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ABSTRACT

In this research, the power flow model for analyzing power flow with smart grid
including high penetrations of small renewable power stations and customer load management
has been investigated. The method can distribute the power imbalance to voltage controlled buses
in the system by using participation factor with voltage dependence loads and the renewable
power stations, including photovoltaic power plant (PVPP) and wind power plant (WPP).

In additions, the practical load profile of power system was investigated to evaluate the
load probability distribution function (PDF), and then the probabilistic optimal power flow
(POPF) for hour-ahead scheduling with statistical system loading is proposed. The system loading
uncertainty was represented by Weibull PDF in the proposed method. The Akaike Information
Criteria (AIC) is used to evaluate the properties of PDF models. In the proposed POPF, the
deterministic OPF is used as a subproblem and decomposed into total operating cost minimization
subobjective, which is solved by successive quadratic programming (SQP) and real power loss
minimization subobjective, which is solved by successive linear programming (SLP). The
Weibull PDF parameters of the OPF output variables are estimated by the percentile values. The
proposed POPF algorithm is tested on the IEEE 30 bus and IEEE 300 bus systems and compared

to Monte Carlo simulation (MCS) solutions.



The results shows that the proposed method can satisfactory represent the system
behavior that all generators are response to power imbalance including small renewable power
plant and voltage dependence loads. Moreover, the proposed POPF can successfully determine
the probability distribution of optimal power generation, considering Weibull PDF of load, with
substantial reduction of computation. The PDF parameters of OPF variables can be simply and

effectively estimated by the proposed method.

Keywords : Smart grid, renewable power, probabilistic optimal power flow, Weibull probability

density function, Akaike Information Criteria, Monte Carlo Simulation
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3.1.2 tuusaeavedlsa Wi mdsnuuasernag (PVPP)
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transformer
with plant reactive
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3.1.3 yuudasavedlsdlnihwasnuan (Wpp)
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Electricity Coordinating Council Modeling and Validation Work Group, 2008]
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generators with variable rotor resistance)
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3.2 aumsm3vavesmasnulnih (Power Flow Equations)
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Minimization) tazmsmimaeums lvavesiidesa ldihinlianugaydsluszuudediga
e .. . o ! [ 9
(Real Power Loss Minimization) u‘uumaaqmmmﬂmﬂummmiz"h/\lﬁﬂu POPF 929319910

Foyans1¥lWihedr luedoundinasatliwudaiudinininzdulugiaunar

9y
v A

[ 1 =Y Y
@erueadaz U 3503 POPF Tagsiuaunsouaad laail

3.3.1 ymieeanswInIney OPF

Ju W 7 o o w (A Y o
‘W\iﬂG]ﬂ!’JG]Q‘]J§$ﬁ'\iﬂﬂlﬂ\iﬂﬁ’ﬂ1?]']@]’(’]“]Jﬂﬁ]l’ﬂa"ll@\‘iﬂ?ﬁ\i\i'lulh\lﬁ?ﬁﬁﬁuﬂu@1ﬁﬂ (Total

q Q

Operating Cost Minimization) mmammm”lﬁyﬂu [M. Huneault and F. Galiana, 1991],

MAAIGAYDI TFC =Y FC(R,)» (3.12)

ieBG

Taoiuilulamdeu lvaugasideanu luih

PPy =3 (3.13)

v,

Vi

yy|cos(8; —,),i=1,., NB,
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% NB
o 0 =0y == WV | [sin(@, - 3,).i=1.... NB, (3.14)

0<P, <P™, for i e BG, (3.135)

waztulauSou ludodrdauesssuvds

| fin| < fief™, for [=1, .., NC. (3.16)

1

[

a’dy o Y 9 a o g‘ v o
aglszasdtamnsommaonldlasldlisunsunlteasidamdmeuiudiaduny

o 0o w A, v 9 {
mMImidaoums lravessidsnu lidamuasms luiaden 3.2

4
A [

= 4 o o w A =
HONIINU \ﬁJ’mQ‘]Jizﬁ'\iﬂﬂﬁ‘l’ﬂﬂW]E]“lJﬂﬁhlﬂﬁﬁlJE]\‘Iﬂ1ﬁﬂﬂ1u1ﬂﬁ1ﬂhﬂ’ﬂugiy’!ﬁ81u

sEUVd Wﬁij A (Real Power Loss Minimization) Ao

"o NL
MANGAVOL p, =G, ([ ;| -2, | cos(s; ) (3.17)
=1

T 1 '
A v o AaAA A o a

A I Jqﬂ// [ 1 1 1 [ <
e p,. Wuiledduvesvevessauintaniiniestuia llihaeeguazmnisisundi
o w 1 I [ 1 %
Yvesndoudasias Tagluaumsareds fluenedeseninetda i wag
{ o w a I o 1 1 a @
Tugumsh 3.17) hasusssgapdeiuiledsun idhusaduvesvinave s sdu
[ ' [ <
yuavousau uazamsuSunidvesnsioutlas [K. H. Abdul-Rahman and S. M.
1 < { %
Shahidehpour, 1993] 9614 13N umsnlasunlasvesdulslugumsszannsonaaanmny
1 A ' o 1 o < 9
amslasuntaslusisuay 9 vesvuiavesussaunazamsdsvundvesndondas
A 3 o = Y .
itoaninidludantlshennsonaugula [N, I Deep and S. M. Shahidehpour, 1991; K. H.
Abdul-Rahman and S. M. Shahidehpour, 1993] Ayutvlaveausaaulylasiminsanluns
o o do W S A 3 @ ~ ] 9 9
mimeevvesilsniuinglseasaiosnmidudlsn higunsoniugulduazeg laainms
Aurams navestaeau i
o o dd o I A <4

Wenruiaglszasaniulwduduszamnsonaasldiilu [N, I Deep and S. M.
Shahidehpour, 1991; K. H. Abdul-Rahman and S. M. Shahidehpour, 1993; M. K. Mangoli, K. Y.
Lee, and Y. M. Park, 1993],

MUY AP :[%%{AM} (3.18)

* dV| dT | AT

{ g o w {
Taoiulawaunisauqavessiasaiu Il luaunisi (3.13) uaz (3.14) wag
o ' o 3 9 o w =& Y d
VOUUAVDIVUIAUDILTIAULazAIMIUSUNUvdou)asids Feansouaas lailu

Ay ,for = 1,..., NB, (3.19)

<Ay]<ap™
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AT™ < AT, <AT™, fori=1,..., NT, (3.20)

A‘Vimi” :‘Vimi” ~[7|, fori=1,..., NB, (3.21)
Ay =|ym| -, fori=1..... NB, (3.22)
AT™ =T™ —T,  fori=1,..., NT, (3.23)
AT™ =T"™ —T, fori=1,..., NT, (3.24)

Ao & a 9w o P sy
nngduvuniudwsuduiszansanidaieneuvesilenyuiaglszasnade
Y
TU5unsuFUdY (Linear Programming) HagfUIMULIUHAaUAUMTHIAABUMS WHa

voamasnu v
3.3.2 yuuassanuazitluveamszlvivh

Tumsahausiassanuizduvesnse lufluivesuaa POPF 12 19deyams
15 10 ihdoundesrer Tusnaeail Tasihdeyadsmamsldldihluudaz s Tusvewaas
ATt uN 13N 0188190911U 1921501 (Probabilistic Distribution Function,

Y 1
PDF) sauaadlumnilsznou 3.4 ammihuuusiiaoan'1d 141 unsviidiaey POPE ao 1

PDF fitting of probabilistic
loading of dispatch hour

Histogram of loading
data of dispatch hour

Probability

MW

Dispatch
Hour Hour

nmilseney 3.4 mm%’mmui‘immmmﬁngﬂmmmiz”lvxhﬂﬂm:uu“h/\h?hﬁﬁq
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Y v
Tua39ei1 181935013 AIC [H. Akaike, 1974] Tumsilsiiiuanuuiuéived PDF A

o { o I o o
Taanmasransnmse izl udrunuaszlumsdruia POPF Tasasiwsil AIC

ansoueaas gy

AIC = 2(number of parameters ) — 2(log likelyhood ) (3.25)

LUIAAYEY AIC ADMIUsZIIUINAT log likelihood tagd1uIudls 31 PDF 1%
I @ ] I @ = ] o A 9}3 1
Wudwnuanuisztuvesaindsaziianuududuiiosla Tag AIC g ldisainnu

Aanaandoyagade’l (log likelihood) tazAWFUFOUVBIUDTADAD (1UIUFIT)

~

<] Y <3 Y
[H. Bozdogan, 2000] Tuilsziauves POPF 1dq AIC azilumsumudoyangapdslylunms
o ' [ v o o g 9y o 1 <3| o =
AauuuaNuieziluvesnss aAniuuuuiiaedn el AlC dmndezdlunnuiiasei
a IS @ 9y A o
anlumailudumuvesteyanfiuim

U

3.3.3 AIZUIUMIANUIN POPF

o d’Q 9 Aax A Ax a
NSTUIUMIAIUIUNNTUIYTENOVAIL 2 FTNMsADITMINOUAAT 1] (Monte Carlo,
. am a a 4 o Y
MCS) [M. H. Kalos and P. A. Whitlock, 2008] taz35msilsziiumsiiimesved hyad lagld

4 4 . .
Lﬂ@il“ﬁu@]ﬂl%a (Weibull parameters from percentiles) [N. B. Marks, 2005]

P
3.3.3.1 35msueuAmM$la) Monte Carlo Simulation, MCS)
a 4 Aaa ] I A, a o o
lumstanzrnuadavazanuiizdluldnnslssmsueuans lalumssiass
o o w d‘ 9 o [l I~ an
msiams laveshasnu iumunziga Taglduuudaesnnuinzilunataves
M3 1 lWihndaeede7s lurinde 332 mdunuada  Tusaazseuid sz uim

1 A o w a  of
AnnfeYeIMasnus I lumsnaniu

k
> PGT"
PGT}, = MT (3.26)

A <3| o w a A a o P o
e PGT" L‘]J‘L!ﬂ1ﬁ\1\ﬂuhl“l’\|ﬁmiﬂﬁ’)ﬂ‘ﬂﬂﬁﬁiuﬂﬁﬂﬂi’)mﬁ’EJ“]J“I/] m 1AgMsMuUINIL

WIVIUAN  pert,  delimIndifssiuduaumdsiainmsdnnusouney  ( peret )

nszurumsmuna lduaas3denmilsznen 3.5 Taoa ¢ Alduautlu 0.0001
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Get input data including;
Network Data, Generators Data, Load PDF

v

| PGT®, =0,k =1 |

Solve the OPF subproblem for the system load
obtained by probabilistic sampling from load PDF

| Record OPF solution and PGT?, |

A

PGT}, - PGT ! < &

NO

YES
Fit the output variables of
the recorded OPF solutions to PDF

v

| STOP
a Y an
M5z 3.5 MIAATILHAWITNT MCS

3.3.3.2 mstsziiummisilimesvedhyadlaelfiesiwud ng

av dy Y = ya o A < dgl 1 Aax A
11!ﬂTi'Ji]fJ‘L!]1@1llﬂTiﬂﬂ]elTﬂﬁ1%3‘5ﬂﬁﬂ”lu’Jil!‘i/liJﬂTﬂiJ!ifJiﬂﬂslluﬂ'ﬂ’J‘ﬁﬂ”li MCS %

9 1 o ' v 9 o yJa A 1w o
ADIFUANUIUNAWYIDUIUNINICYLUINIAINDY Tagl¥3smsdsaiumaisveauuiians

J 4 o J o IA
TyadnnulesiudIna Tasnnaumsuuuiiaeshiyaade

R (3.27)

4 2 o o ' ' <
1o ) WuilanguanuruuuvesnuUeili (Probability Density Function,
Y A I 1 a 4 o oo 4 U o
PDF) w04du1ls x Taefl o uag B !,‘]J‘LlﬂTW15WiJLﬁﬂiﬂJGQT\IQﬂ%uLLUUUl?uaa uazilanduaiu

' < . . . v &
wsitluazay (Cumulative Probability Function, CDF) dgt4ef m‘lmﬂu

F(x) _1- " , x>0. (3.28)
S
x= fl-In(L- F(x))J« - (3.29)
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P o
nlesisu lndn Puag (100-P) azannsodivn'ldan

X = /3{—|n(1—1&)ﬂ%a (3.30)
Yaton = ﬂ{— |n(1goﬂ% - (331)

A | 1 @ o A o w

1109 X, UAZ X, HABIEMTTUMIAIMIU OPF 11 P ez (100-P) muaay
(% qu 1w J Y a Y
astuadlsvedlyadilszneuais shape oz scale eansatlsziiulann [N. B. Marks,

2005]

P
In(-—
In n(100)
P
Inl——)
_ 100 ], (3.32)
op =—F—2=
In{x(lomp)}
‘xP
6, = X(100-P) . (3.33)

[— |n(1§0)} '

Taofl o, uwaz g, 1flum shape uag scale vosilandulyaaidsziinldon

3 7 o & a a S s S v o
Lﬂﬂﬁl“ﬁuﬁﬂl‘ﬂa P lag (IOO-P) ‘VNﬁfﬂS‘]Ji%nJuW”liﬁJm@ﬁﬁl‘llﬂil“ﬁu@ﬂ%a@TQﬂuﬂgiﬁ)ﬂTWi’]U

A o 492} "o w 9 o q’j A Y o g o
NANNULASVUBYNUANHUSUDINTINTSIYUDYA ﬂ\ﬁn!‘HLW'E‘]1ﬂﬂ1§ﬂ1u3ﬂllﬂu§ﬂuﬂﬂﬂj‘1ﬂ

Rl

) [ ] I 1 [ 1 a o l H
FMTUNTANITNIZIIVOIANNUIv T UNA1NAY ﬂTWTiTNLﬁ@gﬂxﬂTH’Jﬂ!ﬁ]”lﬂﬂ”llﬁaﬂsllﬂﬁ

v
=

v J A A 1 4 A o A
waawﬁmi1Jizmu‘nLmazgﬂmmuﬁ"lm%mwuﬂ o

>
o= PeNP , (3.34)
Number of NP members

2.5

— PeNP . (335)
Number of NP members
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A o s % ’A o o o ¥
o NP nJumumyﬂ@iwuﬂ"lmmmmmmm ﬂﬁ%‘]_l’JuﬂﬁﬂTu’Jﬂ!ﬁﬁﬂﬁﬂ!Lﬁﬂﬂqﬂ

AaMNsEnoU 3.6

Get input data including;
Network Data, Generators Data, Load PDF

Solve OPF subproblem for the system load obtained by the
designated percentiles of load PDF

Compute the Wiebull PDF shape and scale parameters of
the OPF variables using percentile values estimation

| STOP |

o 1 a 4 J 4 4
AMYsznou 3.6 ﬂizmumimmmmw15mmaﬁﬁum"l’;yjaammﬂaimumﬂlm
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=
Unn 4
Ay
AAN1INAADUIBTNII
4.1 MInaaeLIUUIIARINIHIRAUMS Iravesidsanu]ih
1um'ﬁnﬂﬁammm"mmmﬂwammﬁﬁwm"lWﬁflﬁ'maauﬁ”mzuu

T8930 avesEee  lae'lds1aedlnn 15 A ndsnunasenindua

NAINUANNT A 16 1A 24 MUa19D aaaadlunnilszney 4.1

S
1 2
15 T l | | 18
!
— 28 N y "
! [T 4 T
_8| I I'@‘I . ? T I—I C?
é s ! 5é 12 13
9 11 X
_I é Aggregated PVPP 5 1 T17
OQHOHD
S — T
12 AT s el
- OH OO _[T
25 S— ’;'""'"Xé};}'e'ééié&'\}&%'é'
22 21 |
27 29 20
T an|

alsznew 4.1 szuu W8 30 Tawes IEEE iiudu 15 ¢ Iihwdsnuuasonaduas

Tsallihwdanuandmsunaaey

doyaveeszuy I as IEEE 30 1 a1m1309199918910 [0. Alsac and B. Stott,
1974] tazuuusrasaued 159 Iihmdsnuuasenaduazndsnuan lduaas 13 luasan 4.1
Taglumanaaeu ldmruammasnu lWiheTaazadilseasumstaiusvvealsa luih

A3 19N 4.2



! o @ a J @ @
A1519% 4.1 LL‘U“]J%1@1’0\‘]"11@\1IiQLlV\IﬁTWﬂQQWHLLﬁQﬁN‘V]ﬁEllla$Wﬁ\1\ﬂuaiJﬁluﬂTiﬂﬂﬁf]‘]Jﬂ‘Uﬁ%“U“U

T #8189 IEEE 30 17a

Power Equivalent =~ Equivalent Cable of Equivalent

v
Plant At Bus Gen M Transformer at Plant Collector Plant

(MW) (p.u.) R X (p.u.) R X (p.u.) R X(p.u)

PVPP 16 10 1.05 0 0.1 0.01 0.1 0 0.1
WPP 24 10 1.05 0 0.1 0.01 0.1 0 0.1

13199 4.2 anddanu IiheSaazmddsenounstdiusmvealsalni lumsnaaen

fuszuuTwihsde IEEE 30 17a

AtBus  Power Generation (MW)  participation Factor

1 50 0.2
2 40 0.2
5 40 0.3
8 50 0.1
11 30 0.1
13 40 0.2

Tumsnaaev lammuaaisidsau liheswazidsnu i sueainvesInaan
e i 1o o 15l

P,=P,.(0.8+0.1V, +0.17%) waz 0,=0,,,(0.8+0.1/, +0.1/%)

o Ao Y o g v Y a £ v MY o ~

nelidmualide 1idludasedaula Fawadws lauaainnsei 4.3 uag 4.4 Tag

A I v d A o o w Y de Aa 1 ~
A13199 4.3 W umadns lunsainidaeums Inaveasidsnu i dre3sauauaiuaistan
I v J anA o
4.4 uwadnsandsminaue
v
vemiulawadnsns lnaveshasnu ihandsmsduduiaddsnu s

[

sanmasoasuila lidudy  286.9 Mw luvaziisidenusivves Inaaluszuuiluges 4
Y

MW fisanugapdeluszunminy 4.5 Mw Tasluasisdenu il swazdasau s

weanvves Inanvziilumasiuazidsnu Iiiessveuniestuiia Iihndanieeduila

Tlihaziiaanimuanan 1A luasan 4.2

23



~ v o w 9 ads a
A1519N 4.3 NaaWﬁﬂ'liulWﬁ"UENﬂ'laxixi'lull‘i/\lﬁ'lﬂ’)ﬂ?ﬁ@\il@ll

V] DEL P-Gen Q-Gen P-Load Q-Load
BUS (p.u.) (Deg.) (MW) (MVar) (MW) (MVar
1 1.06 0 66.4 19.8 0 0
2 1.045 -1.3 40 24.2 21.7 133
3 1.03 -1.6 0 0 2.4 1.3
4 1.023 -1.9 0 0 7.6 1.7
5 1.01 -5.3 40 17.8 94.2 19.2
6 1.018 -2.3 0 0 0 0
7 1.007 -4 0 0 22.8 11
8 1.01 -1.8 50 1.7 30 30.3
9 1.055 -2 0 0 0 0
10 1.05 -3.5 0 0 5.8 2.2
11 1.082 1.2 30 14.8 0 0
12 1.063 -2.1 0 0 11.2 8.5
13 1.071 0.7 40.5 7.2 0 0
14 1.049 -3.1 0 0 6.1 1.8
15 1.044 -3.2 0 0 8.3 2.6
16 1.053 -2.3 0 0 3.5 2
17 1.045 -3.4 0 0 9 6.3
18 1.034 -4 0 0 3.2 1
19 1.031 -4.3 0 0 9.5 3.6
20 1.035 -4.2 0 0 2.2 0.8
21 1.039 -3.9 0 0 17.5 12.1
22 1.04 -3.9 0 0 0 0
23 1.038 -3.7 0 0 3.2 1.7
24 1.037 -4 0 0 8.7 7.2
25 1.025 -4.8 0 0 0 0
26 1.008 -5.2 0 0 3.5 2.3
27 1.027 -5 0 0 0 0
28 1.013 -2.4 0 0 0 0
29 1.007 -6.2 0 0 2.4 0.9
30 0.996 7.1 0 0 10.6 1.9
PVPP 1.05 -0.8 10 -1.2 0 0
WPP 1.05 -2.4 10 4.2 0 0
Total 286.9 88.5 283.4 131.7
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~ Y] 4 o w 9 an A o
MITNWN 4.4 WaaWﬁﬂWﬁulWaGU@Qﬂ’]a\i\?']ulli"lﬁ']ﬂjﬂj‘ﬁﬂu1lﬁu@

BUS V]| DEL P-Gen Q-Gen P-Load Q-Load
(p.u.) (Deg.) (MW) (MVar) (MW) (MVar

1 1.06 0 533 23.4 0 0
2 1.045 -0.9 433 22.1 22 13.3
3 1.03 -1.3 0 0 2.4 1.3
4 1.024 -1.5 0 0 7.7 1.7
5 1.01 -4.6 44.9 16.1 94.5 19.2
6 1.018 -1.8 0 0 0 0
7 1.007 -3.4 0 0 22.8 11
8 1.01 -1.2 51.6 0.7 30.1 30.3
9 1.055 -1.3 0 0 0 0
10 1.05 -2.9 0 0 5.9 2.2
11 1.082 2 31.6 14.9 0 0
12 1.063 -1.4 0 0 11.4 8.3
13 1.071 1.7 43.8 7.1 0 0
14 1.049 -2.4 0 0 6.2 1.8
15 1.045 -2.6 0 0 8.4 2.6
16 1.053 -1.7 0 0 3.6 2
17 1.045 -2.7 0 0 9.1 6.3
18 1.034 -3.4 0 0 3.2 1
19 1.031 -3.7 0 0 9.6 3.6
20 1.035 -3.5 0 0 2.2 0.7
21 1.039 -3.3 0 0 17.7 12
22 1.04 -3.3 0 0 0 0
23 1.038 -3.1 0 0 3.2 1.7
24 1.038 -3.4 0 0 8.8 7.1
25 1.026 -4.2 0 0 0 0
26 1.008 -4.6 0 0 3.5 2.3
27 1.027 -4.4 0 0 0 0
28 1.013 -1.9 0 0 0 0
29 1.007 -5.7 0 0 2.4 0.9
30 0.996 -6.5 0 0 10.6 1.9

PVPP 1.05 -0.1 10 -1.3 0 0

WPP 1.05 -1.8 10 4.2 0 0

Total 288.5 87.2 285.3 131.2
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% o Aag A o A1 o w a A o a [
waansuoIsmsminauetaisiasnu lihasveunseasuiia i saumidy

288.5 MW uazaihasa luihassvesInansauiin 285.3 Mw fimhaenugade 3.2
=& [ L A <3 1 Aad ~ = o o w
MW HI91ANAANT IUAIT N 4.4 DR UINITAMTNEAUDUNTINA0INANTADUAUDIVDINIAT
au'lihesswaalasnseasuia Wi luszuuauadilsznoumstaius ' lduaz s
a 4 a d' [ Y o Y [ 4

A5 AATIEHHANNNYANTTNYEd Tnaa luszuuivdsamunseau1a flvmsmmaans

o w o W ) 1 a3 a
M3 Traveadrdsau i luszsuu It drdalinuudaesnlndimesaninanuiluasaun

Fd k4
YunazdanguasnNUAeINITNINIBMITUDUAUAL

4.2 manageunUUIaeIMsmIMIneums Inavesmasnulnihwiinziiga

'
ad

' 4 4
Tumsnagovuuudiaesiianni laivuaeulumsAnumuuuinesmeadanmuzayued
ase Iihondeyams 19 Tvihes dduszunTrih Taslddoyaatansldluihwestszmalneln 2553
[Electricity Generating Authority of Thailand, Statistical Report, 2010] 3135121/ suiisudeunusians

FA
a J o I . . . . .
minmmmm‘uﬂﬂmmzmsmzmmmu"hy‘aa nmiulens Akaike Information Criteria (AIC) [H. Akaike,

]
v A o

1974] Tumsdsguanuuiudrweswuusiaes szunliihdidsiihmmaasuie szunluihiids 30 e
v99 IEEE uaz 52u IW#hids 300 aves IEEE [Power Systems Test Case Archive, University of
Washington], [Power Systems Test Case Archive, University of Washington ; R. D. Zimmerman, C. E. Murillo-

Sanchez, and R. J. Thomas, 2001]
4.2.1 MmafAn¥uUsIaeamMsanavanm sz Inih

Y a'.l ) a Jd
anuaems g Iiihvesszmealnesesa Tuanaeail 2553 Taihnldlums sz
nuusiaeannanaveanse i dnvacmslsinfhaasail lduaasluninlszneu 4.2 uas
4 o a 4 o a [} a
1H01NAAT I AU U189 0T 1uide 3.3.2 Tasldnsnszaenuuuillnd (Normal
Jd H [} (%
Distribution)  ttazuunlyad AMnszinal 14:00 U, veIniuszaImIToLaaslaa
9 a 4 [y v 1 ] I a
Ansznou 4.3 taz ldmaimesvealanyuanuruuduvesanuiztlunuulnduas
Y d‘
puu'hyadawaaslunisieh 4.5
~ 1 a 4 1 o 9 Y ]
AN390N 4.5 AW Laza1 AIC ¥aInIsiaodnsz InihdredlanFuanuruiutue

1 <3| < a
anwizdlusuy hysduazuuulnd

PDF Model Weibull PDF Normal PDF
Shape = 88.4039 Mean = 83.7874
Parameters .
o Scale = 9.95245 Sigma = 11.4642
Estimation

AIC =2748.90 AIC = 2819.46
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d (5% o %
4.2.2 msnaaevIsmsszfivmnniimesvedlrayaanuszunlnihmial 30 Vaves IEEE

o w @ { o I
seuvlWihida 30 Faves IEEE Mhumaaewiuszuuan [Power Systems Test
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OPF
Variables

PGT
Pg,

035200 WS89 30 17a vod IEEE

10™/90™ percentiles pair

Shape
249.6409
54.7734
42.7364
41.2454
38.9682
42.7309
29.1591

Scale
9.3675
10.0412
9.5527
10.8249
8.9189
7.9006
9.2539

AIC
18,995.33
12,812.26
11,985.39
11,383.77
11,946.04
12,754.78
10,597.67

25™M/75" percentiles pair

Shape
255.4508
55.9607
43.7143
42.0283
39.9292
43.9599
29.8511

Scale
8.0687
8.6172
8.2111
9.2534
7.7176
6.8699
7.9759

AIC
19,152.64
12,894.39
12,080.17
11,478.34
12,088.51
12,812.26
10,691.08

40"/60™ percentiles pair

Shape
258.1354
56.4947

44.158
42.4022
40.3817
44,5377

30.162

Scale

9.5704
10.3219
9.8241
10.8401
9.0649
8.1177
9.5404

AIC
19,053.76
12,814.79
12,001.08
11,408.99
12,061.76
12,744.42
10,622.59
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OPF
Variables

PGT
Pg
Pg,
Pgs
Pgs
PGy
Pg3

Number
of OPF Runs

V015200 WS89 30 17a vos IEEE

MCS
Weibull PDF fit Normal PDF fit
Shape Scale AIC Mean Sigma AIC
252995 10.135 18,958.00  240.830 28.719  19,109.00
55.628  10.323  12,766.28 53.052 6.017  12,856.80
43.400 9.875  11,944.66 41311 4893  12,029.82
41756  11.052 11,350.04 39.936 4024  11,422.88
39.257 9.143  11,937.70 37.178 5025  12,136.08
43.692 8.192  12,695.80 41.229 5909 12,784.42
29.596 9.514  10,561.88 28.124 3.465  10,649.56
> 1504 > 1504
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Proposed Method

(Weibull parameter estimation)
Shape Scale AIC

254.409 9.002 19,017.53
55.743 9.660 12,785.61
43.536 9.196 11,968.04
41.892 10.306  11,373.85
39.760 8.567 11,985.08
43.743 7.629 12,715.18
29.724 8.923 10,583.58
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M99 4.9 aiees hyadnamsdsziiuinlesiud ng 10%90", 25"/75" uaz 40"/60"

OPF
Variables
PGT
Pgsy
Pgog;
Pgo,
Pgos
Pgios
Peiie
PGy
PG
Pgrys
Pgas
P47
Paiy
Pgisz
Pgiss
Pgin
Pgirs
Pgir7
Pgiss
Pgiss
Pgis7
Pgroo
Pgiop
Pgjos
Pgoz
Pgax
Pez
Pgz
Pgay
P30
Pgss
Pgss
Pgss
P39
P
Py
Peays
P01
PG00
PGr003
Pero11
Pero12
Peror7
Pgro23
Pgro24
P39
PGr044
Peross
Persy
Pgros1
Peros2
Pgro71
Pgr130
Per139
Pgriss
PGoosa

Shape
20,814.371
381.834
139.450
250.536
67.089
125.014
1,702.426
215.101
235.651
568.432
68.210
169.414
83.439
285.420
165.681
169.726
164.619
66.786
173.889
998.966
1,002.185
480.751
1,676.485
416.969
263.460
102.765
462.597
257.049
312.958
344,527
310.741
605.058
253.314
551.278
583.564
168.785
83.777
373.321
474.655
977.387
191.462
304.020
347.785
142.265
328.475
451.688
35.657
41.639
143.991
325.717
331.700
130.530
1,055.663
605.697
415.947
45,057

Scale
9.394
9.654

11.827

11.307

11.680

10.249
8.560
8.607

10.206

10.993

11.069

11.372

11.485

10.197

10.265
9.807

14.015

12.643
9.605
9.607
9.588
9.562
8.680
9.808

10.506
9.542
9.452
9.600
9.562
9.688
9.559
9.634
9.622
9.659
9.622

10.397

11.627

10.024

10.152
9.973
9.984
9.993
8.853

10.957

10.464
9.915
9.949

11.169

12.348

11.079

10.929
9.739
9.878
9.606

10.169
9.811

V3520V I S1§3 300 afa vea IEEE

10"/90™ percentiles pair

AIC
36,671.96
20,510.73
15,672.95
18,192.31
12,799.60
15,812.49
26,953.25
18,657.44
18,351.27
21,577.60
13,066.56
16,598.06
13,726.35
19,115.22
16,912.93
17,193.12
15,640.55
12,450.33
17,375.90
24,366.26
24,386.84
21,468.53
26,830.64
20,798.77
18,689.87
15,304.97
21,360.65
18,949.32
19,752.44
20,083.68
19,725.32
22,359.01
18,880.92
21,975.99
22,219.28
16,950.95
13,706.20
20,257.69
21,165.67
24,128.58
17,603.22
19,449.89
20,478.92
16,044.11
19,576.67
21,070.69
10,899.78
11,060.91
15,625.63
19,318.65
19,446.65
16,187.62
24,474.65
22,367.54
20,630.59
11,887.63

25M/75™ percentiles pair

Shape
21,299.984
391.678
142.570
256.391
68.591
128.061
1,752.417
221.391
241.664
582.159
69.869
173.444
85.408
292.856
169.983
174.258
168.054
68.266
178.533
1,025.814
1,029.147
493.300
1,726.178
427.649
269.866
105.467
474772
263.731
321.111
353.446
318.836
620.745
259.906
565.558
598.695
172.916
85.656
383.145
487.122
1,003.088
196.502
312.003
357.362
145.784
336.803
463.368
36.586
42.633
147.143
333.562
339.743
133.824
1,083.629
621.838
426.879
46.255
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Scale
8.086
8.285

10.164
9.732

10.014
8.775
7.375
7.409
8.788
9.477
9.535
9.809
9.896
8.804
8.861
8.451

12.138

10.904
8.267
8.281
8.264
8.213
7.500
8.423
9.027
8.185
8.115
8.239
8.205
8.322
8.203
8.274
8.260
8.297
8.263
8.928
9.976
8.653
8.772
8.606
8.612
8.620
7.590
9.461
9.029
8.5633
8.540
9.597

10.631
9.553
9.419
8.338
8.524
8.271
8.788
8.438

AIC
36,835.24
20,712.47
15,887.60
18,403.61
13,015.27
16,019.09
27,148.71
18,854.48
18,557.39
21,786.95
13,279.62
16,810.52
13,940.77
19,320.98
17,119.60
17,398.07
15,863.93
12,671.00
17,578.70
24,568.16
24,588.62
21,669.36
27,026.51
21,001.46
18,896.21
15,508.33
21,561.23
19,151.31
19,954.22
20,285.55
19,926.91
22,560.30
19,083.07
22,177.48
22,420.50
17,157.23
13,920.09
20,462.10
21,370.74
24,332.35
17,807.98
19,654.27
20,676.58
16,254.56
19,783.58
21,274.17
11,109.07
11,276.02
15,842.20
19,528.64
19,655.84
16,390.51
24,677.83
22,569.46
20,835.80
12,094.99

40"/60™ percentiles pair

Shape
21,524.345
396.133
143.968
259.022
69.262
129.430
1,775.081
224.230
244.370
588.339
70.611
175.253
86.289
296.203
171.918
176.290
169.588
68.925
180.628
1,037.939
1,041.324
498.985
1,748.729
432.475
272.759
106.682
480.282
266.748
324,792
357.483
322.493
627.852
262.881
572.025
605.551
174.779
86.499
387.574
492737
1,014.687
198.773
315.603
361.704
147.364
340.555
468.643
37.001
43.077
148.556
337.091
343.363
135.314
1,096.259
629.132
431.805
46.792

Scale
9.575
9.922

12.244
11.727
12.038
10.508
8.844
8.886
10.574
11.427
11.500
11.847
11.947
10.617
10.688
10.179
14.797
13.210
9.929
9.958
9.937
9.838
9.018
10.098
10.838
9.809
9.718
9.870
9.829
9.973
9.825
9.913
9.900
9.942
9.899
10.712
11.993
10.428
10.587
10.367
10.373
10.382
9.070
11.431
10.887
10.251
10.246
11.551
12.834
11.524
11.354
9.965
10.266
9.935
10.607
10.139

AIC
36,738.74
20,600.59
15,771.87
18,289.07
12,899.23
15,905.16
27,039.40
18,744.20
18,444.45
21,673.27
13,165.42
16,696.31
13,826.17
19,208.66
17,007.16
17,284.92
15,747.94
12,554.88
17,467.02
24,456.69
24,477.18
21,558.02
26,917.54
20,889.21
18,783.10
15,395.45
21,449.66
19,039.08
19,841.88
20,173.80
19,814.79
22,448.68
18,970.79
22,065.80
22,308.91
17,044.12
13,804.78
20,350.16
21,258.66
24,220.50
17,695.93
19,542.30
20,566.02
16,141.12
19,670.87
21,162.11
10,996.11
11,161.44
15,726.62
19,414.89
19,542.27
16,278.42
24,566.20
22,457.97
20,723.86
11,982.46
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OPF MCS Proposed Method
Variables Weibull PDF fit Normal PDF fit (Weibull parameter estimation)
Shape Scale AIC Mean Sigma AIC Shape Scale AIC
PGT 20,071.369 2383.517 36784.08 21,082.383 10.166 36,635.50 21,212.900 9.018 36,699.04
Pgsy 369.269 42.418 20669.09 387.156 10.835 20,452.95 389.882 9.287 20,549.67
Pgo; 135.692 12.855 15893.75 141.140 13.520 15,601.10 141.996 11.412 15,713.89
Pgos 243.536 24.091 18406.13 253.719 12919 18,120.58 255.316 10.922 18,231.53
Pgos 65.244 6.252 13010.33 67.898 13.295 12,731.30 68.314 11.244 12,842.29
P:ios 121.089 13.138  15980.81 126.652 11511 15,754.36 127.502 9.844 15,853.67
P10 1,641.491  211.443 27094.57 1,729.706  9.618 26,893.82 1,743.308 8.260 26,988.32
Pgiay 207.431 26.580 18799.39 218527  9.670 18,598.12 220.240 8.301 18,693.14
Pgra 228.440 24912  18540.13 238.925 11599 18,283.58 240.562 9.856 18,389.04
Pgiys 552.256 56.133 21789.67 575.923 12577 21,504.62 579.643 10.632 21,615.38
Pgias 66.292 6.694 13283.83 69.113 12.700 12,991.15 69.563 10.701 13,105.55
Pgirar 164.777 16.223 16824.46 171.615 13.079 16,520.58 172.703 11.009 16,636.00
Pgiag 81.173 7.915 13953.88 84512 13.210 13,648.89 85.045 11.110 13,765.39
Pgisz 276.805 30.230 19314.06 289.491 11.656 19,042.56 291.493 9.873 19,151.13
Pgs3 160.715 17.441 17114.08 168.035 11.743 16,839.61 169.194 9.938 16,949.14
P 164.387 18.625 17376.70 172.201 11.152 17,124.59 173.424 9.479 17,229.59
Pgizs 161.035 13.017 15943.64 166.511 16.533 15,539.85 167.421 13.650 15,676.35
P77 65.146 5.800 12710.42 67.593 14.693 12,363.83 67.992 12252 12,489.58
Pgss 168.254 19.433 17546.63 176.415 10.863 17,311.93 177.683 9.267 17,413.29
Pgiss 966.775 111.671  24540.99 1,013.624 10.888 24,300.48  1,020.906 9.282 24,402.49
Pgis7 969.823 112.226  24560.80  1,016.902 10.864 24,321.27 1,024.218 9.263 24,423.08
Peiroo 464.848 53.893 21626.78 487.548 10.739 21,410.09 491.012 9.204 21,506.87
Pgio; 1,618.105  205.726 26984.94 1703.779  9.821 26,765.76  1,717.131 8.400 26,864.12
Pgos 403.497 45.666 20964.20 422.752 11.036 20,738.99 425.698 9.443 20,837.48
Pgas 255.482 27.087 18875.02 266.931 11.885 18,626.15 268.695 10.124 18,729.29
P 99.364 11543 15463.21 104.225 10.720 15,246.23 104.971 9.179 15,344.10
P 447.122 52.410 21515.13 469.188 10.603 21,303.03 472.550 9.095 21,399.00
P 248.565 28.708 19107.49 260.663 10.778 18,891.17 262.509 9.236 18,988.12
Pg2a7 302.587 35.079  19909.17 317.368 10.730 19,694.67 319.621 9.199 19,791.19
Pgaso 333.278 38.163 20246.26 349.359 10.896 20,024.24 351.819 9.328 20,122.17
Pgass 300.438 34.840 19881.87 315.119 10.726  19,667.59 317.357 9.196 19,764.06
Pgass 585.170 67.361 22518.99 613.554 10.824 22,300.35 617.885 9.274  22,397.46
Pgss 244,987 28.235 19041.03 256.882 10.813 18,822.07 258.700 9.261 18,919.55
Pgaso 533.215 61.228 22137.18 559.014 10.857 21,916.98 562.954 9.299 22,014.42
Py 564.351 65.036 22378.52 591.757 10.807 22,160.86 595.937 9.261 22,257.78
Py 163.615 17.519 17131.88 171.020 11.745 16,888.32 172.160 10.012 16,990.69
Pgays 81.464 7.841 13916.20 84.791 13.231 13,638.09 85.311 11.199 13,748.13
P01 361.850 40.159 20450.12 378.700 11.434 20,186.71 381.347 9.702 20,293.49
P02 460.325 50.489 21365.78 481.494 11.618 21,091.96 484.838 9.837 21,200.83
Péro03 947.125 105.606  24317.62 991.450 11.359 24,058.89 998.387 9.649 24,164.49
PGroir 185.543 20.666 17792.62 194.217 11375 17,533.32 195.579 9.657 17,639.60
P:Grorz 294.620 32.788 19639.05 308.384 11.381 19,380.24 310.542 9.665 19,486.16
P17 335.386 41.823 20612.53 352.952 9.870 20,425.75 355.617 8.504 20,517.28
P23 138.261 14105 16264.99 144,191 12.603  15,966.31 145.137 10.616 16,080.82
PGro24 318.751 33.961 19779.58 333.029 11.962 19,504.11 335.278 10.126 19,613.29
PG00 437.412 49.018 21247.53 458.042 11.219 21,006.40 461.233 9.566 21,108.34
PGro4s 34.535 3.856 11077.15 36.158 11.269 10,834.84 36.415 9.578 10,940.42
Pgross 40.466 4.049 11272.74 42.177 12.771  10,988.52 42.450 10.772 11,102.18
Pgros7 140.301 12.763 15864.89 145,705 14.210 15,548.07 146.564 11.938 15,665.85
PGros1 316.535 31.941 19534.36 329.999 12.692 19,244.48 332.123 10.718 19,356.37
P:ros2 322.202 32.932  19656.50 336.087 12.494 19,374.25 338.269 10.567 19,484.57
PG 126.224 14.375 16340.59 132.300 10.890 16,132.70 133.223 9.347 16,228.24
P10 1,022.688  115.072 24660.99 1,070.967 11.243 24,405.47 1,078.517 9.556 24,510.45
PGri30 586.061 67.684 22538.14 614.488 10.862 22,303.72 618.889 9.271 22,404.52
PGriss 403.426 44,183 20832.11 421.947 11.644 20,556.32 424.877 9.855 20,665.69
Pgooss 43.632 4938 12066.91 45707 11.137 11,820.78 46.034 9.463 11,926.50
Number
of OPF Runs 1823 1823 6
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