EI3TELEH
2017 % 6 A

% 0 6 # & B

Electric Power Automation Equipment

Vol.37 No.6
Jun. 2017

R AL R BRI R0 5
ﬁz

SRE RIS RIETE S R 2

% 1,3’%" hid z’é

(1wl X% 585K Wil A% 610065;
2. MR KR Had Hakial b Wl A 610000;
3. mHEAR KRS FaAEEANE W B8 621010)

FE. RRZIEFM AR LT RARAMSAAATRY AR R

AE 2 A 0 S RAEAL X R R AT R

M AR R KA AR R B TR AR R 7 X B ARCE A A R R K e A SIE AT 4R A
HAFKRAA BAR MR A A § BARKACHE R, R R F 47 4 008 F BEALAL S ok x4 A0 ik 47
WA KR, BG4 ) BB AR AR K T A7 T W o4 S0 25 R AU PTAR AR 46 4 A AR 3 R AL 2 S AT K
R oA A R AN ML | FBIT R B MR A A B IE T PR A LR A7 R a9 A Al e TATIE | A

X AR 8 TF A An F) R FRAE T 780 B3
KW RBRELRM; Kk, Fas; 4
FESES: TMo614 XERARIRAD: A

0 51F

JRCRE A Sy — Fof i R0 f) ] P A 3 0 BE TR, B 8 A
S 4 T BE VA5 R v R A0 2 R R R R RE TR
U — A E A KT 1], BRI, B AR
ARG, 5 R REE A ™ Sk KU Y T & A
T TR AR (A5 e i R A MBS A
HTF B A KU 7l B8 T 35 2 6 R

L BT e M)A L B3 4 52 22 07 T TR ER B9 5%
M, MKEE A B Rtk B | Z AN IR RO,
JRCHRL H 7 2 B H AR i ) ] s P R AN R P L B
A7 73 A7 R P T — 2 S 38 0 1 G Ay DX XL R A A
T 9 B R 2 2405 DA RUBE A Ml 3 20 A1 SR R IXUHE BE U
FEAE T 5 B0 A F O | A L R T 0 A A L X R R
WL EAT I AN Y BE 7 0 MU A b i i — 4~ B A 2
PRI X F A 7 5 AT A Y o R AR | R AR ]
LA™ RO UL B 9 B (AN 2 i i A B R T
R FEUE 1R A B 32 S HL ) 04 it 3R 45 22 b IR 3K 19 24
FOMIBR , SCHR (7 ] LA B g A% Sy SE ol A T
JRUHLYF AN HIL 2 2 SRR A | 6 E 1 S0 w17 %of XL H,
TR, SCHR[ 8145 MU 5 i B 42 Y FE L
HL BT R SR T XUR R Bl A (R 9 A T
AR i XA B M SR AT A BE 0, SCHR[9-11 142 i
R F 22 7 25 RE B XS XURE LA [8] i 1 X AE i) e BB
BEERS | H B0 R o XUR B4 TR AN RE D 5 T SRR [ 12-13 ]
X KU, 5 i BE 2R 49T 1) T 38 - Al 42 1) SR S e T IE T

WiE BHA.2016-05-29; 1@ HH1.2017-02-19

BELUB . B R 8 MNa & w2 AR Z I 6 MR AR
it 5 7 kAL B (XTB17201500232)

Project supported by State Grid Research Project on the
Network Source Coordinated Planning Theory and Method Adapt
to the Global Energy Internet(XTB17201500232)

Bk h, Rk

DOI: 10.16081/j.issn.1006-6047.2017.06.007

F R IR R L 2 R E 1B 1T,

2 SO DR R D E AL DI R
TR T L RE X P B — B0 B B AT T X T
ANBEFE UG DX, H L&A R AR 2 R e
AT T K o AL, 5 DA RE U5 L IER [0 1410l S i -
5, il 3 0 A XURE 78 M o A v 1 2 T A5 AR A Ok
F K KRE ) Z2 SR B ALY s SR 5 2545 75 JE fE
FEAT A% DR 3368 IXURE 5% AL AT 7 A 52 i) LLRUHL )
FH AR a5 R AR Geas 47 25 43 30 ai e KA H b, 1
R H% A FI T 22 H b e A 280 e 3 oK i 75 21 XU g
TEAN [ B ] BE PN 1) de AR 5% AR 5 3 il o AN [l
ZN SR LE A3, S T SR AR R RE S AT A A
1 ARG KBE R 255 M IR AIH AN BE J1  HF 4R T AU AE
R £R A8 T, D AR R U XU R 9 LI iz 17 42
H—ENZ%

1 KgeEE 7 ALH

JXCREAE D 25 i AE IR 45 44 rb 2 22 09 20 180G 20,
WAL TN 5 B 2y 22 L RE B 2 A e A LA 2
AN B EIE AR AT TT R (RIS S R H A 3
i A 7R R ek XURE LA ] A4 BE BB SOE i
B, A AL B AT o SR A TR I 48 18 22 8 X IKUBE B9 41
RATHANGE S . ASCAABE R 5L LML RS 2 4> 1 2
oA UBE R AT 20
1.1 BEEFMEUSTE

JXUBE B9 M) P A R — A B2 2% 9 e e e A 15 dd i
e | A BRI G A 75 5K BN [R] o e A S A0 I Y E
wIEA, RS T h T A RS Bt i
TE “RE B b BT 22 B A AN ] (7180 A b 2 18] A7 7R £
R G AL TERE IR AR S A3 5T, A R



%6

51 ot 7, 25 DAl 25 A PRS0 2% 3L 2 i ®

A W — A L RE 45 M 5 Ak R 2 )2 57 IR S L RE 25 4
KRB £ 255 AL R TR INT
L1 KA At 4R 04 5 2k 2540
JRUHEL Y g R 5 KU T & | BIL I K 358 43 3
RESEAL MDA AE | FHEE AL A F R I ™= 1, XU Pl
FL 39 2R %) i Y o B O T XU ML a8 Ak A XL
R AL A Do R 5 K 2 A AT eR
ﬁa‘é%ﬁ\[l‘)—m]:
0 v=<wv,
p.- kw+k, va<v<w, ()
P.o v,<v<w,
0 v=v,
Hrh k=P, o/ (B =0%) ska=—k vk P o I KBLIT G E
U3 v oy, 4300 R AL ET A FTOT XG0, BT o
535 R A DR TSI o XU
AL AU B A T DR AE O R A oD
R A 3h, an b K3 Bl ) i sh $wh 25 5 6 Ao 22 ]
FEIU R AR Y H R] 22 5 AU e
1.1.2 @ AExdAfk o9 5 2 sk b
HL BB XA B 1 S U A, & — A D i T R
S ) I T RE B AR AR R | T AR AR RO X
BT AR HLE AT T 00 AR R FE R R v
g Y T 2 2 1) Y SR I 56 R S HME e R BGE A S T
TN .
Po(1)=Pe(1)Coe(2)
Conlt)=A 4 A 2)
o P (0) by B IVA B TR P () R LA FEH
D2, € (0) R HLTIVS PEBE R B P (1) Jhy HELTRI A i 1
PRI G IR A, (i=1,2,3) Flw R RES B0
(FEVESE 2@
1.1.3 &bt Ak ad 5 2 b 1L
FL 6 X B RE A 45 50 1k B AR TH R A < i
J 7 I 3 AR B AR R UL (R RE R
BOH X R, HAE A A a] e R 2,
Poo(1) =Py (1)Cyp, (3)
Horb P (o) TP (2) 53 590 b H B 7 R HL Ty 3 0 i 1)
P TR, €, R LR D H AR A R BE R AL
1.2 RERNF#®
JARE 1 5 AL R 5 52 SN SRR B B 52 | i HE R
AR R I s M | R BB B £ far T oK A AR
Sl A AR R 0 SR A5 AR R G B S B e R R
2 (A AE I ) 1 2 B0 MR A K A 206 67 A R A B 200
TRABRE R 40, LA B for B8 B 75 R X0 H b K XUBE LA
AR e R R T LR ER  DRE RGN
X XU B A FH R A AN BE 1, A6 KB B 6 A 1o 7R
W RGO Sl B R 2 B Bex KURE SE B

TR, Ho DLRREAE B R i B T
T e R T ik oy 220,
Ey(t+1)=E, (1) (1-6.) + Py (1)1 At )
Ey(t+1)=Ey (1) (1-6.) = Py ou(t) AL/ 7y
Hfr B+ D) NEBRRGELE (+1 2B R EE,(1)
RHEHRRGE  WZINERE S, NEERREN H K
3 Py (O Py o (0O B E RGN 7 2
TRy, Bl S0 & B RGN 7T i AR
Ar R HAT B () (1) B
PLYE BEAE Sy IXURE % 7% 08 2y &5 i A& ] LAl
i;Eﬂg[24-26]:
Co(t+1)=C(t) (1 =0)*+Po (1) s At (5)
Co(t+1)=Ce(t) (1 =0)Y = P (1) At /
Hr C.u+1)HERRGAE +1 BIZWERE;C.(1)
RHEBRGHE  BHZME R 0. NER ARG HEM
REFGP, (O P, ()T B RER RGEERYH
HURE s AT U3 s, AR REAL 13 KL,
DL AR S U Re % 208 X0 3 B2 ] LA
ﬁﬁ[zl,ﬂ]z
Hy(t+1)=H, (1) (1 =0) + Py (1) i At (6)
Hy(t+1)=H (1) (1 =0) = P ou (1) At/ g,
Ho H e+ D) AERRGAE + 1 B 2000 % o
H, () HERRGIE  AMENE 0, FEMRSR
RER RE P (0O T Py o (0) 73 3 R B R R G E R
R BERGBAT IRy, 9 AFRGEXT IRBE I BT

2 KAEHFER SR

2.1 BEHREH

AR “fe a7 he i Z W) 1Y S5 U AR E T e it
AR VA [A] R 2 2 XM T3 2 2 Fh S 0 1Y) 171 7 75
SR, SEEUA [A] 7 gy 2 ) 6 XU RE B e 2 R AR = &R
G KBERIZEG AR R T IR G170 & 5
P T BAE B AR Ak 0 F B AR i £ far M 2 0T Ak 19 7
SR X XURE I B AL A DB XA SO B A 04k, DR
RGBT LR B IR

a. KU AR ECK

KR H 32 T8 E 2 AL C R T RGEXT KU
() ) R 5 e KT L BB A F AR, XURL R R
e KB H AR AT

‘fl=max(n>
n:[; P (1)At (7)
2 E()

v T S 8 ] 300 k1] 8] B K P (o) R AE ¢ I 2
FL AT T 9 E A i i R B () 9 KUHILAE ¢ I 20 £ it

RAULRER



@ ® 0 8 & iR B

¥£37%

b. 1247 &84 e K AL,

WHLAL f T2 2ok A THEd 5 e dieds . Has ity
B g de KA H AR R 2T

JSo=max( Crovert Coooting+ Crreating— C operation) (8)

T

Cpnwcr = ; P power ( 12 )C power ( l ) At
T

Ccmlillg = —Zl Pct: ( 12 )crmling( 12 ) At
T

Chealing = ; H\e ( 4 )C heating ( 4 ) At

T T
Coperalionzz Pwl(t)cwlAt + Z Pce(t>cmAt+
t=1 =1

M=

TN
Po(D)eaAt+2 X | P(1) e At
2 1=11i=1

T, C e s Coapting s Cheatvg s Coperation 5351 0 — 3247 JH 1]
AL Ve IO S TR G LA B AT A
P (1) 9 T HE HL AR5 HE 238 5 en () Coooling (2) 1
Chening (1) 73 B R BEFR, 11142 L R 1l BT B (R B 45
P()NE i RERAZNESITUIR ;N HERAS
BB s v s 20 R RBIL il ¥A B HL R
FAIN B RE RGBT AR
22 AREH
a. KALH R %A,
0P, (1) <Py foreca (1) 9)
T P e (0) T RBILEE ¢ B 200850 A e K AT D3R
b. HEHLL R
0<P.(1)<P™ (10)
Horr | P Shy il v BIL A S5 R V4 i H TR
c. AP ZH
0<P,.(1)<Pp™ (11)
v Py Shy FRLR I 1 S5 R i B LR TR
d. ERELR,

P?Iingpi(t)gP;nax
r 12
2P(1)=0 (12
t=1
Horr prin Ml pr 35l 05§ RERER LB iT IR
NERATERR
e. HEREZITR
Ppower(t) +Phl,oul(t) $[)])L(t)
Po(t)+Psou(t) <Pyt
(t) (1)< Pu(t) (13)

Pio(t) + Py ou(t) < P (1)
E e (1) + Eoging (1) + Epeaing (1) = E (1)
o Po (1) P (t) BN Py (¢) 5050 R HLRE 12 BE FITHRE
FURTAE ¢ I 20 5 SR S E e () B ating (1) A Eping (1)
O3l AR S FTRHAAE ¢ B2 RERE R EL (1) K
RETE ¢ B ZI ) mT F H B RE £
2.3 KfETIE

SR i KRR 1) e AR O Ok I 2 & 17

R B RE - B AR B3 X AN TR AR S 25 9 1 B s o R
Frig R Ak i, e E S A b Sk A0 ek B0 O
Ak B R G0 0 e el A, B H FR ek EO o (i
Prea(m) (LT m R AR B A5 oK ) B35 U i i P
i p e (myn) (FEHT 0 AR RO XS T g (m,n )
4 B IR R AR I, T EOR i d FR AN R

a. f AR IR EE

b. A4 XU A 5 - B Be UL HS 0% 55 KA 2 2
R Z T R 5K

c. WAk 7 ;

d. KA AR R £ DA 2o 5 2
RIECIUALR(EE; 7 g R AR RN E N J 1=

e. THAA H AR RE B AR g1t Zieos

. 2 DR R EIE gy, FMIEEE dg., Hh
Zrea=average (e »8nee) » Agpes = distance (Zpei , &) 5

g. i‘l‘%:%*f’?ﬂg PBestt i Pies2 Z‘-I‘Eﬂ E,:JEE% de('sI’
I T i it AR BB ps

h, BUFORL - B B

i. EELE c—h, H 20250,

JRE THEESE

3 BEBIE

3.1 EHIER

A% 30 AR R 25345 B 2820 A L A 91 £
VI RGN 1 BT Hob | XU L
BLAE N 200 kW ; HL 4 B3 A D128 300 kW ;
FEL B 9 19 Ji R BT 38 200 kW 5 251 T 19 i K 78
ORI 100 kW 5 & % R G B R85 1Ry

100 kW ; EE M ARG BT IIER N 50 kW,

_____________________________

L [ER HE
I A2 Clas[ | ng
P ¥ A5 WAL |

[ [Ew "] | [ER 3k
e AmEED i | |

B RG&H
Fig.1 System structure

FGs T 1 d HEE RALE TR ] Ar=1h,
X 5k P FE A FEL A A R Ao B E AR IR B SRS BE
HETBE A 510 076 .0.51 .,0.26 75/ (KW +h) . B
f B 4 o3 by . 8 B B2 R 08:00 — 13:00,15:00— 17:00
19:00—23:00; “F- 1} B: A 07:00—08:00 . 13:00— 15:00
17:00—19:00; % B Bt 47 00:00—07:00 . 23:00—24:00,
P AN T6] 2270 KURE 1Y B — ) At BE B XA Sy
S SR SO e R E R IR A
HEREAL MO F AN [R] 22 LAY H R XU TR0

KA 5 RN 2 FioR




=i B, 45 - IXURE S5 28 P ) A AR e LA i BT 52 @

00:00 08:00 16:00 24:00
I %1

—— "B, —— HER IR
—— H RN G, - KL
e ZFWIIGA | o AT HIERA AT

2 AEIFETTHRRBEKYTNE AR HEEK
Fig.2 Forecasted wind-turbine output and load demand
of typical day for different seasons
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Fig.3 Operating condition of power storage
system in single power-supply mode
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Fig.4 Comparison of wind-energy utilization
between single energy-supply modes
for typical day of summer
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Fig.5 Operating condition of energy storage system
for typical day of summer
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Table 1 Comparison of wind-energy utilization among
different energy-supply modes for summer

REIRIE B R/

PR (kW +h) FIH /% 2% /7t
H—fik 532.61 86.47 1493.16
% 0 44.95 613.25
R &tk 660.15 98.36 1618.80

T A2 4 I B P B VA B A 1 T oK 1EL R e X KUBE 11
TR FH SR AR AR AT 3 B A LU0 A 3 KL, 2R e A3 RE
t AR A, e s — b A B R B A
¥ LR VR AR B S B8 5 2R G0 ) JRURE 11 1) R
REE RS BT RUEE I R FH AR IHOR 2 A EL S — 1
PEREAR 2 | 3L A8 & 53U A0 A B AL () TR A5 1 Rk
B RE A5 0E — 25 i 12 5 22 40 %k IXURE (%) 1 RN T 40 7k
F1, AR RE B AL RS
322 A%

SEA IR 2 AIAL 4T KRR I ] R e T
[ S} AR £ Ao B LA TR AR ) B 2 A R B
400 IKURE 1 R A SR R — i 4R 32 47 AR U
fiE A FR AR AR TH 2 DA< 13 i 0 B = 1) <A1 it I 20
b AR LG AP B 28 B30 1% 1 0 ¥4 AR 1Y 4 1k 1 g
F2E, W, ZECR Bt B | AN B AT
JEII P H BB I 75 % IS IR) BE A il B 67 Ao B 7 R
i B & R G0 i AMEAE T X XUBE LA BE (908 =X 7
I I B RS I | 25 40 PTG A2 4 s B3 P ) il 344 7 i
TR W RBE R R R AT 18 ) 84.68 %, HEM RS
Bz AT TELanE 7 fis

60 .

= Hh i
2 ik
Qr 15 /
-30 : : :
00:00 08:00 16:00 24:00
I} 2]

B7 2—BEXTERRFEITIR
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Fig.8 Comparison of wind-energy utilization
between single energy-supply modes
for typical day of winter
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Fig.9 Operating condition of energy storage system

for typical day of winter
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Fig.10 Conversion and utilization of wind energy

for typical day of winter
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Table 2 Comparison of wind-energy utilization
among different energy-supply modes for winter
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Investigation on equivalent conversion-utilization models and

corresponding benefits for wind energy
YAN Zhanxin'?,LIU Junyong',XU Lixiong', WU Yang'?,ZHANG Li*,LI Yong®
(1. School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China;
2. Skill Training Center,State Grid Sichuan Electric Power Company,Chengdu 610000, China;
3. Informatization Office,Southwest University of Science and Technology,Mianyang 621010, China)
Abstract: The equivalent conversion relationships among different “energy qualities” during the conversion
and utilization of wind energy,together with the corresponding benefits,are investigated based on the energy
internet. A multi-objective optimization model of wind-energy conversion and utilization is established,which
takes the maximum wind-energy utilization rate and the maximum system operational benefit as its objectives
and considers comprehensively the influences of load demand and energy-supply price on the wind-energy
utilization mode. The quantum-behaved particle swarm optimization algorithm is adopted to solve the model
and analytic comparison is carried out among different energy-supply modes. Case study shows that the
proposed optimization model improves the comprehensive wind-energy utilization rate,wind-power accommodation
capability and energy-sale benefit of energy consumption system. The effectiveness and feasibility of the
proposed models and operating modes are verified,providing a new concept for the large-scale development
and utilization of wind energy.

Key words: energy internet; wind power; equivalent conversion; energy-sale benefit; wind power accommodation



