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Abstract

The boiler efficiency fluctuates during the operation of the steam power system. In order to en-
sure the efficient and safe operation of the system, this paper studies the robust optimization of
the steam power system when the boiler efficiency is uncertain. This research is based on a da-
ta-driven adaptive robust optimization method, using existing industrial data samples to con-
struct a boiler efficiency uncertainty set through robust kernel density estimation, reducing the
conservativeness of the robust optimization problem, and combining it with mixed integer linear-
ity Planning (MILP) model to establish an adaptive robust mixed integer linear programming model.
The optimization model takes the minimum total operating cost of the steam power system as the
objective function. The decision variables include integer variables that describe the selection of
steam turbines and continuous variables that characterize the steam distribution of the system.
Application examples show that, compared with the deterministic method, the optimal operation
strategy obtained by robust optimization, the total cost of robust optimization increases by about
24.00% under ideal efficiency, and the total cost is reduced by approximately 12.17% under low
efficiency, which is very effective for the robustness of the system. The robustness has been in-
creased by 15.14%. The robust production of ultra-high-pressure steam can be converted to other
grades of steam as required. The working state of the system is less affected by external factors. In
the case of fluctuations in boiler efficiency, the result is more economical.
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Figure 1. Uncertainty factors of boiler
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Figure 2. Superstructure system
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Table 1. Steam parameters of each grade

® 1 BEFEREREY

HIRER JE F775 [ (MP) TR VE (°C) Fe TG (Kjikg)
Ss [10.80, 11.50] [480, 515] [3312, 3396]
HS [3.75, 4.08] [365, 405] [3136, 3225]
MS [1.40, 1.75] [266, 311] [2965, 3056]
LS [0.32, 0.40] [144, 149] [2746, 2751]
sC [-0.09, —0.04] [34, 86] [2321, 2424]
Table 2. Mechanical energy demand 1~7
2. HMBEERK 1~7
R 1 2 3 4 5 6 7
BHID TSR KW 23,3383 24,400.7 14,327.2 15,319.2 670 950 1100
Table 3. Mechanical energy demand 8~14
= 3. HiaEEK 8~14
iR 5 8 9 10 11 12 13 14
T R KW 1600 370 376 620 61 2040 1033
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Figure 3. System structure diagram after deterministic optimization
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Figure 4. System structure diagram after robust optimization
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R FIEFRE, O 1 RN B IZERAE TRANRE . BRIAEIZAT a0 b3 28 E ] SS 22l
e AL 3 A, I R R EIREENL 1A, FERG T ZFIA] SS A HS PN 28I SE N 2817
TIRIRTEE N, XTI R N AER R E N ey, I ALl KRG Msha EZN LS, SC A7
PRGN, HN 1 REVEA I AORCR, b v, ShREMIR 9% DLALHT I R G MRS OL IR 4 FTs,
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Table 4. The pipe network situation of the system before optimization
4. MULBINARZHERER

BUbRE 5 K 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Ss -1 -1 -1 -1 0 0 0 0 0 0 0 0 0 0
HS 1 1 1 1 -1 -1 -1 0 0 0 -1 0 0 0
MS 0 0 0 1 1 0 0 -1 -1 0 1 -1 0 -1
LS 0 0 0 0 0 1 0 0 1 -1 0 1 -1 1
sC 1 1 1 0 0 0 1 1 0 1 0 0 1 0

e

i E VEAL AR R RGBT R B IR R G AT BN S BRI R g8 &N
5. R 6N T R, AMEZEIEME 5 FR, M T &R, #iE I LEEAEAE LS S5 30 th
ST, BB SS AEG AR A BARAG, B AR T AR L U SRR R
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Table 5. Deterministic optimization of ideal efficiency system steam production

F 5 MEMRUBEYERRGHKST2
BRIGRER Ss HS MS LS
PR Bl PR (th) 133.204 0 0 0
PRI B PV R (th) 145.476 0 0 0
FEER AN E () 30.000 30.000 30.000 30.000
FEERINEFERE () 0 0 0 0
Table 6. Deterministic optimization of steam production in low-efficiency systems
6. MEMMUREERGEA~8
BRINEHR Ss HS MS LS
PRI IR B (th) 164.211 0 0 0
PRI BRI P VR B (t/h) 113.148 0 0 0
FEEGHMNEZIRE () 30.000 30.000 30.000 30.000
HAERINE IR () 0 0 0 0
Table 7. Robust optimization system steam production
* 1. BBMURGERSTE
BIRITER Ss HS MS LS
IR R () 161.840 0 0 0
PRI R () 129.312 0 0 0
HERHMNAZEIRE (M) 30.000 30.000 30.000 0
FAFRINEZETITE(Uh) 0 0 0 0

B
278.68

ZIRE (th)

Figure 5. Optimization results of boiler steam production under different optimization conditions
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Figure 6. Changes in operating costs of two optimizations under ideal efficiency and low efficiency
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