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Day-ahead scheduling model in wind power integrated system incorporating shiftable load

YU Na, LI Weimeng, HUANG Dawei, CHEN Houhe, LI Guoqing
(School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: The high penetration of the wind energy raises a series of complicated issues. The implementation of Demand
Response (DR) project is an effective way to deal with these issues. Hence, in this paper, the characteristics of shiftable load
are studied, and the shiftable load model is built and incorporated into the scheduling with wind farm to improve the
flexibility. On the basis of studying the shiftable load characteristics, considering the influence of the customer’s
participation levels in the DR project on the utilization of wind power and the system operation, the scheduling
optimization model is established with the minimum the sum of operating cost, environmental cost of the thermal power unit
and incentive cost, the model is solved by the commercial software CPLEX. The results of case study show that the DR can
decrease the operating cost, reduce the pollutant discharge of the thermal power unit, perfect the load curve and improve
the wind power utilization percentage.
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Table 1 Cost of the system with 10% penetration of wind in case 1
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Table 2 Cost of the system with 20% penetration of wind in case 1
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Fig. 1 Load forecasting curves with 10%

penetration of wind in case 1
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Fig. 2 Load forecasting curves with 20%

penetration of wind in case 1
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Table 3 Utilization percentage of wind with

different scenarios in case 1
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HIZ 3 W LA Hh, S e A% mT 8 RO AR T %,
H A B P 2 5K (T e g e {2
W ZE A, LA A A SR
3.5 IFRSMKHME N

LASEBI 1 B s e R HEBCR:, RRLIBIE
HA10%I 25 GHLA — RI5 R B HE R U3 4
Pizse RTRE, XHIBIER N 20% M & G HL41HE

TR DB % o
F 4 EH1 XEBEBIEER 10%E AT RS AHERE
Table 4 Emissions of thermal unit with 10%
penetration of wind in case 1
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Table 1 Parameters of thermal unit in scenario 1
ZH Gl G2 G3 G4 G5 G6
al$ 10 10 20 10 20 10
b/($/MWh) 200 150 180 100 180 150
c/($/MW?h) 100 120 40 60 40 100

a(lbh) 4089 4259 4149 4779 5219 5449
A(I/MWh) -5.53 509  -531  -462  -406 -391
Z(I/MW2h) 4.6 462 491 537 569 65

P MW 150 150 150 150 150 150
P MW 50 50 50 50 50 50
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Table 2 Cost of the system in case 2

% 5K RS EEEES G AS Wi i4/s R4S
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20% 1480 451.79 8700 886 508.27 169 805.83 2 545 465.89
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Table 3 Emissions of thermal unit with 20% penetration of wind in case 1
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it DR i 490319 380 730 1885270 1356 784 2164172 617 887
5% 465 278 360 811 1936 927 1292 663 2226 444 583 548
10% 443 068 343 554 1987 206 1237 815 2282 821 553077
20% 407 199 315423 2 062 489 1145 447 2375 890 519 041
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