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Probabilistic approach to time varying Available Transfer Capability calculation
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Abstract - According to NERC definition,
Available  Transfer Capability (ATC) is a
measure of the transfer capability remaining in
the physical transmission network for the
future commercial activity. To calculate ATC,
accurate and defensible TTC, CBM and TRM
should be calculated in advance.

This paper proposes a method to quantify time
varying ATC based on probabilistic approach.
The uncertainties of power system and market
are considered as complex random variables.
TRM with the desired probabilistic margin is
calculated based on PLF analysis, and CBM is
evaluated using LOLE of the system.

Suggested ATC quantification method is verified
using IEEE RTS with 72 bus. The proposed
method shows efficiency and flexibility for the
quantification of ATC.

LM B

AFH] AR £98 HsNe g wWE A
%9 ATC(Available Transfer Capability) Hj4to]
27E g AAFCdA  ATCE 43 A
(Transmission Right) #d9l& I3 v &Foz A}
S E AR 4 B g4 4 £ 94
< 93 Arg-dd.
2ol AZx  HI(NERC North  American
Electric Reliability Counci)2l #eojel <elsba, ATC
AALA 2EIEE 8ade HYSHALF(TTC
Total Transfer Capability), 433 =SHF(TRM
Transmission Reliability Margin), 381 £8o|E
o4 (CBM Capacity Benefit Margin)7} 2t}
TRM# CBM2 AF9 EHAA 2 FFEF ul
3 o f8aoly AAA] wtsaA] BEA A © Alae) o
3 aeyt f7drk sHARE 71&9) AR EHLA ATC
AL 718 A% L AP EFHHE nedted &
HHolA Hetgen ATC o& 7| wE HelsE
G4 E3ties @3S By
2 A7e AZAFY &9 AAS 8P FEEF 7)
€ o]&3 ATC AL 7I¥E AgEdc F8&4
7I1HE ol 8§& ATC A4t W2 AF % A3 28
AAde] & AY dA¢ HL3r) AFs, g2y =
FA4 2 Monte Carlo 7|HS @7 o]-£3 AA7Y
2 AAd A 2 AR BgAA4e ATC 9F%
7I13ell me} gEiRs AHA 548 Heln o& )7t
o] ZojA4E BIFNANL FEA A AS5Y 43
AL F& 2Bt AF FALLdd JEIAeE 2F 2
Atel W3l HAE BENE & Qe §E5EH 274
€ o]&3te TRME AlMste 7[HE ATt =5
Z2HIIER Aol E o839 A2 LOLES A
A3t} CBME A4 & & ASE 2Ath

SamWon Electric Co.

2.2 B
2.1 ATC ¢} TRM, CBM

ATCE 5 A5 QA HM2E 53 42 ¢+ A
= 3 g£Fo2 FolsHy ATC A4 TTC, CBM,
azg)la TRME Alake] g p@th

TTCE ojHE A% AT Yuix do7)x @G Y
 AHY A4 832 oulsie], TRMS 44 A% =
A, A3Akn, 223 wpdee 3d% BBAAd o
Hgle of fFolth a8l CBMES LSE(Load
Serving Entities)7} QA8 A%9 dugdL& oj&¢
F AEE HASe odf £Foz Fodgrh wdiM
ATCE & A(HE EF&HL

ATC=TTC-TRM -~ ETC-CBM 4))
olfl ETCE 71& #3342 o]§&Folrt.

22 225 =FAM
At A ZHFALE 53 A Ae A5
AF AgYolAelgtn & 4 ok 7|29 AAYEH =
FAL 718e 48 Ao we shte] ARgE 4&
& don wd A Aeol Wiyl AnA 2FALL
£ thA] F3Pslado} ot
AZ9 979 BFoMEe 9F B9 Ky LA
23 Wsglo] uig} THe] Ao} Mz z{F WHEE
Htg £ gyl Ydin o2 3 BEEH 2{FAL
(PLF : Probabilistic Load Flow) 7ol =934
ot BEE4 ZFALL FEUFE ol&stod 2HAM
< Y3y ARHoz {d TM9 A, HE FF
5o Hi WIE e FEUD A An=z 29
3tA |k

221 TRAM ANEZ 98t PLF 718 =8
2 =RoMe 27 ALHe % dse 24 gE5Es
§ olgdgen 2F AL BHE =M F35

Rk ZRMES ol83ld FHE HLp9 NeHE
(Convolution)< Absrgon Gram-Charlier
expansion® ©]|83le =RWEE  PDF(Probability

Density Function)® &3t

EWEE 0|83 PLF AXHE A WA dA= =4dY

2 7z} Ratel wAvle] 2 ¥ 2¥eo| PDFY AsH

S Adsle Z mde F 4 AYE FIe Aol
Z el F 1Y HYL F9 F A ANE 9

o Y-bus £42] RHEE A4asith 2zt 24 <4t

HEE HEYS o] &8 Ay

RHEE 4 (2)9) o] Addch

(n+1) WA gt

Lo

m,Viny) = U/ m Y )m [SL VD))

k-1 n
(N () (r)y(r)
—Zu.- Vi = 200 -

i=k+1

- 645 -



o Yu:mM k9 iAolg o=wEa
Vimy : n R 98A Ak o) WY

At A4S 43 wEe v Agke AvWsr 9
& oz £y wrzix wEAn. A Aldkg M=z
AFS Ao ZAEE HF LA HE o] § AP
wtX2 02  Gram-Charlier expansion® ©] &3}
2} A9 PAEES PDFE W@sln o] PDFE o]
439 TRME A4+

222 PDFE 0|83t TRM AHA

PLFE °]&3 TRM A%t 7|99 R dAle 789
CPF(Continuous Power Flow)& o]&3ld Ay A
+ £%F& Agsl= 8LA(The Most Limiting
Element)E 32'& Aoldh. CPFel A7} base case
TTCE AAY <+ qev ow AUssrx AFH
base case TTCE %3 AFaiol Hd Rgo] A
€ AHE B4 F glon o AuE UY ArE o]
243t PLF A4tg 330 PLF 248 B39 2
3 15} e Aokare] PDF f(2) & 9€ 4 Aok

A
Probability f(z)

1

OPB _ OP*

HEXR

z, Z HAZ Rdag

29 1. Aekaso PDF € AF=2A

oluf AeFarel HHL ZzolH AZgE FUIATDRE
oldf A}#EL base cast TTCS] Alngtg OPB»eq)
A OP*g 743y ojnf Q& 4+ U= AT AAA
3o tiF FEH oF PM(Probabilistic Margin)2 4}
(3)3} o] Aikbgch

PM = —O_Oi X 100 (%] 3)

PBnu

Aded FFH EYy F72 d& £ de PMS
TTCE €9 AF8ie RS TS g 22A7
SEHE 4& 5 glon ojg PME AF:IAe 9
SUE 23F F Utk

23 Monte Carlo Simulation2 0|83t CBM

A

£ =RdMEe CBM A4S 93t 782 NEH
°ojldg AHLHUD & =BAME A% LOLEE 3
7v8t7] $13te] LAsle) 2 state RS FHEdgoen
w3t 2gdgde mefsiA @ich wAs19) random
sampling& 7IWtez2 F wAZkS HYrisigon A
7] 9] ASANT £F ngEA gt ol AFA
A7t olFolAE AFe A G| E Hrlste ok 31y] W)
Bolvl AAAHE gvtzoz 1A 308 @92
ojlfox nFoz Y WAy fa) e
A gotx =7 HEo|dt

7 A%e) LOLEE E8i7l82 AEdol8e o|§stal
AP F vz A¥Y 71Z2As LOLERS Wlustd
gl HAA Fae Ade] YEA mARY B
LOLE 712¢] 0X7 %3k Ade] =AY 29 ¥a
S 27142 ¥ LOLEE A4se o|8 LOLE 713
£ BE QYR BRI,
ol Z7}€ WAFo] LOLE 713 BHENIA Rape
Ao] QA Ao 2RE Wolo} sk Ul §Folo]
o] §%o] o] Y9l CBMOZ AHHUL

3. Al

QAA T ATC 2A3E =87 98 =da 379
IEEE RTS 2424 A5L 435 QA 24x3 24 A
& o834 94 A% 298 3¢ 29 ey
o mde Y 10, 20, 309 37} APez TS
ol & 570 ANz dAEY U} A AL
209 A3 96719 @A), 23 119749 N2
o] Folzx] Ut

ag 2. dAIAIE =9 - IEEE RTS 454 X3 A%
3.1 TRM A At

TRME AA37190% 85823 {4 Base case
Z45A 80 AFE ¢ ASAH, = Y 30004
Y1022 1203.31IMW9) E o] FojAH,
121-323 A2 Ho Ry} dele AFe dHolHE
ol-g3te] AArst Tt

0.025

- .. -30 Dy

0.02

|

Prol

0.01

‘
0.005 TAY

a9 3.121-324 42 =R 8IS

- 646 -



523 Z2FALY A dojF 121-34W M= =
o FEEXFFE 29 30 ek 2yal A
e 74 %9 2§ FEEIFSoln HAL 309 F
o] 2% HEEEFSolh

2% 39 FEEIXFSFE )83t M2 FFH zA
& TRM ¥H3E 29 4o) JelAch 2delA AXA
2 79 %9 ATCY BEH ofolr HHL 30Y F
9 §83 oAfE Holx Ytt M= &% FFL AFE
Ql SO0MWOlAY ZdZ34E A4PALar] Hekste Hd2
ZFo) g of vkl F7etd PMelrt FvtEE
B £ o £ 0¥ ¥ =/ FEEEISU H
£ BAS Hol7] i 22 BEFH AFE FrE}y)
daMe AE AFL f 9 & ¢ 5 Ut

80 f---— e e m e — —a

60 - - - - e—— -

Prob Margir

40 —-—--

20 f o--ee- ————— e e

420 430 440 450
[Mw}

a9 4 A2 A7 ZAHd W& PM Ws}

g 48 ¥W 79 F9o ATCY A% 2 ARE
HIMWE MW FodE 50%2] FAA ) g o
e8P0l grEs ¢ F Utk EF HE2 HFHE
46IMWE Z3E 7% 7d 2 30¥ Fo ATC =¥
90%0°13 2] 4AALe dulg 4 AUt
¥ 49 HolglE o]&-3o TRME A Ae
9427t dgte 83 A%E 42 50, 70, WKE
433std TRMS Asigen Z2a4g E 19 3
Aok 79 %9 TRM 309 #9 TRMS Zt #+&
st Aelstgler, dAAE MR P2 HEFH
8 R3] gMeE 30¢ 39 AT dF
£3& o A dAsor L ¢ 4 AU ol «F
713vo] AFE Bl F7138)7] wioln o]F B
é}di:é;ﬂ fulEtrigsled o & 44830 aFE 9
Folr}

¥ 1. PMol @& TRM W&

PM 74 ¥ Case

(%] | Hd=2ARFMW]| TTC [MW] | TRM [MW]

50 491 1181.21 22.1

70 484 1160.80 42.51

90 473 1126.33 76.98

PM 308 ¥ Case

(%] | A2A3ZA[MW]| TTC [MW] | TRM [MW]

50 488 1174.25 29.06

70 482 1152.99 50.32

90 461 1102.45 100.86
3.2 CBM A&

£ =@M AFY AIAx AFF U LOLEE
o]&3la] LOLE”} 05day/year °©]37} S =2 CBM
<€ AT ¥ 29 LOLE AX Ax L XY o

HY 2@ ¥ LOLE AMAAE A=lstich

LOLE A4 A3 29 109] LOLEZ} 7
71 W&o 7 LOLEZF W& A9 30904 AY 102
2 250MWe ouigg 3% F LOLEE dA Alit

st

g 29

E 2. A9¥ LOLE AXt A+

A4 10 A4 20 A9 30
%7] LOLE 19.753 10.339 5363
vy ASF 250MW 0 -250MW
vy Az
LOLE 11.355 10.339 9757

LOLEE AAMG Zx A A9 =% LOLEZF 4%A
Ho} ol 7] wio] HulHY oAfFE&HFS AY 300
A AY 1002 250MWe duEe 4T 5 U
fZow AFFHU

3.2 ATC AIM

TRM3} CBM A% 23 o]&3te] ATCE A
. ¥ 39 Ad Ager & 4 Uxo] ATC &FL2
4% 7|7k PMel o 931.2IMWOlA  852.45MW
7tA & zelE Holx Uk oled Axe)A ATC A
AN B =RA Ao BEEH HIWUL HEY A
$+ odZ 7|7 ©E EFHAY 715 13T 5 e
o FAld AEEIZ AF € ANFNEHE #HdEsd
HAZ F£F9 PME HEE F USS ¢ & U

E 3. dF 7jdel @& ATC A 2%

TTC [MW] 120331
CBM [MW] 250

PM 50% | 70% | 9%

79 | 221 | 4251 | 7698

TRM MW 7507 T 2006 | 5032 | 100.86

70 % ATC [MW] | 93121 | 9108 | 87633

308 § ATC [MW] | 92425 | 90299 | 85245

3.3 =

B =RdMe SE5EF 71YE o8 ATC A4t 71y
£ AN PLFE o]83td g3l PMES Ze
TRME A4 F£ e 71¥e BHyed A5
LOLEE °]43ld CBMS AN 4 UL Hyth
IEEE RTS 72244 A& ARATE 539 A
3 ZEEF PTG oY BAY dF 7P " &
g4 HslE ATC Adtel 23 & ASE HAch
T3 ASTGAE AT 49 2 A 9% wgde
E}M% Adstd TRM &3 23T & USE HY

UAtel 2
o] =&2 2002dE THAEATEY
FE A (FO1-2003-000-00073-0)

Aoz

[ n 2 8l

[t} NERC. “Available Transfer
and Determination”. 1996

[2] B. Borkowskao. “Probabilistic Load Flow”.
Transaction. Vol. Pas-93. pp 725-759. 1974

[3] R. N. Allan. Probabilistic Techniques in AC Load

Capability  Definition

IEEE

flow Analysis. IEE Proceeding. Vol. 124. pp
154-160. 1977

[41 S. Patra, RB. Misra. “Probabilistic Load flow
Solution using Method of Moments”. IEE 2Znd

International Corference on Advances in Power
System  Control, Operation and  Management,
Hong Kong, pp922-934. 1993

- 647 -



