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Application of an improved chaotic sine cosine algorithm in the economic emission
scheduling of a power system with wind energy

WANG Qing, LI Yuchen, MENG Fei, YUAN Hegang, LI Tao, SUN Yang
(Power Dispatch and Control Center, State Grid Ningxia Electric Power Co., Ltd., Yinchuan 750001, China)

Abstract: Because of the random availability of wind energy, the economic emission scheduling (EED) problem with
wind energy becomes more complex. Therefore, in order to solve this problem, this paper describes the problem as
opportunity constrained to deal with the stochastic characteristics of wind power generation. A chaotic sine cosine
algorithm (CSCA) is proposed to provide the optimal generation plan to minimize the generation cost and emission at the
same time. The algorithm uses a chaotic sequence to replace the random number of an SCA, avoids premature
convergence into a local optimum and improves the accuracy of solution. Finally, by comparing the real coded chemical
reaction optimization algorithm with the hybrid artificial collaborative search algorithm based on quadratic approximation,
the effectiveness and accuracy of the proposed method are demonstrated by two 10-unit case simulations. Finally, the
impact of threshold level of constraints ¢ on optimization results is studied. When o increases, the wind power
permeability increases, resulting in the reduction of total production cost and emission value.

This work is supported by the Science and Technology Project of State Grid Corporation of China (No. 5108-
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£ 1 10-unit RESH
Table 1 10-unit system parameters
Unit P™" P™ a; b; ¢ d; e A; B; G D; E;
1 10 55 1000.403 40.5407 0.129 51 33 0.0174 360.0012  —3.9864 0.04702 0.25475 0.012 34
2 20 80 950.606 39.5804 0.109 08 25 0.0178 350.0056  —3.9524 0.04652 0.25475 0.012 34
3 47 120 900.705 36.5104  0.12511 32 0.0162 330.0056  —3.9023  0.04652 0.25163 0.01215
4 20 130 800.705 39.5104  0.121 11 30 0.0168 330.0056  —3.9023  0.04652 0.25163 0.01215
5 50 160 756.799 38.5390 0.152 47 30 0.0148 13.8593 0.3277 0.00420 0.24970 0.012 00
6 70 240 451.325 46.1592 0.105 87 20 0.0163 13.8593 0.3277 0.00420 0.24970 0.012 00
7 60 300 1243.531 38.3055  0.03546 20 0.0152 40.2669 —0.5455  0.00680 0.24800 0.012 90
8 70 340 1049.998  40.3965  0.028 03 30 0.0128 40.2669 —0.5455  0.00680 0.24990 0.012 03
9 135 470 1658.569  36.3278  0.021 11 60 0.0136 42.8955 -0.5112  0.00460 0.25470 0.012 34
10 150 470 1356.659 38.2704 0.017 99 40 0.0141 42.8955 —0.5112 0.004 60 0.25470 0.012 34
TR 1S 2B 3 BRIk BN EE L, AT —— ' ' T 4380
FORRBER , A% SO IR0 IE AR 3% B 2 e mpes o
BT BORE B o 32 R O B0 R A VR v 7 41 AR
SCA HIBENEL, W4 T R imimit, $em Tk, = 0% .
3.2 EERAFHHRHIHH B sl a0 2
RYE 3.1 W RGSH, HIEH 50 MrteilA & I sa0
@&Mﬂ%&iAﬁﬁmmﬁ%%$E$%2Mw, 112000 - h 1050
MR FFEAN 2000 MW, @ HHEHTR T A S
500 —; | | | : | | | | 111200 | ) ) ) 4020
400-%&“5%;;%?* et M ¥
z - (b) HA St
= 300+ M P s
o 2 B ER
2% Fig. 2 Example optimization results
E 200
WA FHBOR B, kg T AFEBE o X5
1o H17 11 EED R0 . Blo o~ 0.2, 0.3 J9fil, i@
. i Tt SR TE AR X R B AT AR AN [RIMLZE S XL R 37 [1)
PL P2 P3 P4 P5 P6 P7 P P9 PIO iz, w4 s, BE o BORE S 5 R,

LA
(a) MLAH

Wz, AR o RN RBIER, PR



- 176 -

©h &GP SR

o Xf Cp M Ep HISEm, HAt S8 1 miE 5 fos, A
K s hRBLE AT IR Y, 2 o BN, KUEZE
FEIGNN, T B AR HEBUE R PR, H
RACSCER A, T RAEREHAR, o [l
WA,
0.50 T - . :
0.45 - 4
0.40 - 4
0.35 4
0.30 - 4
& 025 i
0.20 - i
0.15 J
0.10 - i
0.05 - i
TN e
- %,%4 ) %“'{% I it
Y /Sf@\‘\a\@ \Xﬁ?@\»&ﬂd\x

E 3 HHERERIL

Fig. 3 Comparison of calculation accuracy

500 T T T T T T T T T T T
B o=02

[Jo=03
400 - E

300 B

200 B

RAC I EE/MW

100 - b

]

I

I

|

0 ;ﬂl
Pl P2 P3 P4 P5 P6 P7 P8 P9 PIO/WP |
M T

B 4 & REEARIRMELE

Fig.4 Solution results including wind farm

4200
. ==& '
112800F
112 000 |- 14140
S 2
! =3
H§ 111200 F <
E 44080 =
110 400 |-
1 4020
109 600 |- -
] 1 1 1
TE A HL 0.20 0.25 0.30

o

Bl 5 o XEFHEE RN

Fig. 5 Impact of o on economic emission scheduling

4  #Eip

ARICRE 5 ARE R it HE RO Bt iR oy — ML
LR A OR AL R K A I BE LA, SR T —
TRMIERFZEIERIE SR AL A iR, BRI fe/)s
AR LS A AT HETL

1) Bt (9 IE AR SZ AR TR 7 51 48 SCA
RIBENLEL, B T R EAL, $Re TR ARE L

2) I S o TR I, 0T e SRS A 2 S
MAFEMIE T —EIERE N L FAERE
%, IR E S BAMERE

3) B JE T AR SR AT RAE o XS AR AL 45 SR
KL, Mo BNy, KERBEREN, Wi SEuE
AP A AN HE TSR A P AR (R AESEPR R AL, i
THAEA RIS, o (B /AR

S5 3Rk

[1] BASU M. Economic environmental dispatch using multi-
objective differential evolution[J]. Applied Soft Computing,
2011, 11(2): 2845-2853.

(2] vemefl. FRE AT AR ARBOE e K HE i 0B 7T [T].
M7 F REIREE AR, 2022(2): 24-26.

SHEN Xiaoqian. Research on peak carbon emission and
emission reduction potential of China's power industry[J].
Applied Energy Technology, 2022(2): 24-26.

[3] MOHY-UD-DIN G, MUTTAQI K M, SUTANTO D.
Adaptive and predictive energy management strategy for
real-time optimal power dispatch from VPPs integrated
with renewable energy and energy storage[J]. IEEE
Transactions on Industry Applications, 2021, 57(3):
1958-1972.

(4] BZRJu, Wk, (%, 55 RILHREIR ) R g RiETE

FR o [ S B S R R AR BT L)), B R GRS S,
2020, 48(24): 1-8.
ZHAO Dongyuan, HU Nan, FU Jing, et al. Research on
China's practice and development path of improving the
flexibility of new energy power system[J]. Power System
Protection and Control, 2020, 48(24): 1-8.

[5] LI Jinghua, WANG Sai, YE Liu, et al. A coordinated
dispatch method with pumped-storage and battery-storage
for compensating the variation of wind power[J]. Protection
and Control of Modern Power Systems, 2018, 3(1):
21-34.

(6] [Miatim, EIEX, R, & o+ S8 RERREAURE

WA R B2 I W 22 H b SRS (T]. R0 R GRS R,
2020, 48(6): 34-42.
YING Yiqiang, WANG Zhengfeng, WU Xu, et al. Multi
objective strategy of power grid deep peak shaving
considering the random characteristics of new energy[J]
Power System Protection and Control, 2020, 48(6): 34-42.



IR, 5

TR IE AR LS & RE FL ) R G DR HEIBGA JEE T i) B

- 177 -

(8]

[10]

[11]

[12]

[13]

[14]

B, R, AR, 55 T ROH el sl 5 A Rk
FRC R Y B KB L BE DT DT R 0], I R GRS
P, 2021, 49(8): 66-73.

BAI Hao, YUAN Zhiyong, ZHOU Changcheng, et al.
Dispatching method of maximum power supply capacity
of distribution network considering the fluctuation and
correlation of new energy[J]. Power System Protection
and Control, 2021, 49(8): 66-73.

MOHANDES B, WAHBAH M, MOURSI M S E, et al.
Renewable energy management system: optimum design
and hourly dispatch[J]. IEEE Transactions on Sustainable
Energy, 2021, 12(3): 1615-1628.

B, B, BED, % BIEmEas T H g2
RS 2 PR e U5 B R D0 A6 DT 3R] WT AR REDR, 2020,
38(8): 1079-1084.

PI Xia, ZHAO Yuyang, LU Jinli, et al. A load-source
coordinated optimization method considering the benefits
of curtailed wind power consumption for energy-intensive
loads[J]. Renewable Energy Resources, 2020, 38(8):
1079-1084.

SRAR K, R, SROETRS, S5 B RBRHEEC ARG w1
KL RS H AR RIEERLT]. BB, 2014, 38(8):
2114-2120.

ZHANG Chengfei, YUAN Yue, ZHANG Xinsong, et al.
Daily scheduling plan model of wind power system
considering the influence of carbon emission quota[J].
Power System Technology, 2014, 38(8): 2114-2120.
AT, e, (TR, 55, BB S) IIX 3845 A e
RBLTEMEIF[T]. LR IHEOR, 2020, 47(2):
20-26.

LIANG Zuofang, PAN Hua, HE Hui, et al. Study on
economic dispatch of regional integrated energy system
considering carbon trading[J]. Shandong Electric Power
Technology, 2020, 47(2): 20-26.

FER, SR, EEELL, & R SR Sk S L2 A
WAL o 5 L R GG TRE (], I RGEE 3)
tk, 2017, 41(15): 58-65.

LU Zhigang, GUO Kai, YAN Guihong, et al. Optimal
dispatching of wind power system considering demand
response virtual unit and carbon trading[J]. Automation
of Electric Power Systems, 2017, 41(15): 58-65.

ZEHERE, XIHR. 25 B HR ST 5 AR A T R 22 Y
ARG TR L] WL, 2021, 40(5): 1-6

LI Jiayao, LIU Weina. Low-carbon economic dispatch of
power system considering carbon trading and wind power
and load forecast errors[J]. Zhejiang Electric Power, 2021,
40(5): 1-6.

KA. FETIERZUAMSIER SGE LR HD]. K&
K& AR, 2021.

ZHANG Rui. Improvement and application of sine cosine
algorithm[D]. Changchun:

optimization Changchun

[15]

[16]

[17]

[18]

[19]

[20]

University of Technology, 2021.

Fik, IERZER LI HBIFD]. W% HEELT
K2, 2019.

WANG Yuan. Research on sine cosine algorithm and its
application[D]. Xi'an: Xi'an University of Technology,
2019.

SR, AR, TKIE. B TR B RO T A
IR BB R AL T]. B RG IR E 2],
2020, 48(10): 123-130.

YUN Baoji, BAI Senke, ZHANG Guo. Optimization of
CCHP system based on chaotic adaptive particle swarm
optimization[J]. Power System Protection and Control,
2020, 48(10): 123-130.

MEGR, e, £H, & T oA Rk
PRFEPCA TR EEL]. W] R REVE, 2020, 38(9): 1226-1232
LIN Minhong, HOU Zufeng, WANG Chao, et al. Optimal
dispatch for transmission distribution coordination system
based on distributed interior point method[J]. Renewable
Energy Resources, 2020, 38(9): 1226-1232.

MRoRiE, SR, &, 55 ZURLG N LR L
R EERTFE[T]. WL HLT, 2021, 40(4): 32-39.
CHEN Donghai, CAI Zhenhua, JIN Li, et al. Research on
economic dispatch considering frequency modulation
optimization under multi-source integration[J]. Zhejiang
Electric Power, 2021, 40(4): 32-39.

WAERE, KA, XM, & BT =28 Weibull 710
2B SR K KU — VR B[], R SRR,
2021, 37(2): 77-83.

WEN Huayang, ZHU Hualiang, LIU Zhuang, et al.
Uniformity test of annual maximum wind speed in Anhui
province based on three parameter Weibull distribution[J].
Journal of Meteorology and Environment, 2021, 37(2):
77-83.

T, R4, KA. KR KU AR 2 ) A 2 H T
SRR FE]. E BT R R, 2005, 25(10):
107-110.

DING Ming, WU Yichun, ZHANG Lijun. Study on
calculation method of wind speed probability distribution
parameters of wind farm[J]. Proceedings of the CSEE,
2005, 25(10): 107-110.

fs HER: 2022-03-10;

f&EIHEA: 2022-05-13

EEEN:

I &R1986—), B, ¥+, HRIAEN, HARLFT@A

W, 9 E 42 4; E-mail;jsczxkp@126.com

2R (1972—), B, F+, SHRIEF, HAFTEH

w, P #9K

2 k%1987—), B, mt, HARIET, HRFEH

LACRLY €t R

(%% £Hm)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


