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4 Black out
5 Stochastic unit commitment
6 Monte Carlo sampling (MCS)
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1 Restructure
2 Security constrained unit commitment (SCUC)
3 Non dispatchable
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6 Chance constrained

7 Sample average approximation (SAA)
8 Latin hypercube sampling (LHS)

9 Probability distance

10 Corrective dispatch
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1 Non deterministic polynomial time hard (NP-Hard)
2 Intractable

3 Benders cuts

4 Robust optimisation

5 Autoregressive moving average (ARMA)




S glacys gds 5 L Sleabll Q,:é)fjlé.}):l;..x:)}:‘_;ubb;p)ﬂ)\m); ke (5 aeb

A0 — G

Olrl e b

ol i J <
[ .
5, s kg
&

SH S sl
t=1,s=1

v

D39 A (s s 5
tosless syl gl

k

el vvw,,m..uu,,)s_ﬂ f"

e

9

g ok sl e
33,8 Lol Aol dlies 43 043
A

é

sy
ol Gl diw o sl 550 r’e)ﬂ‘ ol s
. . - d M - . . <
JJ-"-:'/*‘&JJ-(/’@&-’LA' Silwiigy i 1Y
LL}W&ALA}&)LA%W&&#))@MG\J\W
5L Cﬁj e gl gl 55l Al ol = RG] [t Sde
SRS Gl b s s S Sy S AL e SRS
i 0Ll Jo 05 5l S sl 5 el Sl lagsdiasls
Y USE s ks e r—"ﬁ)}g‘ sl gld 58 e 3 eslinad 5 se adsl
.;M\,Q;oy.«{gfﬁjﬂ\pwdgdf;.wumawi
et s ¥,¥0
5 e 3 3200 sl o 2 ST ol dis Ga
Sl ol L) B () ol el ol 5 58 ol (1) bl akl 5 0515
3OV Gk Brae 5 G5 U8 gaeme Dopon Ol5 ol 558 S
3o Sl oot ool i 358 Lo (5l e a8 S 5 5 (1A)
wlol Jolais 4y )1 ST 58 53 O3 (S oy s 55 55 ol sl

Ju);k;c

2 Master problem

TR | ac <.
i o AR o S

0 < pf < Pl Vi, vk, vt *)
[X{eoyy = T Ui — Ii(t—l)] =0 Vi, vt %
off _ moff 7 > ] »
L
[X (t— 1) TL ] [Ilt It(t—l)] >0 Vi, Vvt
d,
r ZPL‘) ( (t 1)~ i(ts—l)
@)
+ Z PiIEt—l)) < URL' Vi,Vt,Vs
d,
”5 B ZP“) (i (t - i(ts—1)
[QED)
Z it-1)) = DR; Vi, Vt,Vs
rzlc”_rds <R” Vi, Vt, Vs QD)
net - < R Vi, Vt, Vs Oy
T = th <+m vb, vt )
Py = (Ome — One) /Xmn eref,t =0 Vi, vl %)

Pk — Z P, =P} Vi,Vhvt (1)

ieu(b) k leL(pb)

Z = + Z P) = Z Py =Pyl ¥bts ()

ieu(b) k leL(b)

g gy Olf ol 1y sy Al Gy el Ol e ) el
() L3 ol pl 58135 0o s b sl Condy Sl fp ke
(Blas slie s w0 PIRAX PO PR s sl )L (5) 5 (0)
Sbaseite (V) 5 (V) 53 ol ol K oty Sl 5 ali 5055 5 ST
RESTEIE RN PPN TR S CIPRUIEPYD o/ APNIP. ¢/

gf".?"l’-) U""’j) QL&) Jﬁlu\;- w)j.)omT off Tlon

3¢l t-1 Ol s
Ol 53 ek g (V1) 5 (4) o Ll s a1 55 02 5
el YL s 5 5 w DRy s UR; O 55 &S ol on 50 Ol 2alS 5
ol 3 VL ds RIS R slie s s adsly Vot 5
s il gla sl 6l VYD) 5 O)) L3 1y (o) Dol 5L i
33 45 S o dosloea |y 4 bshast 5l 55 Ol OF) islas bl e
5 et LSS Sl Xy 5 Ol oS Sl el s etz 3 Wbm O
gl I sl 15 sl (00) Wales asly e ol M il 4505 e
Jraze bshas 5 s, 5135 s sazme 5 5 4 L(D) s U(D) OF 53 48 A2l
) al S b oty B s bkt o 05 Py ¢l b b w
ilises (sla g slen (gl 018 b 43 (VF) alslae il o (ol fow s
5338 et ol Lty sl piie alie OF 53 S ke L

. ol - ,b .
DV E 0 YT dil e sl o 6l 0L Ol Py it

1 Ramp rate




A slacys g 5 5L Slabll (3 8 e s Ly Sladls 03,50 Sl s sl Gl

RIFERIIRL SRt

L E @Lﬁ ¥

o3zl [14] ollas (Y ) TEEE anl Y¥ s oS 5l dlis ol s

oMbl als UC a5l a0l ool e el o
ol 0 LI DAL 53 0 5 ielo ol o i b bl a0 55
CPLEX oS | 5 GAMS 3l 5 sslgning s (s5baesly s
Jbe (gl gl Vevr s 4 oS [ 5bolen ol ad § 51 3 aslinul 548
e S0ke LLHS 255 b dbs w55 b ele 5L Sluabll 038
Jb e ¥ JSKE 5o s 5 a5 o3 65 [l Ol sl 5 el i i
Lg o Jlazl ol 0 03,51 a8l 2alS g5l 03 iois 50l w i
Gl p i 534S ol oel ) Ui 3 4l ralS gl o3 @

5,8 o 3 ealinal 540 ol

O

IEEE .l Y¥ cos a$3 37 <3

ol 5l gl to bl ) Jgds

IS Jlez| IS Jlez|
Vgl . o e
¥ g5t BEE Y 55t o Ao
¥ gl Y Al ey
¥ sl LYY Lt LYo
0 1 bes BERY Ve syl ey

5 Malloyy (2SS 5

ZZP}; =ZPL{f vt %)
i k b
Z(rilt"s Z Pk = Z P[f"f vt, Vs (\A)
i b

&Jf:’@'u‘;"‘JJ{ 4,[.“_4‘ j:,jr"',“

s ol 343 .Jﬁl{dﬁ(\‘\)c;)rp@dbﬁg,&&mﬁﬁj@mcu

Al Sl i ol 53 il e (V) 5 (Y0) 55 5 OF) 5 OF) Juls
ot Sy 02N Gk S e B s sl 1 S Ol 6
SIS sy s sl old o Ggb Ay Lol i ol
salsay (5)35) (Dol slo it 5 G55 S0 I3 @ s gl
Soke glah Ol Bl sy Doy 5o g edd e ol s )
01358 o Jite Lol aieas s 0L 53 5 0k L5 (1Y) llao b

YA A

Min Loadcy,+ = Curt® + Curt/ QL)

Z S — 75 + ZPLIE) Z Pj; )

icU(b) leL(b)

> PDsf — Curt® Aipe  5Vb

TS Y R

i€U(b) leL(b)

> —P;t — Curt® A2pe 5D

JWT:LJA }._{)Ll.ﬂ A )L. o> Curt’ ]:.x.La 6}3 h{b) BL)

Sie el o s e gl 51 Gl a5 > 55 4SS 505

Sl () Gollas ab s 550 2 05 o 51 5555 s
3y o sl la g sl 5l

(Rhpe = R2e) (03" =18 + Z P) - (e
(v)
-7 Z P+ Curts <0
k
I e P

b.\.ATQ,‘...nML- olie Sleslinal b odsly o 5L 5,0 sele 555, Olgme

u,s

55 4 Rest ; Res)P oS 5 45 o arslons (YY) 5 (YY) 51 F0° 5 72
.mpy ol b iy ol g 5 RalS 5 s Sl

75) (Yv)

up
Res; = max(f, Vs

Ads) Vs (Y\c)

Resf™ = —max(#,




b oz sl 5 5k Slaebll (3,8 5 53 L a5 sladsls 0550 Jle s dslas 550l

Ll o a1y ¥ lls 155 a5 580350 hls b s, a3

.x,;pv,,v;)b}@;;lu),n;;@jgw\gbbha)mbl,c\s
e)lwwgwjmdlwa@),gtj}j\‘\j/\.b-lju.o\;'-)}lo«.
b byl 5 e Ol ST 5 Blas Sledbl AT Ll e s
Coadd ¥ sl ppomad ol odal ¥ Jsdr 53 OF A1y 8 o Lol an
J.léu.nj:.»\c JJJ;-)J .Mbvx QU\JJYJ = ‘))):\J'.’)LJAJ"U)L@’:
Sl i3 058 el 5 sy o 5 03 sl 5 sy Ol
JUl Lot VY 5 5L alaii VW Jals 5 e a0l 0l 03550 S0l

NG| J)}_‘jﬁ[\/\]); Abfjn C)LGW\A\S.LZL’J&

L5155 heasT oMbl 0¥ J g

E333) (cel) Ol J3las GYs) 4y pa
BYdr]

wrps | Vs | s, | el ST SD
\ 44 Yof A f RACA SRR A
Y 44 Yo¥ A f VEFE | VFYL Y
Y 0,%A e A A VYO VY0
i 0,0F VoA VY \e Y0f 0,8
0 24 VY f Y frv YV
4 YA ™ A A Y YAY
v YA il A A Y Y,Y
A (A3 A \ \ . .
q 1.0 A \ \ . .
Ve . I . . . .
1 YA £Y A A FYY SY¥
\Y AE\ A Y¥ Y¥ YY4A TYAA

S gladaly sles s 35d e 25 alas UC dis > s
3ok wio L ol UC alies > b oiojls 3z 5555 <kl
(Sl i) ol de SO Lol it 55 0l sl wigy slagaly
el s Sl sy i 5353 48 bty ol g s 1
(ol 0 w258 ) bl ahivs (s o ol eobalicsay ikl i S
Sed 5l p w4 Oy 12 @SN LSS sl i
a3 Gl S el edd 03,510 Jsdr 3 IEEE s YY s
03,51 ¥ IS s gas 53 Sasals Cole YE U b s oS sladsls 03
frd 5l 3 o35 sl 3 aien 5510 58 SA ety ol s
3 O Ol Bl Cusgdoms fiomen AL o pasela dlivs ol o
il ok Bl Ly 5135 0550 gl

Ll Ol Y70 — &y Ml eS8 eSS

(RIS e

[Ean

=1 s

Ol gl lw +ald oty L

(o) Bl

0011 12 13 KW 15 B 17 OB o1 0 N o ¥ M N

ol L GRw gl gyl ¥ SS

(1) 0T dxly 2 cd b 5 by 5155 (g 5 01 35 1Y Jsar

OSSP Bl | Poslas | Y aslg | Yl | Yl | F sl
\ ro¥ \oy L S R N IR TN I
Y vo¥ \oy Y| fos | fos | vy
Y Yo Yoo \ \ q- £
¥ Y2 A0 04\ Yo AD | VEVVO VALY VALY
0 VY I \Y A A VY
5 OFYO V00 OEYO | YAND ) *
v OFY0 100 OEYO | YAND ™ )
A Voo foo Yoo Yoo Y A
q Voo o Voo Voo \Ye Ae
Ve o v v . . .
1 VOAD V. VAD | WO Y Y
VY VY. YO V¥ AV [N \

IO CORI OISR T T I RN S PRSP SCION I, A PR

LF5 VoAl Y aly YAy ¥ ol
\ AR ¢4 ARIRY4 \WAQ V0,4V
Y ¥ 1,48 WA 0.4V
Y VAP Yov Y2V YY VY
¥ V4Y Yo Xy YYY YY, Y
o AAA A YY VA Y& AY Yo f
I q.4Y YaY0 Vo SA R
v q.4Y YaY0 Vo SA 1LY
A o ["AA 0,07 [\Red
q o ["AA 0,07 [\Rd
Vo . . . .
AN 4,4Y Ve YO AR AR 4
VY VoA Ve s R VY




A slacys g 5 5L Slbll (5.8 Ja s L a5 sladsls 05551 e 3 sl Gl

O s VY40

| .
PR AP,

ol b ol gl 4SS gladly Ol pgases

Basy WY,
Braga Biggld

Bourliy By

LAFTLP L LS
By Wy,

Bty W,

eyl

Mo B oM % s Y B W 0 0l Ul Ul e s uE 07 Ul s @0 @21 2 g3 e

[y
Cole o gl gl 35 s g OIS gserme P JSS

oS Lodad Ladly 5555 seiie Bolal (§5luaigs alies (SAud 50 2 52
Sl 18 55 0L 2 Ols ol sl sl clal s 5L SliabIl
oS 3 s Lt sy e 3 T Sy Ok 5 el
Gladsls Sl 5055 e b el 3lie 355 o el galgidn
35 555 g odalin oS 5boles Lol sl 03,51V SE lsgad 53 aSE
5ais e ol i sk Je Ll Slebll Ol S V) B4 el oy
STYYEYY 540 Olebe o 53 iomen 5035 2o old S S
S 35 ek esls Ll 5535 Olgge Gl S 0k ke ilirabll O30
23 5000wt plp el a gl el esls [arass )55 Ol AL e
Sl Sl s il sl (513 o s 555 MR Ve g
S sk 5 M el Gl TSI S g s b @l s

Al e 4zl UL G

ol L, em 95, OlF

w
)
30
WA B,
B Tl
Wo,dp Wy,
Rl
Wy WA,
B W,
W,y W,
130

(esla) Sl

Ob Slaedll Ol o (s 5L 5590 9,5,V JKS

2 Worst case scenario

Y

G Medlin A eSS 5

i bl 0 Jydr

(O¥3) fala (g5l s Bus 26 v;i,};in)ljg:

£090%+ ,£44 )

H ks

e b el sl e el sladly
By WY,
LAFT U] 5
me B

AP F L LR

L LY LAD a3
0 LU aday

B B ‘
1 3

1 2 B W o5 B 7 B 9 0 wll 12 13 w4 5 6 17 tlE 19 20 21 22 23 M
zsla) 3l

(UC ) ol b oS el lasoly o JSCs

Al oty sladely

"

Sl s alies C‘"L) ba, 53l 35 5l edd ool 2 M58 Ol uslae
odalie O o 55" L3 55, 550 Lo g U150 sl (Lol O30
sl o.,\iJJg Ll [\A] ch L;;ua.a L&J:-b v.:& Cj.: Cod gdoms b)..:eda
,wl)pM‘uélﬂ&gduwﬂ;;yuu;cw?Jg.:)u,.,;
Syl Cdlae zelo ol s i DL L 33 S e sdalin oS 5 sb0ka

4‘956'.&.1’-1, Ol ] d:—a&-'n.;

JCALA

200
100
0
O I I e I C T T e T e ]
(sla) Ol
T R P T R P T i T B PP
=Vadlps MG =g T R P ]

cslw YY J’As':“:'kﬁl‘“"‘"" f},"- b‘_,s 0 J$$|

1 Day ahead market




S glacys gds 5 L Sleabll &:;;,Ja;);p_xg,:‘_;u,\}b;p),u.u); ke (5 aeb

Ol Ol Y Y0

[11] A. J. Conejo, E. Castillo, R. Minguez, and R. Garcia-Bertrand,
"Decomposition techniques in mathematical programming: engineering
and science applications," Springer Science & Business Media, 2006.

[12] B. Hu, L. Wu, and M. Marwali, "On the robust solution to SCUC with
load and wind uncertainty correlations," IEEE Transactions on Power
Systems, vol. 29, pp. 2952-2964, 2014.

[13] B.Huand L. Wu, "Robust SCUC with load and wind uncertain intervals,"
in 2014 IEEE PES General Meeting| Conference & Exposition, 2014, pp.
1-5.

[14] H. Wu, M. Shahidehpour, Z. Li, and W. Tian, "Chance-constrained day-
ahead scheduling in stochastic power system operation," Power Systems,
IEEE Transactions on, vol. 29, pp. 1583-1591, 2014.

[15] Q. Wang, Y. Guan, and J. Wang, "A chance-constrained two-stage
stochastic program for unit commitment with uncertain wind power
output," Power Systems, IEEE Transactions on, vol. 27, pp. 206-215,
2012.

[16] M.R. Ansari, N. Amjady, and B. Vatani, "Stochastic security-constrained
hydrothermal unit commitment considering uncertainty of load forecast,
inflows to reservoirs and unavailability of units by a new hybrid
decomposition strategy," IET Generation, Transmission & Distribution,
vol. 8, pp. 1900-1915, 2014.

[17] L. Wu, M. Shahidehpour, and Z. Li, "Comparison of scenario-based and
interval optimization approaches to stochastic SCUC," Power Systems,
IEEE Transactions on, vol. 27, pp. 913-921, 2012.

[18] A. J. Conejo, M. Carrion, and J. M. Morales, "Decision making under
uncertainty in electricity markets," vol. 1: Springer, 2010.

[19] R.T. Force, "The IEEE reliability test system-1996," IEEE Trans. Power
Syst, vol. 14, pp. 1010-1020, 1999.

Sy JLL».“ lort o

| &S oy
ol o BN

DAL bl (ilaang s gl 0dd L) a5 ag) cnlnle
S s (w1, Kk Joo) dais 1z 55 a5 55 el A 5 Ol 031
Sat b Skl J 25 sl (ol Jlesh) 6 sl 5555 088

Al o Bl 4 3 555 55k 5o b e (513 10 438 5 0L S

S O

e s i o (sl ol (g3laang o S SC el s

5SS el Slacssdone (55 B 5o b ad g gladsls 0ols 1B
eI ol el s S Wl odd i L 55 Canda pte 3 x5
03 el 258 e s s s ol dlies > ST ) S0
P GRlT 5 etalisy s Lol s 4 cilsie gla s b
Sy ol ksl 0L TIEEE aul YY s oSl 5o, solgday
Lalst 30 0L g8 e gla s sl 58 8 B s L i sla 515
23 Sondad pde ol 1) el b o S cle st Lo
ol el S50 osbe I Sl sl B8 I 3 b
S nlas pe 5 8 5o Lo g dals 30 uames (olgiin (2 S
3050 o b Ghd 2 5 ook e B ot BB 8 sladsls

Ll (605 e g Sie Hsba il

c,vl.'.a

[11 Y. Fu, M. Shahidehpour, and Z. Li, "Security-constrained unit
commitment with AC constraints," Power Systems, |IEEE Transactions
on, vol. 20, pp. 1001-1013, 2005.

[2] B. Hu and L. Wu, "Robust SCUC considering continuous/discrete
uncertainties and quick-start units: A two-stage robust optimization with
mixed-integer recourse," IEEE Transactions on Power Systems, vol. 31,
pp. 1407-1419, 2016.

[3] E.M. Constantinescu, V. M. Zavala, M. Rocklin, S. Lee, and M. Anitescu,
"A computational framework for uncertainty quantification and stochastic
optimization in unit commitment with wind power generation," Power
Systems, IEEE Transactions on, vol. 26, pp. 431-441, 2011.

[4] R. Jiang, J. Wang, and Y. Guan, "Robust unit commitment with wind
power and pumped storage hydro," IEEE Transactions on Power Systems,
vol. 27, pp. 800-810, 2012.

[5] J. Wang, M. Shahidehpour, and Z. Li, "Security-constrained unit
commitment with volatile wind power generation," Power Systems, IEEE
Transactions on, vol. 23, pp. 1319-1327, 2008.

[6] H. Daneshi and A. K. Srivastava, "Security-constrained unit commitment
with wind generation and compressed air energy storage," Generation,
Transmission & Distribution, IET, vol. 6, pp. 167-175, 2012.

[71 H. Wu and M. Shahidehpour, "Stochastic SCUC solution with variable
wind energy using constrained ordinal optimization," Sustainable Energy,
IEEE Transactions on, vol. 5, pp. 379-388, 2014.

[8] N. P. Padhy, "Unit commitment-a bibliographical survey," Power
Systems, IEEE Transactions on, vol. 19, pp. 1196-1205, 2004.

[9] L. Wu and M. Shahidehpour, "Accelerating the Benders decomposition
for network-constrained unit commitment problems," Energy Systems,
vol. 1, pp. 339-376, 2010.

[10] M. Shahidehpour and Y. Fu, "Benders decomposition in restructured
power systems," |EEE Techtorial, Apr, 2005.




