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A Unit Decomposition Approach for the Stochastic Unit
Commitment Problem under Demand Uncertainty

Jongheon Lee -

Kyungsik Lee

Department of Industrial Engineering, Seoul National University

This paper addresses the unit commitment problem, where a system operator decides the on-off status and the
amount of generation of each generator for each time period during a given planning horizon to meet the
electricity demand at minimum cost. Especially, to deal with uncertain demand, we consider the stochastic unit
commitment problem, where the expected cost is minimized under the pre-determined set of scenarios. To
mitigate the increasing computational burden of the problem as the number of scenarios increases, we propose a
unit decomposition approach to solve the problem. It is a specialized Lagrangian relaxation-based solution
approach that relaxes coupling constraints among generators and thus decomposes the remaining problem into
single-unit commitment problems. We also propose an efficient dynamic programming algorithm for the
subproblem to enhance the proposed solution approach. Through the numerical experiments, we show the
efficiency of the proposed dynamic programming algorithm for the subproblem. In addition, we demonstrate the
efficiency of the proposed unit decomposition approach for the stochastic unit commitment problem.
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Sets and Indices

T set of time periods, t € 7= {1,2,---,N,}
S set of scenarios, s € 9= {1,2,---, N}
Parameters
a fixed generation cost at period ¢
av start-up cost at period ¢
o shut-down cost at period ¢
D, probability of scenario s
b, , variable net cost coefficient for scenario s at period ¢
prin (pmax) minimum (maximum) generation limit
R ramp-up/down limit
R start-up/shut-down ramp limit
tU(t?) minimum up (down) time
Decision Variables
x, 1 if a generator is on at period ¢, 0 otherwise
z7 1 if a generator is starting up at period ¢, 0 otherwise
zP 1 if a generator is shutting down at period ¢, 0 otherwise
Yyt generation amount of scenario s at period ¢
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A28 2y D(s,hk) o AA v & o= Ao of, 7|df 7Hi
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gEG

Typ =T
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gt " Tgt—1 (12)

-z, =2,

Vge Gke {t+1. min{t+"— 1N} },t e T

g,

ng,tixg‘t _xg‘timg,tfl’ vq € G’7t € T? (14)
Pz, <y, =Pz, Vge GseSte T (15)

yg,s,t = yg,&t*l +R{}Ig,t*1 + Rr](l -z
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U _.D 0
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se St e T ge G
s.t. (12)—(18).

of ¢3tEA < off ot o] THUYE Eafste] AT &

Sk,
LR()‘) =min E ()\s‘t(thiyg,t) +ps‘K;yg,t)
seSte T
+ E w(g,)\)
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+ (ps ng - )\s,t)yg,s.,t
sesSte T

Sl Tgp =Ty, ~Tgy 1,
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1—=x s
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U_.D _ _
Ty~ Ty =Ty —Tyy 1, Vte T,
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min

ygﬂt gpmaxz 9.t VgG GS S Ste 1—‘7
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grol el g wHE A o A o] ZA ko] H ), FHETA 7}

2 o) H 40 ZA Gkl F o] =&dhe Aol HHt

tion) 23R T & 3ehS E%?’}V/}E 7}1 ]‘:} ol

oA 2 g gag
1°P “‘W%H °1J—1 7Jl‘a°ﬂ 718k Wolsey, 2020). $-41,
]_



290 Jongheon Lee - Kyungsik Lee

2oz 499 AF X9 convex hullE conv(X)E &7 4.2 34 GdibA 4 AlEEA o gt 52 A)E
3o}, Wolsey(2020)0l A58 A2l 10.1& 2314, k13| el 273

% ATk 209 g o) ot ol wH AL A e Geas A8 Ae Ha A48 6

|
o] AE< 311’3}‘}213} AA 7N AL HRE Kazarhs et
al.(1996)= #aste] st om, 2 da il A AR =
<Table 2> Z20h 4 AUE L s € S} 4 A Ftte 7
A 749 E3F#A 7} off ¢ 2ol =& AT (b,,),cgc r© To TEU0,20]00M F=3t
ATk & AFAA Agtete 44 Y ¢ug 5 DPDPE
ol

_|_,

ZLD—mm{ (10) : (z,y) € X ﬂconv(X(12>7(18))}.

WA cony(X1D70) € {(g,y) € BN EH88l1, o] 2 B2 F 74A HA 3 &y MIP @ DP+LPS}
A1) -(17)2 35 o BE MastE WA MIPE W solverE A8 3]
g A S s 2dste WHolt B 2% DPALPE 7] & &
ojng A2 MY HAIF (10)= HA3 e 7S vlustd dol 484 1A FAA L Sﬂmom °l sﬁ‘fﬂoﬂ
Fold §A7t 229t [ A 2,078 <Figure 114 s} 20] S8 & o] g3t
HANHE AA s, 7HH BAEE (D(s,hk)), e ghpe 7
= 78 W AT AFAY ZAE dubA H A3 LZEY
4. AQ Az} o] & o] &3] Al4tgtet B AT o A Al ¢+ B <l DP+DP
= 2249 <Figure 1> A9 Zo] FAAGH < o] &5t
4.1 A8 Q2EIA W 314 TAZHE 243t HolA DP+LPS FFH e 7HAA
AV L] H]“‘*’“"* <Figure 2>l A &} Zo] AFA
ol el A & AT AL FEX GLLAL AL mHA8 dngELS Fa) ANGTHE Ho A o7} 9.
A e sAAY ¢ GEA SAALZAN K Ha 1728 H) 10,0007 744 o) ThakEF S2o) AuhE Lo
g Hd ZellZ1i e AsS FAUstr] fdtd A APS g Al 4R AR aE Y e BALd gE HF A
At DA AF71E0l 249 ATV, =24)02  N74e 2 B9 2 <Figure 3> JENIQUT. 28 Age
o]Fo| 7 Ut BAHAYEAE FAB AT BHLY AR = xﬂ ok3h )% DP+DP ] $4:3 AAA S S B ZT} o] 39
48] AT (Kazarlis et al., 1996; Zlmmerman etal,2010)8 F3 o grEo g 2o gid) /g AL A AT A8
dtof st on, E TAAE AV A FEE AT Hoow, AYE L 49 27 g2 znmm 2717} 713
TLAATHE S 3A ﬂﬁiﬁ}. 4289 E FEH SGYEA  gukslA] Jebdoh wd MIpE A S A S o &
A AGTA ]t At FHAY L FY A TS S AN ES y_o]x]uL}, AU Q 29 1:]]2‘5_} AMA 7 =
Astdtt. E3h G54 1 AZGEA A A AL B Jlgo] A /1A W = A =A Jdehgoh T3, §Y
71 AsE 438 AT EE HA W pp+LPL AL 49 AvE 29 B A 7 B AT
At o AYSEoH (R A5 HIAYREL d 2 naAw Be 2o Ael 2o tal AL MIP B 3} ]
Ast7] 9@ &8 solver® CPLEX 20.1 8 A8 ST B 2 431 459 Boit) o]& AN TS Bajste 5449
€ A4 AdE 326B RAMO| A QS AFE(ntel QuHE T3 AU QL 59 27l gH 0T LIS
i7-8700 3.20GHz) o A 433} S Th. A A}gHT},
Table 2. Characteristics of Generators
) . Variable Maximum Minimum Minimum
Start-up Fixed generation ) ) . . . : Ramp up/down
Index Cost (8) cost (/) generation cost | generation limit | generation limit | up/down time limit (MW/h)
(S/MWh) (MW) (MW) (h)
1 4,500 1,000 16.19 455 150 8 227.5
2 5,000 970 17.26 455 150 8 227.5
3 550 700 16.6 130 20 5 65
4 560 680 16.5 130 20 5 65
5 900 450 19.7 162 25 6 81
6 340 370 22.26 80 20 3 40
7 520 480 27.74 85 25 3 425
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