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Abstract

Available transfer capability in the transmission network has become essential quantity to be declared well in advance for its
commercial usein a competitive electricity market. Its fast computation using DC load flow based approach is used worldwide
for on line implementation. Many authors have proposed the ATC calculation based on DC/AC load flow approach. In this
paper, AC PTDF based approach has been proposed for multi-transaction cases using power transfer sensitivity and Jacobian
calculated with three different methods. The methods can be implemented for any number of transactions occurring
simultaneously. The results have been determined for intact and line contingency cases taking multi-transaction/simultaneous as
well as single transaction cases. The main contributions of the paper are: (i) ATC determination for multi-transactions
environment, (ii) ATC determination and comparison with three approaches of PTDF calculations, (iii) LODFs with line
contingency cases for multi-transaction environment and thereby ATC determination. The results have also been obtained with
DC method for comparison. The proposed method have been applied for IEEE 24 bus RTS,

Keywords: Available transfer capability, AC load flow, AC power transfer distribution factors , line outage contingency, line
outage distribution factors, multi-transactions, simultaneous transactions.

1. Introduction

The bulk power transactions are limited by the draission system security and stability, and ithis t
responsibility of the system operators (SOs) totrobrthe power transactions and overloading oftthasmission
network beyond their thermal loading and megavoipares (MVA) limits. For this, SO has to updatel-teae
index termed as available transfer capability (ATE1996 report of North American Electrical Relidlp Council
(NERC) establishes a framework for determining ADE the interconnected transmission networks for a
commercially viable wholesale market [1-2]. The asseent of transmission system loadability playtalvble in
both operational planning and real time operatioarder to the best utilization of the availablsteyn components
with regard to system security. The system loadglkbtermination for the secure operation of thetesm with line
thermal limits, steady state stability limit, tréagt stability limits, and voltage stability limitgeas been well reported
in the literature. The well-known techniques of maxm loadability determination focus on quantifioat of the
distance of the system state from the maximum loditaboundary. The methods to quantify the systsaourity
are continuation power flow based, direct methaukenergy methods [3-8].

The electric power industries, all over the woHdye been changing to a new deregulated environduent
to many forces to create competitive electricityrkass [9-10]. With the introduction of competitiam the power
industry, there has been a search for the betteration of the transmission facilities. Thus, ttiansfer capability
across the transmission system is often used agsia b determine the quantity of firm transmissgmmvice
available to reschedule energy delivery. In derztgd electricity markets, ATC of a transmissionteys has
emerged as a new measure. Under the U. S. Fedeeaj\ERegulatory Commission (FERC) orders 888 8% 8
which established open access nondiscriminatorgsingssion services policy and open access same time
information system (OASIS), ATC is required to lesfed on OASIS to make competition reasonable &adtive
[11]. Such information will help power marketergllers and buyers in reserving transmission sesvitHilities
must therefore, determine their ATC adequatelyrisuee the security of the system while serving dewange of
transmission transactions. ATC has to be continyoupdated and posted following changes in the esgst
conditions or scheduled power transfers betweermtbas [11]. There are various sources of uncéeaimvolved
in the ATC calculation [12]. These uncertainties ¢z attributed to weather conditions, forced acideduled
transmission outages, and generation unavailabitpumber of software tools, such as continuapjower flow
(CPFLOW) [14], transmission and voltage limitatiprogram (TVLIM) [13] and TRACE [15] have been deygéd
for transfer capability calculation. The dynamidghe system, when subjected to small and largeidiances, has
to be studied and analyzed for determination of AT&18]. However these methods are time intenfiven line
implementation.

The other methods based on Power Transfer DiskoibiRactors/Outage Factors (PTDFs), (LODFs) using
DC load flow and AC load flow approach for ATC daténation using the sensitivity based approachesheen
reported in [16-28]. The DC load flow based methatikzing DC power transfer distribution factoreeareported
for ATC computation in [21]. The ACPTDFs based amh with line contingency cases has been presémted
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[28]. Many authors utilized sensitivity based methdor computation of ATC [22-27]. The methods weresented
for bilateral transactions cases.

Based on the literature survey, authors have datedATC for single transaction cases with disttidu
factors based approach, however, simultaneous dti-transactions cases have not been accountedATd®
determination with intact case as well as line c@@ncy cases using power transfer distributiomofacdetermined
under intact and line contingenct cases. Since nmubi-lateral deregulated electricity market eoviment, multi-
transactions cannot be avoided for ATC determimats it will not give accurate signal to the ISO fts
quantification and reservation for further commeteictivity.

In this paper, PTDFs based approach using AC llmad Has been proposed for ATC determination in case
of multi-transactions environment. The line outapese also been considered for ATC determinatiomirti-
transaction cases. The results have also beemettéor single transactions cases. Three approdunes been
implemented based on AC load flow for power transfistribution factors and line outage distributitactors
calculations and thereby ATC determination. Thamtontributions proposed in the present work 8jeATC
determination for multi-transaction cases, (ii) AG€termination and comparison with three approactié3TDF
calculations based on AC load flow, (iii) LODFs litne contingency cases for multi-transaction esrvinent and
thereby ATC determination. The proposed approachbeaimplemented for any number of tranactions oouy
simultaneously in the network. The results have &lsen obtained for multi-transactions using DCPTi2ed
approach for line intact and contingency casesdonparison. The results have been obtained for IRES 24 bus
system [30].

2. Methodology for ATC Determination in Case of multi-transactions
For a transaction among the buyer and seller buga$,,, , if the change in the transmission line quantity
is AP; , the AC power transfer distribution factors candefined as,

AR
mn (1)

For PTDF calculation using AC load approach, thevgroflow sensitivity and Jacobian of power injeatiequations
is required. The Jacobian can be calculated usiyldad flow based approach. The power flow equiatio polar
form can be represented as:

R = MM code, -4 +5) @
J:

Q :Zn;‘[\/i”\/j“Yij‘sin(e” -4 +5j) ©)
J:

Where n be the total no of busgai®d Q are the real and reactive power injected at aniybus
[\/i H\/j ‘ are the voltage magnitudes at the buses, resplgctive

o, 5 are the voltage angles at the busasd bug

‘Y ‘, j are taken from ¥s

Using Taylor series expansion, the change in pdieevs at any bus can be formulated in terms of
Jacobian as:

[AP}[Jl JZ}[AJ} @
AQ| 35 3, AV
where

[9.0= S0, =2l = 52 .] =

()

IVI a|V|

The change in the angle and voltage magnitude eatetermined as:
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AST T3, 3,TTaP
= (6)
AVI|[3: 3] [AQ
Using N-R load flow analysis bus voltage magnitudad angles can be evaluated. For calculation dPQFs,
Jacobian and power flow sensitivity can be caledat

The power flow sensitivity can be determined udimg power flow equations for real power. The reaher flow
(P; ) in a linek, connected between busemdj, can be written as:

R =V\VY, cosg, +J, —3) V%Y, cod, @)

Where,V; and 4 are the voltage magnitude and angle atibig-and 8; are magnitude and angle igf element of
[YBuS]-

Using Taylor’s series approximation and ignoringtt@r order terms, change in real power flow can be
written as:

0P, ok, ok, oR;
AR, = : NS, +— AV, +—-AV, (®)
00, 09, oV, v,
The sensitivity coefficients appearing in (7) ¢@nobtained using the partial derivatives of realgr flow (6) with
respect to variabledandV as:

B vy, sin@, + -3) ®)
adl ) J

oR,

6—51-—WY sin@, +9,-9) (10)
oP.

a—\; =V,Y; cos@, +9, - J) — Y, cos, (1)
oP

v =ViYicos6,+5,-3) 12

J

The sensitivity of power flow equation can be venittin the compact matrix form as:

AS,

{apij o, 0F,  OR; | Ag,
= (13)

09, a9, an+1’ ..... 0V, || AV

| AV |
OPij 6F’ij 0F’ij oP, | )

Where peeeens peeend is line power flow sensitivity corresponding togém and voltage
00, 00, OVngl aVv,

magnitude.

For a single transaction case between seller basdrbuyer bus n, the change in power transactiambe
substituted at position of bus m and bus n as:

AP, =+P,
AP, =-P,
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| (14)
+P,
aPIJ aP” aPu aPu -1 !
Oy =| - e o } [3]7| o |=ACPTDF *P,
93,95, av,,, oy, )
-R
L O _
So, ACPTDFs for the transaction between sellembiis buyer bus n can be represented as:
o
+1
P P 9P, P | (15)
ACPTDF, . =% .2 0 5" o
™ a0, e, av,, oV, .
-1
(N O =

ACPTDFs are obtained for each line for particutansaction between seller and buyer bus. Now cerisigl the
different ways to determine Jacobian matrix and flow sensitivities, ACPTDFs can be evaluated.

In the present work, three different methods hasenbconsidered for ACPTDFs determination and aegosaized
as:

1. N-R Jacobian based approachg)

2. Reduced Jacobian based approagh (J

3. Decoupled Newton Raphson based approagh (J

(A) N-R Jacobian based Approach

This approach is discussed in the previous seciioth ACPTDFs can be obtained using line flow
sensitivity matrix and N-R Jacobian matrix. The povilow change can be expressed correspondingéoflow
sensitivities with angle and voltage and changanigle and voltages can be obtained from N-R apprasc

0
: (16)
I . T
AP =L L [ur]? O |=ACPTDF *PR,
aa,"""aa, av,,, oy, )
_AP[
L 0 -
o
+1
L L a7
ACPTDF, = | =2 o s N )
™ 100,00, 0V, oV, .
-1
0

Both Jacobian and line flow sensitivity factors taeen without considering any assumptions.

(B) Reduced Jacobian based approach
In this method there are some modifications madéaicobian calculation and line flow sensitivity ttas. The
assumptions taken are:

1. Change in the reactive power injection on busegiis(AQ, =0).

oP.
2. Change in real power flow with respect to voItat{geei:gligibIe.(—IJ =0)

oM

The new relationship between changes in powertinje¢o angle can be expressed as:

AP = J,AS + J,AV| (18)
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0=J,A0 +J,AV| (19)
Put the value of\lV;| in equation (using rules matrix multiplication)
AP =[J, - J3,3;7351A6 =[J,4]100, (20)

J.eq IS called reduced Jacobian matrix.

Hence, ACPTDFs for any transaction between sblisrm and buyer bus n can be written as:

0
+1
R, R 4
ACPTDF, ,, = ﬁ, ..... ,ﬁ [9,.]7 © (21)
2 n :
-1
- O -

(C) Decoupled Newton-Raphson based approach
In a decoupled N-R method, with assumptions ofigégé variation of real power flow with voltage én

negligible reactive power variation with angle, gaatial Jacobian matrix &nd J can be neglected.
So, ACPTDFs for the transaction seller bus m toebinys n can be written as

0
+1
OB OB |
ACPTDF, 1y =| oo [3.]7 o (22)
2 n :
-1
_O_

The ACPTDFs thus obtained with three different apphes can be utilized for ATC computation.

(D) ATC determination for Simultaneous/multi-lateral transactions

In a deregulated market environment number of &etisns can occur simultaneously as more and more
participants are involved in the trading of pow&then ATC is determined for more than one transastmccurring
simultaneously in a system, ATC in such a casaliea as simultaneous or multi-transaction ATC. Pphecedure
for simultaneous ATC is similar as discussed foigke transactions case with a change in the pomjection
matrix. In the simultaneous ATC case, the poweedtipn matrix can be modified based on the trammast

occurring between many sellers and buyers as:

ACPTDF for Multi-transactions and ATC Determination .... (Jitendra Kumar)
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AP=| 0

(23)
Depending on the number of transactions, the eatttiie corresponding seller and buyer buses caudted in the
power transaction column matrix. Once this is knptie change in flows can be determined as obtaifkd
ACPTDFs with simultaneous transactions can be tztled as:

0
+1

-1
oR R |y

ACPTDF,; = | =i [[3]7] O (24)

| 9, +1

-1
0

The ACPTDs can be determined for simultaneous axam_n ca_se considering all the above discusselaust

3. LineOutage Distribution Factors

The pre-outage state of a part of an interconngoteder system network, where a liheennected between bus-
and buss is shown in Fig. 1. Figure 2 shows the post outtgee of the power system network with a lirte-be
considered as out of service. The simulation oina butage will require modification of Y] parameters to
exclude the parameters of the linavhich changes the Jacobian matrix. This involvdsne intensive process. A
line outage has been approximately simulated bysidening two fictitious generators at busnd buss and a
fictitious line between the buses having the saararmpeters as the original line to retain the odbjNg,J and also
the elements of Jacobian and power flow sensitimitrix, [28]. Thus, retaining a fictitious line thithe same
parameters as that of an original lings|[¥ remains unaffected. The power flow in this fiictits line is considered
as the pre-outage power flow in the actual line.

Bus-r Bus-s
_> 4_
PrS PSI‘
QI'S QSI'

Fig 1 Pre-outage State of the Power System
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Bus-r Bus-s
Srs Ssr
—— —> - l
I ....... \ f l
Srs SSI

Fig 2 Post-outage State of the Power System

The power injected due to the fictitious sources been taken same as the line flows at the two inds
order to make the net power flow to be zero thusukating the line outage condition. The changethebus power
from pre-outage to post outage state atbasd buss for outage of the liné-are represented as:

AP. = P?

rs?

AP, = P? (25)

AQ, =Q7,AQ, =QJ (26)

Considering (25) and (26) as elements in the pamjection mismatch vector, the change in anglesval as
voltage magnitude can be computed using (6). Kngwiese changes, new angle and voltage magnitudbea
computed to determine the line flows and thus thange in the line flows. Knowing the change in lit@wvs,
LODFs can be defined. Now with help of PTDFs andJE3, ATC can be evaluated for any outaged lmmgs

4. ATC Determination for Intact System

ATC can be determined using all the three methagtamed in previous sections. Methodology remaamse for
calculation of ATC. Three methods provide differdatobian and line flow sensitivity factors whiale aised for
calculation of ACPTDFs. Real power flows in bassecabtained from N-R approach and line limits gévan data
are utilized for ATC determination.

Now F’ij”_“';‘r’fn for any transaction seller bus m to buyer busmtaobtained as:

Limit"™ - P,
——— ; ACPTDF;,,>0
ACPTDF”-]mn '
P =4 oo (infinit) ; ACPTDF;,, =0 (27)
~Limit™ - R,
ACPTDF; rm ’

Where Pij is the real power flow through any ling.
Limit"® is thermal limit of any ling-j.

P”mri,f is the maximum allowable transaction (bilateramdtaneous/multi-lateral transaction) amount from

bus/zonem to bus/zona constrained by the line flow limit from bus/zon® bus/zong. For the given transaction,
the ATC can be defined and obtained as:

ATC, =min{P™ ijON,} 28)

ij,mn

where,N, is thetotal number of lines in the system.

ACPTDF for Multi-transactions and ATC Determination .... (Jitendra Kumar)
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ATC Determination with Line Contingency

According to ATC principles, reasonable level ofcertainties should be accommodated in ATC
calculations [1]. Line outage as contingency caseaild be considered for ATC calculations as linited by the
effect of contingencies. ACLODFs and ACPTDFs can deenbined together to calculate available transfer
capability. This is the maximum increase in thesaction amount from a bus/zone to another bus/ander (n-1)
contingency condition. Consider a transaction faonem to zonen and the outage of the line from bus/zarte
bus/zones (line-rs). The change in the flow on the linsdue to the given transaction is:

AP™ = ACPTDF, [OP™" (29)

rs,mn

When the outage of linesis considered, the part of the flow appears onlajij. Thus, the change in flow in the
line ij resulting from outage of the lims-along with a new transaction from bus/zomé& bus/zone is given by:

AP =(ACPTDF,

ij,rs

+ ACLODF, ., DACPTDF,, JOP™" (30)

ij,mn ij,rs rs,mn
The ATC from bus/zonen to bus/zona, with outage of lingsis given as [21]:

(31)

ATC,, . =min L
* ACPTDF, ,,, + ACLODF,

ij ON,
.« JACPTDF_, |
All possible combinations of lines outages andtiingj lines should be checked. Then, ATC can beustall as:

ATC = min(ATC
mn,rs

ATC (32)

mn? mn,rs)

The steps for calculation of ATC can be summaringtie flow chart shown in Fig. 3.

Read system data
Bus data(initial Pd, V, Angles, PV, PQ

bus..etc)
Line data(R,X, P flow limit..etc)

+

Set the transaction count
KK=0

the trar ion: i al or
simultaneous)

‘ Form the Y. ‘

l

By the N R load flow, calculate the Jacobian ‘

KK=KK-+1
No

Set the contingency count
TT=0

\
v

Select outaged line ‘

By N R load flow, calculate Voltage ‘
magnitudes and angles l

_ TT=TT+1
‘ =S line flow itivity factors and ‘ ‘ calculate Voltage magnitudes and ‘ No

real power flows and ACPTDFs angles(contingency case)

+

Calculate ATC alculate line flow sensitivi
factors and real power flows and
LODFs and PTDFs with outage

Calculate ATC under contingency

ca
Is all contingency taken?

Fig.3. Flow chart for ATC determination
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5. Resultsand Discussions

Available transfer capability has been obtained fiifferent transactions taken as single and
simultaneous/multi-transactions for intact as wells with line contingencies for IEEE 24 bus RTS.eSén
transactions have been categorized as:

T1: transaction between seller bus 23 to buyerlbus

T2: transaction between seller bus 10 to buyer3bus

T3: transaction between seller buses 23 and 10yterlbus 15 bus 3(simultaneous transactions)
T4: transaction between seller buses 23, 10, 2518, 6 (multi-transactions)

ACPTDFs computed for three methods for transactibhso T3 are shown in Figs. 4 to 6. It is observed
that the ACPTDFs are different for different tractsans. This is due to the change in power flowsg@rnty and
Jacobian elements based on the transactions. Suesehiave very high values of PTDFs as observdigunes 4 to
6. The results of ATC determination with the thraethods have been obtained based on the methaasskst in
the section of methodlogy and the algorithmic sggpwided in Fig. 3.

Jn-r

mT] mT2 =mT3

¢ 11 13 15 17 19 21 23§25 27 29 31 33035137

ACPTDFs
—
LN

Lines

Fig 4. ACPTDFs with N-R Jacobian based approach

Jred
W7l mT72 mT3

ACPTDFs

Lines

Fig. 5. ACPTDFs with reduced Jacobian based approac
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Jdec

mTl mT2 T3

0.6

0.4

0.2 — —
0 _;IT_I_. 1 . i |
02 11 5 *J—l—l—l—?p—L 25 27
,04 | 1 1 5

-0.6 I
-0.8

ACPTDFs

-1.2 -
Lines

Fig.6.Decoupled N-R based approach

The ATCs are determined for different transactiosisg three AC load flow based approaches. The ATC
values for all transactions are given in Table He ATC values are also shown in Fig. 7. It is obsérfrom Table
as well as from Fig. 7, ATC is observed to be lofeersimultaneous/multi-transactions cases.

Table 1. ATC (p.u) with different AC methods

Transactions ATC(p.u)
JNR \]‘ec -]de(
T1 7.5785 7.8219 7.8306
T2 2.8342 4.0997 3.401
T3 2.7629 3.8432 3.2432
T4 1.1183 1.1362 1.09769
= JM-F = Jred Jdec
9
8
a —
L
T
3
2 4
o | N
o
T1 T2 T3 T4
Transactions

Fig. 7. ATCs (p.u) for different AC methods

ATCs for transactions T1, T2, and T3 with N-R Jdaakbased approach are found to be lower compared
to reduced Jacobian and decoupled Jacobian bagpedaah, however, for transaction T4, the valuef\6€ is
found higher than decoupled Jacobian based metfibé. method based oR.d is more accurate than others as in
this case there are no assumptions involved. ATGrémsactions T1, T2, T3 and T4 are found in clageeement
with other methods. ATC values for transaction T& @bserved lower most compared to all other tictimss. The
comparison of ATCs obtained with DC method andA&ll methods are given in Table 2. It is observed &EBC
obtained with three different approaches for PTB&sulations are different and closely matchingrthesults for
all transactions cases. It is observed from Taide ATC values obtained with Jred approach ardosecagreement
with DC method. Since DC method is based on assangptthe values may not give accurate informateothe
ISO for better market operation.
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Table 2. Comparison of ATCs

Transactions ATC(p.u)
DC method MR Jec Jhec
T1 7.8362 7.5785 7.8219 7.8306
T2 3.6876 2.8342 4.0997 3.4010
T3 3.5024 2.7629 3.8432 3.2432
T4 0.9211 1.1183 1.1362 1.0977

ATC under Line Contingency case

The ATCs have been determined for contingency cesgasidering few line outages. The lines taken for
study are: 9-12, 16-19, 19-20, and 20-23. The AE@nined with all the methods are calculated aedyaven in
Table 3 to Table 5. The ATC values obtained witliedént methods are also shown in Figs 8 to 1& ttbserved
from the Figs. that ATC values are higher for singghnsaction case T1 and T2 and for multi-transastcase,
ATC is found lower. ATC is found minimum for trar$imn T3 with line outage 9-12. For simultanecamsaction
T1, ATC is observed higher for outage of line 19a2@ 16-19 compared to other line outage cases.

The ATC obtained with line contingencies for afirtsactions with three approaches to calculate PEDd-s
presented in Table 3 to Table 5. Comparing ATCsiokd with all methods, it is observed that theugalare
different for all transaction cases and are alsddse agreements. However, for the line outagg,ATC is found
to be lower for all methods for transactions TZ'th For transaction T3 and T4, ATCs are found lofeerall line
outages as compared to the case with other tramssacFor transaction T1, ATC is found minimum fioie outage
20-23. For tansaction T4, ATC values are found mimn for all line outages compared to all other adions
except for line 9-12. Similar observations are fbdior other methods of ATC calculations. For mtdtitsactions
cases, ATC values are lower compared to singlesaction cases. The results obtained with DC meéredalso
presented in Table 51 for line contingencies fomparison. It is observed after comparing ATCs atgidiwith DC
and all AC methods for line contingencies, for sactions T3 and T4 the values are lower as comparether
transaction cases. Hence for multi-transactions $\a&€ found lower for both intact as well as limatingency
cases as also observed from Figs. 8 to 10. Thisiésto the fact that power flow increases in aéé following
more transactions and thereby reducing ATC forsaesy.

Table 3. ATCs (p.u) using.4 with line outage case

Outaged line ATC(p.u) dr
T1 T2 T3 T4
9-12 5.2978 0.4683 0.4303 0.5626
16-19 6.3310 2.8714 2.7236 1.1203
19-20 6.4196 2.8199 2.7236 1.1167
20-23 4.0590 2.8180 2.7236 1.1175

Table 4. ATCs (p.u) using Jred with line outageecas

Outaged line ATC(p.u)
Jrec
T1 T2 T3 T4
9-12 5.9340 0.5980 0.5197 0.5665
16-19 6.2900 4.1200 3.5408 1.1336
19-20 6.3200 4.0710 3.7671 1.1325
20-23 4.0910 4.0700 3.4087 1.1338

Table 5. ATCs (p.u) usingelwith line outage case

Outaged line ATC(p.u)
Jde(
T1 T2 T3 T4
9-12 5.9340 0.5990 0.4410 0.8500
16-19 6.2900 4.1200 3.0568 1.0978
19-20 6.3200 4.0700 3.2026 1.0965
20-23 4.0900 4.0690 3.2103 1.0977

Table 6. ATCs (p.u) using DC methwaith line outage case

QOutaged line ATC(p.u)
DC method
T1 T2 T3 T4
9-12 6.63 1.03 0.91 0.76
16-19 6.49 3.64 3.27 0.93
19-20 5.22 3.68 3.46 0.92
20-23 4.09 3.68 3.39 0.92
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In-R
m9o-12 mM16-19 m19-20 m™W20-23
7
&
5
;_ 4
= 3
=T
2
1
0
T T2 T3 T4
Transactions
Fig. 8. ATCs (p.u) by N-R Jacobian based method
dred
S mo-12 m16-19 ™ 19-20 m20-23
&
s
; 4
S 3
=
2
o]
T1 T2 T T4
Transactions
Fig. 9. ATCs reduced Jacobian based approach
Jdec
mS-12 m16-19 m19-20 m20-23
7
6
—_ )
=
= 4
W
=
= 3
2
1
0
T1 T2 T3 T4
Transactions

Fig.10. ATCs reduced Jacobian based approach

6. Conclusions
In this paper, methodology for ATC determinatiors feeen proposed for simultaneous/ multi-transastion

in deregulated electricity market based on AC poatnamsfer distribution factors. Three methods basedacobian
and power flow sensitivity calculations have bemplemented for simultaneous/ multi-transactionesder ATC
determination under intact and line outage caske.ATC with simultaneous transaction case as veelhanulti-
transaction case are found lower compared to therdtansactions. In line contingency cases, AT@isd to
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decrease for all transactions compared to intase.cCATC reduces for multi-transaction cases witladhand
contingency cases. The results obtained with AC PDased method is more accurate compared to DC PTDF
based approach as there are no assumptions inveliged\N-R based ACPTDF approach. The method with AC
approach can be implemented online ATC calculations
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