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ABSTRACT: A stochastic scheduling model for hydrothermal
power systems is presented based on fuzzy chance constrained
programming, taking reservoir inflow and water level for a
random variable. Reservoir water volume at the initial hour was
formulated as a triangular fuzzy number, representing forecasting
errors of reservoir water level. Aiming to represent stochastic
variable characteristics due to historical data errors, fuzzy
stochastic variables were used to represent the uncertainties
incurred in optimization scheduling of hydrothermal power
systems. A control function was introduced to coordinate the
three objective functions, which includes coal consumption
minimization, reservoir water level maximization and air
pollutant emission minimization. A stochastic scheduling model
of hydrothermal power systems can be converted into a
determined form using fuzzy chance constrained programming
and random chance constrained programming. A system with 8
cascaded plants and 6 coal-fired plants was taken as a study

example and the results show that the model is correct.
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Tab. 1 Data of fuzzy objective membership functions
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Tab. 2 Effect of water storage objective

on optimization results

as B f/(07kg) A0 AI10°m?)  EKIEE %
05 05 12636 16128  80.999 0 54.497 7
0.5 06 1.266 9 16167  80.998 7 54.166 5
05 07 12702 16211 80.998 4 53.81211
06 05 1.2649 1.6143  80.998 3 53.648 9
06 06 1.2682 1.6183  80.998 0 533177
06 07 12715 16223 80.9977 52.963 0
07 05 1.266 3 16160  80.9975 52.799 7
07 06 12696 16200  80.9972 52.468 2
07 07 12729 16239 80.996 9 52.1133
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Tab.3 Effect of risk on hydro-thermal power generation

KHLH JI/MW KHLH JI/MW
1] a=0.5 3=0.6 a3=0.7 a=0.5 a=0.6 o3=0.7
=05 B=0.6 B=0.7 =05 $5=0.6 =07
0:00 1085.08 1082.98 1076.84 1500.92 1503.02 1509.16
2:00 1132.93 1129.94 1129.94 1541.07 1 544.06 1 544.06
4:00 2275.93 2264.34 2253.48 1728.07 1739.66 1750.52
6:00 5346.24 5339.83 5333.11 1827.26 1833.67 1 840.39
8:00 6547.79 6 541.41 6535.03 1827.21 1 833.59 1839.97
10:00 4136.89 4131.05 4123.89 1823.61 1829.45 1836.61
12:00 2 887.96 2 882.20 2 874.66 1822.04 1 827.80 1835.34
14:00 5182.15 5175.88 5169.34 1827.35 1833.62 1 840.16
16:00 4635.07 4629.15 462243 1827.43 1833.35 1 840.07
18:00 4695.35 4688.37 4682.18 1827.15 1834.13 1 840.32
20:00 5175.20 5168.80 516225 1 827.30 1 833.70 1 840.25
22:00 2261.11 2242.93 2227.38 1651.89 1670.07 1 685.62
PR SEBUBLZ B R ek, LA DAt ity RO TR P Bk
KK LR R AR — 50 T DU % 2tk

KR H AR SE B B AR AU S A A ok, JE
AR _EANRERE Wi YR 2 TR S 23

FEAFIRESAE M ig4r, KHBLALRT K a4y
THTA A A Y B AR R AR5 0, W 3 i
B o A G FELIIBE AN, K HBHLALAN K MLt )
W AT U1 o

7 it

1) RO BE LRIt 7K K R G is AT
AN SE I, BETAR B SRR L S 22 AN [R] R 1
AN E B RN A AR R RS, AR
figt- e b1 T D e B AN A A5 BB AL AR R R R A
FEVRZE ] 1)

2) I ST Bt ML it A S5 S ok
[, AMEATLLE A AR A LA 221
SR EE RAACIKIRRAS LA, iy HAEAS 1 L ) 5Kk
figt T A B 9, 4 Tl ) v ST SR
PR RE ST SRAR AN 5 i AU B0 Rk

3) SR B AR E AR SC I AR A1 L
—OEEGACTIE AR, AR 24O
RIREAL . BERL DUANTR]IN BN R L) AR L
FEKEAMKHL) I T3 A i, LU AR %
PEROHLEAE AU, e 28T LA BAN ] XU T 1) B
PR —BORBARR, PEAbg Jody, wrLl
AR BT T XS 55 R KOG 2R, REILEAT

(1]

BEHLEL, RIGEE. — R K K ) R AR
D], " EBHL TSR, 2008, 28(10): 37-45.
Binkou A, Yu Yixin. A novel formulation of optimal
hydrothermal power flow[J]. Proceedings of the CSEE,
2008, 28(10): 37-45(in Chinese).

RET R, B, S8 K KARIBCA R B
WA BAOR R 0. P EBEHL TSR, 2009,
29(28): 82-88.

Wu Hongyu, Guan Xiaohong, Zhai Qiaozhu, et
al. Short-term hydrothermal scheduling using mixed-
integer linear programming[J]. Proceedings of the CSEE,
2009, 29(28): 82-88(in Chinese).

FNERE, TR, BLAR. BT KK L E ) A TG
] T EEL TR, 2006, 26(5): 131-136.
Wang Yanling, Zhang Lizi, Yang Yihan. Adjusting market
of generation rights based on hydro-thermal exchange
[J]. Proceedings of the CSEE, 2006, 26(5): 131-136(in
Chinese).

D%, BACHE, BIESC, 5. KA 2 BRI
I T BOERRBIR]. L TR, 2004,
24(11): 53-57.

Ma Rui, He Renmu, Yan Hongwen, et al. A novel
multi-objective optimal group and block bidding model
for hydrothermal power market[J]. Proceedings of the
CSEE, 2004, 24(11): 53-57(in Chinese).

Khodr H M, Goémez J F, Barnique L, et al. A linear

programming methodology for the optimization of electric



%525 W

AR TR 20 A0NRI K K R0 2 HARBEH LI EERR 33

power-generation schemes[J]. IEEE Trans. on Power
Systems, 2002, 17(3): 864-869.

[6] Ohishi T. A short term hydrothermal scheduling approach
for dominantly hydro systems[J]. IEEE Transactions on
Power Systems, 1991, 6(2): 637-643.

[7] Johannesen A, Gjelsvik A, Fosso O B. Optimal short term
hydro scheduling including security constraints[J]. IEEE
Transactions on Power Systems, 1991, 6(2): 566-583.

[8] FH&R, RAHE fLE, . BRZUK sk # RER
B KA KA 0] A [ LT RE27240, 2010,
30(1): 20-26.

Guo Zhuangzhi , Wu lJiekang , Kong Fannie , et
al. Long-term optimization scheduling based on maximal
storage energy exploitation of cascaded hydro-plant
reservoirs[J]. Proceedings of the CSEE, 2010, 30(1):
20-26(in Chinese).

91 S, BRI, 2R, & Blismh Hah 2

FUAR 2 BCBOBI LSRR SE[T]. IR, 2001, 25(2):
25-29.
Ma Rui, Mu Daqing, Li Xinran, et al. Study on fuzzy
decision of multiobjective dispatch strategy for daily
active power in electricity market[J]. Power System
Technology, 2001, 25(2): 25-29(in Chinese).

[10] Esteban G, Julian B, Hugh R. Short-term hydrothermal
generation scheduling model using a genetic algorithm
[J]. IEEE Trans. on Power Systems, 2003, 18(4):
1256-1264.

[11] XieJ, Wei X, LuY, etal. Emission-constrained optimal
generation scheduling incorporating equity principles
[J1. IEE Proceedings: Generation, Transmission &
Distribution, 2010, 4(2): 201-210.

[12] Wyti, ZEWRH], B2, JET R ORI K L2 H s
PR SRIS[T]. B RS R 5140, 2009, 37(1): 24-27.
Yu Jie, Ji Xiaoming, Xia Anbang. Multi-objective
Hydro-thermal dispatch based on energy conservation and
environmental protection[J]. Power System Protection and
Control, 2009, 37(1): 24-27(in Chinese).

[13] WAE, B, Bdtr, 5. DIYTRETHEEON T R A
FL -5 LI DA 20 I LA BER S DA RS TR ). v T AL
TRE2EIR, 2009, 29(1): 55-62.

Tan Zhongfu, Chen Guangjuan, Zhao Jianbao, et
al . Optimization model for designing peak-valley
time-of-use power price of generation side and sale side at
the direction of energy conservation dispatch
[J]. Proceedings of the CSEE, 2009, 29(1): 55-62(in
Chinese).

[14] 4, SOXME . SRE ARG S IEAT HLHT 7K K R J 3

PUACTREE[T]. BMEAR, 2009, 33(14): 78-83.
Han Dong, Cai Xingguo. Short-term scheduling of
hydrothermal power system considering environmental
protection and time-of-use price[J] .
Technology, 2009, 33(14): 78-83(in Chinese).

[15] A HE, PhkDE, AREE. JEFBORK R B 6
R K LA E L] v AL R 244, 1996, 16(6):
430-433.

Xie Yongsheng, Sun Hongbo, Xu Guoyu. A short term

Power System

hydrothermal scheduling with fuzzy inflows and
loads[J]. Proceedings of the CSEE, 1996, 16(6):
430-433(in Chinese).

[16] EiA:, Phikde, TREE, 5. JETEEHKRKRRL7

faf VAR IR FE[D]. R LRE2EHR, 1996, 11(2):
94-99.
Xie Yongsheng, Sun Hongbo, Xu Guoyu, etal. A short
term hydrothermal scheduling with stochastic inflows and
loads[J]. Journal of System Engineering, 1996, 11(2):
94-99.

[17] Khodr H M, Goémez J F, Barnique L, et al. A linear
programming methodology for the optimization of electric
power generation schemes[J]. IEEE Trans. on Power
Systems, 2002, 17(3): 864-869.

[18] Wei H, Sasaki H, Kubokawa J, et al. Largescale
hydrothermal optimal power flow problems based on
interior point nonlinear Programming[J]. IEEE Trans. on
Power Systems, 2000, 15(1): 396-403.

[19] Li CA, Jap PJ, Dan L S. Implementation of network flow
programming to the hydrothermal coordination in an
energy management system[J]. IEEE Trans. on Power
Systems, 1993, 8(3): 1045-1053.

[20] Oliveira G G, Soares S. A second-order network flow
algorithm for hydrothermal scheduling[J]. IEEE Trans. on
Power Systems, 1995, 10(3): 1635-1641.

[21] ¥4, SN, SEAIME IR KWL FLT A ZK K LRI

PALTIBED]. FBEER, 2009, 33(14): 78-83.
Han Dong, Cai Xingguo. Short-term scheduling of
hydrothermal power system considering environment
protection and time-of-use price[J] .
Technology, 2009, 33(14): 75-83(in Chinese).

(22] 5 Mg, b, B, SR SET Q@RS ZE L
SRR KA R G A B RIRAE[0]. A,
2009, 33(13): 32-36.

Lu Youlin, Zhou Jianzhong, Qin Hui, etal. Short-term

Power System

scheduling optimization for hydro-thermal power systems
based on adaptive hybrid differential evolution algorithm
[J]. Power System Technology, 2009, 33(13): 32-36(in



34

L I - ¢

%31 3%

Chinese).

(23] 778, XURBL, BRI, S ST SR R SAI

[24

—

AEWE F 2 HAsfufg e LM i), HUMEAR, 2009 ,
33(5): 48-53.

Su Peng, Liu Tiangi, Zhao Guobo, etal. An improved
particle swarm optimization based multi-objective load
dispatch under energy cnservation dispatching[J]. Power
System Technology, 2009 , 33(5): 48-53(in Chinese).
R, S, RE, 8. R TIRMIEAL SE A b
GUKILRRFEIR BRI RGN, 2001,
25(8): 34-38.
Yuan Xiaohui, Yuan Yanbin, Quan Xianzhang, et
al. Hybrid chaotic evolutionary algorithm to short-term
cascaded hydroelectric scheduling[J] . Automation of

Electric Power Systems, 2001, 25(8): 34-38(in Chinese).

[25]WuY G, HoCY, Wang DY. A diploid genetic approach

to short-term scheduling of hydrothermal system[J]. IEEE
Trans. on Power Systems, 2000, 15(4): 1268-1274.

[26] Ef%. ATREAC MBI IBESE[D]. dbat: Al

K2, 2008.

Wang Yao. Research on the model of dispatching power
generation of energy-saving[D]. Beijing: North China
Electric Power University, 2008.

[27] E—, PG, T A B ZE RO R TR H A M

RN, P E AL TR, 2008, 28(13): 132-138.
Wang Yi, Cheng Hongzhong. Pareto optimality based
multi-objective  transmission  planning  considering
transmission congestion[J]. Proceedings of the CSEE,

2008, 28(13): 132-138(in Chinese).

s BHA: 2011-05-04.
1EE T

S RS, EERRSOT R R
py Mri5fsdl. Bmisy. B TR,
wujieckang@163.com;
RAFE

B 73(1985), B, WA, Wiy
L RARIBAT 5 08T, tangli.gxu@

gxu.edu.cne

(RfEHwE *iE)




<<
  /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
  /CreateJDFFile false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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


