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Abstract

Driven by the goal of “carbon neutrality”, the future power system will be a high proportion of re-
newable energy power systems. At present, wind power is one of the most potential renewable
energy sources. However, due to the volatility and intermittency of wind power, large-scale grid
connection of wind power will have a serious impact on the safe and stable operation of the power
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system. It is an ideal solution to solve this problem at present to apply energy storage technology
to wind power generation to stabilize the fluctuation of wind farm output power and form a
wind-storage combined power generation system. Therefore, this paper explores the optimization
process of power supply balance by using a nonlinear optimization model and calculus method.
This paper studies how to optimize the allocation of the energy storage system with reasonable
capacity so that the output power of the combined wind storage system can adapt to the forecast
dispatching plan and at the same time, the total power generation cost of the system can be opti-
mized, which provides a certain direction for improving the stability of the power supply system
using renewable energy.
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1. 5|

B AL AEYEI 28 A R B AR 10 H A SR, T P4 W BB R FR48 75 S ke e 4Tk
RAERE R EEA, R R ARG TR T S I2 . e 9 RS 17 S 1 A
FR SRR R AEIR1] (ER B SE — R ARG, U BRI A, 5 R R R 4 R 5%
fIThEe. e RIAL S HEAE RS 2 RIS, e LA 2 D R R B AR, B AR ARSI AR IR
MRS, TR RS M SO R T . TY R TR, AT DU I I (R R AT )
PRABIZE Se VT Y, AR AT HB AR e T IR E KB I 1 o

HUASE R E I 50 RSP it TR K 2 B A o SR L I 10 2 B AE 2 — (2] T FR MBS AL i B AR
H R R R G IZ AT e . SR R ) RGN e AR P, A5 2R R SRR AL 2 NP KRR
LI AR PR ) — AN R, 0 — N T SR 1

I LR A VRO TN . TEREA R, FRBEALF . FPRBOR AR, TR RN SR
SR AT AR —, 2% [ R R U AR o ) IR R4 [3]. AR BRI R DG T
A BRAEIETF R P —Fh TR, TR A LA BRI R R BRI AE R et e, B TSRk e
ST S S 4 I 1 PR ) R G TR () T
2. ElEERR

T AR LR B ) R G, RS I TR AL R ) R GOEAT A e L AT SRR

PR ARG A K. R RERRRI ST, KNI 3 & BN R 1050 MW; JFEH R, £
— K IHZ (1.0 p.u KA BN B, 1.0 p.u. SO X R K SUREIIER), KU IS5 2R (kR LI 2 15 0
KGRI L) T A R BT R RGBT, I RS T%EPA

U RGAE R RA = RGR B ARAI RS A AR R, KRB AR = KA + KR
A+ fEBERA + FERBR + G, o
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1) KHERABITEEIT A BAHERA, HA K EIEIT A I 47 4E 5 AR R B AR RE R A R 1
KBS HB KR F=aP?+aP+c, F NNABIEE(kg/h), p NHLAE T MW, 3847430 s A4
HE 0.5 FFIEFERA L L8, B A A B T B HE O S B 4 50 A, KL S ELEE 1, A%
A 700 TG/t.

Table 1. Related parameters of thermal power unit

F 1 KEHERXSH

HBARZH Bld 1 B4 2 B4 3
P KB H 1(MW) 600 300 150
LA BN H 1(MW) 180 90 45
B (kg/KW +h) 0.72 0.75 0.79
JEHE i 8 of (kg *h ) 786.80 786.80 1049.5
PRHEHCR 2 b/ (kg = (MW *h ) 30.42 65.12 139.6
PR 3 a/ ( kg *(MW? «h? )) 0.226 0.588 0.785

2) WHEAMNE I LERA, MRS 2,

Table 2. Wind power operation cost parameters

# 2. NEETHRASH

AL LB IE 4 AR (JT/KWh)

0.045

3) MHREA BT A BYEANI L, MRSHIE 3. . AEFEEERERAN, TR mRA
FHEERR, RPPIHRREE A = B BURANIS1THRI365 K.

Table 3. Energy storage cost parameter
< 3. fERERA S

BF A B4k A
LT ThE AR LT ThH AR BN L B E AR
(GE/kW) (GE/KWh) (FE/KWh)
3000 3000 0.05

4) FERIRKRFE 0.3 JUKWh T 5, KRR E 8 JL/IKWh 115,
% R 48 H g DR B K {H 900 MW, FART AR EE A A 100 Jo/t, IRSIXEBIER, it HE U F

i) L
—. FELEKHBAER RGN, FEHEAARSEE KK B DR A AT AL, 2] %
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PUA H A it fh 2, THE ARGt A N 2 02

T B XEEEHL 300 MW B R LA 3 I, B RGN F TR S A ARG 7 B AR R 3R
K ANZ DT RGEHRAMIRRAZ K? ST, b 5 BRI B AR A BT, K
BB AR ERZ W DFIRE 2

=L BEBMEE RGN, AR, 75 E R MR A R 2 D (R RE TSR AR 90%) ?
SR RE A RE A (X 60 TT/t). HAIBRIHA AT,  BEI R G AL AL AN 2 K7

3. [
3.1. [EIE—EIa

AR AN AR 4], ARYE— R BRI, 80 =6 JOUHLA R R T ks . AT
M AU H A TR ZG, TR S LA H R A

3.2. EE RS

FIREZENACE KA 3, BN RERTEIREG & LA, BEIEERT, IHESSHASR
PR e TR, HEMY RN IR, FHREERYEE Y RENZMEFREE. ErE—f
K RAS FIFERE L, ML B SR ThR S A BB IE R T A P s Ak R, e e B X ER K,
BB A EE N BN A . B AL R B AR Sh 2 2 A D B R BN P ai AL RR, 2R E i KL
HW TR E A Pt , 2T P aE R, BN SF S oA, 358 OUR b e A SR S U] el 79 o 1
LT 75 B AR FE AR SR R 2
3.3. =T

AT RMRATEIRCH, BEARARRIEN T, BRAEEERGMIEN, T4 TE X 2 H P
R FHE G PRGER. — BN E ok, AEEAERE, EXRSIEFEA R, Bt E kK EYLHR
TR A Pt . —RERAEFNE, BIFENBEEMFRIMRE RS, 2B HE RS R
PALA P om i .l AR MDA SR B B 0 SRR, T — K H il BE AL 2% O B R (B B A T R B Y A
MMERER =
4. FFSiRRR

FH T 06 fig e m) @ — . ) R R ) R = BT A N AR R o ) — S 2 B RS B U I RORE, U L B s
Fr o

Table 4. Symbol description
=4 FFSULEA

i i B HpL

a KL | RFER S a kg/(MW =MW =h)
b KEHLAL | RIBEFER B b kg/(MWh)

G KL i ERE RS c kg/h

W, KA | AR kg/kWh

F KM | R R kg/h
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T

Continued
P KHUHLAL | S T2 MW
Yyi AL §F) AL (8] P IE AT A Je/h
Ya AL iy BT IR [ P B A 4R Bl A Je/h
Ya JCHUALAE TR B ) P G0 Bl Je/h
C, KEALA | 1IEAT AR I
Cy JKHUHLAL T B B A TG
C, JCHIALAL | S A Tt
Q, KHHLAL B R HL MWh
y e HULEL ¥ SR S [R] P S AR Je/h
Q BRI R MWh
P JRHEATLERL I S T % MW
Q, JRCHLATLAEL ) 33 R L B MWh
Q. IR ATLZEL PR 2K A v MWh
Q KAL) B MWh
C. SR ATLZE Py 3 2 A 7t
G JRUHLLZEL ) 7 X5 Jt
C, JRCRALAE ) 2R B A 45 K% 7t
C; JRCHLATLAL P S AR 7t
R fifiie R G SEIS T MW
Q. fRE RA B R L& MWh
C. fitr e RGLI B A 7t
h il BE R ST SN 708 D 5 MW
Ry AGieh 9 7 M % MW
n LEALTENZN JG/MWh
t % H S % h
g T Z ) i T 5K MW
f HERF ZF) T B R MW
u ESS RS EIES
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5. IRBVEN SRBAFR P FSHALE 4)
5.1. BB —=BRIIEN SRR
5.1.1. {RBVRGE L

AR AR AR, IRYE — R RO, 150 =6 KL RPN . T2

A HLE H A BRI, THS I S LH R pE A, BRI 5.

EERCIGIRCY
F=aP*+bP+¢ @)
Y, =0.7(F +0.5F) ()
Yi =60wW,R ©))
y, =1.05F +60w.P, (@)
TR, 15:
miny=>" 1.05F +’ 60wP.
g<P+P,+P,<900
180< P, <600
90 < P, <300
45< P, <150
5.1.2. {EBYAGK AR
13 Pis Py Pay BIHARN T
Q=[Rdt+[Pdt+[Pdt (5)
C, = [1.05Fdt ©)
C, = [ 60w, Pdt ()
C,=C,+Cy (8)
C,+C, + C23 ©)
b=
Q
Table 5. Calculation results of question one
5. BIE—ANTESER
LA BAT AR IREEIDZN PRGN %S LR AN %N
- (Ji7t) (JiJu) (JiJ5) (J37T5/WMh)
KL 1 214.30 92.83 307.13
KHLALA 2 93.32 34.92 128.25 0.026
K EALE 3 58.87 18.61 77.48
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Figure 1. Daily power generation schedule curve chart of thermal power units

1. % KEEH4E B & B itk Lk E

5.2. B IRENE SRR
5.2.1. HREEL

SEfREIEER
fy =0 (10)
Fimax + PZmax + P3max

2180+90+ f > g I, LRAFNBIK, TRAMFMHK, MEETARLIERY, 75
miny =3"" 1.05F + Y " 100wP, +300( f - P,)
R+F+P=g
180 < P, <600
90< P, <300
0<P <f

2180+90+ f <g I, EFRBUL, FATRESAH RMMHIR, B P =, WIETIREMMER, 15:
miny =37 1.05F + >’ 100w,R, +45f +8000(g— PR, - P, - f)

PR+P,+P =g
180 <P, <600
90< P, <300

5.2.2. BRI

1 I M:%, 55 2 I, yF%, > g, MR RL 300 MW B4R HBLZL 3 1N,
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REINZRFHTREAC . 26 H XA BRI R AN 300 MW, JXUHLEEHTL A 300 MW, MUTEREIASE R, i 7

WA KA, MR N EHL A & ) ARG 0 MW, T2 6 .
Q=|[Rdt+[Pdt+[Pdt

Q,=[(f-p )t
Q =[(g-R-R,—f)dt

C, = [45P;dt

C, = [300Q,

C, =8000Q,

Cy1+Cy2+Ct1+Ctl+Ct2+CW+Cq+CS

(11
(12)
(13)
(14)
(15)

(16)

(17

’ Q

Table 6. Calculation results of question two
F6. BB _AHELER

kEEiZ:ﬁjﬁSiZIS ﬁ?}”z%ﬁ%ﬁmx }XLEE@QEEE\ZQIK EIEN:NwAIEEN U R =V IERES
(i75) (/75) (/75) HEMWh)  HEMWH)  REMWH)  FE(MWh)
296.56 106.45 17.81 52.15 2.45 0 0
5.3. 1)@ =B KEN 53R E
5.3.1. {RBRGESL
BT AR, 1.
miny =3"" 1.05F +° 100wP, +45P, +300( f — P, )+50P,
R+P,+P+09P =g
180 < P, <600
90 < P, <300
0<P, <f
0<P <h
Hrp:
P =f-P (18)
h=h,+09R,, -R, (19)
5.3.2. #=EEVAKR R
15 Piv Poy Py, BHARN(G). (7). (8)A LK Fal(&h B W% 7):
Q, = [ Rdt + [Pt (20)
Q; = fdt (21)
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=3
=
|
&
Els

C, =45Q, (22)
Q. = [Pt 23)
6 6
C=3><10 thax+3><10 x24xh +500, (24)
10x 365 10x 365

Cy+C,+C; +C,
My =
P +Q+Q

(25)

Table 7. Calculation results of question three
F 7. BRBE=UHEER

KAHA AR RN R TR AR RILERER
By o) M) U770 mmwh) BRI BEMWR) SR
121.75 72.40 28.10 100.96 0 0 0 0

6. =AM

6.1. BB

AR S ] PRI BT, SO R SR I LSRR, AN A A IAUR RIS, RERUF U 2
HARRITEOL, RO BRI S P SR -

RRE IS, T 3 2 Ao B HL P AR R ZE A — D AT HIVE A

PRRUAE — e RE S L vErf HLID Wb shfiliod 1 IR, B HLEAT 1A S fitl, 5 T BRARRAE

6.2. FRBVEIERR

SRR 25 8 B [ K EUR 2 5 B R UCE RIS LR tg oL, 45 RA 5 .
B R IR R, AR LT & 5, 1G-S KA —E AT AL

7. 4518

ASSCH AR A AT R A SRR 3 53k ARGE — R LR 00, 75 H K LA ) B A1 1
i, TS LI P A

FIREZENUACE KHHLAL, A RGIAUE IR A = LT, (IR EALR, XS SEARSMT
FEP AR RE IR T B o A SO I E A LA AR B AR D A B AN _E X BR84S P i 7 SR RN R &R T
DA, S8 KT RE S MBEEREUR, B AR RN . HHTE AN a#, = IR
e R R KEPHEN D FRG 2 AR, R T RS, NIRRT A, e EU
ol g5 0 S 0 U £ PRRH A6 v P 85 4 BRAS BEAIOR PR E

FEBLHRL R SRAR D BHR O, AARAG RGOS, BREMEERGIIRN, I AE T 2 1
MRS A PRI, —RABIEMEEE, EXIBHEA R, I 5 K L2 ) D 3R 2 T o
Heia . ZRAAKREFNN, KF AR ST, 5 s R GORTEE S H P m A .
I AR AL R R LSRN, AT 550 Y — % P Ak E 1 46 RO i e PR B e K AL B A IR AR A RE A

EEUH
IR 24 R G B 2R 0 F (3502)
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