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Abstract

This paper presents a branch and bound method for solving the unit commitment (UC) problem.
The UC model is approximated to linear models by using the heat rate and perspective cutting plane,
and the mixed integer quadratic programming model is transformed into mixed integer linear pro-
gramming. In order to improve the computing efficiency of the branch and bound, the upper-level
variables are fixed and the node closest to the value of 0.5 is searched first. Numerical results show
that the generation costs by the proposed method are almost equivalent to the ones by directly solv-
ing the mixed integer quadratic programming of UC. However, the proposed method has an ad-
vantage in terms of computation time and is suitable for solving large-scale UC problems.
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1. 518

HLEHL A 4 (Unit commitment, UC) /& B ] R FKIFIZ 47 i) — R EE ) i, B ATEHEH N RS
BORFINLHE ARG IEOL T S/ MR G EIBAT A o %10 R 5 A 1 AR TR & 8 8 — oI (Mixed
integer quadratic programming, MIQP) [1].

JUHAESR, #FFEN GERR UC Inl @ 4t 22 SR AR T 1%, IX 86756 KBRS 73 9 N T8 R SR AN 4L
A . N TR RE SV R B A HR R T R AL RVA[2] . AR RE[3] BB K Bk [4]. #ELEVA[5]
M T e Ek[6]55 . N TR GELE T RITE, BRI RLE, tHEERAGES
PR E PR PR o BE A SR 3 AL HE 4y 32 5 S (Branch and bound, BB) [7] [8]+ 425G /3 (Priority list,
PL) [9] [10]. ZhA&#H %1% (Dynamic programming, DP) [11]. $iz 4% B H ¥4 i1 5402 (Lagrangian relaxation, LR)
[12] [13]. Benders 43 fif#i%(Benders decomposition, BD) [14]. #M&iTi%:(Outer approximation, OA) [15].
PN 4R iE I 7 (Outer-inner approximation, O1A) [16]. %2 & 77 ] 3¢ 1-7% (Alternating direction method of multi-
pliers, ADMM) [17]F1 7R & 5 H5 28 4 9 %1172 (Mixed integer linear programming, MILP) [18]-[20]. #t2:1it4k
SRR NKR AR UC MBI & LB, 2 RAEKRE UC M8 OB R Z M. Hd, PLLEMRe#
NI AT IHLALRH & UC Inl @K 20 o 564, WUSIOE FEPR . DP ka8 i 48 LA S 15 RS TR 1 1) fige 2 1]
HKeF3K UC 1] R s AL, wIAS B b SR UC inl i) 4 R B fif . LR V544 UC In) @43 fif 4 T L
Y 1) AT SR MR, A T ORI 2 N, AT IRAS R SR B IR ALAR . BD VENG PSR A 0] R
G3 A N A 0] R 1) IR AT A2 B SR A, IR AE SRR I AR Ao N R AT B T B R F P, RUSD R i)
SKRAGESE . OAVEF OIA 155 BD AL, FB2 e I v 7543 fifg R AE OGS 25 5 R A 1) 32 I /AN - I i, AT
753 UC Jn 8 i 03 2 (1 AT AT i« MILP EE0) T4 UC 1) 0 MILP BEAL, AT 7E & BRI ] Py 3Rk 45 UC
e 2 FR) v JO R AR A o T VR M SO R SR A 4 SR A 8 1 R R, MILP RN H TSR UC i) it
T

BB &I SR A — F A EH SR I ] 23 T ) 1) R R SR A P 5K e i@t ) 4 Ry e A Al . e B W) H Land Al
Doig 7ESCHR[21]H 3, Zrd st 30, @ MBI AT R E . 2 BB VAA L& — Mt
W, Hor B R B ) SR R AR EGUR . iR BB EEITHEER, AATHISH E BN R EAT T
RNEIC, EFEEE P FACEEA S & NEE[22] [23]. SC[8]1HEH —FRf# UC M BB ¥5, AFENLA
ML, ] B4 AL FR AN BRI R BN P, I HRR A FRBENL A FH LI . SC[24]175 18 T HL4 % A AN
WA Gy A i, R BB 5K -

A SO FH #A S F0E WL BT TR AL A A A B RO AL R A AL B, K TR A B ORI Ak TR G
BRMERREAT KM . RS BB AT AR, HHT AR & B e HAR et R B IR 4k 0.5
B0 BUESEREH, kS EER MR A B A ORI & H 9 A 24, (B Ta) 5 T SR 7S 34 1H
SIS ERE N NI YRR ]
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2. UC [ 58
UC [A]# [1) H A5 bR H0 -
min F ii[ (U P )+Ci, J @

b, TOARFIUR B NOARRFINLAELG 0~1 A& u, AL | 76 t I BRI ATIRAS, N 1 I Ig 4TIk
A, AN O EAEHURES: (U Py ) = e+ BPR, +7i ( i,l) PV T TE B BB A, o v B
NIEFEREG P ONLA AR t BRI J1: C ABLAL T 7R IR Bl B H .

UC [a] B 2R 2 A

1) AL R % F

u, P,<P, <u P, Vit 2
Hop, PANLA T H I E R,
2) ThEPHT LI %A
i Ri—F, =0 Vt 3)
Hrb By ARTB t R GRT .
3) ek £ H LR A
iuiﬁzpDﬁRt, vt 4

Horp R OBt RGTHITERe 5 H o
4) B/ e A I A 2 R AR

Zt: ViU, <0, Vite[T, ,\T]

s=t-Ton i+l

t

> WU, <L Vite[T T (5)
s:t—IOff i+l
Vi,t_\Ni,t :Ui' VI t

Itl

0<v,, <1 0<w, <1 Vit

ooy, HLAL T 7E O BB AR, ASHLAL 72 R BURED, Wy, =1, BMlv, =0: w, ANLALI7E
CI B HLIRAS, ASLHLAL i 4 ¢ PEEEE, Ww, =1, BMw, =0 T, JHLAL i i ANIE 7R A
T SHLAL -
5) 3% 20 A
C.=>C Vit

i,t = “hot,i |t

t 6
Ci,t = Ccold,i |:vi,t - Z Wi,s:l’ Vit ( )

s=t—Totf i ~Tcold,i

HoA Cronis Cooaio Teoway 7 AN | BIFAJE BN 98 L ¥4 8 3 2 I ANV J5 Sl [H] .
Zr ERTR, UC I A N I MIQP:
inF = f; i P )+ Ciy
min é;[,(um O+ J .

st. (2)-(6)
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3. UC e F9Zk M (L= 8Y

BT AT UC 1) B2 (7) N R HUBE R MIQP, Fil BB VA E RS R K. A Tt 5
&, ACGETEWEFIE[L0] [18], K (T)IEMCA— MILP BT Rk .

HRAE STHR[L8] P (3B ME VI, AT R (7) R f, (U, B ) = gy, + BP 74 (P ) IE LA LR
R P (2n& +B)+uy (@ —7&) » BEEA[PR] R K, AMATFE UC il L
MILP #5781, FRZ Ayids 40 E] F [ 4% Y (Perspective cut formulation, PCF), HJZ 1R

lel[ t(27i§i +ﬂi)+ui,t(ai _yié:i)_'_ci,t

st. (2)-(6)

N7 ek BB J5 ik B, IR ISIGE AR SR A SC[10] h ESGEE A S IR B MILP B, FRZ
N EGAR SE T (Improved priority list, 1IPL), F ARG :

(8)

mm;Zmn

u(dia 9)
Hrt, o= £,(LP)/R . BB,
4. HEMR
4.1. S EEERRE

IR PRALGE 7Y STRE FH(BB)SFE T 73 S 2 (1), ASSCHRE Y —Fh 73 J2 (8] 58 5 . BB SILAE R AR I St
BT RG] E Ay AR R R, [ E B AR BAR N EIRAR R, ASSCR A T SR -

0, u,<0
Uiy = 1
, U, 21-0

Forb 0 NHUEERIE, A0 HUE N 0.001.

4.2. THEIBRERE

BB L4, R MR R TS, A BURNCEAE . BB VA AW 750, E S
SISO S AR R AU, AR R 2R S B R I EE DT RCR . ARSI R sy e e Ab 2
HLALR (IR e 3 0.5 YT i

4.3. ¥R

KR ARSI AR, T FbA T ARG, VA S AT AT B L AL 3508 5 0 2 s ey A B
B, =00, =L PR B R U, =Lu,,,, =0 (CMIBLAL. 7EH SRR, FAdb NI AR
A R TR B F S B OSSR 0, 9 PN 5 4

4.4. BB B3k

WL MARBER, B FARc =+0.
B 2. ME BB AR L, ¥ RANHT,
B3 FiLl=¢, FILEH, WHRNMEx. =x FHEMEc. =c'; % R IME, HIrHE c. =+,
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TH 4 EFERBQeL, 2 L=L/{Q}-

AYRS: KM Q HIIELHA I Qo » 47 Quiae ST, 2" =400 3 B, 2 X" K Qg MMM,
C" A Qe W HARE

HIE6: #ic">c, HALE 3.

WIRT: X R RIWATH. X =x"c'=c", HBALIEK3.

A8 QI A—RIITHEQ, Q. #L=LU{Q, Q) HALDEAL,

4.5. BBM B3k

BBM SEAE(E BB Sk IR AN KA G [UERARI— ML, BBM BESRAR IPL AL AR
sty B, AFBVRIATAR, AR ATAT AR IS DOE IR S [ PR AR R FT AT R AT AL, A5 E ) R
R R g, BRSO .

B L SRAE IPLewo WHERNU=(u, ). #u, {01}, 2u, =u,, HADEA.

B2 Fiu, 21-0, Du, =1: #u, <0, Zu,=0. FFVit, u, {01, Lu,=u,, HA
LR 4.

DB 3: PR 2 o, BUEDN 0 1 BRI fEAH S HUELAL, G2 1] 3.4 F5 () BB SR A% IPL, id
U= () -

LI 4 FIF U PEAE N T BORERE U, 58 i AT R R ARV U, U, Ui o

LB 5 bR EI A AL 28, WL, 0, . AW =1,

BB 6. KA i, PRI REHLER by, -0, RIS

W T: WA R ATATARARA PCF, RAR PCFanc, EIMA U =(u7,) .

L8 W=W+1l., #FW<n, HBNLESE,

BB9: U, 21-0,u;, =1 #Fu, <O,u, =0, HXFFVit, u,e{01), Lu=u,, HEALEIL

% 10: JEH BB SRR PCF, LHMA U = (U, ).

AR AL M ANV R RS U AT LB

EULHIZ, BBM SLEHPIR 1 PR 4 RO 17— ANalATiR, IR 5 B IR 8 KA T
WUARA St — 3 SR 345 B o o = F) AT AT A o

5. ZERaHr

KRNI R G BRI E SCHk[9], 2T Matlab R2018b, i f CPLEX 12.5 SR MIQP [r] RN £& 4 1 %))
] @, CPLEX 3K fift MIQP I RS FE 1 B N 0.1%. 1HEHLEC B A Intel Core i7-10750 CPU@2.6GHz 8GB DDR4.

# 1A BBM HERIa AR Bk Lk, SHTRTE R4, FHREEIE 4 BT e,
UL TR BE R SCE BE MR . X R B T WA ERR: E—AJ7 IR EE T4 UC Inl B 15
R — AL SRR, 8 s BB AN TR R, AR ST E R A TIEE R kT
IS SIOH

Table 1. Results of the proposed algorithm BBM
< 1. AP BBM EERTELER

LS 10 20 40 60 80 100
BATHT /s 0.14 0.49 1.16 1.34 2.80 3.62
BATRAS 563,977 1,124,410 2,242,749 3,361,944 4,480,861 5,600,465
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2 PRI S HAl 7 MOTIREO TR A R LR, SRR 0 RN B ML R S RN
RS SR T B3 2 W, X TR HLAE R SE, it BBM J7 iR 13 AR B S T e/, U3 77 ik
Mo TREVHIMR, SCS]IM[20] 7574 MILP J7ik, R 4 i R it s

Table 2. Comparison of the different methods
2. TEIFEMNITESRLEER

IRAER 10 20 40 60 80 100
LBB [7] 564,310 1,128,550 2,257,226 3,382,440 4,507,675 5,635,451
EPL [9] 563,977 1,124,369 2,246,508 3,366,210 4,489,322 5,608,440
IPL [10] 563,977 1,124,458 2,243,080 3,362,815 4,481,664 5,600,988
LR [13] 566,107 1,128,362 2,250,223 3,374,994 4,496,729 5,620,305
DPLR [12] 565,508 1,126,720 2,249,792 3,371,188 4,494,487 5,615,893
MILP [20] - - - - - 5,602,253
PCF [15] - - 2,243,252 3,360,939 4,482,548 5,600,763
BBM 563,977 1,124,410 2,242,749 3,361,944 4,480,861 5,600,465

3 EHEGRME UC M MIQP BB THE A R AL, R AR ZE R I8H 4R R
MIQP HERYFIIZAT A R 2 FEBR USSR . WR B BT B, X 10 Hl4l. 20 HLZALAT 100 HLA &R
48, BBMEPTRITHE S RAHE T MIQP 7595 X T 40 HL4L. 60 HLALAI 80 HLALZRSE, BBM EHTRI
ARSI T MIQP Jridi. (EXF T AT LA RS, MAINERTHES RS, ZHA K. NIB T HE
E&, XFHrA RS, Frik BBM JiiARTF R TR SO, R KR 60 A 100 HLALARSE. LR K H
TR S TR AT L, BT R B R A, X BB 23T UC Il BB I ) XA T 5
RATTERIA R

Table 3. Comparison of two algorithms

3. AP EER T ELSRIER

RARFS) TR ()

ML % - -
BBM MIQP AHHFR 2 BBM MIQP AHHTR 2

10 563,977 563,938 0.0069% 0.14 0.37 ~164%

20 1,124,410 1,123,297 0.0999% 0.49 0.89 -82%

40 2,242,749 2,242,873 ~0.0055% 1.16 2.74 -136%

60 3,361,944 3,362,085 ~0.0042% 1.34 35.35 —2538%

80 4,480,861 4,481,939 —0.0240% 2.80 5.1 -83%

100 5,600,465 5,600,323 0.0025% 3.62 31.24 ~763%

6. L&t

ARAEAL Gy SUE SRR b, SR T — S HEms, S 1 UC B RARRCR . Ho5E, K
FEHLZE ) AR St A DL B BE2,  fR ST IR R B ILAL, BRAS UC il BT B A vt (1w AT A
B T BB VAR LS. SN, FIFHIEMETI, K MIQP a4k MILP &8, i — B/ T [ SR A
MR . i BB J5ik i Sl 2, X BRAR AT [ €, RS R A= IR 3% 0.5 (74T
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wo BARSE KR, Prid ik aese & B THSE 1] Y RAS UC il B Jo 1 R AR , BAT R AL Sl
AR UC 7 L

EemB
2021 AF BET R Tk oK 5 B R HT R 4 SCREHE Rl H (2020ZKCJ08)
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