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Abstract

With the continuous increase of the proportion of wind power connected to the grid, the problem
of wind power consumption blocked due to insufficient peak shaving capacity of conventional power
sources during the winter heating period has become prominent. It is a feasible new measure to
encourage thermal storage electric boiler enterprises to tap the adjustment potential and partici-
pate in the consumption of wind power through market transactions. Based on this, this paper pro-
poses a market incentive method based on the thermal storage electric boiler load participating in
wind power consumption. First, the market incentive mechanism and mode based on the thermal
storage electric boiler load participating in the wind power consumption control are proposed. Se-
condly, the income of wind farms and thermal storage electric boiler enterprises is analyzed and
modeled. Then, a market incentive method based on the thermal storage electric boiler load par-
ticipating in wind power consumption is proposed. Finally, the operation data of a certain regional
power grid is used for simulation to verify the feasibility and effectiveness of the proposed me-
thod.
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Figure 1. Regulating characteristics of thermal storage electric boiler load power with electricity price
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Figure 2. Wind power curtailment curve before and after thermal storage electric boiler load participates in wind power con-
sumption
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Figure 3. Market incentive mode of thermal storage electric boiler load participating in wind power consumption control
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Figure 4. The flow chart of the calculation method of particle swarm optimization algorithm solving the market incentive opti-
mization model

B 4. RFRRUEERBH AR AUERN TR ERZE

DOI: 10.12677/sg.2021.115031 329 BHE L


https://doi.org/10.12677/sg.2021.115031

THEEI 45

4.3. BT EARBN TS SIEAR RN TME 75 7%
LR EPTIR, ASCFTRE T B i 2 KRR TSR T i R, AR anTE 5 B .

FI R PRI S T
R AR A TR

!

THSEZ B R

S AL B AR i Y | | AN
CAXCHR 7S i B3 K e 2 R HL Bty il 32
mf KON A bR, LI T8 A g
152 51H 9 R B B TS R e A

!

H KL T BRI A S0 R SR

o AR 37 B A R TR
Lo IR LB AP S AT 1 P R T
AR RCrEL 37 e 8 B B A A i it

Figure 5. Market incentive method flow chart of thermal storage electric boiler load participating in wind power consump-
tion control
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Figure 6. Day-ahead equivalent load curve and wind power curtailment
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Figure 7. Thermal storage electric boiler load power before and after participating in wind power consumption control
7. £5EHRI RN ERBIRF A ABINER

HIE 7 vLVE W, BREERORTES B BN TR T, R T R, E AR B
FHHLThA,  TE AN w0 By /b B B Th e, A3 S s i dr Al fr T 7 s s AR T i 25 18.03 J3 7t

BN AT S SO HG,  S R SZ B BN 99 1 52 SEXCR LB AR 2 TR
HEE 2 il BRI S H5EMRNEE, HIEIESY 72X B & 5117.49 MWh, X378 5
DI HTIRES 61.41 Ji TG

AL, FESRH T 3T & M S S S5 R T B i S, A AR T T R A=,
T T BRI A S KIS IIGRE .

b, T HEZ FARF IR, 8RS E AT & 2 B RAERY, itk — i B
ANHET TR RAA Y A 1) 5L T B A AR BT 2 5 Y 9 X B T S U A B AR, R TR

DOI: 10.12677/sg.2021.115031 331 BHE L


https://doi.org/10.12677/sg.2021.115031

THEEI 45

XEG) SO FEE N B bR g, M T 2 B AR 2 T & B LA b i 2 5 1 8 X ) T 37
SRR, DR APRL 7 HESEOR MR, K AR S A SO 1 — R RLEAT X E, Wk 3 s

Table 2. Curtailed wind power energy consumption
2. WINHMNZ X BB E

B THANHEE/MWh Bt VHEN L E/MWh
00:30~01:30 94.34 07:30~08:30 105.38
01:30~02:30 96.31 08:30~09:30 105.19
02:30~03:30 215.91 09:30~10:30 106.93
03:30~04:30 537.10 10:30~11:30 557.30
04:30~05:30 547.36 11:30~12:30 558.92
05:30~06:30 546.18 12:30~13:30 555.19
06:30~07:30 541.83 13:30~14:30 549.55

Table 3. Comparison of results between multi-objective and two-layer optimization models
3. ZERMIERS Z BRERIGE R

BRI Al 52 2 K LI EENIE
% Hip A2y 14.17 Ji7t 62.06 /iTt 76.23 /iTG
MZ AR 18.03 Jit 61.41 /i7t 79.44 Ji7C

3 3 WA, T2 HARUR R R & 102 T3 A BB P 7 2 5 T 40 XU (R T S st D A A
RE AP S KR ARG B, RV LSS RER TR, 2l T HoR S RO B AR
Preh i, BEHRRRE R AR R E IR, kT R IR (3 T 2 A b 45 5
55 G R R T S U e AR TR B A b Ao lb 5 UL R B AR R BB R, RV DL 4 RAE R PR R g,
HI T HOR MG RO AR S BRI, BHEGRIRAM, Z8 LU WIASCR A2 T & S s 0
Z 59N B TS B A AR R BAT B R R 1

6. &it

R SCAE LT 3 500 2 5 0 4 PR T MR s 1, 34 T ST B A
K55 5 AP T SR 745, 6 DA A X Pl 38 A7 4 A AEREAT T 0720407, 3L F i
1) B GURTAG P P DT BABA PR, A5 7 KU I 2 5 A IR

2) T SR G 2 S R TR, AR T VR, ST T B
HRL A B 5 PR
RSO R T U L B\ AT B — 2 I SR, O HL A 5T,

E&WH
W H 7R 44 L) 2 " RHS I H (SGYXGSDJS2000012) -

SEEk

[1] SKIE3E, mHadig, SEREdr, wEEE, O ORUBRU AR N B Y (R AH OC ) B R A e 0], o L DR AR, 2010,
30(25): 1-9.

DOI: 10.12677/sg.2021.115031 332 BHE L


https://doi.org/10.12677/sg.2021.115031

DN 4

[2]

(3]
(4]

(5]

(6]

[7]

(8]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

T, FORE, BN, B, BURE, i, RRER. R RIS ) R G i 52w [J]. F R+
A, 2010, 34(1): 152-158.

VR, ki, BE. ARG KRR PR M HII]. B0 R GEE Bk, 2011, 35(4): 70-76.

Liao, S., Xu, J., Sun, Y., et al. (2018) Control of Energy-Intensive Load for Power Smoothing in Wind Power Plants.
IEEE Transactions on Power Systems, 33, 6142-6154. https://doi.org/10.1109/TPWRS.2018.2834940

Bao, Y., Xu, J., Sun, Y.Z., et al. (2016) An Industrial Verification of Frequency Regulation by Electrolytic Aluminum
in an Isolated Power System. IEEE Power and Energy Society General Meeting (PESGM), Boston, 17-21 July 2016, 1-5.
https://doi.org/10.1109/PESGM.2016.7741632

Xu, J., Liao, S.Y., Sun, Y.Z., et al. (2015) An lIsolated Industrial Power System Driven by Wind-Coal Power for Alu-
minum Productions: A Case Study of Frequency Control. IEEE Transactions on Power Systems, 30, 471-483.
https://doi.org/10.1109/TPWRS.2014.2322080

XSCH, S, W, . BT B30 E KBS B RS Z B EMGEE 7iE]. B E S,
2014, 34(10): 56-63+68.

SO, ISCER, WA, SRRV GRS I R R GG B R 2 AR YD) B L EOR R, 2015, 30(8):
247-256.

SO RCRAEREE N ) R GERIYE T DR AU AL R AR AU [D]: [ 2 Anie ). JbE: HedbeE kA, 2015,
XISCHR, SCém, WM, 55 B XCRIE NI i 70 RGIE T M 2 HARR AL 5 VR[], P B L AR 424k, 2015,
35(5): 1079-1088.

OMRAR, &, ki, 2 TRl S5 W N R TE N = sh iR AR [J]. H A E, 2013, 34(10):
102-106.

I, fAIA&H, 254, b, BRARAR, BEW. MRS5S 58I B R AR L L R BT[] B
W 55157k BEVE, 2018, 34(4): 61-69.

i, BB, BRE, B2, R, B, JET & M i i f - B2 R 1 77 T 9 7 R &5 4T BT[]
sk, 2019, 48(6): 9-17.

MR, MER. BB 1T T SRR R B TE A A SRR S AT 0], A ERAR IR IR, 2019, 2(3):
309-316.

MRr7E, 2R, T¥, MR, w85, HAE. Kl BHGCAMRPIBS IR E S BB A0 B,
2016, 37(1): 103-109.

AR, FERE, HEYE, T BT RS RERE S & A X TE g 2 B AR essmi[l]. B E stk
4%, 2018, 38(10): 46-52+59.

Tk, BROE, D, WEME, Bie. BT A BARN KRR 8 R B AR AR 1 X R T N IR IZ AT 7T
[J]. HER5REBEHEAR, 2018(1): 44-50.

FEAAR. B EAE R G LT R E NI T R 82 470 70 [D]: [ 220018 5C]. Ml #T k2, 2018.

Wang, J., Fang, K., Pang, W., et al. (2017) Wind Power Interval Prediction Based on Improved PSO and BP Neural Net-
work. Journal of Electrical Engineering & Technology, 12, 989-995. https://doi.org/10.5370/JEET.2017.12.3.989

Man-Im, A., Ongsakul, W., Singh, J.G., et al. (2019) Multi-Objective Optimal Power Flow Considering Wind Power Cost
Functions Using Enhanced PSO with Chaotic Mutation and Stochastic Weights. Electrical Engineering, 101, 699-718.
https://doi.org/10.1007/s00202-019-00815-8

DOI: 10.12677/sg.2021.115031 333 BIRE FEL


https://doi.org/10.12677/sg.2021.115031
https://doi.org/10.1109/TPWRS.2018.2834940
https://doi.org/10.1109/PESGM.2016.7741632
https://doi.org/10.1109/TPWRS.2014.2322080
https://doi.org/10.5370/JEET.2017.12.3.989
https://doi.org/10.1007/s00202-019-00815-8

	基于蓄热电锅炉负荷参与消纳风电的市场激励方法
	摘  要
	关键词
	A Market Incentive Method Based on the Thermal Storage Electric Boiler Load Participating in Wind Power Consumption
	Abstract
	Keywords
	1. 引言
	2. 基于蓄热电锅炉负荷参与消纳风电的市场激励机理及模式
	2.1. 基于蓄热电锅炉负荷参与消纳风电的市场激励机理
	2.1.1. 蓄热电锅炉负荷随电价的调节特性
	2.1.2. 蓄热电锅炉负荷参与消纳风电市场激励机理

	2.2. 基于蓄热电锅炉负荷参与消纳风电的市场激励模式

	3. 风电场及蓄热电锅炉企业收益模型
	3.1. 风电场的收益模型
	3.2. 蓄热电锅炉企业的收益模型

	4. 基于蓄热电锅炉负荷参与消纳风电的市场激励方法
	4.1. 基于蓄热电锅炉负荷参与消纳风电的市场激励优化模型
	4.1.1. 上层优化模型
	4.1.2. 下层优化模型

	4.2. 模型求解
	4.3. 基于蓄热电锅炉负荷参与消纳风电的市场激励方法

	5. 算例分析
	5.1. 算例简介
	5.2. 结果分析

	6. 结论
	基金项目
	参考文献

