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ABSTRACT

This paper suggests a method for tracing the current and
complex power from individual power sources to system
loads. Based on solved load flow, the method converts
power injections and line flows into real and imaginary
current injections and current flows. These currents are
then represented independently as real and imaginary
current networks. Since current networks are acyclic
lossless networks, proportional sharing principle and
graph theory is used to trace the relationship between
current sources and current sinks. The contributions
from each current source are finally translated into
power contributions to each load. IEEE 14-bus test
system is used to illustrate the effectiveness of the
method. Comparison of the results with previous
methods is also given.

1. INTRODUCTION

The competitive environment of electricity markets
necessitates wide access to transmission networks that
connect dispersed customers and suppliers. Regardless
of market structure, it is important to know whether or
not, and to what extent, each power system user
contributes to the usage of a particular system
component. This information facilitates the restructured
power system to operate economically and efficiently.
Moreover it brings fair pricing and open access to all
system users.

Due to non linear nature of power flow, it is difficult to
determine transmission usage accurately. Therefore it
required to use approximate models, tracing algorithms
or sensitivity indices for usage allocation. The tracing
methods are based on the actual power flows in the
network and the proportional sharing principle. To date
several tracing algorithms have been proposed in the
literature [1-11].

A novel tracing method is presented in [1-3]. But, even
though the approach is conceptually very simple, it
requires inverting a sparse matrix of the rank equal to the
number of network nodes. In [4] graph theory is applied
to trace active power and it is limited to systems without
loop flows. Reference [5] is based on the concept of
generator ‘domains’, ‘commons’ and ‘links’. The
disadvantage of this method is that the share of each
generator in each ‘common’ (i.e., the set of buses
supplied from the same set of generators) is assumed to
be same. Furthermore, the ‘commons’ concept can lead
to problems, since the topology of a ‘common’ could
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radically change even in the case of slight change in
power flows. Line utility factor is introduced in [6] to
identify the impact of each generator to each line which
is only applicable to active power tracing.

In general all the above mentioned methods are most
appropriate for active power flow tracing rather than
reactive power tracing.

Nodal generation distribution factor (NGDF) [7] for
active and reactive power allocation is based on time
consuming search algorithm. AC power flow tracing
algorithms [8], [9] use a complicated line representation
to account for the losses and line charging, Detecting
and solving the loop flows is a pre requisite to these
methods.

In order to overcome the difficulties arise in reactive
power tracing due to interaction cause by losses, [10]
traces active and reactive power using real and
imaginary currents respectively. This technique
automatically becomes lossless real and imaginary
current networks and does not require to model line
losses but the method still involves the disadvantages of
the concept of ‘domains’ and ‘commons’. Reference
[11], proved that real and imaginary current networks are
acyclic directed graphs. Then authors attempt to show
the share of the generators to the loads, ignoring line
charging elements.

The above mentioned disadvantages have been the
reason for developing a new method to know how much,
and to what extent, each generator supplies to each load.
The algorithm uses the advantages of real and imaginary
current networks along with the basic concept of graph
theory. Starting from load flow solutions, it first
decomposes line complex currents based on the
proportion of generator and network injected currents.
The amount of current attributed to each current source
in the lines and to each current sink is then used to
allocate the contribution from each active and reactive
generator to system loads. Shunt elements are handled
by introducing additional fictitious nodes.

2. APPROACH

Reference [4] reports a power flow tracing algorithm
using graph theory which can only apply to systems
without losses and loop flows. Moreover, the paper
quotes that evaluating loop flows were not easy
especially when loops have complicated paths and
therefore the issue needs to be further investigated. To
avoid these limitations, this paper suggests a new



approach to handle loop flows and form lossless
network. Finally a new and improved algorithm is
proposed that can trace active and reactive power
supplied from each physical power source to each
physical system load.

In the previous section the paper has unveiled that real
and imaginary current networks are lossless networks
without loops [10-11]. Therefore these current network
properties makes it [4] very suitable to trace the
contribution of current sources (current sinks) to line
flows and to current sinks (current sources). Necessary
modifications are made to the method by introducing
fictitious lines and treated as network current sources or
sinks at additional nodes. Moreover, generators and
loads are considered independently instead of a net
generator or a net load bus as in the original algorithm

[4].

2.1. CURRENT FLow DIAGRAMS AND
PROPORTIONALITY PRINCIPLE

Starting from AC power flow solution one can convert
the complex power injections and line flows into
complex current equivalents. Injected currents, line
currents and currents due to shunt elements can be
represented respectively as

Ly =y (V;=V)) )
]iish :yiish(Vi) (3)
where 1;,;,S;,V;,y; o and I; g are the injected

current, injected power, voltage, equivalent shunt
admittance and current flow through y; , of bus i

respectively. /;; is the line current from bus i to bus ;.
The term y;; is the admittance of the line /; between

buses / and j. Voltage at busjisV; .

The complex current flow diagram obtained from (1)-(3)
can be further decoupled into real and imaginary current
diagrams. These diagrams can then be used to estimate
the relationship between the current sources and the
current sinks using proportional sharing principle [1].
Details of current source and current sinks are found on
[10].

2.2, HANDLING NETWORK ELEMENTS

In a power system, generator and loads are not the only
sources and/or sinks of complex power. Static Var
Compensators (SVCs), transformers, shunt
capacitors/reactors and line charging capacitances play a
vital role in transferring power between suppliers and
consumers. In order to assess possible contributions
from these network elements, it is necessary to consider
the amount of current injected or absorbed by equivalent

shunt impedance seen at each bus. These shunt currents
can be handled by introducing fictitious lines and treated
as network current sources or sinks at additional nodes
as shown in Figure 1.
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Figure 1: Representation of equivalent network
element at node i using a fictitous node and
branch.

2.3. GRAPH METHOD IN SHORT

The method assumes that a generator has the priority to
provide power to the load on the same bus and is based
on the following lemmas of graph theory.

Lemma 1: A lossless, finite-nodes power system without
loop flow has at least one pure source, i.e. a generator
bus with all incident lines carrying outflows.

Lemma 2: A lossless, finite-nodes power system without
loop flow has at least one pure sink, i.e. a load bus with
all incident lines carrying inflows.

Based on these two lemmas downstream tracing
sequence briefly describes the method. The downstream
tracing (DSTR) is used for calculating the contribution
factors of individual generators to line flows and loads.
This process initially requires the formation of
intermediate matrices called extraction factor matrix of
lines , 4; and loads A; from total passing power of their

P =A.Pand P, =4, P

respectively. Where P, is a vector of line power. P is a

upstream  buses  i.e.

vector of bus total passing power in the bus sequence of
down stream tracing. Then the nonzero elements in 4,
and 4, are calculated with the following equations.

line j's power flow (4)

A ) line i busi=
( l)lm‘ Jybus i busi's total pass power P

0 i ¢ net load buses
Ay =< net load power on bus i (5)
! P i € net load buses

i

The next step involves the calculation of contribution
factor matrix (B) of generators to bus total passing
power. Mathematically this can be expressed
as P = B.F; . The elements of B are calculated using the

equation given below
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where k< i means £ is an upstream bus of bus i, and k> i
means k is a downstream bus of bus i . The last
expression is for the lower triangular nonzero elements.

The term /;.; means line j is an inflow line of bus i.

Alj,,,, is the unique nonzero element corresponding to

line j in matrix 4, with bus m as its upstream terminal.

B,,_; is the element in matrix B already calculated

which represents the contribution of generator k£ to the
total injection power of bus .

By substituting P=B.FP; in F,=A4;.P and P, = A, .P
contribution of each generator to line flows and loads
can be calculated. Exact derivation can be found on [4].

3. DECOUPLING LOAD POWER

The output of tracing procedure apportions real and
reactive current sources to line currents and to each
current sink within their respective real and imaginary
current diagrams. Then the complex current contribution
by each current source £ to each load i is simply

¥ =(1{‘—’

1) )

where [ ,k is the complex current of source k attributed

. k_r k_im . .
to load i. [;- and I;-"" are real and imaginary

component of /, ,k respectively.
Finally complex power share of each current source to

each load can be represented as

sk=p.

A )

from (8) the total load complex power

S,

s, =3 lik) )

k

1l
—_

where S; and S,»k are the complex power of load at bus i
and contribution from current source k to S;
ok
respectively. The term (] ,k ) means the conjugate of /, ,k .

Superscript inj represents the total number of current
sources.

3.1. CONTRIBUTION OF ACTUAL POWER SOURCES

Equation (9) shows the implicit contribution of all
current sources to loads. The next step consists of

evaluating how much each real and reactive power
source contributes to each system load. For this purpose
the following derivations are used.

3.1.1. REAL POWER ALLOCATION

Starting from equation (9), one can obtain total real
power of load at bus i from equation (10).

P = Re%V( ) (10)

where P, is the real power component of S; .

Splitting (10) into number of generators, ng and
remaining current sources defined as network sources, ns

ng % ns ok
Pi:ReZVi(Iig) +ReZV,-(1,-’") (11)

g=1 m=1

ng ns
K= B+ 2 A" (12)

g=1 m=1

F=F fen+Pl _net (13)

1 1

where /£, Pf and P, are the complex current share

_gen

of generator g ,component of P, due to /£ and sum of
real power contribution from generators to load at bus i
L B"and P,

complex current share of network source m, component

respectively. Similarly 7;" , represents the

of P, due to/]" and sum of real power contribution from
network sources to load at bus i respectively.

In the equation (13) B et » does not show exhibit

explicit dependence on generator contributions.
Therefore F; ,,; term may be divided among actual

generators proportionally to their respective exchanged
real power. With this assumption the P. ,,, term can be

assigned to generators as

ng p8

Pi_net = Z ngl
g=l ng
g=1 [

X B et (14)

3.1.2. REACTIVE POWER ALLOCATION

Similarly from (9), it is possible to derive related
equations for reactive power as follows

--Im%V( ) (15)



Splitting (15) into generators and network terms

ng s ns s
Q,-:ImZV,-(Iig) +ImZV,.(1;“) (16)

g=1 m=1
ng ns
0= 08+ 20" (17)
g=1 m=1
O; :Qi_gen +Qi_net (18)

where Q; is the reactive power of load i supplied by all

current sources, Q; means the reactive power

_gen

contribution from generators to load i. Q; ,.; means the

reactive power contribution from network sources to
load i including reactive power sources attributing
negative share.

O; ner term in (18) cannot be further allocated to

physical reactive power sources. This consideration is
reasonable because unlike real power, the network not
only absorbs reactive power but it can also cater reactive
power to the system.

4. RESULTS AND ANALYSIS

A number of simulations have been carried out to
demonstrate the validity of the method. The result of
IEEE 14-bus test system is presented. Load flow data of
IEEE 14-bus test case is given in Appendix

4.1. ACTIVE POWER TRACING

The active power flow tracing results are shown in
Tables 1-3. The implicit result obtained from (10) is
shown in Tablel. Since SVCs and shunt elements are not
actual real power generators the interaction term
assigned to them are combined as equivalent network
term and are listed in Table 2.

Table 1: Active Power Trace to Loads Due to All
Current Sources in Megawatt (MW)

Supplied Load bus number
by 2 3 4 5 6 9 |10 | 11 [ 12| 13| 14
Gen1 | 16.56 | 70.01|39.50 | 6.46 | 7.85 | 19.69] 6.01 | 2.55 | 4.76 | 9.99 | 10.73
Gen2 | 4.93 |16.92| 5.78 | 0.60 | 0.57 | 2.82 | 0.66 | 0.18 | 0.34 | 0.72 | 1.23
SVC3 | 0.00 | 5.02 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
SVC6 | 0.00 | 0.00 | 0.00 | 0.05 | 0.67 | 0.00 | 0.17 | 0.18 | 0.22 | 0.64 | 0.23

the loss shared by individual generators and the balance
of system power.

Table 2: Active Power Allocation in Terms of
Generators and Equivalent Network Term in
Megawatt (MW

Supplied Load bus number
by 2 3 4 5 6 9 |10 | 11|12 |13 ]| 14
Gen1 |[16.56|70.01]|39.50 | 6.46 | 7.85 | 19.69| 6.01 | 2.55 | 4.76 | 9.99 | 10.73
Gen2 | 4.93 |16.92] 5.78 | 0.60 | 0.57 | 2.82 | 0.66 | 0.18 | 0.34 | 0.72 | 1.23
net 021 | 7.28 | 252|054 | 277 | 7.00 | 233 | 0.77 | 1.00 | 2.78 | 2.93
Total: |21.70|94.20|47.80| 7.60 | 11.20 | 29.50| 9.00 | 3.50 | 6.10 | 13.50| 14.90

Table 3: Active Power Contribution of Individual
Generators to Loads in Megawatt (MW)

Proposed method Bialek's method

Bus Load Supply generator bus Supply generator bus

number (MW) 1 2 1 2

1 0.00 0.00 0.00 0.00 0.00
2 21.70 16.72 497 17.19 4.51
3 94.20 75.87 18.34 76.28 17.92
4 47.80 41.69 6.11 41.24 6.56
5 7.60 6.95 0.65 7.03 0.57
6 11.20 10.44 0.76 10.37 0.83
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 29.50 25.81 3.69 25.45 4.05
10 9.00 8.11 0.89 8.00 1.00
11 3.50 3.27 0.24 3.24 0.26
12 6.10 5.69 0.41 5.65 0.45
13 13.50 12.59 0.91 12.50 1.00
14 14.90 13.37 1.54 13.21 1.69
Loss: 13.38 11.88 1.50 12.23 1.16
Total: 272.39 232.39 40.00 232.39 40.00

4.2, REACTIVE POWER TRACING

The numerical result for IEEE 14-bus test case is
obtained by adopting (15). In particular, Table 4 gives
interactions of reactive power to loads due to real and
imaginary current sources. As can be seen, some of the
terms attributed to the injections are negative. This
implies that those sources act as a reactive power burden
in providing real and reactive power to the loads.
Therefore they do not contribute any reactive power
support to the load. For example, reactive power
attributed to generator at bus 1 are all with negative
values indicating that it requires reactive support from
the network to deliver its real power to the loads and it is
considered as a negative contribution from the network.

Table 4: Reactive Power Trace to Loads Due to
All Current Sources in Megavar (MVAr)

SVC8 | 0.00 | 0.06 [ 0.35 | 0.03 | 0.00 | 1.11 | 0.26 | 0.00 | 0.00 | 0.00 | 0.29
shunt1 | 0.00 | 0.00 | 0.00 | 0.02 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
shunt2 | 0.21 | 0.44 | 0.03 | 0.03 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00
shunt3 | 0.00 | 0.86 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00
shunt4 | 0.00 | 0.43 | 0.92 | 0.00 | 0.00 | 0.46 | 0.07 [ 0.00 | 0.00 | 0.00 | 0.15
shunt5 | 0.00 | 0.41 | 0.88 | 0.26 | 0.31 | 0.44 | 0.18 | 0.10 | 0.19 | 0.40 | 0.31
shunt6 | 0.00 | 0.00 | 0.00 | 0.13 | 1.80 | 0.00 | 0.47 | 0.49 | 0.59 | 1.74 | 0.62
shunt7 | 0.00 | 0.04 | 0.25 | 0.02 | 0.00 | 0.79 | 0.19 | 0.00 | 0.00 | 0.00 | 0.21
shunt9 | 0.00 | 0.02 | 0.09 | 0.01 | 0.00 | 4.20 | 0.98 | 0.00 | 0.00 | 0.00 | 1.12
Total: | 21.70| 94.20| 47.80( 7.60] 11.20| 29.50] 9.00| 3.50| 6.10| 13.50| 14.90

The final allocation of active power to loads is presented
in Table 3 along with the result obtained through the
procedure proposed by Bialek, [1]. Note that the result
obtained by the proposed method in this paper is
compared well with the results of [1]. Table 3 also shows

Supplied Load bus number
by 2 3 4 5 6 9 10 | 11| 12 | 13| 14
Gen1 |-1.44|4580|-7.19|-1.00|-1.99]|526]-1.62|0.67|-1.28 | 2.71 | 3.09
Gen2 |11.73| 6.44 | 0.29]| 0.81 | 0.14| 0.75| 0.18 | -0.05 | 0.08 | -0.20 [ 0.35
svcs | 0.00 [22.26] 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
svce | 0.00 [ 0.00 | 0.00]0.31 | 262 ]0.00 064|068 082|237 [080
svcg | 0.00 | 0.28 | 1.91 | 0.19 | 0.00 | 4.14 | 0.96 | 0.00 | 0.00 | 0.00 [ 1.03
shunt! | 0.00 [ 0.00 | 0.00 | 0.14 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
shunt2 | 2.42 [1.95 | 0.15 | 0.17 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
shunt3 | 0.00 [ 3.80 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
shuntd | 0.00 [-0.10|-0.17 | 0.00 | 0.00 [-0.12]-0.02| 0.00 | 0.00 | 0.00 | -0.04
shunts | 0.00 [-0.09 | -0.16 | -0.04] 0.08[-0.12] -0.05 [ -0.03| -0.05 | 0.11 | 0.09
shunts | 0.00 [ 0.00 | 0.00 | 0.84 | 7.09 | 0.00| 174|186 | 220 |6.44 | 215
shunt? | 0.00 [0.20 | 1.37 [ 0.14 | 0.00 | 2.97 | 0.69 | 0.00 | 0.00 | 0.00 | 0.74
shunt9 | 0.00 [ 0.07 | 0.48 | 0.05 | 0.00 [15.73] 3.64 | 0.00 | 0.00 | 0.00 | 3.88
Total: [12.70[19.01] 3.89] 1.61 [ 7.51 [16.69] 5.80 | 1.80 [ 1.69 | 5.80 [ 5.02




Unlike the real power sources there are many reactive
power sources such as generators, SVCs, synchronous
condensers, shunt capacitor etc. For the purpose of
identifying the share of each actual reactive power
sources (in this case generators and SVCs) to loads, (18)
is utilized. The results of final allocation are shown in
Table 5. As illustrated, the proposed method is fair and
reasonable since higher share goes to local sources than
distant sources. The result coincides with  reactive
power transfer theory.

Table 5 also shows the result obtained from the Bialek’s
method [1]. As can be seen, the result is quite different
from that obtained by proposed method. The main
difference of the method [1] may be due to negligence of
active power flows and shunt elements when tracing
reactive power. On the other hand the proposed method
calculates the active and reactive power contributions
simultaneously. It takes the actual current flows in the
lines and the effect of shunt elements.

Table 5: Contribution of Reactive Power Sources
to Loads in Megavar (MVAr)

Proposed method Bialek's method

Bus |Load Supplied by Supplied by
number({(MVAr)| Gen2 | SVC3| SVC6|SVC8| net | Gen2 |SVC3|SVC6|SVC8| net

1 [ o000 [ 000 000000000000 o000]000]000]000] 000
1270 [11.73 | 0.00 | 0.00 | 0.00 | 0.07 [12.05] 040 | 0.00 | 0.32 | 0.23
19.00 | 644 2226 | 000 [ 0.28 | .97 | 0.00 [ 19.00] 0.00 | 0.00 | 0.00
3.90 | 0.00 | 0.00 { 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
160 | 081 | 000 [ 031 ] 019 | 0.30 | 007 | 021 | 0.00 | 0.72 | 060
750 | 0.00 | 000 | 262 [ 000 [ 488 [ 043 [ 041 [ 445 [ 138 [ 114
0.00 | 0.00 [ 0.00 | 000 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
16.60 | 0.00 | 0.00 | 000 | 414 [ 12.45 [ 0.00 | 0.00 | 0.00 | 316 | 13.44
10 | 580 | 000 | 0.00 | 064 [ 096 | 420 [ 0.03 | 008 | 0.01 | 1.09 | 369
11 | 180 | 000 | 0.00 | 068 [ 0.00 | 1.11 [ 0.03 | 010 | 107 | 0.33 | 0.27
12 | 160 | 0.00 | 0.00 | 082 [ 0.00 | 0.78 | 0.03 | 0.09 | 0.95 [ 0.29 | 0.24
13 | 580 | 000 | 0.00 | 237 [ 000 | 3.43 [ 010 | 032 | 3.44 | 1.06 | 088
14 | 500 | 000 | 0.00 | 080 [ 1.03 | 3.19 [ 0.03 [ 009 | 094 | 0.94 | 3.01

5. CONCLUSIONS

This paper proposes a method for calculating the
contribution from each active and reactive power source
to each system load. Instead of power tracing, the
algorithm traces real and imaginary currents to handle
the problem of system losses and loop flows. The traces
from current sources to current sinks are then converted
to power contributions. The algorithm is simple and
accurate. Accordingly, a small, illustrative network was
selected as the test case to show simplicity and veracity
of the method.

The method could be used to resolve some of the
difficult pricing and costing issues which arise from the
introduction of competition in the power industry and to
ensure fairness and transparency.

6. APPENDIX

Table 6: Bus Data of the IEEE 14-Bus System

Voltage Generation Load
Bus no. | Mag(pu) | Ang(deg) | P (MW) | @ (MVAr)| P(MW) | @ (MVAr)

1 1.06 0 232.39 -16.89 0 0

2 1.05 -4.98 40 42.40 21.70 12.70

3 1.01 -12.72 0 23.39 94.20 19.00

4 1.02 -10.32 0 0 47.80 -3.90

5 1.02 -8.78 0 0 7.60 1.60

6 1.07 -14.22 0 12.24 11.20 7.50

7 1.06 -13.37 0 0 0 0

8 1.09 -13.37 0 17.36 0 0

9 1.06 -14.95 0 0 29.50 16.60

10 1.05 -15.10 0 0 9.00 5.80

1 1.06 -14.30 0 0 3.50 1.80

12 1.06 -15.08 0 0 6.10 1.60

13 1.05 -15.16 0 0 13.50 5.80

14 1.04 -16.04 0 0 14.90 5.00
272.39 87.50 259.00 73.50

7. ACKNOWLEDGEMENTS

The authors gratefully acknowledge the financial support
of the Malaysian Technical Cooperation.

REFERENCES

[1] J. Bialek, “Tracing the flow of electricity,” IEE
Proc. Gener. Transm. Distrib., vol. 143, no. 4,
pp. 313-320,1996.

[2] J. Bialek, “Topological generation and load
distribution factors for supplement charge
allocation in transmission open access,” IEEE
Trans. Power Systems, vol. 12, no. 3, pp.
1185-1193,1997.

[3] J.Bialek,  “Allocation = of  transmission
supplementary charge to real and reactive
loads,” IEEE Trans. Power Systems, vol. 13,
no. 3, pp. 749-754,1998.

[4] F. F Wu, Y Ni.,, P Wei.,, “Power transfer
allocation for open access using graph theory —
Fundamentals and applications in systems
without loop flows,” IEEE Trans. Power
Systems, vol. 15, no. 3, pp.923-929,2000.

[5] D. Kirschen, R. Allan, G. Strbac “Contributions
of individual generators to loads and flows,”
IEEE Trans. Power Systems, vol. 12, pp. 1312-
1319,1997.

[6] K.Visakha, D. Thukaram, L. Jenkins “An
approach for evaluation of transmission costs of
real power contracts in deregulated systems,”
Electric Power Systems Research, vol. 70, pp.
141-151,2004.

[7] F. Gubina, D. Grgi¢, 1. Bani¢, “A method of
determining the generators’ share in a consumer
load,” IEEE Trans. Power Systems, vol. 15, no.
4, pp.1376-1381,2000.

[8] Z. Ming, S. Liying, L. Gengyin, Y. Ni, “A
novel power flow tracing approach considering
power losses,” in Proc. IEEE Int. Conf. on
Electric Utility Deregulation, Restructuring and
Power Technologies, vol.1, pp.355-358,2004.



[10]

[11]

H. Sun, D.C. Yu, O. Zheng, “AC power flow
tracing in transmission networks,” in Proc.
IEEE Power Engineering Society Winter
Meeting, vol.3, pp.1715-1720,2002.

D. Kirschen, G. Strbac “Tracing active and
reactive power between generators and loads
using real and imaginary currents,” IEEE Trans.
Power Systems, vol. 14, no.4, pp. 1312-
1319,1999.

Z. G. Wu, Y. Zhang, X. H. Chen, Z. B. Du, H.
W. Ngan, “A flexible current tracing algorithm
in load tracing in bulk power systems,” in Proc.
IEEE Int. Conf. on Power System Technology,
vol.4, pp. 2135-2139,2002.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


