Vol.35 No.4
Apr. 2015

% 0 6 # & B

Electric Power Automation Equipment

EISEELH
2015 % 4 A

T a LIAZRCHE IR A AR TR
wHL 2 H st ftists

BARL F B ERLAEE F?
(LR AZAXY A58 FIRER I8 &5 330013;
2. At kY RARHBEALIENERTHRELELT LF &% 210096)

W, b ARl B AT R A AT e A S R S B ARRALIE AT AR A SRR — A A o B R LA
H PRSI E KRR A EET RN o RIS BT RHYREM R o 29 RKF
B AR A AR BT RAR AR T AR R A TR TEERIZH R E RE—FAT
FHHFeRES S BRI E A aSmyt i i ot k& aak.E LRE— LM S
MR Fe ) T by bl B )R @AW BMAHS T EFERSBEER AKFREFTPHE, EHER
o) & R AR PR A R T AT,

G, MEM, R, o O RIE, SR, SBRER, BA

PESES. TM 732 SCERARIAED . A DOI: 10.16081/].issn.1006-6047.2015.04.004

0 31§

B 5 BE IR I 75 K B W 5, 3 A UKk B DG
(Distributed Generation ) F8 ) 28 A1 328 S 384 i, F /)N
25 1 43 A1 2L JRE B SR I AF 5 2 R A2
Tl F, 0 T R A L R Bt T AR H T A XL
73 % AL AE oy A 2 H P50 R T e 0 A T K
R A e — 2, Oy £ o 42 (it Pl RE RN AR L AR B
P05 5 WL PR 0 B9 i 42 5 R LA 20 S O R AR
2 Fis ATl

T P 1Y) 22 B s A7 5 Ak V8 B — B2 [ P A
FERY R S s AT AR ) A B 5 b Ak H AR
ZFPZAE, QI RE BT SF R B AR B AT A SE 4 5
Fbs HETS A SRR H AR, Horh 2235 B AR FL BRI H
o H A s A7 i 25 S8 2 Z AR A e bR 7 %
T H P P T A A R O A 2 s A I s
Az —JE M BRHR AL, B AHE R 5 T B U0 G | TR i)
HE T 58 A A IR I B 28 9% 5T O A, AR SC
W LLs A7 A CO, HR i & fe/MEh B bl i
EEAERTR /R IS=E oy B

W M 2 BRIz 1702 — > 2l 2 5
FERAPRFAFE XL R SZM 0 2 B bbb a8, R
KB HEI.2014-08-10;f&E HEI.2015-02-10
EE£TB. DX AAHFALTAB (51167005,51106024) ;
HEHRALAHAFF ALK R B (14YJCZH135) ;= & 4 A
F Z R B (20142BBES0001 ) ;7= ¥ 4 4 F /T AH3 A &
F IR B (GJJ14386)

Project supported by the National Natural Science Foundation
of China (51167005,51106024 ) , Humanity & Social Science
Youth Foundation of Ministry of Education (14YJCZH135),
Science & Technology Pillar Program of Jiangxi Province

(20142BBES0001) and Education Science Research Funds of
Jiangxi Province(GJJ14386)

JH 2 B bR A 58 12 5K i i R 4T (Paveto ) Je I8 ik 52
JE— TR FH B SR an el 78 O A6 58 1 v A R
i A B X 6 2 IR — HOR A B A
MERT , B ] 09 20 A 3105 VR A T R A 2 H bRk
SR 1100 XTI ARAEAE AN R Z AL SRR B A A
PIATRSTI0 4 24 9 ] A8 7 Ak B 0 24 3 [) A, (L 5
Wit 2 M 2R BRI - E £ 8
P i AR 3 T 29 55 A AR 2 BE A R AR AR A | 1
P AL F NS R AN QiR S G 2 = N0 1| =1 S i
LA BG4 G 2 o ik B Tk AT
FEAR MR I, PRt A SCHR H— RO AL o 290K
2 HE HE PR & kB 7 a-CDSHEA (a-Constraint
Dominant Sorting Hybrid Evolution Algorithm) , 7] il
E i EA UL & W Y (AR N | S il S
A ROR] A ORE 9 2 0 00 A 5 S AR B PR
HEZFEME B Bk e S fn SO0 R B —Fb
5L B % DEA (Differential Evolution Algorithm)
DL ] o3 A Al i1 B35 EDA (Estimation of Distribution
Algorithm)*ﬁ%ﬁléE"J‘?Eﬁﬁﬂ:ﬂﬁﬁ%O e it 2k
i T A A% 1Y HE FF TOPSIS ( Technique for Order
Preference by Similarity to an Ideal Solution)75 %}
FIEG B Pareto LR AR AT 2 H AR | LASR
AT i

ASCRE LL— 5 JEIR PV (PhotoVoltaic) JAAL WT
(Wind Turbine) A A HL MT (Micro Turbine) |
BARHE I FC(Fuel Cell) LA B 871 i 1 Bl v 10 A 55 491)
73 5 o-CDSHEA 5% JH 5 LT pR Kl 2 Ak 3807 1%
/) E 45 HE 4 4k 5B % NSDEA (Non-dominated
Sorting Differential Evolution Algorithm ) 1/ Z5 il AY
AL (GA) AT 3R R, XT Hb 4 B 45 2 1Y Pareto fix



%48

SRR AT o AR IRS

HEALSE I 0 B 1) % H BRI AL 2 1 (95)

DRI Az A7 I 1) AR SR B30 AT 25k
1 WEMNIEITHFRE
1.1 SHXEREER

1.1.1 A BRE AR
TR BR S EE LB AT B A FE SRR MR AR R |
_ Py(t) At
V =MD/ = 1
w(t) Nwr(8) R ()

Horfr Pe(0) FCAUBR AP ¢ B 20 ) D) 28 (kW) 5 Ae
F SRR S FEWLIZ AT B 18] (h) s (0) M SRS BR S 58
Bl ¢ B2 FASCR R e HRIR AR IHE (kW - h/m?) 5
Vae(2) A Ar 3817 B (8] P B B R S AR AL IS FE 10 KBRS
i (m?)
1.1.2 At d A
PR R Tt 1) FE BE R 5 ORI R FE LIS R0
AR R .
_ Pic(t) At
Viclt) = Nec(8) R v
KPS HEXSHEA (1),
AR N KU B Ty 23 0 P A5 78 4 1) 2 RSk
(12 7R SCHR[13 ],
1.2 U ITEHREE
1.2.1 BAT A B AR S 2K
AT LA H bR R F, SRS IH A 8
T 43 AR R RE AR LA K A L I 5 40 I ) 58
f&‘z’gjlé&—lﬂz

(2)

Fim 3 (Coot) + Con®) +Ca) +C(D) (3)
e opoor(L+r)n

Cop(t) _21: Cui Py (1+r)"—1

COM(t) =l§, KOM,L'Pi(t) (4)

Cn(1) = 2. Cefi(P.(1))
Cyia(t) =Cy(t) Pyia(2)
Horp ,CDP(t>\COM(t>\Cfuel(t)\cgdd(l>éj\%IJﬂg ¢ I % 2%
DG TP IHA BT 485 A BRRE AR A J
TR EL D) ] A D) I L AR s N i RS DG VB C,
N A DG WAL 2 B A AR Py AR (A DG
BB ML & r WAE R n, B 0 A DG W 7
A Koy, M0 DG B LA L s 17 497 AR &R
B P() R A DG TE ¢ B2 A Thia il of Wi
D DG RREL A RER ; € I KRR AS  Co(0) R
¢ IRF 220 Gl P, 0 [ 70 D) ) F, ) S2 BF FLARY 5 Py (2) A ¢ B
Z2) CERL T i) A7 ) (14 ) L
122 CO,H#% % B s
CO, HEsk it H br ek £k F, RUo0,

24/ Ng \

Fo= 2| S kP() +hya Poat) |

(=1 \i=

(5)

Hob kRS 04> DG I CO, HER R KL kg FBCH 1Y
1 CO, HE # %L,
1.3 #ARFH

a. W TR

Eb:%ng( Gfé,COS 0/g+B/gSin H/g) (6)

g€

Q= z; UU(Gysin 0= By, cos 6f) (7)
g€

Hot P Qp 42 B A £ A AT T T AR U
U, 43 510545 55 £ 0 g (IFL IR Gy By 0 4 30 745 15
P g 2T S R 2 s gef 5 45 £ A
E

b. S5 255

3P =R(0) +Pn) 8)

Horpr Py(e) R SEEA DA 5 P (1) R SR DIFE
c. TTHHLREAR .,
Upin<US<U, e i=1,2,-,N (9)
HA U, i U 23 B 85§ /N S RHLTE fL i
{H N R G A58,
d. TRIE A D 2R
Pow<P<P.,. i=1,2,- N, (10)
HA P P RS (A DG A TITPRA fe/)N
SN
e. THL X5 A1 X R/ 28 B AR D) R L
0=<P.iu(t) <Pt (1)
0=<0Qi(t) < Quid.nen
FE, Pig e~ Qgid e 23 0 R CH T 5 11 0 529/ 52 L £
KA DM
f. CO, HEL 293

SkP(WSL.
Hf L HEEBIK CO, SeVFHEHCA B R
2 a-CDSHEA

2.1 o ARZEHFF

Takahama #£H T o YR AL B 5207 o 29505
BRSSO R R R B R AL 4R T
LY R FE RIS . () Tom A x I HOKF
L, H u(x)e[0,1], w(x) ERFERME x J&EF 1T
fiff O ARE 2B K 5 () =1, WIRIR MK « J& T AT
fife . VAR BE (o) A AT R O RAR

1_‘hi(x)/bi‘ ‘hi(x)‘sbi

(12)

/-le,(:r)(x): |0 /H\:ﬁﬁ (13)
1 g(x)<0

Mg () = | 1=g;(x)/b; Osg(x)<b, (14)
0 HoAte

o hi(x) g (x) 539 Fom AU 1 55 2029 AN 46



(26) ® 0 8 & iR B

£35%

S SOE b, b, 43 90 o R IRE P R TT A A 6 6 2 5t
24k B 5 5 2y 10 P K

TEAL B 4 1 4% 240 A B 240 K 2
L AN v SO

()= min fmin [ (o) ) min a0 ()11 (15)

M 78 L a0 ZYFIKERRAEE N
Ao=ixlp(x) Za,ae[0,1]} (16)
XFF K xR xed,, MIFRZ AL o Z9HT)
MK
AL AT LU 1Y o AR LR (H £, 3R )
iy f)<fly)  x,yedq,pm(x)=pnly)
‘ px)=p(y) Al
A7) B 0y B o 90 B 0, yed,,
BCE MR x oy 19 o AR EEASE B w(x)=p(y) , HR
2 B BR REUE f(x) f(y) BTN Z LB R
BN o LRI w(x0) u(y ) PESE AT 2 8] 11 52 L
K (16) TR E B o 2 —EF A W3R
N a(T), BHE A TTE 0~1 Z 18]35 i 3
I, HAIE «(0) WK /N F DL AR ) AT 47 38 42
R 25 [ LBl P e | K o (0) AT HRCHY)
Ko a(T)TH FRIFEAH
a(T)=(1-B)a(T-1)+p (18)
H BN o WS S5 ,Bel0,1], B4R SCH[17],
A B=0.03, HA(18)FTLLAE 78 g BI#EHI T,
o WERE A PEARARER T 3R i K3 1, B o 9
S R ke L T A R SR A 2R 1 T AT I
o AHCIELOC R AE N T B EEHE P LT LA
Ge AR % HEFF 7 Uk A B HE R BLHI 5 1A 2 H AR
(Lo R R o RS L ST AN L L AW R R AW B i
DL 00 447 35 5 RN R B BB R4
a. SCACHEIR P(T) AR BE P(T+1) 14 5
G Q) ¥ Q(T) 5 B & o IR 4 Qp FIRTH
o AFRBFIE Qugo
b. 4 Qp I ERIEAT o AR SEICHEF 434, TR
— AR AE & HE Y 5 T HE Y R QL TR
AMEAE o 2 HROKEBE KN AT HER
c. B Qu PRI P HEFE O Th I AMEZ S5
TOHER Q) , R BF B M 76 Q(T) P BEFE AT
M AR B AR RE P(T+1)
WMV I R EE BN B (B e 2 fi 1D
K Pareto S MLAHEE ), VI B N2 TE7H VIR
FRREIFUEAT RO BEHE R S5 B0 2 o 20 SR B A A i A7
Horp, Mt bt e B8 0, il e o LRI 4
TAME v 5 B TIREAE 5, Z R o 290 AT
KFR B WGBTS LU I AT A0 2R o, 9

(17)

L, By TS UM &, S y;, WU By, O 2
¥ HMA %, Bl By.= (B —7;) Uxio

Bl W BB G 568 8 100 6, W 4% 3E 45 HE P O
PO H A AR T HEY M 25 HE P R S 0 A AR DL AR
R H B
22 RBE#HWLKEX

SCHR[18 742t NSDEA, B /& —Ffi 3£ F DEA 1)
Z HA b5 . DEA & —FhaE & 05 stk itk
Hvk HASAE R SR WL 5 TS HE
AL BR G SRR, 245 R ik DEA © KR
2 B AL B 1200 7R SCR Y DE /best/2/bin
FEmg EIR AT

=4
a. B

R 25 T AR 8 ok T AR 7 AR
A
Vip =%, 7+ F (X0 r—%0.7) + F(%5 7 %4 7) (19)
o v, 72 AT B AR e 2R RAEAS
B F MATRF  Fe (0,1) X0 X pKa gy ) P
BLHIIRCAYS 4 A4
b. X,
AL BER X, FIAE SR Z IS REAR V. BT
AT A S A
T v rand(0,1) <Ow ﬁj:k
N A S
Hrp U1 R A sk R BEHLEEEL  rand (0, 1) A Bl
BL A 0~1 Z IR B B85 6 38 XA
SR, b3k DEA fEZE A b F by | Rl S PR 2k
FAE SR 3B 7 220 0 T 0, 1S S0
T AR AR R . EDA & —Fh R THe it Y
B AR SR 20 O (6] T AR G A SRR SR T AE X AR
S ARG T B EDA 8 7 MR AR A A A i SR A
MR MW G B, 2R 5 R F BE ML R E AHE R 2
WA BE A A AR, BB FE 4 A R AR B R e AR
BOEARSR SR EGE T, NIA ST EDA
B TR TR GEHF B 75 UL )2 T4 AR ALY
B DEA TR 5 28 SO % Ge dE AR A AR
Rl P —FR G R AR | T RSO R SR ) Fel
HE 2 FEME | B vy IR S B2 O B 1k R 2l s, AR S
SR RS T i 307 43 A1 G B A 3% 2250 EDA |, H g A 3
R UF
FH— R ] pp () KRR T AT AR
oy A ,PT(?C)Z(PT(M) ,P'r(xz) , ,P'r(xsw) )o I
Bom DA AR S m=M/2 w2 LT
e 40 3 A
M r 1
pro-TNGusuls D=l L
Hdr N uls o) AT xul ol R A0, 418

(20)

e[(xr#,)/o,]z/Z (21 )



%48

PR L IET o AR IRS

HEALSE I 0 B 1 % H BRI AL 2 1 (57)

FIFME w, A5 2 o2t R
L =1—ixﬂ

‘ i m s=1

o= L3 7 _fy
m s=1

Fot T,y ool S TIRRRBERG m AL A

3 EEKRBER

3.1 Pareto ILIREE
ASCHE Y o-CDSHEA i an i 1 Frr

T i) i AL AR By.=

(22)

v
[3 A O P 1 o 29 KT |

v
Tl e
B 1/2 MUBEAL SR RE

¥
AR 3 O A A 57 AR
| BER o3 i AR AR
|

v
| AR A& FARHE 7 36 B B

{
FEP L
AR

K E
VEMRBH B, 55
AR

461 th B 1 Pareto B DL A |
B EEnEE
Fig.1 Flowchart of algorithm

ZE L iR | a-CDSHEA ) Pareto fi {1t it oK fif 4
BT,

a. MEEwI bR Ak, LB T=0, IR HTTR B=
By Vh—K 24 h 4 B BEI IR AL 0B Tt
A Iy R0 AR TR i R (4 S RS A A A AR
it BEAL AW FRE PCT) TR RE 05 N £
X LR R I AR (g (x) hi(x) ], R THRAMA
() o 29 FROKF BE 8 10 A5 2 A AR B o 9 ROKF B,

b. HEF IR PR AR, XTFIEEIEAT o 2950 3K
B HE 7 AR 45 S HE | 168 AT — 2k S R TE BAE $
FpRE, I B A ATV S B

c. FRRESEAb = A AR, AR HE O S P B 57 AR
AR 4y 5 DEA A1 EDA i 1k 7= A A
Py (T+1)F1 Py (T+ 1), 5 AR A 3E 1 BE £ F1 2y
WA [g(x) hi(x) ], IETHEARE o 29 F KT B FLE
o LIRIKF

d. EREFRNEE T, ARYE 2.1 1 b A ERAE R
AP RE P(T+1) AR AT S B

e. W, ik 210 AC E B SR H e p i v 4
B By BEITUE AL HEAT —2, B0 7=T+1,%
L% b,

£, R AT

B B TN 2 K1)

Pareto L% .
3.2 mMIHE

PR E AT i DR SR A T AR D XS Pareto
%ﬁﬁ%%ﬁff%lﬁﬁ?ﬁ? Hwang 1 Yoon #2 H} 1)
TOPSIS J7 1% 2 i 1157 Pareto fie L fff 45 F1 2L A8 £
g ,ﬁiﬁ'ﬁlﬁfﬁﬁ#ﬂﬁ%ﬁ"ﬁﬁ,ﬁﬂ'ﬁﬁlﬂfﬁﬁ#ﬂﬁ
B AR RO IR R Bl A B s AR
], HAE P AR

a. B MM X =[x, ], 317 14
153 B AR E Y=Ly, ]

b 4 B I A SRR B Z = 2, T, Forh 2, =
ij[j’T:[ T,Ta, e ,T,]Tﬁwﬁ%%%éﬁ%%ﬁﬂﬂfﬂi,

c. WiE IEFAR R 2 A BRAR AR 7

d. A B IE PR R R BE B 4 RN f B
SR Jd

e. WRAMNHMLS

Y
Ferb g I ) i T R R 2 WA A9 78 S R 8K

%w%%;mﬁﬂmaﬁﬁ%aﬁmw@@:;;%

A,

PR R R ¢ = ki

d‘

ﬂﬁ%ssz§<y@aﬁﬁ%aﬁMWagﬁ

V=S, /v, 78 S R EOH — Ak AR 2% H AR A AL 5
@Iszvj/;V,;o

4 HEISH

4.1 WEMENSSE
AU —A TR K KT &L ORI = 5
BL L F Tt 4 b O % R I R 48 o 45 2 T[] 2
JT7R  BER Ly o R T (D3R 4 0.85) , TRk L.
Ly 7 3 R Tl 7 g R RS L 67 ff (B2 4R 0.90)

3 4 5850 |5
Lo
20 kV 0.4 kV ’ [wr] FC
1
1 2 MT
1 9]
20 kV/0.4 kV Sy
Ls
X | Su Sts
14 16 Si, Sl3
15
2 WM

Fig.2 Structure of microgrid
A SCAE BT AREE . A BRI T ) B 9 & TR )
A IATCIy S EE R AEE R R K
[ F) 22 B D) 340 g H A B A 4R 1E E A SCRCER
2 E] T B 4 1 he



D & D8 B Wi S

£35%

ol P DO 45 2 % 2 B A B 451 e R B ey i
1 R 322 R X RS, 43 i o 2 it reL B F BT AR
RIS a7 S M1 1 1 50 2 5 T 457 T N 4
faf o 49 SR K B 9 A EE AN 3 R, SR
SN ZE i SR NE SRR | Ve B R L R )
75 kW 1 46.48 kvar (& Hi 4 DR H %L 0.85) , SR HE
B BLSCHER (257, KRS A 3 J8/m’, % DG Bz
T AR R %L .CO, MY HER R B L) S B s X cO, 1Y HE
i PR AR WL STk [26], LI 1 45 DG IS EILER 2,

R WEMSH

Table 1 Parameters of microgrid

HHA O KWE R/Q X/Q S/ (kV-A)
1 2 0.00016 0.00016 0
2 3 0.00016 0.00016 5.7
3 4 0.02000 0.00600 0
4 5 0.02000 0.00600 25.0
5 6 0.02000 0.00600 5.7
6 7 0.02000 0.00600 25.0
4 8 0.03500 0.00700 57.0
2 9 0.05300 0.01400 70.0
2 10 0.01200 0.00800 16.5
10 11 0.02400 0.01700 0
11 12 0.03400 0.00900 13.8
12 13 0.03400 0.00900 11.0
10 14 0.01700 0.00900 13.8
14 15 0.01700 0.00900 44
11 16 0.03700 0.01000 8.8
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Distribution system reliability evaluation considering influence of intermittent
renewable energy sources for microgrid

WANG Shao,TAN Wen,HUANG Han
(State Key Laboratory of Power Transmission Equipment & System Security and New Technology,

Chongqing University, Chongging 400044, China)
Abstract: Based on the Markov method,a multi-state power output model is built for a microgrid with
intermittent renewable resources DG (Distributed Generation) ,energy storage device and multiple loads to
analyze the influence of DG’s intermittence on the power supply reliability,which considers different load
importance levels. According to the power balance equation of microgrid in island mode and based on the
built model,the bi-state power output model is built for each load point in microgrid,a method of reliability
evaluation is proposed for the distribution network with microgrid,and the indices for evaluating the
continuous power supply ability of micro power source are given. Case calculation verifies the feasibility and
effectiveness of the proposed method,showing that,the power supply probability for users in the microgrid is
improved,the average user outage rate is deteriorated when the intermittence of DG is considered,and the
rational capacity and maximum output power configuration of the energy storage device can relieve the impact
of DG’s intermittence on the continuous power supply ability.
Key words: microgrid; electric power distribution; distributed generation; intermittence; energy storage;
Markov method; reliability; evaluation
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Microgrid operation multi-objective optimization based on hybrid evolution
algorithm with a-constraint dominant sorting
PENG Chunhua', HUANG Kan',YUAN Yisheng',PAN Lei?
(1. School of Electrical & Electronic Engineering, East China Jiaotong University, Nanchang 330013, China;
2. Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education,
Southeast University, Nanjing 210096, China)
Abstract: In order to reduce the operational cost and pollution emission,a multi-objective optimization model
is built for microgrid and a hybrid evolution algorithm with a-constraint dominant sorting is proposed to solve
the model , which applies the o-constraint dominant sorting mechanism to treat all constraints as the
a-constraint levelness and takes the levelness as the evolutionary selection index to quickly transform all
individuals into the feasible solution,significantly improving the constraint processing efficiency. A hybrid
multi-objective evolution algorithm with non-dominated sorting is proposed to effectively combine the
advantages of the DEA (Differential Evolution Algorithm) and EDA (Estimation of Distribution Algorithm) for
overcoming the defects of low species diversity and premature convergence of single algorithm. The similarity
sorting method is adopted to approach the ideal solution for realizing the multi-attribute decision and
obtaining the optimal compromise solution. Case study for a microgrid shows that the proposed algorithm is
effective and feasible.
Key words: microgrid; optimization; o-constraint domination; evolutionary algorithms; multi-attribute

decision; models
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