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Abstract: Steam power system optimization design under uncertainty provides schedule plans in the design stage
to avoid a conservative design based on deterministic design. The characteristics of uncertainties and their
influence on optimization objectives and constraints were analyzed in this work. Uncertain factors were divided
into two types. Fluctuations of some variables were expressed by time, and fluctuations of the others were
expressed by probabilities. The first type variables caused the design to be a multi-period problem. Fluctuation of
the second type variables were compensated based on stochastic programming to deal with constraint violations. A
mixed integer linear programming model (MILP) based on multi-cycle stochastic programming with recourse was
formulated to obtain optimal system configuration and operating state. Schedule plans were addressed in the
design stage to satisfy uncertain steam and power demand.
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Table 2 Price data

R S T T I o e
3—4 12 0.10 0.08 0.06 250 0.43
5—2 7 0.09 0.08 0.06 250 0.43
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Table 3 Multi-period steam and electricity demands
Period VHP steam /t * h™' HP steam /t * h™' MP steam /t *+ h™' LP steam /t * h™' Electricity/ MW
1 30 60 40 50 22
2 10 20 30 35 25
3 40 20 25 45 24
4 30 40 40 50 24
5 30 40 30 50 26
6 40 30 25 55 26
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Table 4 Upper limit of each device design size

B/teh™ HRSG/t*h™'  GT/MW BT/MW CT/MW MT/MW
360 200 100 20 20 60
Rt Mk LK 4.

RYFRAINEHE N 0.1 MW, A EHE
N5 MW, R E R IR R B KRR 18
t *h™s Funn B 0.05, Fing B 4.5, 45 HEVS 2RI 10%,
BRI IREL A RARS, HARIE N 50244 kT « kg™'.
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Fig.1 Steam power system configuration
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Table 5 Equipment selection in design
Design HRSG1 GTgl B1 BT1 BT2 BT3 BT4 BT5 BT6 CT1 CT2 MT1 MT2
strategy ~ /t+h /MW  /t+h /MW /MW /MW /MW /MW /MW MW MW MW /MW
traditional 4.01 15.88 181.89 9.77 - 11.09 2.82 — - - 0.88 - -
proposed 292 11.80 188.70 10.99 7.83 - - 3.96 - 1.52 - - -
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Table 6 Unit operation in the first period

HRSG1 Import Export
Condition i GTgl steam B1 steailfn BT1 stejlm BT2 stejlm BT5 stejlm CT1 stejlm LD1 stei?m LD2 stei?m LD3 st??m LD4 st??m electricity electricity
/MW o, /teh /t*h /t*h /teh /teh /t*h /t*h /t*h /t*h
/teh /MW /MW
1 7.08 18.30 161.70 105.25 4475 45.25 0 0 0 4.75 0 0 5.00
2 11.80  21.50 131.50 78.38 31.12 42.50 0 18.00 2.88 0 0 0 3.89
3 7.08 18.30 188.70 108.50 46.00 39.50 0 18.00 18.00 18.00 0 0 5.00
4 7.08 18.30 160.71 98.50 46.00 35.50 0 0 0 12.00 0 0 3.49
Note: Uncertain demand conditions i represents steam demand for (VHP, HP, MP, LP) four levels of specific fluctuations.
i=1, VHP=30t* h™', HP=60 t * h"', MP=40t » h™\, LP=50t » h™";
i=2, VHP=25.5t* h"',HP=51t* h"',MP=34t+h™|, LP=42.5t* h'';
i=3, VHP=34.5t* h"',HP=69 t * h"\, MP=46 t * h"!, LP=57.5t* h™';
i=4, VHP=34.5t* h"',HP=63t * h"/, MP=34t + h™', LP=47.5t « h™".
xk71 PG HEREMXTE
Table 7 Cost comparisons
Design strategy Total cost /$ * a™' Capital cost/$ * a'  Operating cost/$ * a”'  Fuelcost/$ *a'  Water cost/$ * a”' Power cost /$ * a”'
traditional 3.0843x107 0.4906x107 2.5937x107 2.7474x10 0.0697x10’ ~0.2234x10’
proposed 2.8152x107 0.4682x107 2.3470x107 2.4630x107 0.0630x107 —0.1790x107
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