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Power supply-demand balancing analysis based on chance-constrained programming
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2. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: Considering the cross-exchange capacity of electric power and energy and the regulation of side electricity, an
optimization model for electric power and energy balance analysis is proposed to minimize the cost of adjustment
measures. Taking into account the impact of reservoir operation plan and maintenance plan for the unit generating
capacity, reservoir operation and unit maintenance-related constraints are constructed in the model, such that the power
consumption analysis results are more reasonable. In order to deal with randomness of the load, runoff, and wind power
appropriately, electric power constraint, energy constraint and water balance constraint are expressed in the form of
probability based on chance-constrained programming. Then in the solution process, the stochastic model is transferred to
the determined model. Simulation results of actual systems verify the rationality and efficiency of the proposed method.

Key words: uncertainty; chance-constrained programming; power supply-demand balancing; reservoirs constraint; unit

maintenance

0 3l

HL g LR P iR A 40 0 1R i) e TR R v A
PR, R IITRG RS A TR IX
RS G5 A, BRI R LB,
3 I BT L A R A B, O AR
TR PSR T Yt AL iy T Ay
I MR T B 2 s I By it AT 20t O
i B IRUPA R IAT 5T, B LIRS )
7%, RSB arER g H R
UNIE TP Ra IR I E R NP Cy PR i

HEWE: LHESZRFFHFRFAR X (Z2sd115096) ;
) 7 v B3] A5 B K 8h (520914160018)

MER A BE At L H R B s DL, A e o)
PR RS AT AR . BEE AR, 5 IX
L AT H R ) AN BTG i, KR UFELAE BT IR
e PR ) 2 = R RO B P AN B e, ok
P U P BT R TR AL A ]
N T G5 A A REE Ty, SRS I e Bt
RACALICE, SCHR[6]Z 5 HLALAL & AN 22 5 1
M, POSeA /N o Hobres B, Radt 1 HL ) H Pl
ML, DAy W g H Al o AR AL T 50—
TSR AfEIEAE . SRMIZIU AR AE Ry it o A L )
LA 1 T HLALIBOR T BRI, ARG Ak
% FE K PR ARG T4l 55 PR 3008 e HL H g 3 p
S, IR S b 5E .

B RGE TS R IAHEER R, Wi



2o, %

Fe T AL L ORI i ) A 2 - 103 -

Af PRI (i 2 AN HL S AR (T BEATLPE RS, XU AL 2%
HL g R A A ARG O . TEEK, B X
HLAE (A P LR IE R RTINS e PR 221K
SRR, iy H AT B BT AT R
2 IR AN E N 3R 8 e e VE A |, 3 AT
ZERAER, DI RG 2RO N ik Bl 2o
K2 — MUK i, 3G TSR LT b
AR, AT RS R FHLA LA,
o4 e 7 g U R T AR A4 ) SRR )
hANE 7E TR R R A DR AL TR A
NS

et ERE S, ASON T I8 NS X AT e
T3 BRI RE Sy, DLRAME . B g
AT ] v 47y S5 R R B 9 T doe /N o AR eR AL,
T ANEAE B ) R T AR Y
S A U LT RIRR A V- Sl A B e D R
BEIN T IR EASH B ORI R AL 2 O
RITTVEXS ST LRI K B ANI & 1 52 R4 T T
WeRE, ARG HE AR ALK T 24 R L
—EMEFRCERIEAL, R T AR e
RSRAgpE R, SETRERGET IR a0, S
T BER B A1 R T R T A Y
FAC R G B EOR DB, A CPLEXHEAT KA,
S RIAE TR A R

1 HFER

1.1 BtREE

ASCOFGUI S ) BT AT, AR
AL NS YR N NN RV P U /R AT )3
F R, AT RNy R iR 10 A A It
R N EIORY Sy R EE SO RS eSL I
B TNA N FLRITRT A B G A5, FC 3l PSR T DU 23
B MERRRTR, A H AR BB AR R IR

min ZT: ﬁ:FWn (Aw, )+ i ﬁ:FPn (Ap,,.)

t=1 n=1 m=1 n=1

{FWH (Awn,t ):KXIAWn,t % W < A‘/Vn,z‘ S I/Vn,sl (1)

n,sl-1 —

F;’n (Apn,m ):Krll),ﬂApn,m %R'I,SZ—I < Al)n,m < P

A ¢ RoRHHEEMCHN BRI E, XL
HOoMTabg, CAER R B m o5 B T G IR &
N BRI AR, XA ARG, LA n
POREHE IR IR N YRR AL Aw,,
Ron ¢ BB n AR LS N N 1) He = 1 2
Ap,,, 7 m WBCE n AN HEERE T R L i
g Fw,()R N R H R Fe,()RnH )
WAL B AL 51 F1 52 29 3 3R 7 70 BEER PR BR AR P ()

P, () BRG AR KY KT 53 53R 5
n ANPIRESE HEAE S 51 BEH R RIS 52 B 56 M 1)
WIHEE, W, R s1 BN E; P, &
5 52 BOGH I HL T
1.2 AREMH

o & ) 7K J2E P S RIASAS %o v, g e BT 0 AT 1)
g, BRI R AR ELAR. R
G NLAR . KN R KEPLAL AR &
1A AT O O i | B TR R WA 1 B ) 7 N e
X ER AT LR SAF R, R L2 2 ORI B e
AT

1) RGN
Ny Ny N,y N
Z Wi,t + zwh,t +'(2J (Z Wj,t) = 'QD (WD,t) - ZAWn,t (2)
i=1 h=1 Jj=1 n=1
Aw,, <AW, 3)

fﬁ':fj N~ Ny F Ny ﬁ%u%ﬂi%*ﬂéﬁ\ 7K Eﬁ*ﬂéﬁ%”
WA i b Fj 200 K LA K LA
ARFIZG T 5 Wi Wi AT w7300 ¢ IRFBES @A
KM 5 A ADKBHLALRIEE j AR )k
i Wp, N NBIFGKREE: AW, 85 n DM
BONHRIES; Q0 Q) /3 EH T
AT R A T XA G far 2 B AL, A
AT DAKE 5 (2 A A oK )

Ny Ny Ny N

Prob Zwi,t + th,t+z Wj,t 2 WD,t - ZAWn,t = 181
i=1 h=1 Jj=1 n=1

“4)

N, B R R AR AL D ar R T SR K B 7
2) ARG TIAH

N Ny Ny N
max max max
P, {z Pim t th,m + ij,m 2F,,tR, - ZApn,m} >f,
= =1 = =l

)
Ap,, SAF, (6)

e pi o pie M pt i m KB BOS i
A KB 5 b AR j AR 1) i
K5 Ppu F R, 7353108 m KHAE IS B A7fiir A 45
M AP NER n NSRS IS g, &R
S R PR ) 38 ) ST D) AR SR A 7K

3) KHHLAHAR

wl."‘:i“ <w, < wl,‘,‘:ax (7
W= S 8, AT, ®)
meM,

e W Al S ¢ B § AN KHBLAL
BN R M,y ¢ BB RO R e B
Brs S W 1N KEHUALSER . AT, m K AEH



-104 - ® LRGP B R

BOGT /NS 2

4) 7K HLpLAL Lyt
w,‘:i“ <w,, SwF )
W;:‘?x = z 5h,mp;:l?:AT:n (10)

meM,
w,, =K, ,4,,At (11)
" <4, <q™ (12)
OS™ <3 q;, +s., <OS™ (13)

hez
v:"ti“ <v,, <V (14)
vz,T = VL,z (15)
Prob {vz,t—l + (Rz.t + Z (Z qh,t + Sg,t) -

geU, heg (16)

th.t - Sz,t) At 2 vz,t} = ﬂ3
hez

Horpre KOFX0) A KB BRELA R, wh Al
Wi G R ¢ B h AN KN R N KR
HLHLED s Oy, AR A NZKHHLAL s, 20(11) 7K
REFR A O RN Ko FN g, 000K ¢ BPBGER A
AN K HLALI R U FE KR R FL s A o ¢ I B
I IIRD G (12) 8 KR g™ Fl g™ 5
SR B AN K FEFLALI A i  BRORT B s X(13)
H R LAA OS™ R OS™ 4y M A 2 ANKIE
(R RN BB s, oA ¢ IFBEER 2 KR
FKUE: RAHMAXAS)AERELR; v, v M
VIR h ¢ BB 2 ANUKERMEEZS . FEAY TR
PEAS B vy AMHBEEARIAPER: X (16) k7K & Y4
LU0 R, 0t WEBEER z ANKIERINER s U N
z DKEEX NI BRI S s By RN EER T
BT T APERE R, AN E, Kt
X (16) & i % T 2
5) F AR Ly )

Ne
P SE™ =2 AP, (17)
c=1
NC
p;:?f:( < thax - ZAc,mPh,c (18)
c=1
Ac,m = z Tc ml (19)
ml=m-M_ +1 |
M
> 7, =1 (20)
m=M"
Z z-cl,ml + Tc,m S 1 (21)

m-1
z Tcl.ml - Tc,m = O (22)
ml=l1
M
Z(Tcl,m - Z-c,m) = O (23)
m=1
M
Z(Ac,m + Acl,m) S 1 (24)
m=1
Ne
D A6, (25)
c=1

Horpre SRATM(18) 73701l 4y K FMLALAK FL LA
LR P F B 4350k K HALAL i R FALAL
h KT ¢ ARAETE %055 Ne b Em H
B A, ARBETTH SEE BUr OGRS, B 1
FRREIH ¢ 75 m BFBRLE, B0 RARAKE;

P F Py Ay IR T RMEIE ¢ XKLL i Fi
IKHMLAL A 3 P R 52 s (19 R (20) M A&
WELW; 1, RRIFHERBIRE, HHH ¢ /£ m
I BIFARAEIN 1, Bk 05 M, AKHEIHE ¢
(RFLERFE]; M™ F0 M 5B TR ¢ 15
R T AR A, @D AR Q22) K 7 K15 24
Wi el WRHEITH %S Mp, MRHMEIIH ¢l F5E L
H ¢ $Earmm kg X23). X4 F(25)5r
BFRORFIN B LR BRI L AR RIS P52
W 8, HAE m I BERERE A& () 15 H 2 E PR

2 BERRAWENTE

FE T ENT (1) L H P e AT A AR AR - 5
@ KEFXA) R IMHTEX, FHEAAAE
LB R . A TIRPOX — i, ARSOR&S AR
GErH PG MR B MEA T s A AL B . x4y ]
LAEEAL A

Prob {WDJ _Nzle,t < Nzlwzt + NZHWh,t +§:Awn,t} =
By (o, + S, 3 M, )= 4
T, Fy ()R ¢ I B S AR H RIS M4 40
ATRREL, T LRI BENLAS & W, AT wy, IR 15
BB A B BRI 2 1 A5 8. Bhim Al
TR R QE)AT R AR, F5H
i Wz’,t + %Wh,t +i Awn,t = Fn:lt (ﬁl) (27)
Kb B ON FrOFREE: F,L(8) 1TELE K
2 7 Ao PO o R X LRI A P R R AR v BT

. KEDMKQ)H, BRFALWR, Krnk
I B L AN Dy U BT, R

(26)



2o, %

Fe T AL L ORI i ) A 2 - 105 -

B, 2(5) T LUy
P, {P Y S Y R, +2Apn,m} =

Fyn (P + 200~ R+ Y 89,02 B,
28)
et
D P R+ YA, 2 F (B (29)
ST Fp ()R m RS B R
WA GEAL: F (8,) DL R %
AR R 022
K (16)n] LAYy

vz,t -

S (g )+ S -

geU, heg hez

P rob {Rz,t S

F;?,t (VZJ ;:Z,til - Z (th,t +sg,t) + zqh,t + Sz,t) =1 _ﬂfi

geU, heg hez
(30)
SUAIIEC A
HF(=B)+ >, Oy, +5,.)—
geU, heg (31)
th,f -5, ] At=v_,
hez

Xt Fr ()RR ¢ BB RS AR 24T bR 2
Fyy (1= B,) W LA e NP IR SR A

i Bk, K@) SRR (16) 5T
T R@7) RQAA B, Kb ) LBy
AT I Rt AR 2R A ABE PR AR e, T i e T A Y,
AT PR A B A L RV A T SR A

3 EBHioth

AIFKH GAMS A A LR S, A
CPLEX Kfiftgi xS I e B A AT S At o 450 o
M. CPU P4 2.50 GHz. W1F 4.00 G.

AR R G0 K H SCHR(141FT R RS2 bR R 58, A4
58 G K HEALAL. 44 NKFHLALRT 102 MEETTHE .
AN, AE ERBEE A R gy e K3, BRI R
HL 4058 28 50 200 MW, Fufi B 48 0 2% 5y
PRI 238 1 (P AN PR R SR T IE S A, T
DR 22 PR 22 43 A BTN 1R 2% 18%- 3.5%.
Hi o P A AT R 1 A, B A SR I B
TH12AH, BIHSRB M 53 M. KA
HA o R R A A PRl — AR AN,
— PR T T PR O Y 9 S E R 1
e FTAEARKTE 0.7,

=1 IFBREENENEASH
Table 1 Cost parameters of adjustment measures
orB R RESRIR W R

e 5 B/MWh H/Oo/MWh)  B/MW  E/OT/MW)
W1 100 000 100 100 20
HhE 2 600 000 200 300 40
il 3 1400000 240 900 60
A 1 100 000 100 1000 20
Wise 2 800 000 150 3000 45
fif 3 1600000 300 4000 50

h T A3 BTAS A R K R I A S 24 SR H 7 f
OIMTEE RIS, RGN 3 AN EIATT
AT

T% 1 FERAERUK R AL R .

T2 HIERHELAIR, A% IEKIFEARLIN.

T 3: AEIERE, 58K EAH LI .

AR L AT, 5% 1 TR ESR
VRS, LA g IR R Rl 673.36 U7
MWh, f KRN 2063.86 MW, 1 55 2
I %6 3 NUASTG EER AT ] 1 HE5 it 5 ] LASE I
DT .

XN R 2 FHTX L, KRGS0 B
RSB IWE 1R ME 1) T BUE
J3 % 2 AR ) Wt o AT T AT 2 BRI B (P AH G
2R, KRG R BRI SV, K ImZE
k9 5k AT . WK 1) T LA, fEKE RS
KRR T, R X327k (24~40
FYIVPAR A ZE 480, T T Ak 7K B3 (1~19 & J2 45~53
FEVPR A 2288 K, X2 TR K, SRk 2D,
IKPERE ACRASRTF /KB R B e S K. i
PERT I, AN RE/KEE R E LR, Ko n KR
HLRE VPl P AR R 22, P EE S I H g P
AIHTHIAEEE

B} %1 R % 3 HEAT L, /K RGEAIKH
ARG B R It 2 s B 2@@)F AL
FH, FKII(1~20 JE K 43~53 )KL RS HL )
PEN SZAAE TR, 1K T /K LA IR A
B H K2 wHAER K. K 200) AT LA H,
MFHE 3, KNGS ERAE T M, S 0B
FE R KB b5, TR 1, s
INCL R K IA(1~40 FEYIE, K rHLZHIE 5 2 e HERG
16, LEXUEIN B KO R G K H ik AN 5|
RBARW ). mIET I, K&l Y &R
SR IIHENY, 7EH ) HE P b A T LA

<



® &R B
- 106‘ It b Ny A ‘\ .6\ 07\ 08\
ST o BAVKHEPHINEITACE fy 825 06, 0 o
700r - T 0 9 F10.99 B, 153 1A F B K ) PR3
= 0F e N S EREOR I 2 PR, IR B T 11 3 B
E 500F “Sa_o” \ ¥5) 52 B hmE e
2 izz [ Table 2 Adjustment of electric power and enzgy —
3 200: BT BB AEERMW RS M
¥ 100 \\ _/ AN 0.6 2063.86 673.36
| S Ermare e T 07 2658.55 794.19
R 6”H7 v 08 3280.05 933.23
(a) KRG R B X 0.9 3963.49 1109.44
12,000 SooaEL T e 0.99 4281.19 1575.05
= 10000 ','., \_-\_/‘-:T,. - - ‘-‘\‘/ “‘a"h 100000
= v .
=S 8000 N [
3 PR ‘- - 250 000
5 oo0of St b 1o 200000 -
& - i
W& 4000 = 150000
% 2000 = 100000}
0 WWW 50000 | | 1 1 S
" 0 0.80 0.90 .
(b) KRG R A Sy 060 070 ST
B1 A5%=155Z 2893t ‘ N
Fig. 1 Comparison of scheme 1 and scheme 2 3 ﬂ%%ﬁiﬂﬂl:’ﬁﬁﬁ
¢ Fig. 3 Cost of adjustment measures
B ST ] o asnsenens RS \ ‘ KT 0.6
10000 14 Mﬁlﬁ@3$ﬂu%ﬁhﬁﬁﬁhm$Mﬁ
- 2 & P F 0.8, A HL )RR AN 2063.8 MW iszﬂ
E N $4281.19, 4 HOEVAHEGEI 673.36 J7 MWh S
o C S 15750575 Mwh, NSRRI
= o 0 T s, BRATA AR
ﬁ 2000 | || 2 %E;ém%ﬁﬁﬁﬁﬁ HRTHRERE N 4,
H
= H” H ||||||| T . I||” 0 {H £33 FOR F R ZK FRL TR R FH S8, SR i 22,
01598””ﬁ?””““”” ik, SEEATLEGICT, HERn
/ . o R i
() KL RGNl R | B M 4h B m R, ?ﬁﬂ%iﬁcﬁmﬁ%; -
— VE S CES E*E?E%B]‘ﬁ’ﬁ;k, BEE AP EAE A, 2
- " s CEVFPERI S 4
= | <
S 14000 __,\A.‘/JJ 120 € 4 7
i 12,000 J ’«g - . BN M
3 o © 4 SR T A LA AR e R
o sooof k> SR DR AN L B SR A
o D% pbvon. ponbimRsE. s !
z ‘6‘222 T A BT A ey A R T 2 P o H %@’%;ﬂ*@ﬁ
%zmanH Mhmmw Tmﬁﬁ&ﬁﬂﬁﬁ@ﬁ%%ﬁ,ﬁﬁﬁﬁiii
o o a5 mm%&mmmﬁ&%ﬁ@ﬁﬁﬁmgmig*%
I e S, IS T RS S a7
(b) KRG LS5 SR, -
52 HE 1 5HE ML Ko B SR LRGN, A A
heme 3 A FHLLH R B BE S
Fig. 2 Comparison of scheme 1 and schem K PV RERT LA R A 504 2 WL R
Iy T AN A (0 (35 KT L B AT 4

JEHOR, S B ARE KT 1y BB AT

LT AT R 750
o, TN B 0 T 455 90
o TSI oS, LA



2o, %

Fe T AL L ORI i ) A 2

- 107 -

R IR AT . KORFRAK AT EYE, A2
WAL T RGBT AT 2 AV EZ TR R OGR
SH 3k

(1] GlRE, BRtl, B%E%, & WP fEbs

R B LG TS T[] EEMEER, 2015, 39(1):
250-256.
PU Tianjiao, CHEN Naishi, GE Xianjun, et al. Research
on evaluation index system and synthetical evaluation
method for balance of electric power and energy[J].
Power System Technology, 2015, 39(1): 250-256.

(2] EWESE, 2R, PR & W ERE RIS E T

g b PB4 77 SR T VAL, W) R GRS 4,
2016, 44(9): 102-107.
CUI Xiaodan, LI Bijun, LI Wei, et al. Operation mode
optimization method of power grid with equipment
monthly maintenance planning[J]. Power System Protection
and Control, 2016, 44(9): 102-107.

(3] Gl vy vis PR VE[T]. KR AR, 2001,
4(6): 116-121.

PANG Feng. The new method about electric power and
energy balance[J]. Journal of Hydroelectric Engineering,
2001, 4(6): 116-121.

(4] BRARbK. HL g o B SR A L N IR 5 ). K D0k
Hi, 2004, 30(2): 15-19.

CHEN Senlin. Study and application of the algorithm of
the electric power and energy balance method[J]. Water
Power, 2004, 30(2): 15-19.

(6] 30T /K& Re il &R G AT AL I A A0

A, HIMEIR, 2006, 30(15): 95-100.
QIU Wengian. Probabilistic simulation algorithm for
pumped storage power station and system operational
optimization[J]. Power System Technology, 2006, 30(15):
95-100.

(6] WWESC, PRGHE, ¥ 0E, 55, ARG ) R -P

PR P T VA [0 D R S8 B Bk, 2015, 39(7):
97-104.
LAI Xiaowen, ZHONG Haiwang, YANG Junfeng, et al.
A coordinated optimization method for system-wide
power supply-demand balancing[J]. Automation of
Electric Power Systems, 2015, 39(7): 97-104.

[7] PENG C, XIE P, PAN L, et al. Flexible robust optimization
dispatch for hybrid wind/photovoltaic/hydro/thermal
power system[J]. IEEE Transactions on Smart Grid, 2016,
7(2): 751-762.

[8] MICHAEL N, DINH H N, MARIAN P. Risk assessment for
power system operation planning with high wind power
penetration[J]. IEEE Transactions on Power Systems,
2015, 30(3): 1359-1358.

(9] 0ok, SO, BRAESR, &, v 2R KPRl 1) ] RERE
HURE R BB R (7], F ) R GO 4 5 454, 2015,
43(16): 22-29.

GUO Lin, WEN Xu, ZHAO Zhigiang, et al. A stochastic
programming monthly generation dispatching model
considering energy-saving risk assessment[J]. Power System
Protection and Control, 2015, 43(16): 22-29.

[10] DAVID P, JAVIER C. A chance-constrained unit
commitment with an n-K security criterion and
significant[J]. IEEE Transactions on Power Systems,
2013,28(3): 2842-2851.

(11] 5%, X5, 0. H R g S5 M AR ALK & KU

L2 H AR EA[I]. M) RGO D, 2015,
43(17): 57-62.
LI Ben, LIU Huijia, LI Jun. Multi-objective reconfiguration
of distribution network with wind power generators
considering network survivability[J]. Power System
Protection and Control, 2015, 43(17): 57-62.

[12] x3cee, 2%, ok, &5 JE Tl ERIR I 2 HArpt

WML LA RTERACT]. B LH AR, 2015, 3021):
82-89.
LIU Wenxue, LIANG Jun, YUN Zhihao, et al. Multi-
objective fuzzy chance constrained optimal reactive
power flow based on credibility theory[J]. Transactions
of China Electrotechnical Society, 2015, 30(21): 82-89.

[13] LIU X, XU W. Economic load dispatch constrained by
wind power availability: a here-and-now approach[J].
IEEE Transactions on Sustainable Energy, 2010, 1(1): 2-9.

(14] Zwesk, & 9%, n 7. H RS TR K K

BE A DL AR B D5 VA [0 R ELHL T RE SR 4R, 2012,
32(13): 36-43.
GE Xiaolin, SHU Jun, ZHANG Lizi. Mid-long term optimal
dispatching method of hydro-thermal power system
considering scheduled maintenance[J]. Proceedings of
the CSEE, 2012, 32(13): 36-43.

(151 W3, B8, 2Bk, 4. & KRR R g gl

A A o RS LA L[] B R B R AR AR,
2015, 35(7): 1586-1594.
ZHOU Ming, XIA Shu, LI Yan, et al. A joint optimization
approach on monthly unit commitment and maintenance
scheduling for wind power integrated power systems|[J].
Proceedings of the CSEE, 2015, 35(7): 1586-1594.

Wis B#A: 2016-08-21;
fEE B

A OBQA987—), F, L, TP, HLmehe)
RYIBAT. M5 424]; E-mail: 870828 @ncepu.edu.cn

Bk (1988—), 4, 4, #HIF, BIRF @A R Hk
ALIAJE; E-mail: gexiaolin2005@]126.com

Fide (1983—), F, Mt, SATAF, HALTEA
W, /) B GAEAT. A5 4EH]. E-mail: penguim0803@gmail.com

(% #E B Heir)

{&El HHF: 2016-10-22



	DOI: 10.7667/PSPC161352 
	基于机会约束规划的电力电量平衡分析 
	Power supply-demand balancing analysis based on chance-constrained programming 
	1.1 目标函数 
	1.2 约束条件 




