® « h ', Horp SRy
WE N 3922.11 m® « h', SR, Wk & 77. 89
m’ « h™', [AIF A 15 A SR, 1 SR 1R & 5 A b
SK, VEFL I () ¥ FE DL C i 72 Oy 3986 m® « h ' Oy
SRR REZ [ A 1) AR, R AR SR, il SR,
RA WA B SK, #F17 VL., [A] B Al LB & B

SK, SK, SK 4
SR [1452. 11(other)  2457.30(C) 15358. 15(C)
SR, | 55.97(other)  312.60(other) 1406. 39(N)
SR; | 55.88(other)  312.09(other) 2226.97(N)
SR, | 42.86(other)  239.39(other) 24667.69(other)
M= SR; | 39.83(other) 222.43(other) 22920. 40(other)
SR; | 1400. 00(other) 4000. 00(C) 25000. 00(C)
SR, | 34.76(other)  194. 14(other)  1666.67(H,S)
SR L 27.98(other)  156. 27(other) 625. 00(N)

TEVCRCAE RS (P AR PR,

o PAHFERT L, X F A SR . BT A A PFRY T
FEVCRECYR ATl 9552. 11 m® « h ', i H R
14000 m* « h ', P& IR SR, v LA & & BF SK,
FSK; ) ¥ 7 VT C U i B oK. 3 A, B T A B
SK, i 1400 m® « h™', FH 5 SR,
AR VC L A 1400 m® « h™', X FEE SR,
HE WA 1000 m* « h 'y B 4RSS AP
SK; ¥ #E VS FL 3 &2 1000 m® « h ', HUEUE SR,
RE T I A BF SK 19 W D e I B 75 oK . &R SR,
(1% JIF A Vs 7 VG JiC 9 &= R A 58489. 67 m? « h ',
ek FHBATRE 2700 m® « h ', gat(6) wl
SK, 51z 2 IR VL L ik @ 8] FH %k 0. 089, /N TF SK;
AiZ &5 VS FEC B I R CHE o . Bk,
SK, {465 SR, VOfic, H il Ve fic & 55 H ik 7
DT g 3 & 2489. 67 m® « h ', WA SK: 5 SR, (1)
PEC i i 210. 34 m® « h 'y /N TV AE DC C U o o
[) B ] LA E 08 SRR SR, (943 . 2 a1 4%
P8 BIF 22 18] f DU G B WL AR RS O

SR, . SR, fil SR, 1 4> %i #& W SK,. SK, fi
SKs AR BEF B LU ML FC i & . MR SR, . SR; .
SR Hl SRy A Tl 42, R KRR B, E7H%H
JEIX 3 AN G BR BT T I Ah TS AR RN TR .

SK, SK ; SK s

17201. 13(C)

1575. 16 (N)

2494. 21(N)
32667. 90 (other)
30353. 93 (other)

28762. 44(C)
14913. 94 (other)
14889. 30(other)
11420. 90(other)
10611. 92 (other)

34402. 26 (C)
45961.92(C)
93333. 33(C)
83532. 08 (other)
62222.22(C)

28000(C) 46819. 50(C) 56000. 00(C)
1866. 67(H,S) 9261. 97 (other)  67741. 75(other)
700(N) 7455. 53 (other)  54529. 48(other) |

Note: Key impurity of each match is listed in bracket besides corresponding maximum match flow rate.



%1 XIS . R Z R A M 4% 1 48 1 < 167
SK, SK, SK SK, SK; SK
SR, 11452.11 0. 00 0. 00 0. 00 8100. 00 0.00 7
SR; | 0.00 0. 00 0. 00 0. 00 1000. 00 0. 00
SR; | 0.00 0. 00 0. 00 2489. 67 0.00  56000.00
P SR, | 0.00 0.00  22789.89 22510.33  0.00 0. 00
SR; | 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
SR;| 0.00  3922.11  704.77 0. 00 0. 00 0. 00
SR, | 0.00 0. 00 1505. 34 0. 00 0. 00 0. 00
SR L 0.00 77. 89 0. 00 0. 00 0. 00 0.00
SK, SK, SK, SK, SK SK
SR, 11400.00  0.00 0. 00 0.00  8100.00  0.00 T
SR; | 0.00 0. 00 0. 00 0.00  1000.00  0.00
SR; | 0.00 0. 00 0.00  2489.67  0.00  210.34
. SR.| 0.00 0. 00 0 640 0. 00 0. 00
0= SR | 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
SR;| 0.00  3922.11 704.77  0.00 0. 00 0. 00
SR, | 0.00 0. 00 500 0. 00 0. 00 0. 00
SR, L 0.00 77. 89 0. 00 0. 00 0. 00 0.00

WA, At HE A SR . SR; . SR, Fl
SR Xt & BF SK; . SK, il SK; [ e KA T it &, W
F 3w, WIER ), ATAEBE SK, B4 7T & R
1 SR, HKAFHE N 22327.48 m® « h', &
BF SK, 15 KM FE AN SR;» i KA Feifi & A
22800 m® « h™', {HHF SR: B F 22327.48 m’ »
h ' A4 A BF SK,, [H i A0 U8 g+ 75 44 A BE
SK, Wi Rl 472.52 m* « h™', F 47
G, ABF SK & A B A ARk B E R, P
A ] T A SR W . R AR A (7D
=) AR W W 2 A SRy A 5 SR, W] 1E h % A,
BF o #h 50 SR . SRR AN AT & 43 A 21873, 12,

*3 BEMBEXMIERER
Table 3 Maximum supplement flow rate
Maximum supplement flowrate/m® « h™! FSKJ o EFw
SR, SR; SRs SRy i
SK, 4447.89 22327.48 21873.12  624.94 23795. 23
SK, 4447.89 22800.00 21873.12  1.24 24870. 33
SKe 4447.89  22800.00 21873.12 54440.17  55789. 66
SK, SK, SK;
SR1 [1400.00  0.00 0. 00
SR> | 0.00 0. 00 0. 00
SR; | 0.00 0. 00 0. 00
SR, | 0.00 0. 00 0. 00
0= SR;| 0.00 0.00  22327.48
SR;| 0.00  3922.11  704.77
SR, | 0.00 0. 00 500. 00
SRy | 0.00 77. 89 0. 00
SR, L 0.00 0. 00 1467. 75

2496.61 m* « h™ ', [, W] e DB SKs 47
AUEN SRy SR, dr KAb e 543 H O 54422. 11,
1367.55 m® « h !,

25 VB A &b 78 I i RISy HG 5 R I S Y g DT
fo. ik, "I RS RAECE R SR FE (O
D, A S A4 E Al O E) et
I 2z 22 B o iz S B B S AR R . B BUE I
O Fi [ SR, 7. FR G L WH 26 &y 1495. 83
m® « h™', WIATRIZIT 2 1004. 17 m® « ',
BAT B AN FERY 40. 2%,

AR O 56 BE, W] 4 a2 d5 1F D e & M) 4% 06 FF
wmiE 1R FEE, B S0 Sk KO LAR
K-RAWREB (FEWF R4 T, ABF
kg M AT . BAPFICE R B — FEL R
7o AU TC 56 2R A 5 RN BE 22 DA TR B s . AR IE TG
R 5 B R . flan, BT AR oA I i A
LR L E SKy fIJE SR, . SR, . SRy, HUCF &4y
Sk 1367. 55, 210. 34, 54422.11m* « h' ',

SK, SK; SK;
2496.61  8100.00 1367.557]
0. 00 1000. 00 0. 00
2489. 67 0. 00 210. 34
640. 00 0. 00 0. 00
472. 52 0. 00 0. 00
21873.12 0. 00 0. 00
0. 00 0. 00 0. 00
0. 00 0. 00 54422. 11
28.08 0. 00 0. 00
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Fig. 1 Optimum hydrogen distribution network
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