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Abstract

In recent years, the scale of wind power and photovoltaic development in China has been increas-
ing. For the northwest region where the development of wind power and photovoltaic is concen-
trated, the rapid increase in the capacity of wind power and photovoltaic and its randomness have
an impact on the safe operation of the power grid, which makes the power grid dispatching prob-
lem increasingly prominent. In this paper, concentrating solar power (CSP) generation is added to
the combined power generation system of thermal power, wind power and photovoltaic, and an
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optimal scheduling model is established for the combined power generation system with CSP. The
elite strategy-based fast non-dominated sorting genetic (NSGA-II) algorithm and Whale Optimiza-
tion Algorithm (WOA) are used to solve the scheduling model. Through simulation, it is verified
that adding photothermal reasonable scheduling can effectively stabilize the power fluctuation
caused by randomness of wind power and photovoltaic, improve the grid-connected benefits and
increase the grid-connected penetration rate of new energy.
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AR, BEEICR. KB RIPRE A R, B2 3 DR REURIZIE A AR NS K4 ) Rl ok TIRZ
ANHAFEPE[L] [2]. H1F KT AR K A AE B s PEAN ] B, UL A G AR Hi it IZ AT 75 ZERC 25 1 e
WH, W T EINEAT A, I HXIAETS B e IR, R U OB IR L A e T g
TR B IBAT A F BT O A R3] [4]e TG IR HLR T AR —FoB X A FEOR, SRS T AT/ B2 R TE 5]
[6]. JeHA HLITR AT FT 5 TF A2 I 2006 £ 7547 THUR T, H 2008 S A BRI b itk N HRIESE KB Be
TN FIRIE BT, FiliE £ 2025 SEEEROEHK ARG BIL £ 22 GM. L APGIEF e AL
AEEEYG, 1P E IR TR B REDH B, FEREAC IR — B R [7]. HRERIRAI I
RN AR RS A B K FL T IR RE 0, Rt A Rt AN LA T REURA FRIR 8 AT RO — A& %, T an s
YA R 5 AT REVR A FHEAT U IR ) S U A R SR S E AN R B . SR8t 1 X AR Rk
BRE, JERAZIELIL T X EIAT 2 B il . STER[9175 i LA R B . UL, Bk
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SRS BT REUR K FE LA ik RERe B D F R A S 3o i X F T DRAG TRIE SR T 3 B SR AU 5l 25
RIFEZ R A2 AT o STHR[LL]AE S & KOG 5 TN TR ZE I 26 AF T, ST DB Sk
FL A BE R G AT A O ALAG R PR, SR ] SO L 1 RESVR AT S SR Ak . SRR [1 2385 0 B KL, O
KITHIR ARG, GIAFERG FOLTBEETTR 7, FEAN R 500 T, AT BE 2 T 9B e
FFERH T LUK H AR H bn e i LB oA, I HRIREAUOR KON TR S5 (SA-ABC) SR XL
Jov KITIHARGEHIZ 5 R AL ERZ 0T o SCHR[L314H X & A KT A L JefRA LB /A ALY i
BE ARG E LB R BEPCFIO BRI, B0 R A T B IR BRI AT AR, SR S [ S S A
PRI BEAT R AR, S 55 R P A Y (R IE R PR A Rk . SCRR[1410F 7T 1 Z BeIR R G, v TR
fif e 5 HAM ARG AR, EHEFS 5RFME, 0B BRI RN BRI A2 & 1
A, FEIL T UE S AR R 2 YA A BE R T AR ) 2 IR R GV IR R BR S LA T TR, 4R T
AP Tent MRS (10 7RI KE CSCsE G 5 M 76 SR AR

PAESCHR 2 B SRR IR L DGR oAt it B SR R & R RBEAT T 7T, XSO I 2 IR & R 4
WETEARXT D, IF HOK 2 H R R DA B /N S B b bR BCHEAT BT T o A SORE 5 e FA i 22 5B 5 I A 1
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Figure 1. Flow chart of optimal scheduling of multi-source joint system with light and heat
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Table 1. Parameters of photothermal power plant

=1L OAREBESY

Egal :¢ic}

CSP #UE 4t 2 IMW 50
CSP /M th D& /MW 10
CSP i 715 KCH 2 /(MW-h) 40
TES TR R B 1% 3
TES HIft#. AR I% 97
CSP #HLEL 3 30% 1% 45
TES i #4 F fR/MWh 100
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Table 2. Solar power prediction of typical photothermal power plant

2. MELEHARE H TR

i Bt/h HEMW ing=dly HE/MW

0 0 12 236

1 0 13 239

2 0 14 227

3 0 15 173

4 0 16 116

5 0 17 53

6 6 18 7

7 42 19 0

8 95 20 0

9 143 21 0

10 171 22 0

11 217 23 0

Table 3. Parameters of thermal power unit
3. KEHESH

LA 1 2 3 4 5 6 7 8 9
pMAx 155 100 76 76 100 50 20 20 50
pMN 54 25 15 15 25 10 4 4 10
Ry 78 50 38 38 50 25 20 20 25
R, 78 50 38 38 50 25 20 20 25
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Table 4. Benefits and volatility of multi-source combined power generation system without CSP and with CSP
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Figure 2. Optimal output of wind power, photovoltaic, photothermal, thermal power
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Figure 3. Output results of thermal power units
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Figure 4. Output and load of multi-source joint system
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Figure 5. Output and load of multi-source combined system with light and heat

E 5 SAANZIEREREHNSHA

5. B&

ARSOS E I Z IR AT W TE, ARG R GUIF L eyt D 3 B Bl fie N I 2 e Ko H
PRI B FReR S, DAThFRPH AR IR TEI LR ek & AR SE N A A KA, AL 7 E08

DOI: 10.12677/aepe.2023.111005 46 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2023.111005

£

A2 IS R ARG BRI A, X IE e RS I 2 IR DA R BE AT A O bl TR RER
. G Rl et A R P R T USRI A R B R GRS T A ROT A T X R A E AR AN E
BENLVE SR BIBE, IR TEG RGBT, e R MZER.

SE K

(1]

(2]
(3]

(4]
(5]
(6]
(7]
(8]
(9]

[10]

[11]
[12]

[13]
[14]

FM, TG, SESCH, S T KOS B 0 5 3R PR SRR i 5 5B L RS AL, 2015,
39(21): 23-29.

g, THER, KA, 5. SENSE R KGRI D) R K EST T[], hIE 7, 2014, 47(8): 72-78.
Chen, R,, et al. (2015) Reducing Genetation Uncertainty by Integrating CSP with Wind Power: An Adaptive Robust

Optimization-Based Analysis. IEEE Transactions on Sustainable Energy, 6, 583-594.
https://doi.org/10.1109/TSTE.2015.2396971

k&, T, B, & mBERNRS SR RGE R TSR] B RGRY 5, 2019, 47(15): 8.
XREE. KBHAE PR R K BRI [I]. IS TV & 515 B4k, 2015, 5(7): 70-71 +95,

FriE. KBAREEHOR B2 B M AT S R R BRI 7L [D]: [ -2 A8 5], dbat: fEdb i i K& dE ), 2017,
B, AL, F4EF. KFHBEGHR BIUIR KO fE 5 2 4T [J]. h4MREVR, 2016, 21(10): 26-30.

WO, @25, ik, . KFHEE RS X R B slat 5[], tH5ALE K, 2017, 34(10): 73-77.
;%zﬁz,?z%#&i, TRATE, 2 TR A ARG K- R RIS R SRS [J]. R R, 2019, 45(1):
BRiEZ2, BF%, A 5 FTRRIER BN IR RN 2 H ARG RO AN VA [I/OL]. BRI AR 1-11.
https://doi.org/10.13335/j.1000-3673.Pst.2019.0298, 2019-09-02.

A, BRiGE, XBTE R INRZE M A IR R G L R[], K PH A8 54, 2019, 4(7): 1890-1896.

PO, ST, GRS S OCMUBLH REIR LR RS AL G I U], AT EAEREDR, 2018, 36(5):
771-777.

/NI, e R H AT AL TR R[], AT 9%, 2018, 56(3): 48-51+56.

FEHE, RXHE, APFEGE, & B TR RN ERN Z IR RS I ] MR, 2019, 43(10):
3725-3733.

DOI: 10.12677/aepe.2023.111005 47 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2023.111005
https://doi.org/10.1109/TSTE.2015.2396971
https://doi.org/10.13335/j.1000-3673.Pst.2019.0298

	含光热的多源联合系统优化调度
	摘  要
	关键词
	Optimal Scheduling of Multi-Source Joint System with CSP
	Abstract
	Keywords
	1. 引言
	2. 含光热的多源联合系统的调度模型
	2.1. 联合发电系统的目标函数
	2.2. 联合发电系统的目标函数的约束条件

	3. 模型求解
	4. 算例分析
	4.1. 参数设置
	4.2. 仿真分析

	5. 总结
	参考文献

