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Abstract

In recent years, wind power generation capacity keeps a rapid growth, and the peak regulation
capacity of conventional unit can’t meet the increasing needs of peak regulation, and the problem
of wind power curtailment becomes increasingly serious, so the output of wind power is restricted.
Raising the peak regulation margin has become an important problem to be studied and solved.
Under the condition that a significant wind power integrates into the system, this paper first ana-
lyzes the influence of significant wind power integration on the system’s peak regulation margin,
and then discusses the high-energy load’s characteristics and its feasibility of helping peak regula-
tion. Based on this, this paper studies the influence of the high-energy load’s participation on the
system’s peak regulation margin. Finally, an example is illustrated and researched with simulation,
and the simulation results prove that the high-energy load’s participating in regulation can in-
crease the peak regulation margin effectively.

Keywords

Wind Power, High-Energy Load, Peak Regulation Margin

AMBRREBHMEEHERTESS5FT
i il 4 FE B R i

R, XA, AR, IR, EHM°

SCESI SRR, XISCEL, ATERER, FRLIAK, E4EUM. KPUBEXUAL IR I 5 B RE S S 5 A T TR A ) R ).
I HEHLM, 2016, 6(3): 143-150. http://dx.doi.org/10.12677/5g.2016.63016



http://www.hanspub.org/journal/sg
http://dx.doi.org/10.12677/sg.2016.63016
http://dx.doi.org/10.12677/sg.2016.63016
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

i TR 78

st
\E)

ML R ST TR R, b
218 D0 H AT 44 A A R DRI IO RE, R 22

Email: holmes369@sina.com

Wk H . 20164F5 H30H; A HEM: 20164F6 10H; &4 HH: 20164F6H21H

R

BEE R R I ABK POEE N, HLARRIEAFEDSHIAN T AU RKEERR, FREM™
EH, RERZNZITFERHIL . J25 PR BN S T B AT AR R F . AT K
MR RN R, B KRR IR R GRS E T T a0, REX e K
TR RS 5RER AT AT AT TR, FESLEARL B, BT T MBS S 5 R e B
BJa SEBHAT TR ES Y, BIET BBRAGS5ETEEMARRHERE.

KR
R, EERREA, (AR

1. 53|

AT R EARENLE . Beah PR iRe i, KB XU N LM S 38K T RG22, JRAH
AR IR B AL, BB RGN AE, FF UG O™

e B A ST RO B — e Tl “ e T S O RS TR) A S qir R o T i XU 3 5
LS E AT IS ZE IR, B RE S AT LA e, REAT AR, S ) RS .

FURT, B P A28 0 DR O I 2 8 A 06 1o Ll 0 K BT 7E o SCHR[L] 3 A 17 XUERL IR AR S ) B i
W i B, B T TSR LA SR VA A AR R R M TV . SCHIR[2] AN RUATLZEL 4 Ui 2 i AL AL TE 34
JIRAS S EE R, WETE T R GERON X B AR A P RE T o SCHR ST SR XU 2 M S B iz AT it i 4T
oINPT R U R K R R, R LR SR ORI L R LUK R LR I T AME, DL RIS
75 5% A R R SR AR U £ 0 6 £

] A A0 238 X et R S AT RO 78 20 0 LG RER KT 9 RE /0, SCHR[A] A KA R R 4N e 709 H
bR, ORI AN BL, ST T N R B RE A VA AR A SRR . SCHIR[S] 78 0 2 RE T T D R L
ARG FT UL B A BN, TH RS SRR, @O 7m0 S 5 R g ) = Bt
R ANTRPT Al 1 E B V577 . STHR[GIRTIE 1 v R AE T 55 4 KL PR UM IR S8 AT 060 IKUREL VS A PR RE LA
ST AR 9 S KR R GEIB AT A e/ H AR BORAGT  22 FARPL AR o 6 T KO R R N
Je v A ST 25 5 I R R R IR WA P S ORI T LD

ARSCAE R IR R N B (K 26 AF T IR TT T UL 1 U B 7 R e B RE DA (R R R 5, RS
R A S 2 S AT N AT 7oA. TS R S AT S 5 RS R, B T ke
A o] FEL DO R A FE OB R - f5cJm >R ] IEEE-RTS 32 HLARGEHEAT (5 HAT 5, B8IE T R eE i 2 5 5TA]
BER S RGO AR

2. RFURKEEF RIS = Ge R+ B RO 0
2.1. BMEBIFEATFIERE
FHK AL R, AN . LR HLAL o 1 5 B S A0 A R BN



KNP 55

i, HECARAR T

I:)TGi.min < P'I'tGi < P'I'Gi.max (1)

e, P KL ZEM ST T, P FIP 4RI UL i th 002 4 R BRI H A

FR,
S Ul S ESA T

_PTGi.down < F?I'tGi - PI'tG_ll < F2I'Gi.up (2)
ST, Proygoun T Proyap 4731589 HLHLAL IO Wt BRI LT 4 7M. SEr, K SBLALG
JIBREINZE .
RGN
Pbalance = ST (PGO.max - IDGo.min ) (3)

Ko, S =[shsh st | Hob sl FoRE T B RBHER LI PR, s -0, RS AR
ERT 2 AT B SR, s =10, FoRE T A RMNERZ 35 TR Ry 5P L A B n 4
B LR 0 % 2 LA 1 F7 05 A RN T BB, Py = [Pocoms Poaminse s Posinse s Ponmn ]

T
PGO.max = [PGl.max’ PGZ.max"”’ IDGiAme\x [ PGnAmax] °

2.2. RUEBFH WX 4t a4 L BRI

W IR R SR A AT, RO R NS, XU R ) AL P R D8 8l e o £ 5 R0 A A Ve 4 22 486 0
FO A 2 n s 1 s .

I 1 AT DA th, BB N RGEHT, RGO AT 20 P, o o RN JG SR AR 2 P, ,
Poas > Poao VLHIKUBER AR HIK T R G0 G875 2 .

JRUREL I of 25 438 i W A8 T2 B S AT 1] 2 TS

PASERA AT AR I BONG], XU 9 O I, RGN :

Praro = PLmin = Poo.min 4)

A, P NS

MEIRATEAE oo >0, BB AR i e 725 58 6 A2 T U 5 5K

2 JRCHL I o 2 pH B R R S g 1SS E R T 1B, R R R R TR I R AN, AR PR
PN

AF)mar = I:)mar.z - F)mar.l (5)
Hrpr
IDmar.l = |:)ELl.min - I:)GO.min (6)
F)mar.z = F)ELZ.min - F)GO.min

N P AP 70 T SERUERL EH 7 L AR g 1 I R AR 2, T 0L B, AT B, BN T
Pevt.min T Pe o min 7009 KGR HE A5 1 RRCERL HH 77 10 XS 2 14 58 R0 e /N B i o

HIRT DA, KRR IE RS, N T R GEHIEAR L, 30 1 P R PR e I 7y o S8 — 5 AL
PR R 1 R 290 < BT ZEL TR PR e 5 0 B 06 5 80 0 gk e DRRAGRE XU L o) 5 P e i A, (LRI X
R — i FARPA R B BCE 25, JEAUKRIREE =, AR A IR IS AT BORs il Ik, SH4RRE
AR R G VA L T g AR B G LB



KNPk 55

t
Figure 1. The reverse peak regulation characteristic of wind power
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Figure 2. The impact of wind power integration on the peak regulation margin of system
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Figure 3. The regulation characteristic curve of the interruptible load
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Figure 4. The impact of the interruptible load’s regulation on the peak regulation margin
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Figure 5. The impact of the adjustable load’s regulation on the peak regulation margin
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Table 1. Data of test system units
7= 1. MK RGN ERIE
ML HAREMW WL K g2 /MW
Sl 12 5 60
R 20 4 80
Sl 50 6 300
TR 76 4 82
KH 100 3 300
TR 155 4 242
AT 197 3 189
Table 2. The hourly output of a large wind power base on someday in winter (h/MW)
72 2. RRBIR B EMZZFKE B A F(VMW)
%/ H 7MW i 2/ H 7MW %/ HHIMW
1 1400 9 350 17 200
2 1370 10 290 18 356
3 1300 11 325 19 710
4 1250 12 308 20 920
5 1100 13 309 21 1050
6 500 14 326 22 1120
7 350 15 356 23 1256
8 336 16 199 24 1369




TR AR

AN A RS R A W =) R S ol DB o & e G R il o S SR NG -
Pelomax = 2061.88 MW , S5 3 §14i 552 /M. Pey g iy = 69.38 MW, Z5RL ST AR 22 Py | =19925 MW , R %%
A B Py =3405MW . R 4 & K i I§E F & B,..=191MW , £ 5 i & 1
Praro = Patance = Ppas = —91.5 MW, FEZERLSFGHIRAR I B, AXSENLAL T 8 tH AN Bl /2 55 Am /N fr
Uk, SR R AT SO Y AR G O 5 3 OK SR e K B, AT R A T B e R T A R
AP, =9L39MW , I T 5 ) R 4 5 A 6B g S % P, =190L1IMW , R i i 0 M

I:)mar.l = balance_vad.z =-0.11MW . EE Jﬂiﬁf ?ﬂE‘ ’ ET?F:‘Z ﬁlé ﬁ\' ??T % 5 i}ﬁ —"ﬁl‘ )ﬁ :% éfﬁ i}ﬁ lll% %ﬁ}g ft j][] T
AP =Prarz = Prars =91.39 MW .
6. &g

ARSCHEF R RN LR, 1 S0 RS XU H I W6 28 Gt 1R I P2 RIS R 2EAT 1 0 #, 15 R
HURHIBR I P 38 K RG22, HXGBIRAUBLOR, Sl 5 ZBORN IS5 18 . SRR i3 AE
i (VTR S S SR AT AT VR EAT TRETT, FELIERL b, BETT T R AE T 2 T R R A
R, 5 R ERE U 2 5T RE S RGURIEIR LI 4518 . fea i SR BITHSEAR T o, K
PR IF I R b, v B AE T AT 5 5 R 1Y AT IR 25 9 v R L IR VAR L

ST H
[l 2R SCHE TR H (2015BAA01B04) A1 [E 5 LI 24 7] E1 KT H (52272214002C).

SE Wk (References)

[ %%, XEEr, sEEys. KBRS HE LA 7O RE D E 7T 9], HhIE BT RE 243, 2010(16): 26-31.

[21 #%&E, JHTEE, M R I M RGURA I BLRTRIERE I [J]. EMER, 2014, 38(6): 1446-1451.

[81 HOIZE, Earh, TH, B HRERX BT TR0 S E B TR 2R, 2010(10): 1-7.

[4] iR, FFHW, 4. XA EA6 10 kR P B IGEIES A i 7T 0], HAR, 2015, 39(4): 946-952.

[5] ulE, XISCE, F4EM, &FHT, SO, R, MR TS5 0 s N ROG ELRE ) e E TS 5 E[]. H
RIEAR, 2015(1): 223-229.

[6] XUSCHA, SO, WA, T4EM, RER BRI R RGIER A2 BRI E]. AL T AR AR,
2015, 35(5): 1079-1088.

[7] The Reliability Test System Task Force of the Application of Probability Methods Subcommittee (1979) IEEE Relia-
bility Test System. IEEE Transaction on Power Apparatus and Systems, 98, 2047-2054.



	Influence of the High-Energy Load’s Helping Regulating on the Peak Regulation Margin with Significant Wind Power Integration
	Abstract
	Keywords
	大规模风电并网后高载能负荷参与调节对调峰裕度的影响
	摘  要
	关键词
	1. 引言
	2. 大规模风电并网对系统调峰裕度的影响
	2.1. 常规电源的调峰能力
	2.2. 风电并网对系统调峰裕度的影响

	3. 高载能负荷调节特性的分析
	3.1. 可中断负荷调节特性分析
	3.2.可连续调节负荷调节特性分析

	4. 高载能负荷参与调节对调峰裕度的影响
	4.1. 可中断负荷参与调节对调峰裕度的影响
	4.2. 可连续调节负荷参与调节对调峰裕度的影响

	5. 算例分析
	6. 结论
	基金项目
	参考文献 (References)

