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Abstract: The research on cooperative operation of natural gas and new energy power generation is conducive
to improve the absorption ratio of wind and photoelectric. However, for the micro-grid scheduling solution
including new energy and natural gas, there are still problems such as lack of model constraints consideration and
poor accuracy of the algorithm. To solve these problems, considering the actual operating conditions and operation
modes of the micro-grid system, a micro-grid collaborative optimization operation model with economic operation
as the goal, including photovoltaic power generation, energy storage system and natural gas power generation was
established. Aim at the problem of low precision of the model solving algorithm, the search formula and the velocity
formula of the wolf pack algorithm were improved, and the wolf-particle group hybrid algorithm was proposed,
which combines wolf search and elimination mechanism. The algorithm has faster convergence rate and higher
optimization accuracy. Finally, the solution results show that the hybrid algorithm can improve the synergy effect
between the devices in the micro-grid and reduce the impact of micro-grid fluctuation on the distribution network,
which has a good application prospect.
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Fig.1  Structure of the micro-grid

M R G N AT AR TR I, #06IR
TR TR IR 43 K AR ML I8/ N A5 1k
7, [) B Oy F, e AP 1Y) 75 PR 2H R AT AR
A7 fap b T s B B, DGR th 7 BATR R, 1 5
BRAHLALIG b g, R R &5 it 1 A
i, N R G 2 A 1 L RE AR 4l SE R LAY OF A
HL
1.2 HRREBRZGED

DRI S5 WL TRRRED) B <L (1

P = PGyl 1+ k(T = Tq)1/Gqe (1)

K Py AOGAR & H R GEAE AR ME DI 25 1)
B RINFRAE; G, Gene 7300 21T H FAR IR IE S
MRS T 0 H BRSO EE 5 T, T 23500 TAE
SOGARE AR I B S AR S S H IR

AR Z LRGN H H s 47 To % AR
A R HET
1.3 fBkaA

KIRF R RS UE s e 1
YA BOBHE RN AR 2 R sl
B ASILFToi5 4 HA T Ml 5 . fE R Ll 72
o, 4 7S Sk ABRELE 5 RRSIR B IAGE,
R AT s P AEUAGE , E T B &

PLEE A R A
AP T AR AR
P(;Ti (t )At
Ve, (1) = —————— (2)

Neni (1) X Ly



L& % Ak AR AR EAT AT R

wAES 20215 %514 %9

K Por, () A GBER MRS (BT 2 &
LR s 0, (0) AR T BB FHLTE SR « B 2011
R HLRICR s Ly A RIR AR, BL9.7 (kW -h)/m’,

BRAEE LI & AR A A =B 250 A0k
EPUY

Ner, (8)=a,(PL) + b,(P,) + ¢, P, +d; (3)
K ia b, o, d R RE WL ML G4
s P R BR AR HUBILAE ¢ B B Y E )R 1 R
ZAH .
14 fEEERE

it BB B OGRS rh SC 5 &R 47, BEE-F-
G AR & r e Bl , 2% it i 0 v 3 T S - A 1 7
J& o [RIRT, fif e B 7E MR B KR e AL 7
) HL v U 30 R A A ) IS B K A i A R BB L
o5 far s FEL X R, N TR 9B AT AR k2 3
VIR AE T o o 5 Z i BB 24 B e 0 20 (0
W,

Py
E(t)=(1- +[7’cthh(t)_T]At(4>

o E ) Sk RE L AR ¢ I 2 TR AR A o5 6,0
T BB HEL LAY 1 AR, g 2 B RE 2R
478 LA o

2 AR AW IEATREA B

M R i R E OGIR R RS KRR
R FL AL 1) B3 ] TC 5 s PRI A 0 A2 i 32 AT 1Y T
P o DATIOW A 28 5538 47 AR K e HE OB i A 22
/N R BAR 255 75 82 A AT 3 i v
WA 2L, gl ST SO R BB AT AR R R R
RS 1 R 28 KAL) O6IR & HL
FR el T A BB 2R G 1 FE 0 H B 38 R A g iR
Ao LA BIRFE, IR TR GAE M 4514
L EBRis AT IR S A IE TR A
21 BFrE#E

ML IZ AT 09 H AR sk B UL H G5 47 A i
INFNERHEIC R e D B . #5 LA 2 H bR ) 8%
JE X S O VA BE AT R A B, 45 B AR A E R AU
B 2 EL A B ) R UPE , AN B8 2 LA e HL SR i 2
o R, WHE R /N B AR A5 R Tk HE OB AL
A g/, BAR R Hig 47 N ifHEice 5B r ok
N HIL, s/ Has A7 BUAS Kt /D i HE il 4>
H bR AT DAFE 72 2 H s 47 A ’ﬁﬁfféﬁlfﬁﬁlﬁﬁizli
ZRER /N, bR () AR Ay X B — 28 M [ Y

8,)E(t—1)

PR H 3z A7 AR f A 28 R AR U AR
AR 4 i) R ) Oy 5 R PR 52 A o L 24 b o i
JEE TR, o8 % /NI A B SR AR AR HL A | L R 52
B3 FH BRAHR B BAS KA, 45 2 A FE R 78
JARE S N A ST . F bR En T

F= miHZ[CN(;(t) + Cop (1) + Coo, (1) ] (5)
Horp
Cyo ()= ScuaVer, + issc,i

Con(t)=S,(t)P, (t)Ar+ S, (t)P,, (1)Ar

N
le(t) = )\(:ol[ za()T,iP()T,i(t )At + Bmngg(t)At ]
i=1

(6)
Ao ORI AR BRI TN EGETT3 F 5 Cyo (1)
Cen (1), Coo.(£) 5350 Ay ¢ s Z0 ) KRS L RRLAS
TP 5 F ) 58 2 AR 0 Al 7™ A 1 R g
B 5. S ey P HLNTARFR TSR SMAE 5 Vir, N L B2 Y
RHLFES A S, (0 R W ZI LA 5 S, () e
B 2] | X E AR 5 P, (o) Sk 25 i s 220 60 00 5 i T 1)
LH YR 5 o o RIRZ R FHLLL CO, M HEL R
B3B8, 4y FEL IR A Hh o 7 HE R
Horp, KRR L WA Co o 0 AE W 2% FH SeVior,
DL RIR SO R4 2 S, 28 528 T Coy M1
14 W H, 2 FH 5 1) v D0 B A i 2 2 Al HE TSR A
Con N5 RARE ML 7 B v W 58 . Ty 2 5% g 7
A B HE B SRR L Ao, TR,

3 LG DR i I 3 A A ke O e i o
PLis 47 AR Bt HEBE LA 2 Fil e /ME R 4L B
T SR fiff 8 B2 0] 0, % Ak I 19 32 47 PEAN R B T %
WMo Z 5% BN R G S bria T il fe Ko7 = 1l
JE PRI A TR B 2 oA, A1 4 2R G A2
SLbRiEfT T
22 AREHE
221 YRR

TR TE ¢ B 225 2 4958 & H s (B 4 T80 9
g 5N BRI Z R, R

ZPGT P, () (7)

K P (), P (), P () 73 3 035 i 5 RIRR
S AL ¢« IS 20 A8 A L Eh R OIR & L R G A 1
I 220t (L Al E R GEAE ¢ I 2 4 S8/ L ) 8 5
Py (1), P, () 53530 A ¢ 1 220 A5 000 Hi S5 o P 221
T 5 F 52 EL R

+PPV [)+PES(z) (t)+

69



B EAES 20215F HS51E 9l

L &, 5 R AR AACIEATAE R

222 JREHRIRAR
JEAR e v BE it 2 1t 7 B 2% 6 AR R i 2
A ZH SR D BT BRZHN

Py (t)= ZPP\’,L,I: (8)
=

0< Py, <SP (9)

K2 Py, RS B ADGAR L MLAE ¢ ) 20 79 52 B
TIE Py, 5 k2GR H e K D)%
223 RIS KEHHLLIL R

BILATL 1) 78 £k Dy 23 0 45 B0 R 2 B A —
0 ] DA 2 ML e 3 Ty 2% PR ) DA K AR
BLAL IS 45 AR o REIRAR LA ) 20 AT 1)
N BRZY A WL I Dy 32 2 SORIHLAL S 455k
AR, AT

Pi_min < PLL < P[_max (10)

_AP((I(%WIH < P(ITAi(t) - P(ITAi(t - 1)< AP(“I%L (11)
r

z U(;T‘iiz (1 - U()T.i‘z - 1) < N(:T,i (12)
=1

K AP, N ST [E]) BE Ac ALAL T R AR 4 7S
Bl 5 Uy, 2078 56 i /I HILEELAE B[] ¢ B5F 220 9 451K
A0 R RN 1 FR BB,

B P PR S 1 B A VR B 25 08 i 7 ey T
(E K OGAR 1 7 B, o B0 A7 — 2 1Y) Tl
MR 2z, LT 2R — 1 G 245 i, DA
R AR AV X P AL 5 AN ST A7 1 XU , DA R BG4 I
U B X T B O s R ) L R R 3R 25 5 T
I RIR AR ML B DR AT

P{ i[PGT.:(t)‘I' RGT,i]+[PP\'(t)+5p\ (t)]"' PEs(tPP\oad(t)Pa

(13)
R, NI RS 5 RTPs MLA 7R s B i 43t
(4 £ A 5 B AR K o B8 AR5 R
JIT I J A AR R AR 5 8, R X 182 TR T Ay 158 22
IEAS A YA
224 fHERERGLIR
NG RE S B E R A R R T
X L RE B R VE T o 24 A IR A ) & L T
T R I, SR Shfifg BE A B & BE; A AR
o I IO 2 FEL T RS R TG A 7 r 7 SR IS, 5 FL
B L i, A R IE T P S . B RS
Briag 1715 Ol , 76 4 A8 B T Y, 4 1 35 L Tt )
G A T B A R A B A R 2, DA f R
1E N — B A R e 81T .
soc¢,., = soc,_, (14)
70

it i FL Tt Y FT 0 H T R A R A i A RN
AUF

0<P(t)S Py (15)

0< P (1)< Py (16)

S0C,. <SOC(t)<S0C,,, (17)

AP (1), Py s Pis (1), Py 50 R 5 HL I ¢

i 20 70 H D) 2% 7 L D AR e R R AE O HL )% T
L Ih R R BR 5 SOC,,,, SOC,, 85 Lt i i
B, SCHR B 20% F180% .
2.3 KRBEE
1 48 B B Bk T AR PR AR o BB %R
YB3 i e, (2 R R R RSN
BB, R 2 AR RN fa AR A
LR TR A R A
deﬂ = w”f‘id +oor, (plﬁ)est(d - Pf,d) + Czrz(chesm - Pfd)
(18)
pittEpl ot (19)
Hir Pf:[l’il ’ sz’""l’fid]
Kol o b — UGB R i FE d 45 I T
B s ¢, o MRLF e 2] B, BUE S Bl — %y
FEGFFEL r, ry R O~ 15 P A BEHLEL ; Plesa FHL
T G T A BERR L SR ULAR d 4R FE TR B HRE
Pl 2 R IAR KL T d 4EBUIE s pLy R S BTAE kUK
BARIE LT i 7E d 45 T I ERE
B R A o (5 EARRECA 6 I St st
Prad FER A SL B R, I = — 2 19 A B .
TEME S BIME ok ¥ R L B B L 42 IR
SRR TP A R R W 4 5 R R R I T R AR
RIL R ()R g
ARBEE D R ARk aE i A H AR A AR
P BT e B B RB AL A 4
WA B R AR R T A M S R I T
DA AR 25 UK B AR A BB AL A
1 Ge ki~ BE AR WSS B Bt B 7E SR A i
W TE & R 18 68 13055 B 5 B A\ JRy il e A 1)
B o ARBERL A BRI RRE T 0T
it B3 A2 2%, H WSS B2 AN o - FE S0 ()
A AN [R)RE - ) Bl = 15 8L B 28 1, (A5 R AR R i
AR — H H AL, ARk LRR LA A
M, DL SR A PR BAIE 45 A B G B2 R
-k TRER AL (WPA-PSO) , IR HIZIES
SRR XTI SCHE A B A TR il
ARG IL AT AR (0 e 1 R B B, i 4R
AR X AN [R] 7 ) B4 W - | R 615 SR H A ) R R 1 A



L& % Ak AR AR EAT AT R

wAES 20215 %514 %9

Ao Rl 18] AN T5 18] 3 Bl i — 20, JF e %
hANTT ] B ORI EE RN IR [l R A
Z 5 BRI S ek B 5 [l O AT — 2
FOMR ST FEIRAEEE TP BRI E T AN E
xf, = x,, + sin(2m X g/h) X step, (20)
Ao, HRRKL A i 7E d 47 0] g/h T3 148 1)
G5 R s, AR RS d 4R R A 5 g/h R S i 4
TI7 1) s h A 5 T5 10 BN E step, AR TP
TR SR TE R i, RO T HA
2L ) 4407 1) A SRS AT 0, D I AR A
TR RERE W B A I R O AT, 42 )R
FRRE ST TERTIHA S A A R i me il . e
T, B IERE GURBE R LA AT R P A
)R Z [R5 S HAT N, AN RE S 484 42 )
ARAS  WEEAT A B — , PSS S 10 3 3
FORURA SIA TR B HAT N . DAk T
T LR S R ) O MR 34 B ) (R
DU A P OOk e . i B R TR A B TP R ROR
£ B T/ W (1

2T X g,
xly = b, + step, X sin(

)+§D]d( ;d_xd)

(21)
Areat, R R AREE | HRR A 4 4k T
g, WTESARXTAS R 77 ) 48 3k 5 0 < ok g
T T 18] s @ AR i S AI R AR T 7
d 4T BACH R AL, M0, 1N BERLE
PRAR KL T j 0 AH 8 k7 T 4 3 0L B A I PR AR
ZALE AR R, BRSO R R k
1 d 4T BBy ok, SHR IR i B 5 AR .
K QUREPEER AR TR L S B 4
Jay FARAE TT , J5 283 o 1A B - 3 B ) P
W SPE o DGR R TR T D48 S0 e 2 AR 1 Y A
Uil LN & = S SR A E PO S LR
i BT RER R S IR BSOS, 5 B AR
WAL o SO AT R IR A A, A R A R
RN, S 0R T AT ROR 2 i R TR
JI R E M .

TETR G 5055 SRS AR A iy ok 7 o, R0
KRR p B IO A L, (B%
SR SRR ) S LA B ] BEAS 2 BRAELAR | PRIt X
AR B T AR A8 A, TR e 2 4 Oy
PSRRI R AR B T L Ty 1) o RS B ok
FHTHE B AR A R I AT

(xim.d B xlk(l) +(xl, - xf,d)
(W = 20) + (2ly = 23]
A= ab ! (23)
Horp S LR R )
ol MRS A48 S R R A DURTE d 4R
TR sk Ak AR UK N Mbni./, s, best AAK
ARFLF BRI R bR d IR T 4E 5«
A IRRL T i 75 b UG d 4EBE T AU
FEALEL A 5 step, FH 34T B AR ARRL F- 19 I 2 25
K855 WY T A RORL T A AT HE DT ), iR
2 Ry e SR d AE A« R DL AR B s 76 d
AER(E oy, SRR TRE . FEIRAEAL S SR
ot B R (G T Sk AR ) AR ARRE 1, JU 4
SRR T %, 00

MR 25 ¢ RS A HE B
EARAE R , e 51 AR BE S 3R N B P 1 45 0K
il V) DA o 7 B AR R o TR T DR A AR Y
ZAENE . PO IRBL A - 5 7 T 22 0 RN AL
K7 A T TR, IS TR T A TR IR SR Y 1 IR
B7.Y V=IO - 1% A SR VA NI 2 I IS AU 1
R — 7 B  E H 22 R, PRSP RE 1 224
o g5 RARIL RN T

1) 7 fifk 25 6] vh ) By A AR B RL - 1) 2 8] oz ¥
A, AR B A0 A R 3 e 0 R 1A N
KR

2)RAR 6] b AT 148 T, I [R] I e 8 10 32 B
PRI T FEAT, 2458 g, 7 ) L (48 ) R B v
I, SR RAR o 3 B, TR TR SR R I o
W ARSHE AT BB R SR T

3 TEIR G A NG A R G B, ROk LU
1 A-step, 18] SR AR S AL - SR DL ARALF 538

4) AL AR rp PR B R T, 6 T
DERPRL T , 2oL A SR AR B AEIR

S)TERL TR FEh Il Rk OREL AT
UK ARG SRR R AT B TR, WVE Ik — & Ll
A3 o7 85 5 22 R, [i) A e 2 ] v B AL A i
R S IR HHT

6) Ak 2k AT, 2 il 2 H bRl A, 15
IR A 45251 o IR B e Rk AR, )% 1)
AR2) IR — 5 ETT R

3 ﬁw&%ﬁ

3.1 EflH

%@J?ﬁ’iullﬂﬂﬁiﬁmﬂﬂﬁﬁwiﬁ% i
71

vy = A X step, X[ 1(22)



B EAES 20215F HS51E 9l

L &, 5 R AR AACIEATAE R

P4 R 2 LR Y 67 0 b £ RO AR
T35 M2 anta 2, e L R SR A T AR R
DA i ak BB 24 h oy F B, i a] TR]BE R 1 he

BT~ o ek
NS ESE i
140k™ g?ﬁ’ﬂ H Bk H
5120+5§%Jﬁlﬂﬁﬁim
100t
= gof
60,
40f

S e
AT we A
P e

20 & o .‘

‘«

0 a4 R = SN

0123456789101112131415161718192021222324
t/h

2 BAZR UL G R P50 e 6 iy St il £k 1
Fig.2  Typical daily PV power generation and load

forecasting curves in summer and winter
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Tab.2  Microgrid operating costs under three algorithms
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Fig.4 Adaptive step wolf pack algorithm results
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Fig.5 Adaptive weight particle swarm optimization algorithm results
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Fig.6  WPA-PSO hybrid algorithm results
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