HWAHAK KONGHAK Vol. 36, No. 3, June, 1998, pp. 422-428
(Journal of the Korean Institute of Chemical Engineers)

(=]
TS

Edeo| Axs)

Multi-period 12{st

Fargadieta shakzetsl, A 5AHE st Al
(1997 129 199 A<, 1998 449 17 A=)

Optimization of A Utility Plant for Multi-period Operations
Sung Je Lee, Moo Ho Lee, Kun Soo Chang and Chonghun Han'
Automation Research Center and Department of Chemical Engineering,

Pohang University of Science and Technology
(Received 19 December 1997; accepted 17 April 1998)

e o

4eE FAEE TR A5 D A3 2ol AAH] Sk WA Bel TR F PN BRE e 29
3} A& Aasled FRSHe 715 FAST o AL ekt A% Y F T 49E Saol ¥5HoL
WA EA6l ohdx) w142 Hastelr] A 29 24 A7) w2t HA 0 AYe) T A7 A
G osjeh & Q7elAE A5 W5 Ago] A4 DAY (open form)0 2 7} B9l FH LA Y F1AS] wsh
WA 5 e BAs 2dS pgalsich FAYA LT Ay A3 SES o) 48 F2elel FAE AN
A} g ANt o AUATE Foto] B el A W] TRt .9 A multi-period & 2+
2fe) Zalss] FAse] 442 5 31e-E FaASc) A7) A5} Az yE) AR} £7 B Aol BE &
A B]4-2 71 24] 22 Sl 4% 89%7HA] AT 4 91-e Badeh

Abstract— A utility plant is one of key unit plants in large refinery and petrochemical plants that generates steam and elec-
tricity and supplies them to the main plants according to their utility demands. The dynamic market situation has led to the fre-
quent changes of the demands for the steam and electricity. Consequently, the frequent demand changes have led to the fre-
quent changes of the operation conditions of utility plant. This paper proposes a real-time optimization methodology that de-
termines the optimal operation conditions that reduce the energy cost of the utility plant and satisfy the utility demands at the
same time. We have developed a utility plant model in open form for its flexibility in selection of decision variables. The case
studies have shown that the proposed methodology can be applied to the optimization of a utility plant that has a variety of
demand patterns for multi-period operations and energy cost saving can be achieved by 4-8.9 % compared with usual operation.
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Fig. 1. General répresentation of a utility system.
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Fig. 2. Real time optimization system for a utility plant.
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Fig. 3. A typical utility plant.
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Fig. 4. Closed form model vs. open form model.
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Table 1. Characteristics of open form model
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Fig. 5. Cost variation according to steam load change.
(AT : The temperature difference between the boiler feed water and
the generated steam)
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Advantages 1. Simultaneous simulation, data reconciliation and Table 2. Purchased electricity cost with time and season
optimization . .
2. No recycle streams to converge Summer Spring, fall Winter
3. More flexible in the selection of decision variable Midnight 25 Won/KW 25 Won/KW 25 Won/KW
Disadvantages 1. Problem size is bigger than closed model Daytime 55 Won/KW 40 Won/KW 45 Won/KW
2. Difficult to guess initial value Night 80 Won/KW 55 Won/KW 60 Won/KW
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Table 3. Summary of constructed optimization problem
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Number of parameters 8
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Table 4. Steam and electricity demand patterns

HP Steam MP Steam LP Steam Power

Pattern 1  67,550kg/hr  8§,495kg/hr  10,300kg/br  40/50 MW
Pattern 2 172,420kg/hr 13,290 kg/hr 5,908 kg/hr  40/50 MW
Pattern 3 172,420kg/hr 24,041kg/hr  46,411kg/hr  40/50 MW

«¢— Spring —»€———— Summer Winter —»

B : S50 MW
40 MW H H
l72.420kg/hrI A
SRS USRS S
46,411kg/hr“ _F—_——t—— =
u0atkghe| ¢ b L liliaold
13,290 kg/hr
10.300 kg/hr
5,908 kg/hr
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6
| Power ~= === HP Steam  ~ .= m o MPSteam ~ — — LP Steam I

Fig. 6. Process demand changes for multi-period.
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Fig. 8. Optimal operation result for period 2.
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Fig. 9. Optimal operation result for period 3.
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Fig. 10. Optimal operation result for period 4.
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Fig. 11. Optimal operation result for period 5.
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Fig. 12. Optimal operation result for period 6.
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Table 5. Comparisons of operating costs between operating and op-
timized unit (unit : Million Won/day)

Period 1 Period 2 Period 3 Period 4 Period 5 Period 6

Operating cost 1134 1154 1288  96.7 1889 185.6
Optimized cost 103.6 106.0 1200 88.1 1774 1782
Cost saving(%) 8.7 8.1 6.6 8.9 6.1 4.0
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A EI1%
BPC  : purchased electric power base cost [won/hr]
Cioee : base electricity cost [won/MW)]
Coram : steam cost [won/kJ]
Cuuee  :used electricity cost [won/MW)]
D : steam demand [kg/hr]
F : steam flowrate [kg/hr]
Fow : generated steam amount [kg/hr]
H : steam enthalpy [kJ/kg]
H,. : boiler feed water enthalpy [kJ/kg]
H,» : generated steam enthalpy [kJ/kg]
i : stream number
k; : index for input and output stream
n : unit process number
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P, : purchased electricity amount from 0 to 27 [MW]
P, : purchased electricity amount from 27 to 90 [MW]
Piomana 1 power demand [MW]

Perrea 1 pOWer generation by turbine [MW]

Q : covariance matrix

T : steam temperature [°C]

TSC : total steam generation cost [won/hr]

UPC  :purchased electric power usage cost [won/hr]

Y., Y,,Y; : binary integer variable
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