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Abstract: Recently, the wind power and other renewable energy sources have been more and more widely
applied. The energy storage system can reduce the adverse effects brought by wind power intermittently, wind power—
diesel engine—energy storage combined micro-grid develops rapidly. A combined power system capacity expansion
planning model for wind power,diesel power generation and energy storage system was proposed. In order to account
for the uncertainty of wind power and load, a large number of scenarios were generated based on Monte Carlo
simulation,in which the wind speed,load forecasting error and the availability of diesel engines and wind turbines are
the most important random variables. Considering the investment cost, operation cost and power failure loss cost, a
new method was proposed to simulate the operation constraint of energy service system, and the energy storage
system life cycle model was established to complete the evaluation of different energy storage system technologies.
The hybrid integer programming method was used to plan the typical wind—diesel-energy storage system, and the
results were compared with the initial scale of the traditional energy storage system. The results show the economy
and effectiveness of the proposed model and method.

Key words: wind power; energy storage system life cycle; grid expansion planning; uncertainty analysis

P GE AR H e b S e AL BILEE v, SR 5
T B g B A DA SR X B8 5 O R RE T i A
17 L ) i L 24 B 119 0 2K, 02 168 fv 2 3 X AR
o0 (it Fi ) AT AR RE DR . B AT R T
R R AT AR R A5 AR I 5 T, XURE 5%

MR GACRE ARRIBETTT 1 K i) —4~F
R AU KR [ B, i T R A LR A 2
Y, ARME DT IE 7 AR A KRRy
A 2L IR T 5 B DR A AN B E R Bl 1Y
WL e 25, SCHR[6-T PR T & BRI AL I 7 vk

EZ B kG f2.(1984—) B Wi+, 5 TREW, Email : acezty@126.com

40



IRE AL, S BOR A R G R — B — k4R A LX)

wAEF 2022F £52% FoH

Ak AN 2 M ABAXGE T XU DGR S HL LA
Lot i R BOE S Bl o R 12 47 1Y Gl 1Y
o, RURE I =B 1B R ] BE S KR KPR IR R S i is 1T
ARV IR0 IR 2 407 . it Ah, SRl
HLIE H 2 Ok BRI i 17 B o R b, LA &R
G0 0 HL AR, H I, 455 ) SE PERR A
T 2% S D2 1k S i ) &R e i R 2 TR SO
TAEh AT T AT

f#HE R 4t (energy storage system , ESS) 1] DL i
ok PEAR $ B A7 A B B 7 s B B R A i
) e R IR T e L B 2, TR U ESS S
R R AR HL AN T s e 28 BG40 H R e
ESS B 37 [F] Fisf 2% 1 AT S P4 A AT 4 A, S
WR[12-13]HY J5 i 22 4 vh 7 ESS S [ 2 K/ ik
P& I (A BEE KIAE ESS H A &), v] LIAE LT
AN 2 AR IR /N BRI A 1 0 T 22 2 A R it -
AN A BE Z S8 Y H Tt 2 e DR R AR KL
1 2 B ESS (1 75 1 K/ INTE #E A I [R] 25 2 1
B KRR = R G

25 LAk, R OC T KUH R AE AR G i
THRGHIN T RS, (H R SE T KU - 2%
PL-fif BE R GE Y45 8 ) 3R G LR AH SCE 58 85
D H TS TR, B REM AT R
FRRAE A 7= S Br b B EAA IS X PR, 4
T RS- A A FR G B R R AR )
BAL, IR T — M EEHLOC AL 7 v, LU e 5 X
I H RN AR fap AH OGBS PR IR R, AE i Y
T A SR RIS B AE ORIk
B i s T3 AR R O T3 SR pR B, 4
Hh— g ST R R G RD 15 E
T ARAR A2 A AU, R E D> TR
TR AR BT BRI Y B AR B 2 A, 5 R
THRBE G E PR R RAS . A BR TS
HLUATESS #4952 Br FR 1 A1, 7E G A 3 B rp i i 20
it 2 AT SRR BR A

1 a5 F & ALK

B AL — A=A (I A Tl [ e i1 5
e A SRR BEYLE RS . ST
A VLSRFRELOE AT , 375 70 A 2 fifp ke 22 Jo S0 9
AT Y T 1 22—, A S st 1 — A il
PUAZ RS IRM e ) R G Is AT AR R
JURMEARTT 3 B 5 e i T ASE EvE e A
Forh SR R8O A1 2R AR A T i R e

S FRRRACI R S5 0 B
B2 — S5 L AP A
5 RGN ISR R AR 4 5
WEG.
L1 HREK

B B T SV B LR D5
BTN 1222 L J S P s L4 9  J e
S R T A5 AT 7 0 RO LA
B L P 90 9 R BE RO 5 000 b B/
R 72
L1 K%k

o T BRSO M T 58455
BERRRAL
F@)= ()Y Tepl A2 (D)
S 0.1, AR SEE JEARIA T BT

A e DL L 8 R Py
A

0 v < v
R, (v =)
. == v SV vy
Pyt =9 (vg =) (2)
R, VRS VS vp
0 vy

R, HE B 0 A DI AKGH 5 0, R BUE K
50, D) H G
1.1.2 KU AnSEh A& fa i ]

TEGy e e W, W25 B SE M AL XL T
ML R AE R D 1R oy A ILZE wT F M, & FeL L
21 AT PR S A B (] 1) R R T R R N A
16 Bt T] it FH 8 5500 A A= iy o SR8 ik
T AE TS0 s [R]85 8 B ) UK
A] RAEBIR R IR T B .

1,13 far DU AN 2 1

7 gy P 5 B R A5 1 1 sk B R 1 e AR 3R
122 M HERR 53 A1 R, AT FH IE 2540 A SR B340 171
Fr U A ANB E PR IEZS AR B EE A T
g A7 fap U, 1 2 0 A vT AR 43 R A TR X
15100 A P 1 B VA OB = e R e [T e
R TR ey T R 2%, BRI S R L T T
A XA IE S0 o
1.2 FHEHIR

I/ b 5 1Y) FE BT e AR YR B ML 43 A1 2 [H]
F14) BP0 R s T3l 107 B RS (AR S 848 4% ), i ]
BIRREEANE B A0 SCRR[181FriR . (SR R I%

41



WA AR 20225F £ 524 H ol

HRE AL, 5 T BOR 6 R — 52 — A% 2 A, T HL K

BEAE T R T s s IR B S %R W
S I R — B RS B AR T R Y
O o BN T HUEAE . FUE (I H 0.01~0.05, 7]
RN

LOLE - LOLE
Ooe = \/z (3)

o S O gy (4)
N LOLE* 3 5 Y55 x A B 2R 0 A 5] ] S 22
BET KR AN S e AL kB A5 F R0 LOLE
S ANy S ) 2R B A I TR S B2 18 o SRR R
Aoy P T 309 49 S0 B s o v 22

2 AR|AEEA

2.1 BtRE#E

7% 8N SR Th AR I AN R
WA, DRGSR/ N HFR R8T . RG0S
ARALFEIGEBUAS 12 A GRS 45 L A
KA, TR

min iP‘ [ i([} +0,+M; +1CY) (1+ DR)™]
(5)

Hoh

I, = (P = P/*))ICy + Y (XD} = XDi_)IC, +
i=1

M

(XW XW!_)ic,

365 & &
= PE)XOMCyg + —— X

day=1h=1

0; = (P

[ X Pi(t)X HRX FP + 3 PL(1)% OCy]
i=1 i=1

365 ND 24
Ic; Z N LS (1)x VOLL
ND =1h=1

ftEF*:P%%%xEMBE%;T?@%MIJE@BE;@%%
y AR TR O”ﬁmyfﬁ%x 3 R iE 1T 9
FH s MR8y AR5« D A B 1C N3 y
AR N AR B DR AT IH AR P
FE y A ESS BB R 5 1C, N ESS BN BT 24 1
Dy SEHILAE Y B KBk s XD ok — i 2R
55y A 5 SR ALAL I I SRS 5 1C, Ry S i pL AL
PR B HT s WSy KU AL 2 A e R i s X W)
N TR RN v 4F 5 XU HLZE T SR 2 5
1Cy R KU ALZH A 2 58 2% FH 5 OMC o™ ESS 1)
BATHE B s ND S — 4 2 25 JE I A Pl (1)
Jr s AE N5 | 5 5L LYK ; HR AT A

42

R FP NIRRT P () R 5 o A6 e N ZI 5
B RHLTIE; 0C, I KB HLA 179 10 R
Y5t a B 5 y M5 B 28 5 VOLL Ry 2% 67 v
(B LS () M3« A o I 20 A FE A o i

H Az s BOH T BUE P A BT A A 8 (1+
DR)~ 5 HAr s B & 1l 15 2 (i F 15 A K 0 7=
Bl AR S
2.2 ?ﬁ’ﬁﬁ’]%

H T 25 AR JE R e 5 3 an N s

pmax

0< Z(XD - XD'_)<D,,. (6)
0< Y (XW, - XW, )< W,,, (7)
i=1

0<I <I,, (8)
0< Y XW/<W,, (9)

i=1
XW) , <XW, (10)
XD! | <XD! (11)
R (12)

KD, Ry A VT B R S LA 28
W, oo F 5y AF SRV I S K I B KR LA SR T, N
Sy AR A B ORBEBE 5 W, 9 FRVF B B ORI X
HLE %L .
23 BITHR

ey BT A T 2 5 BB ) 1
M R, PR RS 2N R SRR PR3 T B s
TR TR SRS

D) i A o 55 ¢ B 20108 e e v o R
AHAE, B

Dz t)+2P (t)+ LS (t)+ P3, (t)= P (1) +

L'(t)+ P, (1) (13)
A Poa (8) A3 5 76 ¢ B %) ESS il HL D) %
P () e x fE e T2 ESS FE LM% L' (1) M3
5% x A ¢ B2 0 ) 67 A7 48 0 Pl () N 52 6 TE 1

A 2] 9 88 FH 4
2) KU HLEH T 2 hy
O< P (1)< XWX Py (1)x AL, (1)
P= 1,2, W (14)
oA Py (1) 7 5 x AE ¢ B 20 RUH B K ) o
Ay () Ryt o FE S 2056 0 & KU AL ZH 0 v
Py () FNA, (1) 76 S5 WU 5 E o

3) SEMALLL I 2N R SR -



IRE AL, S BOR A R G R — B — k4R A LX)

wAEF 2022F £52% FoH

XDy X Py x A}, (t)< P}, (1)< XD, %
Pp® X Ay(t) i=12,-.D"™ (15)

s AL (1) 3 x 7 e 205 i 5 Se AL Ay mT
FPIRE

Spe/ NS AP A7 A S TR AR RN S AL 4 R A
B LB SO ALALB TR . AR R E H A
PRI A5 F A, B 1 e A FH 2 L IR e X
TR GBI B e 28 A B % BRI
2.4 ESSAR
2.4.1  YPRAFORIHL A0

DL R 2 R SR

0< P} (1), P (1)< P (16)
(1 - DODIYI&X) x Ei}ss g e:si(t)g (1 - DODmil’l) X Elss
(17)

Kb P RSy ESSHI# ; DoD,,.., DoD,, 5351 K
S KA /N SRV RIS 5 B R 5 v 4F ESS HL
e (1) % ¢ I 2 ESS A7 i

ev. (¢) ]I ESSBCRAEAT RT3, B

. 1
en()=2mPi(j) = Piu(i)  (18)

o HESSHE,
242 W HPL R

T R R B B AR SR — AR R 4 2
M 4K, 2 RZBEA LM, — R —1 /N
FUR S5 —/INBFFE ESS HAEAf 11 F it A 20 AH 25, 1)

Y= Sy (9)

243 HafEZR

i 5 BR8] 74 38 34, R MR BB 2 R I, A Tt 1Y)
G BERE 1 & T R, X R B2 Bk A fL b 25 2 0
Pt A i S U P s o R 2 P b 2 O/ 3 B
PR AR 28 12 1 80 % B BF []10200 [A] i, 35 HHL 3 2%
TR B SEBRAE B, AR L T AT AR IR AR S 4
ZEAERE RGN AE A A A2 R

F 9l 7 A I A AR ] S B 2SS A A JE 40
flitt o HL It 2 o A ki R R fE LIt T A R
AT DAIE 5 R A /N B W, R T B
HL ) 2R 8 T HL T ) T L A5 A B H T Y
W /INEE B R, 2 Tk B Ak s A, A
Sy eIt A S, R R

[P3y (1) + Pl (6) 1< Thputy, X B2

(20)

AN, R T A H AR a2 2 AT A 5
PRI B AR (AR R = HARARE Y 80% )

3 Bl ot

3.1 RGHR

AP BT IR B 1T I AU - S il L - it B
S W D8 B I R U DS B = KPS T
fit o RGN FEA AT 120 kW, 4EIE K F0h
8.0% . MHERANGH , —4F B B 1) =i 7
far HU 4351 0.81,1,0.87,0.92.,

FRRAE R R 10 a, EIRAEA 34 S200AIL, Py
A3 30 kW, 40 kKW 11 50 kW , 51> 5¢ 3 AL i1
BIREFEN 8% , WA AEAT Ky K AHLAL, —4F
BEMKICIR R 51 010 1.23,1.09,1.35,1.42,
Fo 19 22 8500 € 43 5]k 8.10,7.48,8.53,8.99, ik
JAUHL RIS ALZE R34 g — Rl B3 55 XU RS AL
[ AE AR G BT IR 2% , 26 1 45 11 T 453l
FURE L R 2 B RES B

F1 REYAHE

Tab.1  Data of generator sets

, Evd g 0l 7/ FHIRERE
eS|
DL G+ (kW)] kW %
SempLAL 810 40 5.00
KL 1980 60 8.00

T 3N A AR S AN A Y ESS, 2
U1 SR E R FRL Y, ST 2 AR SR T — R I
AR B B R F TR 3 R LR A VRAL B . 3R 29
o T P R B AR RN B R S B

#2 ESS¥iRE
Tab.2 Data of ESS

ESS  DUEAHCORH  REAHDCERH B ATdE s/
Bz G- (kW)™ pes(kW-h)'] DG (kW-a™')™]
A 6 000 1875 173
JsHI2 2250 1875 263
3 2 250 1 500 173

ESS AC/ACH5# AL WG

el BH 1% A (KW h)
ESSIUD| 90 8 000
H2 80 3 000
M3 85 5000

hy T B UL, B 5 DoD,, =1, DoD,,, =0, 4=,
(937 5 00 A B0 2 100, BN 37 5% R A A
909 1% , i F§ GAMS/SCENRED e 33 2 #3257 L)
5 580y 6, I 3 5 35 169 % 47 o Bisf
(] 38 B %) e R SR /P A 22 BCE 2 0.01, 2351
BEES S0 &2 87 oq i ke
43



WA AR 20225F £ 524 H ol

HRE AL, 5 T BOR 6 R — 52 — A% 2 A, T HL K

®3 HIRE&ZSME

Tab.3  Probability of scenarios after reduction
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Tab.4  Capacity expansion plans and costs of wind power and diesel units during the planning period
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Fig.1 Influence of service life and efficiency on ESS
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