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Abstract — Lots of networks are constructed in a large scale industrial complex. Each network meet their demands
through production or transportation of materials which are needed to companies in a network. Network directly pro-
duces materials for satisfying demands in a company or purchase form outside due to demand uncertainty, financial fac-
tor, and so on. Especially utility network and hydrogen network are typical and major networks in a large scale industrial
complex. Many studies have been done mainly with focusing on minimizing the total cost or optimizing the network
structure. But, few research tries to make an integrated network model by connecting utility network and hydrogen net-
work In this study, deterministic mixed integer linear programming model is developed for integrating utility network
and hydrogen network. Steam Methane Reforming process is necessary for combining two networks. After producing
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hydrogen from Steam-Methane Reforming process whose raw material is steam vents from utility network, produced
hydrogen go into hydrogen network and fulfill own needs. Proposed model can suggest optimized case in integrated net-
work model, optimized blueprint, and calculate optimal total cost. The capability of the proposed model is tested by
applying it to Yeosu industrial complex in Korea. Yeosu industrial complex has the one of the biggest petrochemical
complex and various papers are based in data of Yeosu industrial complex. From a case study, the integrated network
model suggests more optimal conclusions compared with previous results obtained by individually researching utility

network and hydrogen network
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Fig. 1. Hydrogen production diagram.
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Table 2. Electricity demand of companies (MWh/season)

Company

Season 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
tl 99 199 159 99 40 0 99 199 139 238 238 99 139 397 338
2 99 199 159 99 40 0 99 199 139 238 238 99 139 397 338
3 99 159 159 99 40 0 99 199 139 238 238 99 139 358 298
t4 99 159 159 99 40 0 99 199 139 238 238 99 139 358 298
Table 3. Steam demand of companies (10°ton/season) Table 3. continued
Season Company VHS HS MS LS Season Company VHS HS MS LS
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10 894 894 0 0 10 874 397 0 0
1 894 1081 342 229 I 854 795 342 229
12 0 0 & 364 12 0 0 40 238
13 0 229 68 28 13 0 229 60 28
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15 831 139 131 129
15 837 147 131 141
1 0 0 60 0
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Table 5. Steam type and amount between companies in utility network

(ton/season)

From To Steam type Amount
2 8 HS 129,000
9 7 MS 5,000
9 14 MS 304,700
9 15 MS 215,840
10 5 HS 5,000
10 5 HS 21,190
10 7 HS 5,000
10 9 HS 5,000
10 11 MS 349,580
10 13 HS 36,900
10 13 HS 104,430
12 1 MS 70,000
12 2 MS 200,220
12 3 MS 214,030
12 4 MS 70,857
12 8 MS 104,330
12 15 MS 49,450
14 15 HS 147,000

Table 6. Additional steam amount to be inlet source of SMR process

(ton/season)

Company VHS HS MS LS
2 5000
2 5000
2 5000
3 785.71
4 5000
5 5000
5 5000
5 5000
7 5000
7 5000
7 5000
9 5000
9 5000
9 5000
10 5000
10 5000
10 5000
10 5000
11 5000
11 5000
11 5000
11 5000
13 5000
13 5000
13 5000
14 5000
14 5000
14 5000
14 5000
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Total cost(dollar) Hydrogen: 2$/kg
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utility+hydrogen integrated model

Fig. 7. Comparison of the total cost (left: the summation of each
existing utility network and hydrogen network, right: the
total cost of integrated model, hydrogen cost: 2$/kg).

Total cost(dollar) Hydrogen: 3$/kg
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5.0E+07 -

0.0E+00 -~

utility+hydrogen integrated model

Fig. 8. Comparison of the total cost (left: the summation of each
existing utility network and hydrogen network, right: the
total cost of integrated model, hydrogen cost: 3/kg).
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Total cost(dollar) Hydrogen: 4$/kg
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utility+hydrogen integrated model

Fig. 9. Comparison of the total cost (left: the summation of each
existing utility network and hydrogen network, right: the
total cost of integrated model, hydrogen cost: 4/kg).

Table 7. Hydrogen amount between companies in hydrogen network

(ton/season)
from SMR to hydrogen sink from a sink to other sink
rl 2892
. 2 4821
3 2892
r4 3471 5 1982

FEE UES A At Holx ¢ 5 Q%] T4 vE
Aol 7 FREC] 74 FoE THE VENT Bge] o ®l
ek Qg gtk B Lﬂﬁ%i zdlo] HA v-§- frEeE vl
2 oA LEEE 747t
AA ¥E9] TS s B4 %6}04 H]JJ—O]’??F]’ Fhi LﬂE%ﬁ
SFHTh 2ol 5
FEAIACL it mebs] 2 A
Tl a7l 7S RZE -1%4«1 H_i FATH a8 7t
S kgd 2, 3, 4 dollar® Wro] AA| v]&-2 vwsldon 1 4
I}b Fig. 7, 8, 9ol Yeht 2ok
G20 | 7140] kg 4 dollarF-ElE S YEHZ md9
deﬂ H]-go] FE2E] M ES AL} FAUEY A/ SHH O E 29
Eo] A=Ee 7] AA HE-o et o WS gl
o @A) S3E MEA T Zde] HA H]gol SMR 349 é
2 v]go] 23] AUARF TP 1EsA] §Rght. ulebA
SMR 378¢] Z7Pdzte] Ledthd o B ZAA o]55 4& A
olg} ol dHrt i FHE UEYI B e £4 YEYA
T8 B T4 5ol gk A3 Table 73 2t

# AT Bt A 55 UAE o fele v
929} h YENZY) BHS A APEA A28 w2

Korean Chem. Eng. Res., Vol. 52, No. 5, October, 2014

H

SRt Ate RS feeE] UIESAS} 74 UIESZ Abojof
SMR 3785 371 2 G3tete] FEEEls 4] 25 T
7] 918t ﬂxﬂ WEY =z 123 A2 @ 29 v)g, 7z} L]Es‘qﬂ
Wellr el B2 558 52 245 Ak 2] E‘r 35 Bt
atal AFsk7] flste] 7]l freeE eSSt F4 vEAA
Aol w7 27t HAE o5 A 518 A dRE tde R F

10
01

5
T UESD BdS H8AA Bolt) o M EYAY] oS 5
SA1717] flete] thke] 29 F71E Aok sh7ldl freefE
HIEYINME 71E Bt o 534 MES 7 A= Ne™ f4
e vIEQ ] thaliM vt B8 #4S ¢ AR o & H]o] 4
SHIAT RIAE £4E Foto] S UEYA 2o A 1
S FEHE UEN A PR VEQFASAH SHACR &
FElo] ZHzhe] A B8-S Wz AlLtete] e ghs vlwE A3 5
e Ve a9 A Hge] T e 32 7S Ald &
AUSATE.
Nomenclatures
Indices
d : boiler
f : steam header
m : fuel
h : hydrogen
i : company(utility network)
j : company(hydrogen network)
k : process
1 : state
n . water
p : steam
q : SO,
T : greenhouse gas
] : SMR
sX : x-coordinate
sy : y-coordinate
t : time period
Parameter
priy, : price of fuel [$/ton]
pri, : price of water [$/ton]
prifiectricity : price of electricity [$/kWh]
pri, : price of SO, [$/ton]
pri, : price of greenhouse gas [$/ton]
aiy : fixed investment cost [$/yr-km]
on,of v : fixed operating cost [$/yr-km]
byt : variable investment cost [$/yr-ton]
Bff 7 : variable operating cost [$/yr-ton]
Dist; : distance between source and sink companies [km]
PLy i : distance between companies in hydrogen network
[km]
pL2 : distance between a company (in hydrogen network)

and SMR process [km]
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M
Cost!
Cost’re!
Cost"re?

ratio

Variable

bl,i, dp,l
bry;is
Crishl
Ccry JJ
C[}iaw
Cl{?vest

‘per
il f

Costl

Crifkp

h X3

At sx,syf
h,Q3 1i,sx,sVf
h X,
h X2

et sx,syhj

g

pipelinecostl . :

Ppipelinecost2, g,
Tiiitf

iy

Viifp
Xti,dm,"CON"
Xtidn, "IN
Xtid.q,"GEN"
Xtidr"GEN"
Xtikp,"CON"
X tidp,l
Yejshl

Yii N

FEEE VENAS} o4 338 B3 vIEYA BAIE A% 2484 st v g 611

: distance between a company (in utility network)

and SMR process [km]

: pipeline cost parameter [$/yr-km]

: depreciation parameter

: SMR process capital and operating cost [$/yr]
: current cost[$]

: base cost [$]

: current index

: base index

: the approximate cost of equipment having size S,

(5]

: the known cost of equipment having corresponding

size S, [$]

: size factor

: steam demand [ton/yr]

: hydrogen demand [ton/yr]

: big number

: total cost [$/yr]

: total capital and operating cost 1 [$/yr]
: total capital and operating cost 2 [$/yr]
: ratio of steam to hydrogen

: binary variable of steam amount at boiler

: binary variable of steam transfer (utility network)
: binary variable of hydrogen amount

: binary variable of hydrogen transfer

: total raw material cost [$/yr]

: total investment cost [$/yr]

: total operating cost [$/yr]

: nominal total cost [$/yr]

: steam exchange between steam header and process

[ton/yr]

: binary variable of steam transfer (utility network-SMR)
: steam transfer (utility network-SMR)

: binary variable of hydrogen transfer (hydrogen network)

: binary variable of hydrogen transfer (SMR-hydrogen

network)
nominal pipeline cost 1 [$/yr]

nominal pipeline cost 2 [$/yr]

: steam transfer [ton/yr]

: hydrogen transfer [ton/yr]

: steam vents [ton/yr]

: fuel amount at boiler [ton/yr]

: water amount at boiler [ton/yr]

: SO, amount at boiler [ton/yr]

: greenhouse gas amount at boiler [ton/yr]
: material amount at process [ton/yr]
: steam amount at boiler [ton/yr]

: hydrogen amount [ton/yr]

: electricity amount [kWh/yr]

10.

11.

12.

13.

14.

15.

16.

17.

18.
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