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Abstract—PTDF (Power Transfer Distribution Factor) has
recently become a common notion from the power systems
network analysis glosary. It is often used for available capacity
assessment in large power system networks. PTDF is also used in
power system operations and planning, in planning of
power/energy transactions, in planning the network additions, in
steady-state security applications and concepts, as well as for
economy/security assessment and enhancement (ATC, flowgates).
Some aspects of PTDF applications are presented. PTDFs are
relatively easy to calculate, similarly to well-known distribution
factors. Calculations of PTDFs are based on the DC power flow
method. Therefore, the PTDF based algorithms comprise the
homogenity and additivity properties of linear networks
enhancing the applicability and speed of the algorithms for
power flow monitoring and control used by TSOs in power
systems.
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1. INTRODUCTION

The power systems security in deregulation (restructuring)
could rightfully be approached if the common steady state
security concept is retained [1], [2]. Paralel to that, many new
concepts are introduced in practice subtly offsetting the
tradittional point of view on steady state security. For example,
the grid (power system network) is separated from the
generation, the open access to the grid is allowed, transactions
are ‘running’ through the grid causing sometimes network
congestions. Congestion management is now an important
topic, as well as the ATC (Available Transfer Capacity), PTDF
(Power Transfer Distribution Factors), etc [3], [4]. Most
importantly, in the deregulated power systems environment,
the grid is subjected to the new stressors, the multiple bilateral
transactions/ transfers of power as a result of trade. Trades are
the market based contracts made among the suppliers and
consumers of power. In theory, a bilateral transaction is
modeled as a pair of power injections of identical intensity and
opposite sign, one positioned in the node of supplier and the
other in the consumer’s node. It is well known that the power
system is steady-state secure if it is robust and not exposed to
risk. The conclusion is based on the cyclic examining of the
system response to the pre-defined list of contingencies
(Contingency Analysis, CA). The power system is defined
through the AC or the DC power flow solution. If a single limit
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violation on any of the system’s components (line/transformer)
occures, the system state is singled-out as non-secure. In total,
transactions of power do not affect the system balance of
power expressed in the Tellegen’s theorem [5]. In the DC
power flow, transactions do not affect the total balance of
power, they are ’in and out’ through the ’national’ grid, not
even contributing to network losses. However, they certainly
affect the power flow patterns in the grid changing them
relative to the ’base-case state’, i.e. the power flow pattern of
injections and flows in the network prior to transactions. The
base-case and other states should also pass the CA check to be
declared secure. Then, the presence of bilateral transactions
may jeopardize the system security. Their influence on the rest
of the system can be determined with superposition by using
the PTDF. Generally speaking, the following conditions may
occur in the system, and which are modeled in a similar way:
outages of some of the components in a system in which there
are transactions, decrease of the amount of the transaction that
has arisen as a control action issued by the TSO to preserve the
security of the system, increase the volume of transactions as a
result of the accepted offer on the spot managed market,
multilateral transaction etc. PTDF's can be easily calculated,
and with them it is possible to get quick and approximate
condition of the system in the presence of a new transaction
which might even increase the value of Available Transfer
Capacity (ATC) [6] and [7], and thus raise security to a higher
level. These factors provide ability to control power flow
through the system, but this is outside the scope of this paper.
The aim of this paper is to present a part of the phenomenology
related to this concept, and so comes to its essence.

II. PTDF

PTDEF is a factor which represents the percentage of change
in power flow through network branch (i-j) due to the existence
of a new transaction in the system (from bus X to bus Y). This
can be shown analytically as:

due to the transaction from X to Y

[Change in power flow through network branch i - jJ
(1)

PTDFz—f Xy = .
’ Power of transaction fromxto Y

Let us by A (adjustments) denote the matrix of the
distribution factors or sensitivities [8], [9]. It provides the
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incremental change of active power flow on transmission lines
caused by an incremental change of the injection at some node
in the network. These factors depend on the choice of
balancing nodes, topology and network parameters but they are
independent of the injection and power flow through system.
Distribution factor for the line €, on which flow of active power
is changed by 4P, due to the change of injection (production /
consumption) at node B, for APj, is:

A,y =AP. /AP, AP, >0 @)

Based on the (2) another expression of the activee power
flow through line ¢, in an arbitrary base regime could be
written, in the form of

PEOZZ{AS,B'PB} (3)

B#R

where R represents the balancing node, where

Pr==>.P; A

B#R

A, =0 4)

Injections into the network (production) are positive, while
injections from the network (consumption) are likewise
negative, while Pz>0. Suppose now that a new transaction is
supermiposed to the base case, e.g. between the nodes X and
Y, PTx,y>0. Achieving this transaction will change the power
flow on line & for APT x_,y, which can be written as

0
=B+ APy =
2 {Ag,s 'PB}+A5,X(PX +PTyy )+ Ay (B —PTy_y) =
B#R.XY
x {As,B 'PB}+ (4, x — A4 y)PTy_y

B#R

)

From (5) follows the definition of the relative share of
power transactions PTy._,y in power flow of line ¢

PTDFS,X—)Y = Ag,X - Ag,Y (6)

or

PIDF, x .y =A4F, y_,y/ PTx_y ()

From (6), apparently PDTF can be calculated knowing the
network topology and system parameters. It turns out that they
are independent of the choice of the balancing node. If these
factors are calculated using the AC load flow, then the
advantage of the DC approach that (6) is a function of network
parameters only is lost.

Transmission route, so called flowgates, are part of the
network in the usual routes of transmission, with prominent

values of PTDF. In the TSO practice, that transmission route
will be most affected by the transactions and their identification
is of great importance for the security of the system.

Errors of a few percent in the PTDF can be fatal in the final
outcome, as shown by the system blackout post-mortem
analysis in Northeast Ohio, USA, on August 14, 2003 at 16:05
[10].

III. CALCULATION AND SIMULATION

PTDF could be calculated at least on two different ways.
The simplest algorithm is: (1) using a power flow method (AC
or DC) power flows are calculated; (2) incremental power
injections are placed in the end-nodes of the transaction; (3) a
new power flow for the new case is obtained; (4) divide the
change of the power flow through network branches caused by
the observed injection with the amount of that injection [1].
This gives PTDF for observed element for the considered
transaction. This procedure is correct by definition, and
accurate values are obtained in the case when AC power flow
is used. By using DC power flow and system parameters,
PTDF are calculated in a faster way [11]. Since modern
references usually do not go that deeply as to start with the
generalized branch and graph theory (see, for the opposite
example [12], [13]), an alternative ‘off-the-cuff” approach is
used, and the validity of the approach is here tried. So we have

PTDF =B’ . B! (®)

where B is reduced matrix of branch network susceptances.
This is a reduced branches/nodes incidence matrix, rows
multiplied by the connecting line susceptance. B, is a reduced
matrix of nodes’ susceptances, as in the DC power flow, where
reduction implies that the first row and column of the network
susceptance matrix is deleted, if the balancing (slack) node is
no.l. This procedure is repeated on several networks and
topologies to get to the convention for internal use. Information
about used networks can be found in [12], [14].

Fig. 1 a. shows a base case for the observed system in the
absence of the transaction where for the slack node is the node
1. Fig 1 b. shows the distribution of power flows through lines
when transaction between nodes 2 and 3 is present. In order to
check the independency of PTDFs with the change of the slack
node and with other transactions, Fig. 1 c¢. shows the same
network where node 2 is slack, and transaction is between
nodes 1 and 3. Equation (9) and (10) show how to calculate
PTDF for all lines of the observed system for considered
transaction by using (7). On the other hand, equations (11) and
(12) show the same procedure by using expression (8). As was
expected, the same results were obtained. Equation (9) and (11)
are valid for the observed system when the slack was no. 1
node, and equations (10) and (12) when the slack was node no.
2.

From theese examples it can be seen that the PTDF
neither depends on the choice of the slack node nor on
the amonut of the transaction. Fig. 2.a. shows the
modified system with five nodes [12] in whitch there was
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Figure 1. a. Base network, slack node is 1; b. Trans. 1 p.u., slack node is 1; c. Trans. 1 p.u., slack node is 2.

outage of one line, i.e. line 2-4. In addition to the base
case, which can be seen in [4], there is a transaction of
200 MW between node 2 and node 4. As a result of line
2-4 outage and the presence of transaction between nodes
2 and 4, there is a thermal overload of line 3-4, thermal
limits being 150 MW. To maintain the security of the
system it is necessary to reduce the amount of the
transaction. The amount by which the transaction is to be
reduced to make the system secure can be determined by
uzing the PTDF. Responding PTDF’s for considered
transaction are given in (13).

P _ Pbase
PTDF(1-22—3)=-122_"1=2 __(4285
23
P _ Pbase
PTDF(2-32—>3)=-22_"23 (5715 9)
23
P _ Pbase
PTDF(1-32—>3)=—"123_"153 _0.4285
23
P _Pbase
PTDF(1-2,1 »3)="2_"2_-0.1429
1-3
base
PTDF(2-31-3)= Fam By 1429 (10)
153
P — phee
PTDF(1-3,1 »3)=—=_"2_—(.8571
1-3
20 o
PTDF=B/B'=|-2 2 [ R 8}
0 6 - (11.1)
0 —0.5714 -0.1429
=0 0.4286 —0.1429

0 -0.4286 -0.8571

- 0.4285 0.1429)
PTDF(2 - 3)=||0.5715 | PTDF(1 — 3)=[0.1429 (11.2)
0.4285 0.8571
-2 0 1
o -8 6
PTDF =B’B ' =| 0 2
6 -8
-6 6
0.5714 0 0.4286
=[-04286 0 -0.5714 (12)
0.4286 0 —0.4286
—0.4285 0.1429
PTDF(2 —3)=| 0.5715 | PTDF(1 — 3)=1/0.1429
0.4285 0.8571
120 —0.8582 —0.5672 —-0.5896 —0.7687
130 —0.1418 -0.4328 -0.4104 -0.2313
PTDF:Z’BO 0.0970 —0.3881 -0.3507 -0.0522 (13)
2-5[0  0.0448 —0.1791 -0.2388 —0.7164
3.4]0 —0.0448 0.1791 -0.7612 —0.2836]
4-5]|0 —0.0448  0.1791 0.2388  —0.2836
122 |- 0.2687
13 || 0.2687
PIDF(2 > 4)= | 478
55 0.2836
34 0.7164
s |- 0.2836

Based on the (2) another expression

TSO shall issue an order to reduce the amount of
transaction, calculate how much transaction will be curtailed
and check the new power flow pattern. TSO left on purpose the
line 3-4 on the very thermal limit (so, there is a congestion in
the network), counting that in the observed hour injection in
system will not change. PTDF for line 3-4 is 0.7164, so that the
necessary reduction in transaction between nodes 2 and 4 in
order to achieve the desired reduction of 31.79 MW on line 3-4
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Figure 2. a. Power flow through system [7], .b. Snapshot after relief.
can be calculated as: v
. CONCLUSION
i N This paper shows a method based on the use of
APy = PTDF(2 > 434 PTDF for the assessment and enhancement of the
31.79 available transfer capacity for the transmission of
= 07164 44.37TMW power/energy. The invariance of the PTDF of choice

The calculated value is delivered to the market operator
which uses the managed spot market to balance supply and
demand. This control does not require the involvement of the
local generators. It is assumed that the transaction came from
the interconnection to the national system.

IV. TEST SYSTEM

The entire procedure will be tested on the standard IEEE 24
RTS bus system [14]. Firstly, it is necessary to calculate power
flows through system lines. Next step is formation of the
matrix from (8). On Fig. 3 B matrix is shown. Fig. 4 gives the
value of matrix B. By using these values it is possible to
calculate PTDF for any transaction. Table 1 shows the PTDFs
for all lines, for transaction between nodes 21 and 8.

of the balancing node and transactions is shown. The
method is suitable for the future transactions
planning, in the long term network planning,
wherever the concept of security of the power
system matters, as well as with market issues
containing the economic and security aspects (ATC,
flowgates). Examples of calculation of PTDF are
also shown in this paper. Presented PTDF are
coefficients calculated on the DC power flow
platform. This approach speeds up the algorithm for
monitoring and power flow control in network
operated by the TSO. ‘Open access’ to networks, as

1 2 3 4 5 6 7 3 k] 10 11 12 13 14 15 16 17 13 15 20 21 22 23 24
1[-88.51:71.042:47348° 0 (11834 0 0 0 0 f 0 0 0 0 0 0 0 00 00 0 0 0 0
2|71.042: 85.04° 0 78027 0 52083 0 : 0 0 ;0 0 0 00 0 0 0 i 0 00 00 0 0
473480 0 2506 0 00 0 - 0 84034 0 0 0 00 0 0 00 00 0 0 0 ‘11010
o 0 78027 0 1754 0 0 0 0 0 96432 0 00 00 00 0 0 00 00 00
1834 0 0 0 2316 O 0 0 0 11325 0 0 0 0 0 0 00 00 00 0 0
of 0 5283 o0 0 0 2074 0 ;0 0 16520 0 0 00 0 0 0 i 0 00 00 0 0
1 0 10 0 0 0 0 :-162016287 0 0 0 0 00 0 0 00 00 0 0 0 0
00 00 0 0 16287 284 6.0569 6.0569: 0 = 0 00 00 0 0 00 00 00
ol 0 i 0 8403406432 0 0 0 60569 -4794' 0 (11919.11919: 0 | 0 0 0 00 00 0 0 0 0
w 0 0 0 0 ‘1132516520 0 60560 0 :-57.7511910 11010 0 0 0 0 0 i 0 00 00 0 0
uf 0 0 0 0 00 0 © 0 ‘1101011019: 6877 0 :21.00823023 0 0 00 00 0 0 0 0
ol 0 0 00 00 0 - 0 1191911019 0 -4575:10352 0 00 0 0 00 0 0 1Ll 0
al 0 0 [ ] 0 0 0 0 0 0 21008 103524292 0 0 f 0 00 00 0 0 1156l 0
ul 0 0 0 0 00 0 i 0 0 : 0 23023 0 0 4963 0 25707 0 ;. 0 00 00 0 0
sl 0 0 0 0 00 0 0 00 0 0 0 0 117057803 0 0 0 . 0 40816 O 0 19.268
s 0 0 00 00 00 0 0 00 0 25707 57.803:-1654 3861; 0 4320 0 00 00
vl 0 0 [ ] 0 0 0 0 0 : 0 [ ] 0 0 0 3861 117669444 0 0 0 9497 0 i 0
w0 0 0 0 00 0 i 0 0 ;0 0 0 00 0 © 0 60.444i-1464: 0 . 0 76023 0 0 0
ol 0 0 0 0 00 0 0 00 0 0 00 0 43200 0 : 0 038 50505 0 0 0 0
wf 00 00 00 00 0 0 00 00 00 0 © 0 :50.505-1431: 0 = 0 02503 0
nl 0 0 [ 0 0 0 i 0 0 i 0 [ 0 0 40816 0 0 76023 0 . 0 1325147490 0 0
nf 0 0 0 0 00 0 i 0 0 ;0 0 0 00 0 : 0 9497 0 0 0 14749 2425 0 ;0
#l 0 0 0 0 00 0 0 00 0 1156111561 0 0 0 00 0 02503 0 . 0 -1I57 0
2l 00 11910 0 00 00 00 00 0 0 19268 0 00 00 10 0 3L10

Figure 3. Elements od matrix B
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Figure 4. Elements od matrix B’

TABELA 1. PTDF FOR TRANSACTION FROM 21 TO 8

Line PTDF Line PTDF Line PTDF Line PTDF
1-2 0.0388 6-10 0.0265 | 11-14 | -0.3979 | 16-19 | 0.3501
1-3 | -0.0806 7-8 0 12-13 | -0.0830 | 17-18 | -0.3538
1-5 0.0418 8-9 -0.5117 | 12-23 | -0.2214 | 17-22 | -0.0560
2-4 0.0123 8-10 | -0.4883 | 13-23 | -0.1287 | 18-21 | -0.3538
2-6 0.0265 9-11 -0.1988 | 14-16 | -0.3979 | 19-20 | 0.3501
3-9 0.1714 9-12 | -0.1292 | 15-16 | 0.3381 | 20-23 | 0.3501
3-24 | -0.2521 | 10-11 | -0.2448 | 15-21 | -0.5902 | 21-22 | 0.0560
4-9 0.0123 | 10-12 | -0.1752 | 15-24 | 0.2521

5-10 | 0.0418 | 11-13 | -0.0457 | 16-17 | -0.4098

a prerequisite principle to electricity markets
operations introduces power flows often as a
consequence of market activities. These extreme
situations result from bilateral transactions
stemming from the differences of electricity prices
in the regions. PTDF matrix calculations are used to
control (manage) the congestion of transmission
capacities, to allocate resources, and to allocate the
security responsibilities.
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