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A reliability-constrained unit commitment model based on load feasible region and its
two-stage solution method

LI Xuan, WANG Wei
(CISDI Electric Technology Co., Ltd., Chongqing 400013, China)

Abstract: Power system reliability evaluation is highly complex and time-consuming, making it challenging to apply
within short-term operational timescales. To enable power system operation that accounts for reliability, a
reliability-constrained unit commitment (RCUC) model and its two-stage solution method are proposed based on load
feasible region model. First, a load feasible region model is employed to formulate reliability constraints, enabling the
integration and quantitative evaluation of system reliability during the unit commitment process. Then, a two-stage
solution method is developed for the RCUC model to achieve efficient computation. Finally, case studies are performed in
the IEEE30 and IEEE RTS-96 systems. The results demonstrate that the proposed RCUC model can effectively reduce the
total operational costs, and the two-stage solution method can accurately and efficiently obtain the optimal unit
commitment scheme.

This work is supported by the Special Fund Key Project for Technical Innovation and Application Development of
Chongqing (No. CSTB2022TIAD-KPX0053).
Key words: unit commitment; reliability constraint; load feasible region; approximate distance method; two-stage

solution method

b, B HE T AT S A R A AT T it

0 35

HL R GE T SEE S 2 45 9 B D R GERIAIZ
friEER AR Y, HA R AR e T ]
K, HHIRGUEAT Pt (K 18 RO AP IS -
Ub, RS FEVE T R GEISAT A R FOAR R AL

EEWHE: TRFTHACI G LA LKL RNELARE T
(CSTB2022TTAD-KPX0053)

TR FE T SEE I L) RGts AT AL,
FIAN -1 RGREW RRLELINR, B ZRLR
HLZH4H & (security-constrained unit commitment, SCUC)
B, SCHR[S]75 Rtk B RENLAH s AT EE, Eor
T EEHIKE RENLAL SCUC #AY . CHk[6]1FeH: T
— M B A IR TR, R T T B RS T
SCUC EEM B THE R . SCRR[71H H 1 I A i 7
VRN B H Fast 7%, FEAS S0 SR A vHE A B2 1) 1



-92- B 2GR 54

WT, HREIK T RG22 R LIRBREAERE . SCHR
[81K HI LR B b 7 AT Rl T L N — 1 LR, $i2
1§ SCUC BB THERAE . STHR[9TR HIBEHL IR AL
TIER M SCUC BEAY, T8I 0 2 GRS 725 (8] AT 4
W SRAFUTAIHL A G T7 S T VAR bR .

& N -1 RGURETCIEW 2 RGBT 5
WHIFRR. BRN -k RGRE, TTiE—PRAR
GizAT A EEME . SCHER[10]8R T HAFLIR L AH A
£ (contingency-constrained unit commitment, CCUC)
R, seEl 7 HLHA SRR P s R GRS EIE
FE. AR B R AR R A bk
BRFFITA, PR AR E R N R B
PR 1O0% - SR, CCUC BB % & ) R 4
WEL L, FEMAORAEEERE . DL, &30k
KB AL AR couc #AINTS, BT E ik
AR, Mo R iR A% R = Bk
&t CCUC [, BHRTHESRI7H T CCUC
RURERA I . HbAh, S T i A AL 2 2 R A
7 (chance-constrained programming, CCP)?'%*), Sz
ISR R B RGBT .

CCUC I CCP 1] A FEE 75 =B R EUIR
Ao BRI, KIS THEIRER RGE T SENEAE e 1
LRI B ) RS IsAT R, T ek R ALK A
RPISAT T RS RAR,  JoiksE B ] SEpE
BhR X RGBT 7 IR A oy B A g it
XA EEE PP I AR REAT fIAL, RIS RGT AT S A
Fro SR, FrsRAFH AT EEVESRFR 5 SEPREAH LR A
WZE, MCORME LURE B S AT SE R LA 45 T7
AN

i b, BUA B EEVER B RGBT
WEFL, AR 58 BE AT SEVEPPAT S AR RN 548
Rrh, PETCIEAERE AL BT R G AT FEVER P A
BT RIIFEN . SR, e R AT SRRV A AL S e
AN RGURER R, SN AA G D%
JESE R AR VAL, 7 B A A DAL r) e
THREHA AN TR, SERR IR

A7 P AT SR R PO 2TV o e T R AE R GTIR A
SR B AR, K T EEVEPRAG P R A 1] RER A
AR T JTRER AR, RIEFEAR 1 AT SR Al A i 5
RORME. I G AT S LA AR ) 5
YEZITR, AT DL G K AL R R R, BERESK
RS RG] St dhy, R R B RGBT
PR JREL N 1) RUBE 25K

PR, ASCHR Y 1 — b T Sy i AT 3 7T 52
PR H SRR S B BOR AR T 1% B2t
BRUTT -

1) it RGURES B A far PTAT IR AR, SEELALA
AR TSR R A, B SR e R
AT EEME VTR I ] SR L R ML A S A A

2) N T BB AT IR R T R A, 5
NFE T AT AT T S v A B R U RO, $
H T AT SRR 2 SO A A AR 1 R A B R SR i 7
o I “HUHAA T EAT AL A1 “HLHA
B RBIE” WM B EIEAR,  SEOUAY g Pk
KA

3) # AR AR R R F T IEEE30 5 /5 2 40 f1 IEEE
RTS-96 R 4t, Wik T T R NSk A Rt Al
Rtk

1 ETHAEATERNTEREARIAEBE
ki

Al EEME A WAL A e — AR A R L A
IR IR A BTN G AR TP LA
e —4[0,1148 & ; ARLRME IR A ik
BRELL Je RG] S Ve R AR LR M . A SO A
AT AT 3 A 7R 2OV L P s A A BT g S AT SR 4
W, AT LA R AR ] S A R LA 2 A R ) B
2.

1.1 BEF AR iTiEN AT EHLR

AJEEME A RN AT B R RS w2 A
SEVEIERR, R T SHLA A A 7 R T 2 F
ik

>

E,(0)=T-Y B ()P, (1)

b B, (1) 9 ¢ o %0 RGEH0 128 Bt e B (expected
energy not supplied, EENS); 7 ] FEHE P A B S
NRGRSES: B, ,(0) N t NZRGRE s 111
TR, — MR AR AL TR R P A
RGURE s IR

AEEVEPHE AU RECT B2 A RGNS
bt i, SRR EMERHHA GBI T
FHREBTT N TIAC R, AR DR AR . SR
[26-27156 5 $& thi 1 St ff w47 S5 TR RIS AL 5 A5
B, ORIEFEFEAR 1 AT ST T R R, 37T
T RTEVEVPAE T RO . Horh, Dl PR B AR AL
DI U S EAL 1R R A2 Ty RE IR, SR AL
PR AR g N7 ] SRR 29 TRORT LUk S HLZH 2 SRR ik
sREFRAEE, mXQ)—X@FR.

B (8) =[1= Ko, (DU Ly (1) 2

K| AS,iLO(t) K=

ins ()= T {/fT,S,iPT,W+/fG,.v,iPG(z>,x>0} ®

i=1,2,m,



5, 5

BT A ] AT I T S L RO LA AL A AR R R LR B BOR AR T 1% - 93 -

AL ()< Pr P e + B P (1) “)
b xoy Ky, (6) VR AT AT B DL PR B AR Y
AR g T AR 1 WAIAE; L) At B ZI7 A
PRI Ry AR AT AT 0L SR8 A
Pry M Bo  NRGURES s N YU ATAT IR 0 AL
Gty P NEEREEUE R RA RS E: A, .
B Tl B NARGUIRA s B Sdar o] 47480 2R B0 P
P, (1) 9 ¢ 2 AL 2E iy 1)
1.2 BRREHEEHMLR
A SEVEL RO A A1 H AR A2 B/ MR R
A, AFE: SRR A WL JE AT AR 5 ] S AR (A
HEER L R FTIE R TUHE G R), WXGS)FTR .

min 3[C,(6)+ C.(0)+ C, (1] 5)
C0) =Y [P, (F +hB,0+c] (6
C.(0=2IC,,(0)+Cy (0] ™

Cls ()= Clspu 'Eens () ®)

e Co() e WZIRIBER A C (1) A ¢ 211
MU B IS A C (6) A ¢ i Z 3 8 3 ol 2 T i
MG ng NREPINHE: o b N
8 GHVAMBERSEG B, (0) R | GHLATE ¢ 1Y
ZIRIHE 15 C, (1) 9 ¢ W ZIHLAL § OIS B RAS : C, (2)
Nt WNZINLA @ SRR C,, AT AT
N

PRGN T TSR LAAL, I HEH AL
HAHAALH, wx9)—=(16)FR.

PG,min,i : [G,i (t) < PG,i (t) < PG,max,i ’ IG,i (t) (9)
t+TSJ—1
Z (1_IG,i(k))Zzg,i(IG,i(t_l)_IG,i(t)) (10)
k=t
t+T5 ;-1

3 I (=T, (I, ()1, (t=1) (1)

PG,i (t) - PG,[ (t - 1) = (RU,i - RUs,i) : IG,[ (t - 1) + RUs,i

(12)
PG,i (t - 1) - PG,i (t) < (RD,i - RDs,i) : IG,i (t) + RDs,i

(13)
C,(=Zmax[C,;-[I;,() -1, =D],0,] (14)

Cos ()= max[Cy, -[Ig, (=) =15, 0] (15)

LI AIOEY SO WAGINID

Aot B W G RUHUARIEA I B
N A RHLALIIEOR IR 35 1, (0) N i hLAL
15 RIS, B s, B0 B
Ibs T, 95 i GBI ) T, R
AR R EIN T Ry, N8 1 bl L
BRI, Ry, A | AL B KT
Ry, W © G FHUEIN: Ry, N i
EALIEHLR KRR, C,, A% | AHLALI R
Wks C,, N AL, p HALIN%
FIREG: L, () W i AT AAE ¢ A0

2 ETHREXYEMNEHLESREBEMN K

KIEFE

B S AL i R A TR e i 1 K A 1R A R
B, EXEA RGNSV B L4140, RIS
2)—4), FBLRRZ . BEAFEEMIAAS
BB IR e — D AR R LA SR 2 e O A8
R, ORI, RIRTEIER L RGIEITI
iR Ak, ASCEE T AT A R U
USRS T AT S M L SRONLZELZE SRR (K P B ok
7%, BAERTI T EENE L AR A SRR 1 55
.
2.1 ETRERGUENAMBIERRBEARBE

S REBUE I BOAOR M ik 1
B

AT EEE VAL AT S R

WLALZL A7 SR B AT e b

AR S % LML M 9 BT S 52

BT EEVE RGNS T A IE
E 1 BETAERYENAEMBIER KBS E
Fig. 1 Two-stage iterative solution method based on

capacity sensitivity

BB RASEEEERBUEHEA, R
FEEPERUA, BIENAHAE TSR, HiOBEA:
AT FEVE R B RBUE, X CAVHAGTT EHL
A7), RENURESIATBIE, B SA . Bl
A A5 A AN T FEVE AT, A5 2 A BN R K
BUHAE TR RITE RN & 7 45 R Ak ik
B XA B AL A T ST ARV
55 R AR AR (R A o

BB HUHALE T R RV S R



-94 .- o) R R HiEH

Ve R THE TN AL & 7 R AT St 4
bR, ISR R R UL . KA R AT SE
TR AN R B IR 01 25 55— Bir B, INLHA & T7 M
BIEIR A S 4.

FGERAFRMHAA G TT R, M E— ik
A=A BT S RASTEAR, LR R AE - T SRR A
(FIFEARAIRE R 545 AR (4R T o X+ AT Sk R
FERCR BB, SR T+ J v RaR T R G n] Stk
BEARTTEEVE AR . XN IS RE & S BOR GUEFE A G
I, AR, BRI N N T AT SR AR
B, A DU A R, BAAREARDRAE 2.2
THHAT AN 4

i E Al RIEAUE K, AN B A
R, BRI A G T R E S SANS, BIRT1E 3]
SRATE R R AR — LA G T R iZidAE
R JEUA B2 B L B i) AT 20 PR A S IS AR R
BB R, RN TR T R R A, AT SR
BT SEPE L SR A AR F PR IE SR
2.2 ETRERFENNNBHESIZERE

ETHERPEMNHASBIEREAGELT
AL

1) bR £, al Sk AN BRI L T SOR
M ARG AT FEERGAR AT 2, T2 KA B — R ik AU i

FEEPERAME IR 52 2 AT SE A
RUEAA.

2) ZyR R HR, ANEIIA AT EEE TR A 9L L)
W P SR R SR AR 15 B Bt AT .

3) PRI AT S 75 2 R B AR R SR AT 1) /2 EENS X
MAF RN ABUE, Fit, fFERIERIENR
R ) AN A AR, AR
INAHBUAL 773240 1 B KO8 K 2 AROAHLAL S 15 R
HZIH

gL, T RERBUEINAA S B IER
R H br & 20N

min i[cf O+ C.()+Cp(1)] 17
C.(t)= Cl(: () +AC, = Cl(: O+ Cy, -AE, (1) =

g (18)
Qm+%m2maﬂ»%ﬁn

AR, (1) =R, (1) = F, (1) (19)
R CL(0) ¢ N 2L T St AR, T — %6
AR S AR 2 1 R BUEAEERE: CO() N ¢
F %) b — S AR T A B AT SEME AR AC,
R A R G AT S AR A AE, (1) A

ens

kAR R S8 EENS 02 MH: AR, (1) AWFEEAE
5 GHVALE ¢« W2 I ZA] S, () N E—#iE
A TSRS EENS XHHLAL @ #E ¢ 210 H 7 i) R B
s B (0) N E—RIEACERINE i YL ¢
W2 ). EARESRE, ikl ied, e
AR A AR ] SEPE AR R AR AR, HIX
SER AR I EAE Rl B IR THEARR]. AT
PERA B S5 R TR T2 0%, R R
FATE, BIWASCRA “ERUEIE” 75T
B m—J7H, MRS AT IR 2,
PR R B R AR T 55, e R IE
.

BT AR R BUE LA S R 2R,
BFEHEANAAGLR. P B IER B KL
FAIHLAL R 5 BR H1 20701

1) WRHHA G LR

HRNLAH S AR EFERIRA R KA
HNAR . HUH AN EAF AL, HLATE 25
BRI ZR . AR, RIE(9)—K(16).

2) ML B IE R KA R

N T PRAUE R BUZERR (e, PR IS AR Y
WU B IE N IR E — B VE R N . Bl o8
IS N FH PR IRARI LA B RS thE s ik 1
Pos, i o ANAHB B IER KE K.

R 1 FENABRBRE TEARERNAL I3EE
Table 1 Generation output range of this round of iteration
for different units in on/off states
E—RtARS  ARISAHALRE AR I

A3l A3 [P, ()~ a. B, () +al
{21k A3 LB i B mas ]
— {51k 0

LIS IINLADR S R RS, AR AR
FILALHL 1 RZAE bk ARRINLAL I JT B, B
(R BB (R HE R . 24 b — SO IE, A
ARSI, LALH IS H A% A
FINES . RN SR e, ARib Rk RmLal
HAE . AR LA, Wi b5
AR A HULRAS LT, A IHLLL S S5 AR 0,

Rk, WL IS IE R K AR T

(1) MWL R BIN, AI5H

R,O)-F,0<a I ,0=11,,0=1 (20)

R,0-R,0O<a Ig,(0=11,,0O=1 (21
Refe 10,(0) J9 b RRIRARFTR BN § G HILTE ¢
I 2 AR S




5, 5

BT A ] AT I T S L RO LA AL A AR R R LR B BOR AR T 1% - 95 -

() AARRIBENRD, L RIEARER . K5
PLELLE Jikasty, B 1.2 A AL 4

#, F9).
(3) AUAFIEAKAE . WUHBA I, AN
PG,i(t)SO IG,i(t):O (22)
P, (=0 I,,()=0 (23)

KK M itk Qoy—R(23), fitk)E ML
M MEIER KD KL HR N
B (O)<[a+PR ()-My) 15 ()+M,]-I;,(0)

(24)
B () =(a-F,(t)-My,)-Ig, () + My, -1, (1)

(25)
A My, H—IRRE L

3) HLALJA f5= R il 29 5

SN, PIAMAERBEWKR, "Tges
HH I PR RS AR TR B — B e D LA B
ERREN, ERIRE. B, ZiRI4E L —5
IR TIA B E /N JIH, A BRAE R — Rk b ¢
15, R Q26)Fir.

[G,i (t) = P(?,[ (t) - PG,min,i
2.3 HIABREFRITEMHTEHESERBERE

LA G5 ST EEME VAL, SRAF 152 DAL
RN TR AT SRR AR . AR SCR IR B
AL, HEATHLA LG 7 R SR VRAL, HAAY R
KR)—xK@)-

FEMEIERE b, B2 XTHLAL H 7 T T St R
R, THE RGN ZAA S TR
AN IR ESE, HTIREE B, Sl
PR RIEACKR AR . ML H 7y R R R ] 2225 ik
[27]. fHEERIE, RERNEHEH (loss of load
probability, LOLP)t & AJ 5& % vF Al 1) #2458 bR 2
—o SR, LOLP s&—/NRT &SRR 2L
RATG, Tork@arArw HLL 1 i R s A A T,
Rl , AR SCHTHRE ] 51 29 ML ZH 41 S A5 RS 2 L%
& LOLP $5¥5.

3 ETHAMAMTEHNAEEARINARE

RBIF M BK AR AR

FI$i P B BOSR g 75 3R vl Sk 7 B R B
A, IEAB IR RN ST %, B, 1
B USRI aRT, AUR IR RN AL & T 5,
TERPIE RN 2P BOR IS . WIMEHLAA &
7 7 B RA W E LR ERPLA 71, ASCR
FIANE FE T SEME AR S SRR T A 2. f%

(26)

G AT ZYIMER K SN
DL IEEE30™V R G 90, R4i3tH 6 GHLA, &
HUAWIER S RS W B N4, WS BIMIPLALA &
FHREIG 4 G ERYLAYIG B ERS R E
AT, WS RINEA ST RETFEA 6 Al
M. REHETTIEER RG AT 5EdE . sk
W SIGE LA S . 0% FE 2 P A T RAE N
PSR YIME T 56, TR s, VR 4.3 5.
RIS LE T 3 FYILEHLA AT &

HE1: BEB/NSEINAA S R,

TE 2 AEJTR 1 HEAE, TR AL

R 3: Fa AL A & 7 %

3 FPUIENLA A A 5 R EAAR T E R R

1) ¥ FrE NG B RS BB R oes, i
FEGHAA SRR TTR 1;

2) FEHZE | MRENAFERES T4, BHAY
HIRETCNTT S, ARG A RS & 2;

3) K BT A HLAWIRG I RS W B NP, 84T
G ML AR, SRIGHTE 3.

ERFIERIE RS, B—MBRAREREE
RRERRUE IEA5 2 (1 ] SR A T RE A7 AR 1R 25, AU,
155 W BoWHZ ML 41 A 5 Rt AT AT St vl s
A RS A PO P SR AR hn 5 S — B B SR A T
FEVEFRNR, W RGUSAEATIEIE, 3R 20
LA & 7 SR RS .

A BABHER SRS, BEYAAS
7RI BT, RGRRARNKIRAD, SR RA
L RS, 22 . A ISk 1 B
WBICR B, WS AR B8 R R % R R A 3 P A
LRI TSR B IR R . A, HLAH B IER
KA K ()3 Bt S AR TR )5k B RORE JE, e KB K
(R B N R A 2 R 3 52

EAFERENE, AIEEMRAM LA S T2
— AN BR B, 3 R T SRR AR B R R SR E I -
FEARAE RS TR, PP . Hl
T, MRS SR, Kk, JONTE
F— MWL E TR, ARRE s 20 LUk E
LB R RS . FR I SEBR 75 SR e 2
THIENLA ARG, RFAFTIRRIP BOT i8R
BEFIER DRI NAEA S TR, TN
W RAUR . 2R R IR TCIRIEA B 4 R i
{HARTT LU R RS SLFRIE TR K.

g LR, T e AT R A R R
A SR AL L A B Y BOR AR R n & 2
FT7R o



- 96 - B 2GR 54

N =R ETT R W
J ﬁ‘fﬁ‘ﬁﬁ%ﬂﬂiﬂﬂﬂjﬂ’ﬂ RIGE

[ BRI AT

SRR RS
1 PRI BLALAEL £ U H i e
HLEL 2 IEROK A K4
i zmen nanann/ L BERIPRAR
v BT A R R R
AR B AR P AL B
il i
v ot BRI OHLL 67

iR GUIRA TSR S

L)

| REBLALAL & 7 ST TR |

v
K RAEHLA MR AT =
HERR, AR AT ST A,
iR R GRE

LA T R HIHLAL
T HEAT R A

UL & 7 SRR TSR
TRPRAILLEL L 7T H) R B

[ R A L4 ) % ]

E 2 ETHAFAITEMESERGENATENY
LRHAHEAREKERIZ
Fig. 2 Flowchart of reliability-constrained unit commitment

model using load feasible region and capacity sensitivity
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