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Unit Commitment for an Uncertain Daily Load Profile

FIE ET - A AR BT
(Jeong-Do Park - Sang-Bae Park)

Abstract - In this study, a new UC (Unit Commitment) algorithm is proposed to consider the uncertainty of a daily
load profile. The proposed algorithm calculates the UC results with the lower load level than the one generated by the
conventional load forecast and the more hourly reserve allocation. In case of the worse load forecast, the deviation of
the conventional UC solution can be overcome with the proposed method. The proposed method is tested with sample
systems, which shows that the new UC algorithm yields completely feasible solution even though the worse load
forecast is applied. Also, the effects of the uncertain hourly load demand are statistically analyzed especially by the
consideration of the average over generation and the average under generation. Finally, it is shown that independent
power producers participating in electricity spot-markets can establish bidding strategies by means of the statistical
analysis. Therefore, it is expected that the proposed method can be used as the basic guideline for establishing bidding
strategies under the deregulation power pool.
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Distored Load Profile
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Fig. 1 The distorted load profile

291¢) 42 FSIHAA BAF LA ol A2
9 adze gHd4el st oFvF WAT Holn
adle AME $ETAeR Agae wAY) AR
g8 s ozl wet BUAMNE 2GR 6712 Al
Yol Mt Hdwd st 93, dela iRl AE 25
AAbe 7 9o

39, 2PN Pakdze] Aex wIFE F2AR
pamde JEez WA/ VBANAYE FRLR,
612 AHANE HAeA Bgol qeiiA AT ol
A Aol d BEwd @4 ushie HYe RERM
o wdeul o] e Agelt A AV hEA
2 Radze Aze Radzy Hred BFL F7M
7 23TAL Eos wHY) NEANAYE PV,

6712 Aol BHwA datel e Ao

Rajolze) Az Ax LHAS V& FAde] BAS
2926] e, BRUE ReIAe 4 Andd ¥
o) Hul 25% W9 WA ¥5Y & Uckn Ay A
A% dRAdes 2 3% §F G FehiATh

Daily Load Profile

MW -~ —-— Upper Limit

e - Load Forecast L,
Permited Load t ! —-— LowerLimit L™
ForecastEmor ) | [ e -

TR —
1 New Hourly Reserve
' Requirements R™"™

e — e Y =TT

» hour

[ 12 18 24
a8 2 =031 A BEHME Bstad
Fig. 2 The normal load forecast vs. the actual uncertain ioad
demand

a2t o), waRMY A o WAE Y 5
glg w, o] TAe Ad/aY 4L VEAIE BHs 7]
ERAANE SRV FHUD FaIH ds )
AMg Hud, 2EeA F AN 48 2T WEA
2 % g Aeloh A7) ANERAA Y] BahFae
Ae/ae kg BE HE:AZEW 2Y2lN ExmHoz
& % g1%ol, thgol YEdt T shA Wetg s 7
3 8hch,

=1
y 2

=
=
=
- D)-



BAPEHIALEE 53A% 648 20045 68

- padZ ATl Lagel AFHE F& FAAY
BAG L[g 71202 237 /154AALE 54
- 2629 AT L& HFHE FE FANY
TARTH oo Al LR Aot Fe
FaAZ BAFe Aolg A2 duY Rz @7

wew UpperLimit— LowerLimit
R = LowerLimit

X100 [94]

23 S8Ast 25t do iy I SHXAH

ATFANE T 2e A7) NFTHAAY We AL
B,

CIEEE R

F= min gn ﬁ:l[St‘,-Fi(Pﬁ) + SE(L— St HSu (HI7H] 1

o714,
F :N2d gAo] A285= A 04
P, o AQY tlA Ay ie) ¥9E 2R
MW)
F(P) © A o4 247 i €98 el
P o o] dzng
N AA 2Ar £
M AA oA Az
SE AT telA wAT i) EU/ALEO
== 1)
H: : A2ty oA 2d7] 7 5/498 A5
A
H;> 0 St =1
H: < 0if S& =0
SulH{™Y) :war izt H7 AwE 5944 298

% 7158t v 288HE 7IEH &

Suf{H{™)e TC, CH, BC, SMC7} Fold %% th&
oz HEHw,

Su{H) = TC;+(1—e ~"““)xBC;+ SMC; )

TC; : 24d7] ig HY 715 v &
CH, : 247 ig 248 ¥z A%
BC; : 2d7] ig] 13 7% v&
SMC; : 2A7] i9] 71F A8 BYuj 4

237 #¢ A% o Hem AEdd

CSC, if —H!>CH,

SulH)=\ gsc, it — HKCH, ¥

HSC,;: &A7] i9l hot start 288§
CSC;: 2A7] i9] cold start 284§
CH;: 237) i9] hot start 28 A7+

m 2 A ws L, R

LM : 2gzae sa(L/™)e 2a3a(L)e) B
e Hoz Taoh

Lrw=Lx(1— E px0.01) (MW) @
o714,

E;p: 129 2844 2 FadFe 238004
ZIdae FaRde Ad & 23E

R : R&dZe 2FF AU A ddduEe
e Aoz gt
Ry = Lx(1+ Ez<0.0) = LI (MW) ®)
_ LxQ+E; x0.01)— L
_ = ¥100 (o5
m AF=d
(c) AYFFA S
N
;lpi'zL'”eu, t=1,- - - M 6)
(c2) Nzt duig
N .
Z:IStf.Rp,:R,”e“, t=1,- -, M )

o] 71 A,
Rp; : SA7] 9 4L
R AlZFg] tol A BEHd &2 /5 AT
Z§-9] FAn ¥

(3) ¥R /3
Pping Pl P t=1,- - .M @®)

o714,
PR @A) i) AAHLEY
Prac A7) il AAAUNEY



(cd) BA2ANAFAZ
[H{7 = Mu xSt/ =88] =2 0, ©)

4714,
Mu; - 237) i8] H2745 A2

(c5) HAAAAZ
[ H '~ Md]=[St}—St}™1] = 0, (10)

471 A,
Md;: 237) i8) HaAAND

(c6) F7hdreia e
|Pi—P{~|<Rp, (1D

(c7) X &AF

Pi=Pppin Vist. St{7'=0, Sti=1 (12)

3. 2oi4y

R A" A7) NFZAAGY dgel W9 A
4HE 2671 A=d2]e] 2d7] dHelH=2 MdEsin 3
R e o33 goh

k3 1 2o|AEof ALESH B5l5M
Table 1 Load demand in test cases

® 2 MY oy g
Table 2 Hourly reserve requnrements

Sgl-ajl=alalo|loiEm
oo oo oo o |os |F

oacnmm.u.amw«*’

Aol AL 1FHAAY
DP-STC (Dynamic Programming Sequentxal & Truncated
Combination) ¥[3-6]2 A}&3IATh BH7] N1EAHR A Fo|

nEFe Yo

Trans. KIEE. Vol. 53A, No. 6, JUN, 2004

(e~(cNe EE AdzdE wgdsaizn, = AidgdE z
SA7)e) gLEF P & DP-STC A4%d F 242
ZAtgg 2 ug g5 F(P)=aFPi+bP+c; & A
o] AAFHE FH38o ALk 2@ 1FuE
Su(H;7he A@)ez A4stzm, DP-STCHY $4¢9
g2E Q9agys FLAC; (Full Load Average Cost)E At
23t Ege¢gA e UR; (Up Ramp Rate : F%d),
DR; (Down Ramp Rate : ¥'28)E z7) 123387 939
(c6) FEA LS b3 2ol #Hso nsATh

|Pi— P{"Y|<UR, for P> P}™! (13)
fPf'_P."_1|5DR.', for P§<Pit_1

AYd FnYEE 05% BA= Eirg
AH 7HA Feol date] Ze At

7447 39

E 3dHER
Table 3 Test cases

0 % - Original L; is used
1%
2%
3%
4%
5%

iﬂ?_??_ 27 71 ERRNAY Petg AR A5

, 1) 39 7 Afo uist wH7] 715 RAAYY

g A Wiez Adsm, 2) AARITA Ly} B3

oﬂé%t Ll w8 05%25% Ateld 2a& 7MAe

7 e T RaFHE 4434, 3) 60,000 7HA

9] —‘?*3}51"41“] s olnl A" 715 A st LA

N7l o3 d T HLFAOG : Average Over Generation),

FFEEZWHZF(AUG : Average Under Generation)& 74t
sl o AFE E4s) #5000 VERARATH

E 4 N7t HaanloiurMet
Table 4 AOG (MW) per each stage

337



RAPFIR3E 53A% 64 20044 68

B 5 AUY yoRsy™a
Table 5 AUG (MW) per each stage

[237 N6 | 863 | 1155 | 1439
1153 | 1159443 | 1736 | 20.16
29 | 299 | 220N 2312 | 259
3453 | 3453 | 3454 | 3 3459
4607 | 4607 | 4608 | 4613

H4E AHHEY AOGE 47 (upper-triangular)
2ol A3 2 goz ysuy Ert Frbste 28
ol ALFE F713AE vehidn oRe Ao
£ 428 £ g NFdAME L Rg A4d o
A7l AN1FZAAEY LS AHEFozH, AOGY TS o
A" % drke A 9ol

AABRYARA sl AOGY FHHFAFEL 1) 2AAY
A7 QRAFAG YFY W) ZjdX Brp 2A GFo)
A dold A, 2) AFde HAFQ7 dBAHAR
AN AdGY FPFRT A Ao I} F, Case 2,
39 A% Eprt 274852 AOGH F7H8tEE, H49 A
A4 YoA TAANGAE A2 AL 34 g1 dAF
g HE 5 UA ok

wabd, AAGATE AOGS 2L Aty S
9 Y LA =887 HHMEe Eirrl F Reg )
Az A7) NEANAYE Y3 FAAYE A+
Aol FEl8 Aol whA, A9 G o] dAHEAF
dA AZdE AYEY FHSE A FE AAR $H3R
23 ZAIZFANFGA FdE AL FEPE TANGR
L Eire e AL oz ARsm wAY N5AAAY
€ $Y3le] FAAYL A9 LAY R d>2sm, A
A3y Erre o]l AR A% AOGY #HPsE dEL =
FAHAFAAN HBolA ol&E FUde= HEgS Ae
Ao},

ol s} o] EAF ST AOGE EAF A TAAIR
ey 2 Jd2AFE 7Y & Yo

S 4R A

E
5T <x<Eire) oz ARstm wa@s) ASAAA

Yo sUstc) 42W AnISE MPoR ATAHA
e RICETIE ST DI

dHadue 9 E.rg

AA e

S2) A% €9 FHol YRAANRIAN AAR AckEe)
Age zAAYANRANN Hie Ae HEW AS

E
Errg 05745 o woz sAgsn war 7153
AAYE St 4P ARV L wgoz Y
YAge) Qo) Arhsre el ok

S3) S19 HFez dBAHANZY qZe FrrsrHen,

E
Ad A A28 oo ng Ad 3Y AR Eppd
ol 2w S2¢] Agem AWt ZADGA e T
of e},

S4) S2¢) AFeo2 dHHAFY 4T Ao,

E
A AY 27 5wt A 39 2AG Epeel
Zol Mow ZAAYA YA Folaha gk

AOGY AUGE EA S H49 B58 viws £ o, Case
18 ALsd AUGE AOGe vl&] AA eHolge nd &
¥ AL 4 & Aok Case 1€ nAHAH Ade 2as] 7]
ERAAALY #olBE Case 1€ A9lsld, 5+ A¢Hgh
Wo] el AUGE Erpol 2A 438 ¥R &&= dE=
AL 9u gt} & Case 2 - Case 691 AT AUGE 2
(7 A oujE Ak o8 on nHolleonz ®
59] dAHez EAE 3947 lower-triangular)d ¥l
A AA §8d disiy ZdAddurl 383 gsE F

31t
4.2 =

B ATE 35 $uAANRAN 2RAAAT] Y

2H7 JEAAAYe] BY ATE FAHAT. A7

2%E acksd thew Bk

) $RAAAA AAARNA AR FPo] Wt U
P32 H0) BHAY F oo U@ B4

2) ARAAAAS TRAAR SRAN ¥ 42E B
7 NSRAAY P A

3) BEAYLAHAOG), FEPZUARAUGTH 284
PaRye) ABUA BNE 59 4BALY JlE A
=

AL $d7] NERAAY dngFe EFLT FIS
Aol dial EA3ALe] A B gE H2Ee T, ERAE o
23 F24F9) 2F=2 7|Udste FYLPH FFLAY
EAE 98422 HFjuzR, THAGAE BEAT F3
T diste] dulg dFHez JEATPA FAA HH
o 954 AR E EUz dTAFE FHEE = e Ao
o g9, dRdgge] e TAANRAY o5& AL o
HEE BES FF Ad7dHoF & FAon

gdre 2
o] =& 20013 AHVE 72AT ALAAA
A7njol st FHHAS.




T 2 & @

(1] #5483 AHAFTZ2AHY, "AZAE A=
£ 9% 712 A7 (HFEIA), 1999 8.

[2]1 C. Wang, S. M. Shahidehpour, "Effects of Ramp-Rate
Limits On Unit Commitment And Economic Dispatch”,
IEEE Trans. on Power Systems, Vol. 8 No. 3, pp.
1341-1350, Aug. 1993,

[3] C. K. Pang, et al, "Optimal Short-Term Thermal Unit
Commitment”, IEEE Trans. on PAS No. 4, 1976.

[41 C. K. Pang, et al, "Evaluation Of Dynamic
Programming Based Methods And Multiple Area
Representation For Thermal Unit Commitment”, IEEE
Trans. on PAS, No. 3, 1981.

[5] H.-T. Yang and K.-Y. Huang , "Direct Load Control
Using Fuzzy Dynamic Programming”, IEE Proc.
Generation, Transmission and Distribution, Vol. 146,
Issue 3, pp.294, May 1999.

{6] Feng-Chang Lu, Yuan-Yih Hsu, "Fuzzy Dynamic
Programming Approach to Reactive Power/Voltage
Control in a Distribution Substation”, IEEE Trans. on
Power Systems, Vol. 12, No. 2, May 1997.

0

FaAS SsR Mol oS @M JISHXAY

f.

Trans. KIEE. Vol. 53A, No. 6, JUN, 2004

o5 (& E &)
1969 10¥ 6944l 1992\d dAdigm A
71883 £4. 199439 F UEgd AVHA
T3 ZG(HA. 20008 F distd 7|
92 AFHITEIS EJEH). &4 #4dl
gu A7 FEE HYAAL
Tel : 054-760-1663
E-mail :@ jdpark@uiduk.ac.kr

ut A ol (4 4 1)
196313 49 24948, 19863 ZAEdUigw A
AEEy 4. 19893 F gy #AxFg
I} EGAAD. 19943 F tEgd AxFst
I E(FTEh). A AYdtn A7y
ESTACH
Tel : 054-760-1622
E-mail : sbpark@uiduk.ac.kr



