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Development of An Industrial Complex Steam Network Optimization
Method Using Steam Networking Matrices (SNMs)
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Abstract : Most chemical companies try to maximize their energy efficiencies due to high oil price and reinforcement of
environmental regulation. An individual factory continuously has tried to reduce energy consumption or carbon dioxide discharge for
high profit. Nevertheless, it is found that waste heat is disposed with forms of low or medium pressure steams. It can be improved by
the aspect of entire industrial complex. Therefore, we have developed a steam network optimization method using Steam Networking
Matrices (SNMs) in this research. Results from an illustrative example show that energy consumption can be reduced by optimizing

steam exchange networks.

Keywords : SNMs (Steam Networking Matrices) steam network optimization, industrial complex, EIP (Eco Industrial Park)
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Table 1. Steam production/consumption/supply/demand (ron/hour).
a2 2% | 29 | 29 | 2¥
- A | AMES | 3EF | TR
Za%| 500 100 0 0
Source Ay 0 200 100 0
Company 1 | z=o1 0 50 50 0
Ry 0 0 0 0
1% 0 0 0 0
Sink ks 0 100 0 100
Company2 | Zer | 50 0 50
%t 0 0 0 0

1. What are SNMs?
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companies2} sink companies®] steam networking A HE Bl
e BHolrh. 39 dE T3 SNMsoll e dures
3}

288 FF8= source company 13 ~¥E FFHE sink
company 27} 1t} Source company 19| 2% A4} AR-F
92 FF3HE <, sink company 298] 28 AR g FEuE
%S X 179 2ok

o] W, source company 19] =¥ Akl ALLIE sink
company 29| £® AN steam production vector, steam
consumption vector®} steam supply vectorZ ©]-&3f th3-3} 7ol
EEE 5 gt

500
Steam Production Vector . |o o
of Source Company 1 = 'Production = |

0



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 12, December 2006 1185

......................

............................

e
g ]
o | ay] 0 0 0
snv ST (D=3
s 01 0 0 0
~
g o 0o 0 0
ESTSETRNE CIETE
g 0 0 0 0
N T _g net) 0.2 0 0 0
- gleafor 0o o0 0
S|Hdp O 0 0 0
% 1. SNMs¢] 1E.
Fig. 1. Structure of SNMs.
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2. Characteristics of S\Ms
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I11. Industrial complex steam network optimization
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2. Parameters

£ H73le] Hepels g g,

n : number of Steam Grades
N : number of Source Companies

M : number of Sink Companies
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i : ith row of SNM

J :jth column of SNM
SNMC, j) : (G, ))th element of SNM (16)
Repair Parameter

Operating Cost Parameters
Pressure Drop Parameter

Pipe Parameterl

N Investment Cost Parameters
Pipe Parameter?2

3. Variables
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Number of Variables = N x M x n2
4. Constraints
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1. 0<SNMs(i,j) <1, (fand j=1,---,n)
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n
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4. sum(Steam supplies of Source Companies)

W
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= Steam demands of Sink Company

5. Optimization too!
2 HA32 918 Matlab TM 6.5 (release 13y AH&-3131T}

IV. Case Study

1. A chemical company complex with six companies

o8- I1H-& 7M39] chemical company complexZ YERH X]
ot} 1, 3 92 2~"S A source companies©] Il 2,
5 691 92 2®S AHSE sink companiese|th 4 W&
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demand steam amounts B}2~of] YJERAT) 2} vhxoll= SS(Super
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Fig. 2. Achemical company complex with six companies.

X 2. Source companies} sink companies ZF A 2](H$: m).
Table 2. Distances between source and sink company (miter).

Sink 2 Sink 4 Sink 5 Sink 6

Source 1 321 711 825 1013
3 381 404 250 461

4 391 0 354 413

2. Optimization parameters and assumptions
- case study®l|4] steam grade®} source, sink companiesS] 4
= g Aok

n=4, N=3, M=4 (19)

Operating cost, investment costES A7) €18 parameterst=

ges 2o (29 9)

Repair Parameter = 50,000

Pressure Drop Parameter = 20,000

Pipe Parameterl = 20,000,000 (20)
Pipe Parameter2 = 400,000

Raw Cost = 300,000,000

Pipe parameterl, 22] 745~ g dAol e HARY] A
dolael /du]-8-5 28I O} repair parameter, pressure
drop parametere AA) H-8-Z 47] JES HAUE A
Qck o] 22 7S & 4 AUA™ o= repair parameter,
pressure drop parameter®] %t©] pipe parameterl, 2 Zkoll B]3} of
§ 27 etk & HAHslel Fud 4TS vAE
parameterst tepair parameter, pressure drop parameter®l] B3]
order”} A T & pipe parameterl, 20|},

w3 Ao vt ol HAske] Addle AglE
raw cost®] 2 300,000,00092.2 7H43}93).

3. S\Ms
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3} 2o

SNM 12 SNM 1 4 SNM 1.5 SNM_ 1.6
SNM 3 2 SNM 3 4 SNM 3 5 SNM_3_6 (1)
SNM 4 2 SNM 4 4 SNM 4 5 SNM _4 6
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Fig. 3. Result of steam networks based on source company 1.
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4. Results 0.0y 192
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E. Total results

HF AWE hte] Aol TH BT} Source, sink

companies 7} H|ZZA 7] dEe] 71 UEHIE

T8k 21} source companies®] % supplyZ} sink

companies®] 2% demandZS Z TEFE 2 5 9
5. Discussion
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