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Optimized Scheduling for Multiple Type Power Sources Considering the Participation of
Small Modular Reactor-hydrogen Cogeneration in Peak Shaving
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Abstract: When traditional nuclear power plants operate for peak shaving, they are influenced by the load tracking mode
and safety constraints, leading to relatively poor flexibility and economic efficiency. In contrast, an SMR (small modular
reactor) has advantages such as being clean, low-carbon, highly efficient, reliable, and has a strong load tracking ability.
Moreover, SMR can provide a high temperature energy source for hydrogen production. However, the research on the co-
ordinated dispatching of SMR-hydrogen cogeneration participating in power grid peak regulation is still blank. In order to
solve the above problems, based on the heat distribution and control strategy of SMR-hydrogen cogeneration system, the
reverse hydrogen coupling characteristics of nuclear cogeneration unit (NCP) are analyzed. Utilizing the operation char-
acteristics of SMR co-supply of electricity and hydrogen to participate in peak regulation, in order to minimize the total
cost of unit joint operation as the optimization goal, and comprehensively considering the cost of SMR peak regulation,
the cost of abandoning wind and light and the constraints of conventional units, we constructed a cooperative optimal
dispatching model of wind, wind and hydrogen. Through the analysis of different SMR scheduling scenarios, the effec-
tiveness of the model in improving the flexibility of peak regulation and the capacity of absorbing renewable energy is
verified. Moreover, the proposed strategy enhances the load regulation flexibility and operational economy of the SMR
unit while ensuring the safety of nuclear power load regulation and maintaining constant thermal output. By utilizing load
tracking to direct excess heat to hydrogen production in the SMR-hydrogen cogeneration system, comprehensive operat-
ing costs can be effectively reduced by 12.05% and 14.51% respectively.
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Fig.1 Speed regulation characteristics of nuclear power unit

A it
Py

\
\\'

/

0.7Py| -\ " ~

/
0.5Py| W

i ! ;// i - LJ%“I%?%E%3O%

ospl N — o
Lo ; L — — IR N70%
:l 3 h.: : 3 :

t

K2 Rz L R R P H ket
Fig.2 Characteristics of peaking depth output of nuclear

power unit
1'ENSsS
AL
4
| KL
3 7 8|
(rt—=—
IS B
(BENEER
D omE
| HO |
I SR
|
f | |
L l I
I I
6 | H, Oy

K3 JET SMR [HUEIG™ NCP #) RS54 R =18
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Table 1  Optimization results of four scheduling scenarios
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2 735 0 2 0 0 25.14 0 22.44 1.89 938.01 938.01
3 0 1897 1 36.01 53.15 141.17 0 8.41 11.22 2.94 928.02 835.06
4 0 2203 0 41.84 61.75 164.01 0 9.76 0 2.1 919.73 811.73
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A KBENAE 6 &, MENAERE 1 840 MW;
MAEPIAE 1060 MW [ XU H
1A, EBHEE 1 000 MW; JeihEG 14, 3%

SMR ¥l 2 &,

PLERE 500MW; BEHMBENA, SHEIAERE
600 MW; RGiHIEENLEE 5000 MW,
* Bl KHNHSH
Table Bl Parameters of thermal power units
ZH Bl 1 HfH 2 HH 3
WA Z/MW 300 500 120
MAHE/ & 2 2 2
H 1 ERRMW 300 500 120
R IR/MW 110 200 60
/MENUN [E)/h 4 5 3
/NI E] /R 6 8 4
EI 7 2 /(MW-h 1) 100 200 60
a/(76-h) 5870 7900 4760
BITHAZRE  b/(OE-MWh™) 123.6 113.33 115.5
¢/GG-(MW2hy!)  0.008 5 0.003 5 0.014
JEBNA TG 267853 364728 112224
FEHLRA TG 72 812 91182 28 056

# B2 SMR-AHHEF=HIA S

Table B2 SMR-hydrogen cogeneration unit parameters

24 g1 %18 2
e I /MW 1523 1000
WA =MW 640 420
DIRER~ e vhs) 1 1
47 ERR/MW 640 420
H 7 FBR/MW 160 100
&I /(MW -h) 240 160
BRI/ (th™) 11.76 7.84
e a/(7t-h™) 51240 46116
SEATHARAL b/(7C-MWh ) 65.31 65.31
VG 2 42 A (G- MWh ™) 44.3 443

K B3 HIKERIASH

Table B3 Parameters of pumped storage power units

ZH Hfl 24 Hf
HUAZ B/MW 300 WL % 80
GIEE e vis) 2 K IhFE/MW 300
R HLH 77 EIR/MW 300 RHJRBA TG 2100
R HLH 77 EIR/MW 100 H7K A B A/ TG 2100
Fisk C

K C1

Prediction curve of wind power and photovoltaic output

Fig.C1

JRGHLS AR H N h £k



v, O | N
[ o 2 ¢ v, I % 2] 4y 251
B 3N s oI ) ) i

HL 54|

4000" 4000
3.000F 3000
3% 2 000" 2000
=
1000t 1000F
0 0
~1000, 5 10 15 2 a5 1000 5 10 5 2 25
i [l/h 5 [)/h
00 (a) WL f 00 (b) I E2H LA 7y
/1 oI 1 | I o | 4 N | I [ i
) Ky ‘ ~H [ I SO B 351
I ) 4000--k%3-K%6- X, &2

1 000"

-1 000, p - . : -1000°

10

15 20 25

0 5 10 15 2IO 25 0 5
I [)/h ] [)/h
(o) =34 Ty (d) A F4HLALE g
K C2 ARt s i
Fig.C2 Optimization results of different scenarios
80 —&— SMR1
—*— SMR2
o S
-540_======================
=
=
200~
0 1 1 1 1 1
4 8 12 16 20 24

t/h

K C3  SMR iR i T I LA )
Fig.C3 SMR unit output under base load operation




<<
  /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


