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A Simplification Method of Large-scale Unit Commitment Model Based on
Boundary Method

Abstract

Abstract: As the scale of power grid expands, in the market environment, the variables and constraints in
the security-constrained unit commitment (SCUC) model considering power grid security constraints
increase significantly and the solvability of the model reduces. When the model scale is too large, even
the existing commercial solvers cannot solve it. Aiming at the model rapid solving, from the perspective
of reducing the number of model constraints, a linear constraint simplification method based on the
boundary method is proposed. The proposed method can effectively reduce the model's size by
eliminating the redundant linear constraints. The IEEE-39, WECC 179 and IEEE-118 test cases are utilized
to carry out the day-ahead SCUC testing in a market environment. Comparing the solving speed before
and after simplification, the proposed method can significantly improve the solving speed of the model.

Keywords

security-constrained unit commitment(SCUC), solvability, boundary method, linear constraints, rapid
solving

Authors
Yanping Xu, Mingxin Zhao, Xiaohui Qin, Keyou He, Xiaohan Wu, and Pei Zhang

Recommended Citation
Xu Yanping, Zhao Mingxin, Qin Xiaohui, et al. A Simplification Method of Large-scale Unit Commitment
Model Based on Boundary Method[J]. Journal of System Simulation, 2024, 36(2): 296-304.

This special column: big models enable energy internet planning and operation is available in Journal of System
Simulation: https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/2


https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/2

Xu et al.: A Simplification Method of Large-scale Unit Commitment Model Base

%36 B35 2 # RO E#HO Vol. 36 No. 2
2024 42 H Journal of System Simulation Feb. 2024

F T 10 FE R RTINS R o 4 7 vk

HEFRL ROK, AR, FTATH? ZeeiEd, K

(1. PEBAREEFIBARAT, dbaT 100192; 2. dbRTCE RS B TR, bl 100044)

WE: MAELRNIBEGFEY K, TIHIRBET H IS M L2 4 RGP LS (security-constrained
unit commitment, SCUC)AER ¥ ¢9 K A2y R B F I8 ha, A GRKMMIEET £, SARMAET K
B, 2B ILIA 697 A R R LA REIRIL, &R KIAEAEE R B M) PR, A I RAAL
WLRLAAAZR A bk KA, MR VAR RS AR th R, 484 T —FPA FRREMAML L
Btz ik, BTG JRER|PARE F ARG KL R, T A AR AR, FIARK 6 ek K
##. B FIEEE-39. WECC 179 #2 IEEE-118 -4, f& 7 %3R3 T #E4T B 77 SCUC MK, i it 2 b
AT G 69 RARET ], R BAIZF ik ae % B 5 R SR 6 Rk %

K RIS, KIFME; BTGk, KR, Rk Rig

5955 TP391;TM73 SCHERARERD: A WESS: 1004-731X(2024)02-0296-09
DOI: 10.16182/.issn100473 1x.joss.23-1072

TR VFEF, BB, R, 4. 25 T8 FUAR R NLAL A & B R A TT 5 (0], RS0 B4Rk, 2024, 36(2):
296-304.

Reference format: Xu Yanping, Zhao Mingxin, Qin Xiaohui, et al. A Simplification Method of Large-scale Unit
Commitment Model Based on Boundary Method[J]. Journal of System Simulation, 2024, 36(2): 296-304.

A Simplification Method of Large-scale Unit Commitment Model
Based on Boundary Method

Xu Yanpingl, Zhao Mingxinl, Qin Xiaohui', He Keyouz, Wu Xiaohan®, Zhang Pei™*

(1. China Electric Power Research Institute, Beijing 100192, China,
2. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: As the scale of power grid expands, in the market environment, the variables and constraints in
the security-constrained unit commitment (SCUC) model considering power grid security constraints
increase significantly and the solvability of the model reduces. When the model scale is too large, even
the existing commercial solvers cannot solve it. Aiming at the model rapid solving, from the perspective
of reducing the number of model constraints, a linear constraint simplification method based on the
boundary method is proposed. The proposed method can effectively reduce the model's size by eliminating
the redundant linear constraints. The IEEE-39, WECC 179 and IEEE-118 test cases are utilized to carry
out the day-ahead SCUC testing in a market environment. Comparing the solving speed before and after
simplification, the proposed method can significantly improve the solving speed of the model.

Keywords: security-constrained unit commitment(SCUC); solvability; boundary method; linear
constraints; rapid solving

Wk FA: 2023-08-31 &E F 1 2023-10-20

B UET(1989-), %, mL, fild:, WU REHIRISIZ1T. E-mail: xuyanping@epri.sgee.com.cn
SREH: SKI972, B, e, Wk, BROOTFDN N REAIEELT . 1)) RS0 R BT AR 5 2%
E-mail: peizhangl 66@qq.com

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 2

2536 4555 2 Vol. 36 No. 2
2024 42 A VRSP, &5 JE T AR R N2 2 A A 20 1 i1k 7 v Feb. 2024
0 2= i, (BB A {TS A MILP [ 5, SR fige w4 1H AR

8L AR LA H G A S L ) SRR AR
TR B o, HAR Y. BiriES A
IR, SRS T R T S
NEGE =R R AN A EE S . HAT,
fift i 2 4 2 R ML 2H 2H 5 (security-constrained unit
commitment, SCUC) ] 8 4% 4 & F 89 75 4% /& %
SCUC # 15 4y TR & B %5 4 M M K] (mixed-integer
linear programming, MILP) ] @, Jfi it g b >R fif
AT R PR A SR 22 43 38 AT R
fift, ZITFEWEICRE, IR IR IR R AR 2 R i
efifE. SRT, BEAE RGBT R, BAHE
A R E 2 RIS N, HoN TR R4
W2 AR EIB AT, T EAEBAY 2B RO R W 4% 22
AW, XSRS SCUC ALK fif i [a] i K
PRTCENKRAE . BRI, 18 U] 7L AR A R DL
vy e M SRt SR A RRUASE SCUC BEAL PRI 2

PRI QAT 3 et 198 SCUC 55 8 FIARE >R gt />
SR B 1) (4 ) B & 1) V2 BT, WA R g
H 5 MR 20 AR K . WLZHZH & il J
KEBBICERE, SRR 7 RKERIT
o DA, ISR R B S AT AR, T DA
AR SR SR AR, #TTE R RA M
KIURFAE, FFEE AR R B ). — L5t
TR FERR NIRRT, FH R AR B i
AR A AR, AT DSR4
TENLAFFNL T A i b A & 0,1 %R, 18
VR, SBR[ A AT RS B 6 AR
B HIMRAL AR G — RO LA A &2
&, NI A RIS . SCHR[61KH H brbs 4
G ITESCERNITT BE N O B B, AR e i o X
O [P HEHR B8 2 0, DL R Al el B £ & 1) R0
o STHR[ 71K i S)3h B 7120 S50 B gk 47 Ml
W, SR 7 SR E KRENAR TR, H
XF HIRRE FOBE R AT SR A, MR R SR AR T

IR SCRRSZ I T X SCUC #5828 3 55047 & 1)

o Ay MILP ] 85 44 A 28 M BRI (linear
programming, LP)jr] @47 3K A, i3k — A PR AIGAR Y
SRAMESE, SRTHER SR Ak ™. SCHR[S-91R A
R S B AT I AR P R {0, 1) AR B
S EL, BRI 7 PR AE 5 e £ 4%
LY FORIS S FA T . SCHR[ 107135 T B LA ™ (o A K
BHLAMEY RBIZH ARG, ELHREELR
(IR FIBATL 20 A5 ) X0 R, K MIILP ]
RO AL Y LP i), — S8 5 2 38 i 2 UC
1) J R L ADIR S AR B AR, BB R4
G A T AR A Ry MILP o @55 46 9 LP @, ok
Ik /> SCUC A58 A [ SR AR I 6] SR, X L6 40T
it PECRMPEIIRAZ B

R T RS TR RIS (1) 7 2 T A MR
R B S B R BE T 1), 1B VP2 AT
PR I 2% 22 A A SROBUCRE I A BT R I X 2 2K
THEZ IR HANRSE, ] LA & e R A 158 4 (R
RIS AR o SRR (1108 e A R Y
Tt TERRIIAR MR 2 AL, SRAIN 25 224
YUBR, HIZ 7 E FOE T B T BRI
(I A N 4 22 A AR, BTG i 42 44T
RETREZIURMMIES L 2L, SCER[12]5E H
TR A B e A ) A 2 A A R
B, ARZ R IEE — R A B A S
(1), FFAEEIR A SCUC i)l h 4 TUR LR . 3L
BR[13145 & UC BRI & G 2 M B ARV, S T
—FRTUR M4 22 AL AR v, 1% VRS 1A
H¥F % CPLEX 1l 5 i #2 Tei2: R A A TG R L
RER S TR AR, LA SRR
TV R BT I TUR M 2% 22 22001, 151811k 5 1
BB AT AFAEAR 2 AN FH I I 2 22 A2 B, ik
— SRR T NA R LRI 7

NT B RBNAH A R E S, K
SCHEH — P T SR R A R i VR B
e, KR LR AR R AU IE SR AR R R e 2
MNMES, RE, RIEEES ST EE SR L

http: // www.china-simulation.com

* 297 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/2
DOI: 10.16182/j.issn1004731x.joss.23-1072



Xu et al.: A Simplification Method of Large-scale Unit Commitment Model Base

%36 B 2 M
2024 %2 H

RGN AR

Vol. 36 No. 2
Feb. 2024

Journal of System Simulation

NI wJa, FIWTA R T R A LR ] PR
HZW, HEMMREZA, WZAFNITTREA
A KRR S, REZAR . Fries
T2 R 8 T VR A I AR B e AR ) A T AR 4
A, AL R, X R Z Ak 20 AR 25 i K A
e RS e AT 2 B IR AR A, 7 ORAIE SR R L
IR, KRR s SR A

1 SCUCHHIA

RXETHHEE T, K5 BARMHLE], 1
7 H AT SCUC BiAL

HLRE B 7T 3 1 B SE AN SR R L AR
RO H P MEREARN” WEMN. 251
¥ & FLHLALAE H B HLRE & 1 37 AR E NS B
RN B 1 R . Horh, PRoSRoR (B
B R LA i R X (] (0 I BRAE: €, Kot
I B R HULAL i 72 DX TR] j B HR A A o R LA
(R A 4% DL 5 sEAT . B R AL 7E ¢ i B
(Rt 73/ T3 — X TR A BRAE P WU HL G 7E ¢
B BN AR BRA N C s A5 R BAL G TE ¢ B ) BE
PRI /N T 3 — XA 35— X AT BRA 2 A Pl +
P, WML E ¢ BON R FBLALES KT PP
NT P HIS A RN AN €y DAL, S
SR T R 8 LA BRI e 0 45 R
HRIE AT H I B R, AR 4% .

A
Ci,/'-,z
R
&
S
S Ci,z,r
= G
0 P, /MW
Pmax Pmax Pmax J-1 J Lht
. R max max
Lt it 02t zpll/ﬂl zPLJ?’
J J

B LR 2

Fig. 1 Curve of generator quotation

1.1 HirpRE

B R K L, K KU ARG AR 4 Fh 2 1Y
BUZH, sk $E DL E 4 PR BYHLZH 1 HL R
A, HARAK B R IME .

min S zr,j[cf,j.:(]);,j,z)'S;,l] +

N T

>

Rofe €, (P, ) NI B e HLAL i 7E X 3] ] (R
A%, R AL AR 0 4 B b A7 X 18] RO R R 0
Kol 00 % BV B S, AHLAL i PE I B 2
AR CUv CM 4R B AL i 76 R B e 1 R 3 %
Fiv WL U D, 40 BN i 2ERT B ¢
EERA . SR .

1.2 2R

R 2 R AR RGP 7. HLAIRZS
BUAH B AN TFHUIN ) . HLAL e MENLINTA) . HLA
JIETFRR. DL W% 2220

(1) RGP 2R

NRERGR . AT, HEMARS
iPYIESS R AT

N
DP.=L, 2
i=1

b PN B LA it 0 NN SR
L0 Bt R0 AT

(2) MARBLAH

T HFAEIRA . FF RN KBILA, FE
IIAMLHARAS LR -

S.,~S,,.,=U,-D,

U,+D; <1

(3) HLEHENITHLI A1 43

BT KL B SRR, SIS — &
W8] J5 4 Be LI R, 7 Z AN B /N ITAL
I [A] 2 2R

(o,— DU,,<S,,.
e o, WAL B R INME SIS AT I A

Ui.,t)+ EE(CZNII 'Di,x)

i=1t=1

€ (M

G)
4

1 +S it S %)

it+o,—1

http: // www.china-simulation.com

* 208

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 2

2536 4555 2
2024 %2 H

(4) ML/ ML (A1 23R

BT KL B & B, P EE G S
KHUJE TS (B N AL, R ZE AN S/ MEHL
B[R] 24 3«

(Bi= DD, +8,,1+S; 0+ - +Si,05 1 <(Bi=1) (6)
s B LA ) e ME LN A]

(5) MLHH T ERERZR

WU 0 R Ak T H e K/ B 7038
FEP AT

P S <P,<P.. .S, (7)
e P AW N DT P P T ROR
HA,

(6) HLALMEs 2y

HUAE b M@ 5 TCR I, 25 I 5 2 T 4 2R
TR

RP-S, <P, P, ,<RY-S, (8)
X RY RPN BN i ER BE e 1)) by 1) R
@3 FRAR

(7) M 224

ARSI X 2% 22 4 24 SR 2% LB TG B AT N-1 2 iy
By 3 R 2 B A R 240 AROFH N-1 B 4 2 Al it
A

1) PAR PR 2R

LR TCHRIE DL T, BT 2 R P HE R
], ER K IR ) 2R A Ik B /N T R A PR

N
_Plimit< zFl—i(Pi,t_Li,t)gplimit (9)
i=1

e F 970 R 2RI LKA FB LD T R A A
K55 P s e BOT R BRI BHLE AR
L NS R B i BRI RGHEA TR, BUEE.
TERII RGO, BRI T e U R
WU IR A2AT Ty 71 Bl 5| 2 (S A Dl A2 L
RIS, R HT O SO IR R T
AP, X, —X,
APG:'

e B R LT 0 S L EE R TR T
AP RN /i A S 1B AP NSOk

F,_ =

(10)

X

VP, 85 TSR RN SR G L T 75

Vol. 36 No. 2
Feb. 2024

A I m A n 5 5SS T B R
DT X, X, 53 BBUERE R mAT i 5], Hn
ITiBCERME: x, NS IR PLE .

2) N-1 A 22 WA R

IR 84T 77 3 L 7] R G P AT — i R i
BT, RGN R ORI AR R IS AT A IE
FLARER I (1) D) 2R AL AN 2 R 2 B B

N
zOmn,i,l(Pi,t_Li,t )gPlimit (11)
i=1

Kb 0, NHREER AR T, RoR A2
R IR s AT I, 1 A N T ZE AR 2 2% mn
FIERE AR . it A A
Ot =F it Lyt Frs (12)
e 1, NSCRTTIT A0 BB, 2 i kPR 2%
51 RS mn 236 IR AL AL .
SCHR[18]45 T T TRAHE S 72
Frpp=F oy

lni = 12(F,=F )
Hofts po @ RS 1A

1.3 BERIPUE S SRR < &R

SR e SR BN BOBCN N, ZRER B
NN e Kn KRG SEHIHEE A N Nyggron
Nyinas Nsoarr DU i 3R BN T, o BB H A
ML L R, Hrh, SXQREE RGI %R
M 2V R ALK HHLADRES LR R 3B): AL
A KN ) E IR, TCHL4R. &
ANFERMLET T 2 AR L R R X (4), /K AL
M. KEHERSRIAR ) B FRRER ., Bl
P RS () I R, 7R A B R 24 SRRt A
Ko ABERUR A SR S TR A

(13)

L1 BRI
Table I Model scale

HELE AR AR 2 (T s
BHAENE 3N coa Ve
E AR g (Neou+ DNg,,
S A2 TR

(Zi;'\ﬁgggﬁﬁgﬁ%%fﬁﬁ) (SNCoal + NHydro + NWind + NSolar )NSeg
K Z A

http: // www.china-simulation.com

* 299 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/2
DOI: 10.16182/j.issn1004731x.joss.23-1072



Xu et al.: A Simplification Method of Large-scale Unit Commitment Model Base

%36 B 2 M
2024 %2 H

2 ET RN G ML R 7%
2.1 MFERR

AR M AR R 2 P 24 TR B B 1 A R R
BT FNEH B R P ) TUR LI, T 12
BRI

120 5k — FRRU A AR B 2 M BRI 0 R 7T
KRARMTTE" . HEEN LR GEIA B HK
/MBS ARG 5 AR BR AR AT LA, AT
EHRTATIRLN . NZAERAE, SR
LY RIAIZAT s AN T B il 30 1) 3 2% AF

P 2 Sy A WT T 281 240 SRR I v 47 3 %
R, Hod, gt SR O Al AT A A
Kbl 473 4% () B L3 L4, LS. L6 L7 %281k
ZIR A PGl PG2 AL b F IR AR, HRZHR
(L1, L2, L8, LYHIATURANK . Hrf, TR
W TRTEL AR G i) DB A 29 R BT HE 5 H ok
LR o TUAR L0 SRAN 23 0F o) 5L 1) P AT 1k 83 e e
PRI FRRZ IR o G SRTE 1) RSKR A B R B X 8 TR
L9, BN R I S BOR AR R AR K
PRI, 3630 S92 5 Bk U AR 20 SR AT DU R0 v £
AL I SR AR

PGl 4

PGlmax

PGlmin

PG2min PG2max PG2

B2 —4Elii TR AT R

Fig. 2 Feasible region space under two-dimensional section

PR PR 20 R 9 il ] i SCUC Y e o] 2%

N
iég,"j;]li_f)limits zFl—i(Pi,t_Li,t) SPlimit%ﬁy\jE
i=1

RGN AR

Journal of System Simulation

Vol. 36 No. 2
Feb. 2024

RLAIRIPERWT
() IRIEA AR P AR B R P, WIESE, KA
BP, P52 ES:

R ={i|F_;>0} (14)
O,={ilF,_;<0} (15)
Q) TFHEG AN BT
U= i( zFl—i(Pmax,i_Li,t) +
> F (Prini—L.)) (16)
ieQ;
D= i(zFl—i(Pmin,i_Li,t) +
D F i (Prgi—Ly) (17)

ieQ,
3) AW U D2 TSR 2 U<Pipic D>=Pyyo
P B A e W L - I)_I\]Jé/‘JEE_anns

zﬂﬂﬂ;%hwmﬁﬁ%%%,ﬁ%%ﬁ%
B: W0, PREZZR.
2.2 MZRLIR AL

W 2% 20 K i T L B0 2 5 0 A e R R
JRNFE SCUC AR ALK AR X L EL A 3. A
TENZARRLRIELIR, M2 5 2V AR 1) 2
ML R B A R R . R, (AL 5
12 ] 1 A 2% 240 SO B v A AR 0 A SR A o J AL AT

B B3 N-0 15 30T FAA% IR 29 A fil b i
T2

3 Hhlatr

AR 43 HILLTEEE-39 71 55 R G F WECC 179 75
KRB, TG, DLk i e 0
HHATSCUCHAL., )5, FIFH COPT KfF##1T
KA, FREL TR R SR AR R A R AT
IOUE . A F B AT I 1 L AT B A #5238 Windows &
G EE B A, AFEEE Y AMD Ryzen 7
5800H, P17 416 GB, &1 A NVIDIA GeForce
RTX 3060 Laptop GPU, £k 1 TB [ 25 4

http: // www.china-simulation.com

* 300

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 2

2536 4555 2 Vol. 36 No. 2
2024 42 A VR, S BT AL KN 2 A B () (e AL T vk Feb. 2024

K2 RGHAERE R

Table 2 System information of unit and line

BEE MR ] FAE case39 casel79
RERE P, ML 7 21
AR ME P, KL 1 I
KM 1
| R S L F | . 1 A
¥ e 28 1% 46 263
F>0
! ‘ %3 A4
AT R EUR FLH | | AT R R AL Table 3 System scale
BB R MBI P, B || S MEEImE P, B R case39 casel79
L i ME B IEI P, | | L R B P, ,, LA R 3840 8 760
i i B 504 1512
SIS SR U1 A UK 192 528
0B 11 F s lii)a R R LR o1 7
v v (R4 W 4 42 4= 10
TR T SN TR L R ETEN TR AL I 285 4 V) S i 38 136 693 360
2 R S B i 2 S B e 43 584 06 872
IMEIP, P, IMEIP, P,
I ‘ FRAEZE 3 WA, FERILAT 24 RS 2SR 3
PRSI T e Bk, FLBEZE MR, 2T R
BRI g Py B AR T AT G, A B S B4

AR AT PRI SR A
3.1 fAAL R AR AR t
: R4 NN T A A 20 AR e AR R I 4%

P /N T AR
AEREHP,,
PN N2 TR aS

Lo 1R FA 22t 110 ‘ N o ‘
AU G A Y FOBCRRT L . 325 J9il Tk F Ak 2 24 ok

RBLEIT I AR 240 R BB E e BT TR A T 100
AL AR, BPRR. FRARMAERLRAEH

. 4 e AR b, USRS e

Hioko Pril, XECARERBEFEAML, JLEERREFA

I3 AR IR L A2, B, AERMEHIIHBEAT L. H 2R

Fig.3 Flow chart of simplified thermal limit constraint BRS04 2 B S 2 2 e B i RO

IX Lo 2k e AT AR
%2 N IEEE-39 ¥ 5 24 A WECC 179 7 i & RETAR

SR GE . R 3 AN AR GRS A F4 BRI E 4 % A R

, e . w w Table 4 Number of network security-constraints before and
1) ¢ AR E Qfl;/ =) = P i %
ﬁ:ﬁ’]?‘ﬂﬁnﬁﬁ%, >N ’ Ji/* EE ﬁ%\ 1%%& EE after model simpliﬁcation

., FRARHEANAEXL R B ETIRER 5] HILRT FilLE
12 HEFE R, W% 244 B R P S it 15 case39 38 136 18 459
B, AW B S ER A 5T BB S R casel79 693 360 392 046
BN

http: // www.china-simulation.com

* 301 ¢

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/2
DOI: 10.16182/j.issn1004731x.joss.23-1072



Xu et al.: A Simplification Method of Large-scale Unit Commitment Model Base

%36 B 2 M
2024 %2 H

®5 BRRELHT S L R SR

Table 5 Number of constraints before and after model

RGN AR

Journal of System Simulation

simplification
1 fa AL A [EEEAE]
case39 43 584 23907
casel79 706 872 395286

HRYE R 4~5 AT, A1 4k S5 0 X 4% 22 4 4 SR8
R, KRR EEERKRTHAAS
AL AR . X T WECC 179 %5 S R 48, fifb)s
(1 I 4 22 4= 2 SROA R AR 2 25 ek, SRR AR SOV
A LA R AR ML A 4 A A TR A

Kl 4 2y TEEE-39 717 £ & 4t bus38 il bus39 &b &
LB AT AT 302 (LRI R IR 2 R = . S
WECC 179 77 £ & 4t bus4 1 bus6 4b & FLHL I AT 4T
B A AR IR A HOR B . Ba~5d, BEE
25 P Bl DX 3R g R BT AT 38 20 i R 4
S EE A S SAY P RSN O URT A S EE A I
RAW, MRLARGHR R MR RBILR, K
T2 SRR RARE, S A2 () SRAR AL

FRAE B 4~5 ] 0, a4 5 0 2 1t 249 o B 5
A, BRI T PR BRI, T B i SR ) SR AR

1500

1000+

=500 ' ' ' :
0 500 1 000 1500
PGl
B4 IEEE-39 7 sl RGUHLAL AT AT 3805 7] 5 2 3K
Fig. 4 Unit feasible region space and security-constraints of
IEEE-39

Vol. 36 No. 2
Feb. 2024

1 000

800

‘

-200 0 200 400 600 800 1000
PG1
K5 WECCI179 %1 fi RGN AT 4738025 18] 5 29 AUR 2 K

Fig. 5 Unit feasible region space and security-constraints of
WECC179

3.2 T AL A e AT A SR AR (A1 EE

%fF IEEE-39 MITWECC 179 48, HHL44H &
TR (1 ) Sl B SR AR IR ) 55 6 i o ARAE 3R 6 7T
E, T FNE AR AL DTV, {13 SCUC ##
RURARRCR A3 AR T 57.78%. 81.96%. {EREA
g Al i TR AT AR AL, B A A
WA ARG, HEI R4 R, 73 Al 485 T 5.03%.
35.24%. LIRS ERM: BT SR A 4L
P2 TR (14 7 v T AR s A B (R SRR A, Db oK
fifg AT ] o IGAN, RS JTVEAE K RGE(WECC 179
T RURG0) R AR )b (R BEBE R, BB AR
SCOTELE R AR (1 B AR A, AR T8
HinReIEammMd, JFEBHNE, KXHE
Xof LA 2L R 1 & AR AL I I SR AR, R
A TUREME L R IE R, AU R R T A S04
FLAS R ) SR AR

226 R R SRARM (A0 E

Table 6 Comparison of modeling and solution time s

A5 PRI A 3 KA pENingle)
(R 6.059 3.600 9.659

case39 -
a1k 5 7.653 1.520 9.173
fAALET 262.565  201.226  463.791

casel79 -
wibIE  264.060 36.310  300.370

http: // www.china-simulation.com

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 2, Art. 2

2536 4555 2
2024 %2 H

3.3 LT /E B B Ar R EUEXT L

N T BAEA SR B SRAT I fal A AR 2 ) 1
P, 23 AN T ED S K 2 A RGE R H b ek B
ATXSEE, SRR T B .

KT HARREORLE

Table 7 Comparison of objective function

VP, 85 TSR RN SR G L T 75

S LRI/ T faittJaE /o0 RER%

8509 315.03 8514 250.43 0.058
60296 179.82 60 340 196.03 0.073

case39
casel79

RIER 77750, AL 24 R G010 B Ar ek il
B S EACHTAAAE — R R 22, (HRIRZERH
TR/ TRIALHT JE AR 25 SR 1) 22 S AE v 32 JE L Y
UbAh, 25 AL R S B SR AR B R AT, A ST AR
RETE TR UE IR R ks BE I TH A5 RT3 T, 58
LR I KRS =y, AT SR T AR SCRE
EfE.
3.4 ARTTER WG R

R T IUEA ST AR RE, DLIEEE-118 15 A3
RGN, WA 55 SCHER[ 13158 H 5 T4 B
A I B 1 A B s 2 A 2 ARSI g 1 (O ¥k 2) ik AT
Ebdss, 2 Fhosidi i b 45 S a3k 8 i

K8 AFETTIERIEE RS
Table 8 Comparison of simplified results by different

methods
- 2 HHI é’aﬁﬁ“ﬁu I W@‘zﬁﬁ s
L f/% I [Al/s i [8]/s
fAAL AT — — 938249  938.249
AL 91.71 49.656 8.258 57914
%2 96.05 96.434 12,770 109.204

RGIRM]: ARSI ML 2 HRE AL
HEL PRI 1) P ST TU AR 2SR AT I, B BT Y
LR . HACTT M b, 5% 2 W] LA
ZICRYVR, (HlI THHRITTR AR T % AL
TR, WAL RERE, B, ARSCTFERR R
figt o I TR LA SR O AR CR SR IE T AR ST Tk
A R

Vol. 36 No. 2
Feb. 2024

4 5

RN R MR, T HET R
R M A HR A 77 B B BR LA T A
RPELR, R T R R LA A SR
KAR#E R . K IEEE-39. WECC 179 fI11EEE-118
TS, A H T SCUC A5 R (1) 3R i v 58 AF
T ARSI BERIE# I . A ST B B
I8 TR ALK RIS 8], AR T UCHEALLE i I B 7
Yy AT T RN .

FEUCHEIH, mTFMKLARAERZETH
LR AR G, T SR HOR AR R Y — R
o MARGIBECRET, B ANFEAT L0 5 8
DA BT FH SR AR 25 1T Re 032 04T SR AR B0R A 1) B
AR TR Z . AR SCITVEX LR AR B — %
MIwAGPE R, AR T RS BR M. AT
DU AR AR 2 B S ) R BN T AR S, 3RS
ST (R BB DR R . B AR AR SO B At
BUHH A IR R, AH$2 W 1K) 77 VA A 22 0% R i
TISRIE . R, TERAREIR . B3k s 5
R AGSK A ) rp, AR SC R 7 AR R
EC R RN, $2 EsR I RCRITER

S 3CHR :

(11 ZFmik. 84 AL 08 X DX i 3 H A

TR AL[D]. fR5E: HALHL IR, 2021,
Li Yunda. Research on the Day-ahead Clearing Model of
Regional Electricity Market Including Wind Power
Generation Considering Reserve Sharing[D]. Baoding:
North China Electric Power University, 2021.

[2] Palmintier B S, Webster M D. Heterogeneous Unit
Clustering for Efficient Operational Flexibility Modeling[J].
IEEE Transactions on Power Systems, 2014, 29(3): 1089-
1098.

[3] Palmintier B S, Webster M D. Impact of Operational
Flexibility on Electricity Generation Planning with
Renewable and Carbon Targets[J]. IEEE Transactions on
Sustainable Energy, 2016, 7(2): 672-684.

[4] Palmintier B, Webster M. Impact of Unit Commitment
Constraints on Generation Expansion Planning with
Renewables[C]//2011 IEEE Power and Energy Society
General Meeting. Piscataway, NJ, USA: IEEE, 2011: 1-7.

http: // www.china-simulation.com

* 303 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss2/2

DOI: 10.16182/j.issn1004731x.joss.23-1072



Xu et al.: A Simplification Method of Large-scale Unit Commitment Model Base

%36 B 2 M
2024 %2 H

RGN AR

Journal of System Simulation

Vol. 36 No. 2
Feb. 2024

[5] Palmintier B S, Webster M D. Heterogeneous Unit
Clustering for Efficient Operational Flexibility Modeling[J].
IEEE Transactions on Power Systems, 2014, 29(3): 1089-
1098.

[6] ARIL, HAEA, ZH R, 5. B IR & MK K RS
RIS PSP R[], i) THREHR, 2022, 41
(3): 83-91.

Dai Jiang, Tian Nianjie, Jiang Youquan, et al.
and  Unit

Commitment for Hydropower and Thermal Power

Collaborative ~Maintenance  Scheduling
Systems Considering Cascade Hydropower Coupling[J].
Electric Power Engineering Technology, 2022, 41(3):
83-91.

[71 Zhou Yuzhou, Zhai Qiaozhu, Wu Lei, et al. A Data-
driven Variable Reduction Approach for Transmission-
constrained Unit Commitment of Large-scale Systems[J].
Journal of Modern Power Systems and Clean Energy,
2023, 11(1): 254-266.

[8] Hua Bowen, Baldick R, Wang Jianhui. Representing
Operational ~ Flexibility in Generation Expansion

of  Unit

Commitment[J]. IEEE Transactions on Power Systems,

2018, 33(2): 2272-2281.

[9] Hua Bowen, Baldick R. A Convex Primal Formulation

Planning Through Convex Relaxation

for Convex Hull Pricing[J]. IEEE Transactions on Power
Systems, 2017, 32(5): 3814-3823.

[10] #i#A, T %%, 207, %5, MNP-Hard 31 2 5= [0 53 1)

RAEN VAL AL R T AR ). o [
FHL AR 23R, 2022, 42(9): 3261-3275, H4fi13.
Qu Ming, Ding Tao, Li Li, et al. An Approximate Linear
Program from an NP-hard to a Polynomial Time
Complexity for a Large-scale Unit Commitment: Dual
Convex Hull Model[J]. Proceedings of the CSEE, 2022,
42(9): 3261-3275, Hiidi13.

[11] EF, Sf, 250, 5. 5 REN-1 0 1 22 4 2R P14
AR AR IL ], B A s #, 2021,
41(7): 167-175.

Wang Yanping, Bao Wei, Li Ying, et al. Model and
Constraint-reduction Method for Security-constrained
Unit Commitment Considering N-1 Contingency[J].

Electric Power Automation Equipment, 2021, 41(7):
167-175.

[12] AFHE, WP, QIR 4, 5. JE T4 BI04 in R 22 4 4
RHUVAA & LR HNIETTIE[T]. B R G R 5 2,
2021, 49(21): 9-17.

Fu Cong, Wang Yanping, Liu Junlei, et al. Constraint

Method  for

Commitment Based on an Auxiliary Optimization

Reduction Security-constrained ~ Unit
Problem[J]. Power System Protection and Control, 2021,
49(21): 9-17.

[13] Ma Ziming, Zhong Haiwang, Cheng Tong, et al.
Redundant and Nonbinding Transmission Constraints

Method
Economic Insights of Unit Commitment[J]. IEEE
Transactions on Power Systems, 2021, 36(4): 3487-3495.

[14] Salvador Pineda, Juan Miguel Morales, Asuncion

Identification Combining  Physical and

Jiménez-Cordero. Data-driven Screening of Network
Constraints for Unit Commitment[J]. IEEE Transactions
on Power Systems, 2020, 35(5): 3695-3705.

[15] Alinson S Xavier, Qiu Feng, Shabbir Ahmed. Learning to
Solve Large-scale Security-constrained Unit Commitment
Problems[J]. INFORMS Journal on Computing, 2020, 33
(2): 739-756.

[16] BEPEAR, SR, H U, 55, KT GSDF5GGDF [ 17 2

5 RAED] B RG RS, 2009, 37(21):
7-10, 40.
Huang Zerong, Peng Jianchun, Xiao Wenxian, et al. On
the Rationality and Optimality of GSDF and GGDF[J].
Power System Protection and Control, 2009, 37(21):
7-10, 40.

[17] Zhu Jizhong. Optimization of Power System Operation[M].
Hoboken: Wiley, 2008.

[18] Diego A Tejada-Arango, Pedro Sanchez-Martin, Andres
Ramos. Security Constrained Unit Commitment Using
Line Outage Distribution Factors[J]. IEEE Transactions
on Power Systems, 2018, 33(1): 329-337.

[19] Paulraj S, Sumathi P. A Comparative Study of Redundant

Methods  in

Programming Problems[J]. Mathematical Problems in

Engineering, 2010, 2010: 723402.

Constraints Identification Linear

http: // www.china-simulation.com

* 304 -

Published by Journal of System Simulation, 2024



	A Simplification Method of Large-scale Unit Commitment Model Based on Boundary Method
	A Simplification Method of Large-scale Unit Commitment Model Based on Boundary Method
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/IKHen95ad7/tmp.1710236882.pdf.6aMPN

