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Load Modeling Oriented Modeling of Photovoltaic Cell and Fuel Cell and
Its Equivalent Description
QIAN Jun, LI Xinran, WANG Ling, MA Yahui

(School of Electrical and Information Engineering, Hunan University, Changsha 410082, Hunan Province, China)

ABSTRACT: To research the impacts of photovoltaic cell (PV)
and fuel cell (FC) on characteristics of composite load at
distribution network side, on the basis of building generation
system based on PV and FC, the models of funtional modules
and grid-connction strategy are expounded; by means of
analyzing steaty state characteristics of PV and FC as well as
their external characteristics of grid-connection control, a
equivalent description model with constant power control for
generation system based on PV and FC is proposed. Results of
case simulation show that the voltage source with constant
power control can equivalently describe the pseudo-external
characteristic of generation system based on PV and FC better,
and then a structure of generalized composite load model for
induction motors parallelly connected with static load and DC
distributed generation is put forward.

KEY WORDS: distributed generation; load modelling;
photovoltaic cell; fuel cell
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Fig. 1 Power supply mode of PV system
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Fig. 8 Steady-state characteristics of the PV model
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140 RS TH A i

A (' DR FRL T AT ZROR Lt AT K

AR Vol. 35 No. 4

4.3 EBEARSHANHEBETITH EFREA

PV KRG G2 S5 A (H BANE R 52
M, #iE MPPT Al DC/DC A8 #d% i B BB 4 gz
) A U TR E , (E ) HE R B2 S DR B SR L
K, ATt D 28 B S S A T Bl o AR B i
PRUF AL SR PE, AR SO I & Wt Bish, SRAR
UE i ThoR e e . Y H REGRE, R A
DC/DC A8z, 76 ARUEE & D240 H i Lt L,
F R R AR E Bt b 2 HREESRS, FIH
e DC/DC ARz, 18 Al TR,
T DR ATETEE () D2 4

EXt FC R RS, ilid DC/DC ARl e 4
B s o) FL i HH RS, R I HCA H Dh R AN 2
SEREEEm, RE5BAMAREAER, WRAE FC
ELZMEUESH, RFHEEEMmAE, B
PRUEHAE E I Th 2 H .

BRIk, ik 2 M B B A IR, &0

WA IR 2 S5, 3T S B AR D A i Y L
PR SRR R, RIFE R R Gu 0 O

AT DU T R R S JEOR S RO A

5 LHIfAE
51 AER%

A 10 AR 4 15 5 5 MVA B LI ZR 1R
N EEA, R SEE DL A e B R B AR
H, B AT AR 60%IEK 8 B B MBI 25 7 g
FIE 40% EBHPTERS fifr . B3 9 A/ER PCC, ¥
NEUEZA 400 kW FI80AR 71 B I8 454 X HL IR

BALRSEZH R :
10 kv
gt 50 0 020PC 020
2 mH 2 mH 2 mH

10.5 kV & Se=50 MVA

S5 krgE  XR=10 |Bl B2 B lszW

. 1 Mvar
IMW 200 Mw 800KW ] 5y
DG

1 Mvar 600 kvar

El 10 4 PRiR&EHHNBEREE

Fig. 10 Single line figure of four-node feeder

D PV KBRS . EACARHIEL STP220S-
24/vb B EE R OART R, FEAR NN R (G=
1000 W/m?, 7=25 C) FHIEESHN Lep=7.48 A;
Up=42.4 Vs WRKINZERT V,=34V, [,=6.47 A;
P,=220 W; PV 513k 70 4, R 30 /.

2) FC KM RS, KFACHR[15]%F SOFC &%
SR, IR 2 A, RAHBETIR 200kW.

3) IAR IR R G, AR B A H AT T £
JEN 1KV, BERMEER 3KV, WA IAE N

1.5kHz; LC JEH & SECN 1mH, 70 uF; FBEAEE
ZRRH Ydl 48, 10 kV/1kV, 2.5MVA, r=1%,
x1=6%; EFEF PCC LS EN 0.1Q, 1mH.,
52 FEFERER

#TF MATLAB/Simulink #%# FiR {5 H R4,
76 PCC A3l PV R RS, FC KRHE RS
1H I 2P 0 B R IREAT B ) RS, A0
B, WINAHSORSEIAT R . I E T %
PRI EEIER PV A FC K& L RGeS R00 iR e
71, WLUER— AR RN, B RaH
JEAZAK . PCC Bt g Pl A 2 s 0% 30
oo 23 I A R 5

NS BITHL Y, RS HEEZIMETH
TR 20%. FESE 0.1 IREAHI, 43 ml%t DG HH
Bl BEZRAL I IR B AT LR, 45 R 11,
12 fioRe.

FC R4t
s11.0 )
S PV #4;
08 Y
0.1 0.2 0.3 0.4
t/s
(a) HLJE gk
—0.02 FC #4;
N AN Y
: FASN b |
~0.06 PV R4 ST
0.1 0.2 0.3 0.4
t/s
(b) AIhThFE Lk
P 4 FC 2%
2 0.001 #m%g fosd, T
S Y d 7
QJ—O 003 PV R4
01 0.2 0.3 0.4

t/s
(o) ThThih

E 11 DG HOBE. BHIHEMEINHE
Fig. 11 Voltage, active and reactive power at DG

FC R4

PV R4 SRR

0.1 0.2 0.3 0.4
t/s

(a) N EFEQJ%

PV R4

§- 0.4
l‘ Dol b
-0.1 %’xﬂ‘%’f«x—_ﬂ
0.1 0.2 0.3 0.4

t/s
(b) HIhThA MLk

S 0.8 PV #% FC 7%
2
S o2t e
0.1 0.2 03 0.4

t/s
(c) TThshze e
E12 BlH[E. BITEMEINIE

Fig. 12 Voltage, active and reactive power at Bl



E35E FHaWy

L S 141

53 itig

HE 11, 12 23 &80 1 — R 5130
ISR H, M DG HIERE, APV R4, FC
RGN 1 R RN K, A ThATETh
A BT 25, (ABEARRENEBR MG S BRIE
FFEAHI; M Bl WWACKE, REHEAN DG
HE RO AR 10%, HEEA PV &5, FC
RGNS RO AT s . FEANA . BUJL
FERA R, Fik, WA TR A, fHI)
FEH P REEM PV, FC KBRS LI ERSIE
AL, AR — B SRR, B
T Ty 22 42 1] 1) B R R 47 b 55 244 3R PV FTFC
RERG

R 4R 191 2% B B3R 4 A 2R IR PR X R AL A7 A b
ik, Y4BT E PV A EC R I 22 2 ffi
Bl , K B A IR A E — N IR N
T XD R A, K& PV. FC 1Y
BE WX 25 B fmr o] LR A0 13 Bros i) L gR &
AR ZE R kIR . BH, P Pzips Ppg 739
FORIEN BB I AN IR oA
ORI E s B oA =R ) AR S F A S
NEBES AT, PR Pseq v R
AT A Pyyso FREITNESHTT A E LUK 13
FiR o

v Pap '
P.

o | P2z s |
Gl iy | ZIP_| s tusi :

13 " NREAEHERLEH
Fig. 13 Configuration of the generalized
composite load model

SR U R PR AN E BT AR B R )
AT 7 U K BRI BAE SN
K, =Byu/ By =By /(Py +Rey)  (24)

sy

R EEA M, K, EUE YR N[0,1],
HEE T PV Al FC SR A8 A B 40 A 20 L I I G
WM g iy, H K, BUE SRR S br
A7 7750 T4 3 P L

1) Pp<Pzp W, BIZpA0 0k L 734 2 DAL
BFRATTT, WA Pseg>0+ Pys>0, 0<K,<1.

2) Pyp<Ppg<Pzp+Pp I, BI3A7 a0 T
JE AL FRAS A4y, (HAS & DAt gs A 11 AT
WA Pseg<0s Pyys>05 K>l

3) PpG=PziptPivs BI04 XK HLH 0 2 DAt 45
é%ﬁﬁ’ )I_I\Uﬁ PSeq<0\ PsySEO, Km<Oc

6 Z5e

D — RV S 45 ZAE W T ASCHE 1
L Ty 2 48 1] 14 FEL 1R 58 S5 R00H A B Y 2 e M 1ff i IR
PV Fl FC JF M4 o

2) TEARSCWEA TAERI &AL b, F—Br Bt ot
H R A R R R (B PV A FC AR &
Lol AFEHERAE . ARFEATT . ELHN A S 1)
a7 4 AN G 77 /K iC R 3 AT 7 RN R $h 45 4
)T, PV Fl FC XL H I 25 S fig SR R 52 )
HGurH .

B35 3R

(1] B, HER, BRuF. 002Uk B AL B 7T R G (B H
BFFLRIR[I]. MR, 2003, 27(12): 71-75.
Liang Youwei, Hu Zhijian, Chen Yunping. A survey of distributed
generation and its application in power system[J]. Power System
Technology, 2003, 27(12): 71-75(in Chinese).

2] XMzt RECR, WHK, 5. 00U B IR R ], o
EA, 2008, 32(15): 71-76.
Liu Yanghua, Wu Zhengqiu, Tu Youqing, et al. A survey on
distributed generation and its networking technology[J]. Power
System Technology, 2008, 32(15): 71-76(in Chinese).

3] BRME, RAEK, F2K, % HHeEMEAREIRD]. AMNER,
2009, 33(8): 1-7.
Chen Shuyong, Song Shufang, Li Lanxin, et al. Survey on smart grid
technology[J]. Power System Technology, 2009, 33(8): 1-7(in
Chinese).

[4] ZHHE, KB, SO, & LRI HILECE R B RS
BEAPEREPHT[I]. HIECAR, 2009, 33(12): 88-93.
Li Chunhua, Zhu Xinjian, Hu Wanqi, et al. Modeling and
performance analysis of photovoltaic/fuel cell hybrid power
generation systems[J]. Power System Technology, 2009, 33(12):
88-93(in Chinese).

[5] Stuart] CI, AnneS. KPFHBER TGPk SHULEI]. HMEAR,
2007, 31(20): 82-89.
Stuart J C I, Anne S. PV solar energy , challenges and
opportunities[J]. Power System Technology, 2007, 31(20): 82-89.

[6] TRBUBL A, AHTE. BRI A ETEK A UK R
[9]. HRIEAR, 2005, 29(2): 57-61.
Zhang Yingying, Cao Guangyi, Zhu Xinjian. Fuel cell:a promising
distributed generation technique[J]. Power System Technology, 2005,
29(2): 57-61(in Chinese).

(71 ZH, RWE, B, T A EoE R BP MR RZOGR Rl
B[], HENUEE, 2006, 23(7): 228-230,290.
Li Wei, Zhu Xinjian, Cao Guangyi. Modeling of photovoltaic array
based on improved BP neural networks identification[J]. Computer
Simulation, 2006, 23(7): 228-230, 290(in Chinese).

8] &z, &—m, IR0, & JEALBRER SR HL v Eh AR 1



142 BRASE: TH A S g KOG AR B i ARk el Jth S 2 S iR Vol. 35 No. 4
F]. HEEBEPL TS, 2003, 23(7): 168-172. 97-103(in Chinese).

Weng Shilie, Weng Yiwu, Su Ming, et al. Study of molten carbonate [13] Murshed AM, Huang B, Nandakumar K. Control relevant modeling
fuel cell on thermodynamic properties[J]. Proceedings of the CSEE, of planer solid oxide fuel cell[J]. Journal of Power Sources, 2007,
2003, 23(7): 168-172(in Chinese). 158(163): 830-845.

[9]1 S/NE, KRB, B, 5. ERELYIIRE R R B [14] EEBE KT, FXE . AR AR IR R mdkit ],
J @ A AR RS B I AU T]. FER, 2008, 32(1): HEGEEN, 2004, 28(24): 61-66.

9-14. Wang Zhiqun, Zhu Shouzhen, Zhou Shuangxi. Controller design for
Wau Xiaojuan, Zhu Xinjian, Cao Guangyi, etal. Modeling of solid inverter-based distributed generation[J] . Automation of Electric
oxide fuel cell based on mathematical theory and adaptive neural Power Systems, 2004, 28(24): 61-66 (in Chinese).

fuzzy inference system identification[J]. Power System Technology, [15] T, gk, ohise%s, 2. AUk Bkl et e A 5
2008, 32(1): 9-14 (in Chinese). H[I]. HMEAR, 2009, 33(9): 8-13.

[10] Koutroulis E, Kalaitzakis K, Voulgaris N C. Development of a Ding Ming, Yan Liujing, Mao Meiqin, etal. Modeling and control
microcontroller-based photovoltaic maximum power point tracking of fuel cells in distribution generation system[J]. Power System
control system[J]. IEEE Transaction on Power Electronics, 2001, Technology, 2009, 33(9): 8-13 (in Chinese).
16(1): 46-54.

[11] &4, RBUE. R R G KT AUREAR R JRA]. 5 WiEAER: 2010-07-07.
HUGE, 2006, 23(6): 239-243. A
Li Wei, Zhu Xinjian. The maximum power point tracking control of a == BR7E(1982), F, WLHIAA, FERFFITA
photovoltaic power system[J]. Computer Simulation, 2006, 23(6): B IR BRI AL A 20K H AN B g
239-243(in Chinese). % AL

[12] B, BOWrs. — SRR R GO A A BB s S é BIN95T), B, B, WELLEIM, TR

[7]. B LHEARZEMR, 2008, 23(1): 97-103.
Liao Zhiling, Ruan Xinbo. Control strategy for bi-directional DC/DC
converter of a mnovel stand-alone photovostaic power system

[J]. Transactions of China Electro Technical Society, 2008, 23(1):

WEFETT N ) R G0 B AN 07 OB vl T A e A
HLR T Tl o

(THEHRE HRR)




<<
  /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


