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Tracing Reactive Power Flow and Lossin Electric Power
Systems
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Abstract —This paper suggests a systematic method to trace the reactive power flow and loss named as Proportional
Tree Method (PTM). From the power flow solution, the test system is modeled conceptually like a tree, where the
reactive power flow tracing is started from a particular generator to a particular line or load through the routes that
connect between them. It is also possible to pinpoint the loss at each transmission line to which generator. The veracity
and simplicity of the method is demonstrated by numerical examples.
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1. INTRODUCTION inverting a sparse matrix that equal to the numbfer

N . o busses in the system plus the additional fictitioosles
The competitive environment of electricity marketSinat have been introduced.

necessitates wide access to transmission andbdistm Gubinaet al. [6] proposed a method that uses nodal
networks that connect dispersed customers andisuppl generation distribution factor (NGDF) to trace Hwtive
Moreover, as power flow influence transmission geat  znd reactive power. This method uses searching
transmission pricing may not _only_de@ermlne thétigf  aigorithm and applies the proportional sharing gite
entry but also encourage efficiencies in power ®&KA i the networks. The problem of this method is desl
proper transmission pricing scheme that considergot approach the contribution of generators to lisses.
transmission constraints or congestion could mt#iva Kjrschenet al. [7] is based on the concept of generator
investors to build new transmission and/or genegati domains, commons and links. These network
capacity for improving the efficiency [1]. characteristics need to be defined first and thenshare
Regardless of the market structure, it is important or a generator or load to a line can be obtaindw® T
accurately determine transmission usage in order l@isadvantage of this method is that the contrityuid

implement usage-based cost allocation methodgach generator in each common is assumed to be the
However, determining an accurate transmission usag@&me.

could be difficult due to nonlinear nature of poviiemw. The power flow tracing that uses basic circuit

To ‘overcome this matter, approximate models an¢heories method is proposed in [8]. The use of
tracing algorithms are proposed to allocate thgyperposition theory, equivalent current injectiand
contributions of individual generators to transnuss equivalent impedance is the base for this method.
lines, loads and losses. This paper emphasizesh®n tHowever, this method is never considered the efféct
reactive power-flow tracing algorithm due to thetfthat injected MVAR. Thus this method can be improved.
the transmission open access may also requiregrafi  Reference [9] proposed the power flow tracing téahe
reactive power transmission. _ by introducing dominions contribution to the actiaed
Several methods of power-flow tracing are alreadyeactive power flows. It is a lower-level algorithin
proposed in the literatures [1]-{10]. The methodpmsed  hich the concepts of source dominions and common
in [4] and [5] is based on proportional sharingnpiple  pranches are used in [4]-[5], as opposed to comraods
and introducing additional fictittous nodes to remo |inks used in [7]. However, this method never agplior
approach concept is simple. However, by introdutiveg Modified  topological ~generation and load
fictitious nodes, the system become larger andiresiu gijstribution factors are proposed in [10]. This huet
introduced decoupled power flow to overcome thedss
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section. 7]
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2. BASIC CONCEPT | — £ T
This paper uses the convention proposed in [2][8hd “  lossy €+

with some modifications. It uses proportional shgri Q_g ¢ Qﬁ,

principle proposed in [4] and [5] and assumed thden 12 B 2 g

or bus in the system as a perfect mixer. Propaation ' i * ? Vi D
sharing principle looks at the node or bus where th

power inflows are equal to power outflows. This *

principle is applied for every power outflow at thede Oy

in the system and the coefficient at each nodétiained. | — + U
Then, all buses in the system are rearranged ctralgp

like a tree. In [2] and [3], PTM is used to tradeet

transmission cost allocation. The same convent®n i

and loss tracing algorithm. By applying the PTMe th
losses at each transmission lines can be traced an

used with some modifications to develop this pofhax Pl levz.-; *T -|— $ p;,f B_‘,hlj!_

attributed to which generator.

3. EQUIVALENT TRANSMISSION MODEL

Before proceed to the concept of PTM for reactioever
flow tracing, the equivalentt model of a line is
introduced. Although the transmission losses ottiea
power depend on line charging, it is also possiole
displace the reactive powefG, and Gg produced by
shunt admittanceByy, j into nearby buses as follow [10]:

Gy :VizBshIZ,ij @)
Gy =V/By,,; @)

where V, is the voltage at sending end aWdis the
voltage at the receiving end of the line. Figurehbws
this equivalent model of linij.

Oy R.}'"jX.j ¢

Fig. 1. Equivalent model of thelinei-j (type 1).

From Figure 1, it can be seen that linghas the
reactive power absorption due to reactaXgas follows
[10]:

Loss; = 17X, ®)

wherelj; is the current through the ling. To make the
system lossless, each of reactive losses is atdho its
sending end. This will follow the concept of proponal

sharing principle that proposed in [4] and [5].

However, this equivalent model needs to be

Fig. 2. Equivalent model type 2.

O
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Fig. 3. Equivalent model type 3.

The displacements of shunt admittances are applied
if the reactive powers are flows from sending-emdhie
receiving-end. If the reactive power flows throuigio
both sending and receiving end (type 2), it mednag t
this line is totally supplied by charging megavarkus,
the contribution of individual generators to thisel can
be ignored. If the reactive power flows as shown in
Figure 3, that particular line will be assumed aadl
This is due to the reactive power that flows froothb
sending and receiving end flowing into the transinis
line. Equivalent model type 4 shown in Figure 4 leggp
displacement of the shunt admittance for sendirdy-en
only and treats the reactive power flow as load.

o i R +iX, Q—o-ﬂlb v

| w— —
— !
Qij‘r Lossy Qj.i'

Vit lev:.n,- %T _:1 % By,
\j

considered carefully due to line charging of each Vi i 1

transmission line will give some contributions toet
reactive power flow in the system. Figures 2, 3 dnd
show the probability of line flow at each line atite
assumption that has been made for reactive power fl
tracing purpose.

Gyt

— )
T ¥ B< 2if
T Loss Qi,'" ? S T2

Fig. 4. Equivalent model type 4.
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4. PTM CONCEPT line have been attributed to the sending end ofi éae
8nd treated as additional load. Note that line &3
ignored because of no contribution of any generator
the system to this line as discussed before.

The development process of PTM can be illustrate
beginning with small (5-bus test system) power oekw
with AC power flow solutions as shown in Figure 5.

17.889 18915 34.639
1.060.2 0.000 1.042./-2.282 1.050/-1.711 '
14;‘?__1\8 20,000 2 Fh Lnss(1-2)1 }
(4 = 3,084 ¥ 0.703 4.037 R Loss(4-5)
1 0.703 3-,-L|- 14.307 4 7
15.221 4.037 15.963 10.631 2.201
5.632
11.186
7772 3.637 14.608
2 Loss(2-5) } 14.822
17.819 13.681 2374
3.044 : 26.008
2 s 5 i . .
15591 16319 Fig. 7. Lossless system with attributed lossesto the
10.000 30.000 sending end of each line.
1035 ~£-2.451 0.9209.-4.910 . .
After lossless system is obtained, the concept of
Fig. 5. Five-bustest system with nodal voltages and the PTM can be applied at each bus. Conceptually, éke t
reactive power flowsin megavolt amperereactive. system is modified and constructed like a tree. The

It can be observed from Figure 5 that buses 1 and¥'a@ngement of the buses to obtain the reactiveepow
are the PV bus, while buses 2, 3 and 5 are PQTHus. oytﬂow (Qo.,) coefficients of each line is shown in
system consists of six transmission lines conneated Fgure 8.

each other. This test system can be obtained iranfil] 1630

[10] . Q043 = 04295 3 -1
Figure 6 shows the test system after introducimg th Lo sl —3“3
equivalentt model of line. It can be seen that only line 1- 0.531 r 7880 18.915
3 is not applied for the displacements of reactivevers L““‘“’;)m
by shunt admittance due to this line is equal tadeho Qo = 08166 2
type 2. It also can be seen that the integratiorthef Lﬂssm-ﬂr ) o, 0501
generators with the reactive powers by shunt admt 20l 1
and the contribution of charging megavars to tred$o 00,3 01626 304 g
The integration of generatdBi;, for each generator bus o0 ML rrerry SR
can be obtained using Equation 4 as follows [10]: 4 Qoys —n3229 _2611638
Gi,, =Gi+ Y Gq, @) Fig. 8. Model of test system after applied PTM.
nOQsh

The coefficient of Qo is obtained using
roportional sharing principle represented by Eiguab
as follows:

where Gi, Gqx and Qsh are original generator at biis
displacement reactive power produced by shu
admittance and number of shunt admittance at ibus

respectively. Q..
_ %]
17.889 18.015 o QOi_i - Qi ©
= .. —_—
i i i whereQ,; is the reactive power flow from bugo j and
3371+ 14518 20,000 - 1.085 1.103 + 28,575 + 2.205 + 2.756 L. ] . .
P Qi is the total through reactive power of busThe
371 145 20.000 L. 28,575 2205 2.7 . . . .
- I VI s A e modification of PTM concept is applied to the lasts
1 e f“"' '-32: 2 . each line as discussed before. The loss at camffict
L2 T T IARTE 18409 13.387 each line,QLoss; is obtained using the Equation 6 as
‘ - follows:
5.632 5.842
14.608 11.186 LOSS.—]
. 17.196 14.822 1—Ll- 5 QLOSS|—j = (6)
N T+ Q
3211 2.140 10.000 1.605 1.497 30000 2.495
wherelLoss; is the loss at each line that is attributed to its
10000 — C3.211+ 2.140 + 1.605 ) 30,000 —(1.497+ 2.495) .
1 sending-end bus.
Since the system is lossless, it is easy to trhee t
T T y y
3.044 26.008 contribution of individual generators to lines,des and
Fig. 6. Reactive power flowsin megavolt amperereactive loads. Thus, the next subsection will explain alibese
after introducing the equivalent model line. power tracing algorithms.

Figure 7 shows the lossless system of this testenerator Contribution Factor

system. It can be seen that the loss at each trssism o o
From the tree model in Figure 8, the contributiantérs
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can be calculated from the generator to a lineoad!| Generators' Contribution to Line Loss
directly. However, by referring to Figure 6, thengeator
at bus 1 and bus 4 are integrated with the reaptveer
of shunt admittances. Thus, the contribution faétom
new generatorto linei-j through pattk (CkG”m,i_j) can be
calculated using the following expression:

Céiim,i—j = Im_nl Qo._;, (7 QLOSS,G_ijim =
nONI

Generator’s contribution to line los®™"™ Loss; can be
calculated based on contribution factors that olethi
earlier. It can be obtained by using the following
equation:

C®™Loss_; xGiintx Loss_
Ng
D C®™Loss_; xGkint
whereNl is the number of line to reach ling. k=1
To obtain the total contribution factor from \here Gkint is the integrated reactive power from
integrated generator to line i-j, C®";; through all generatork and Ng is the number of generator bus. To

L (13)

related paths, the expression below is used: obtain the contribution of original reactive gerierato
Giint _ K each line lossC® Loss; Equation 14 is used as follows:
Ci—ljm = ZCGiim,i—j (8) : )
kONp . GI XQLO Cil‘lnl
- QLoss®, =—— <1 (14)
where Np is the total number of paths that ] Giint

connecting between generatdo linei-j.
Generator to Load Contribution Factor
Generators' Contribution to Line Flow ) ) ) )
Gint Since the method is based on proportional sharing

Generator's contribution at each lin@”™; can be principle, the load is treated as one of the poouflows
calculated based on contribution factors that oli from the node, the same principle that appliecheloss
earlier. It can be obtained by using the followingthat obtained earlier. Thus, to trace the conttiisuiof
equation: generator to the load, Equation 15 can be usedbtiairo
T .. additional power outflow coefficient:
CoM xGiintxQ_ P

QG_ijint =0 9) L
iin ; d =—
;cﬁj " x Gkint Qd 9 (15)

whereQd, is the power outflow coefficient to loagL; is
load at bus andQi is the total power through bus

By referring to Figure 8 again, the contribution
factor from generator to load can be trada@ctly. The
contribution factor from integrated generatdp loadL;

where Gkint is the integrated reactive power from
generatork and Ng is the number of generator bus. To
obtain the contribution of original reactive gererato
each line, Equation 10 is used as follows:

o _Gix QiG_‘_"1t through pathk (C'gini) can be calculated by using
Qi_',- = (10) Equation 16 as follows:
Giint
k —
Generator to Line Loss Contribution Factor CGiim,Lj =( lQOI—J,n) X Qdi (16)

ndJ
After obtaining the integrated generator’s contiin to
all lines, the contribution factor to the losse®ath line
can be calculated by the same method that apui¢iet
line flow above. The contribution factor of intetgrd
generatoi to the loss at each linkpssj through pattk
(CkG“m,Loss_j) can be obtained by applyirfgquation 11
below:

Ckiinl‘0 - = 0|—'n xQLo -j (ll) iin
i =053, (n NI—lQ i) ¥ QLOSS, CS ‘= zCéiim,Lj (17)

kONp

where NI is number of lines to reach logd From
Equation 16, it can be seen that the contributién o
particular load Qd;) on the overall contribution factors.
Total contribution factor from integrated generatdo
load C®™); through all related paths including outflow
coefficient of loadj can be obtained by using the
expression:

whereNI-1 is the number of line to reach the loss at each )

line (coefficient of linei-j is not included),Qo,;, is where Np. is the t.otal number of paths that connect the

obtained using Equation 5 aLoss is obtained using 9eneratof to load.

Equation 6.
To obtain the total contribution factor from nt

integrated generatdrto Loss;, C®" Loss; through all Integrated generator’s contribution at each lo@d!™;
related paths, the expression below is used: can be calculated based on contribution factors by

rearranging Equations 16 and 17. It yields theofeihg
(12) equation:

Generators' Contribution to Load

cen Loss_; = zcéiint, Loss,

kCONp

j

whereNp is the total number of paths that connecting the
generator to Loss .
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e [CE™ xGiint] x L, Loss,s 1s:
QoM = y ! (18) Glint 1
Lj Ng ] ] C™"Loss,.5 = Cgyin LOSS,.5 = 0.0713
ZCG-klm x Gkint G4 1
= L C ImLO$2_5 =C G4im,|-0552-5 = 0.0142

The contribution of integrated G1 and G4 to this

where Gkint is the integrated reactive power from the. . . .
9 P line loss can be obtained using Equation 13 as:

generatork and Ng is the number of generator bus. To

obtain the contribution of original reactive generato ot _ (0.0713x17.889 x 2.374 B
each loadQ®,; Equation 19 is used as follows: 25~ (0.0713x17.889) + (0.0142x 34.639) =1713
Gi x QSi int c2int _ 0.0142x 34.639x 2.374 0661

Q= Gint (19) “*°  (0.0713x17.889) +(0.0142x 34,639
1N

It can be seen that the total of integrated G1@#d

5. NUMERICAL EXAMPLESAND DISCUSSION is equal to the reactive loss of line 2-5, whichi874

MVar. However, to obtain the original generatorthds

Wang [2] and Xiao [3] specified the PTM for o5 Equation 14 is used and the result as follows
transmission cost allocation. The same convent®n i 14518x1.713
Gl —_ . .

followed with some modifications have been madsuit Logs.2-5 = =1.390MVar

the reactive power flow tracing purpose. In order t ' 17.88¢

verify the feasibility and effectiveness of this dified Gs  _28575%0661_ ), 0/

method, a numerical calculation is performed a A5, Loss 2-5 34.63¢ '

where the line is not connected directly to anyegator From the calculation above, it can be seen that the

bus. By referring to Figure 8, the contributionttadrom  total contribution of original generator G1 and @&#4
integrated G1 and G4 for line 2-5 is calculated agqual to 1.9367 Mvar. Thus, 0.439 Mvar is contréolut
follows: by charging megavars of this line.
1 _ _ At this point, the contribution of each generator t
Ceumazs = Q012 X Q0zs = 0.4430 line 2-5 and the losses contributed by each gemrehats
Clasintzs = Q042 X Q0,5 = 0.0886 been calculated. Table 1 shows the result of power

The total contribution factor from integrated Gidan contribution from the individual generators to lifiews

. . and losses.
G4 to line 2-5 is: _—
_ Table 1 shows the contribution of generators bus 1
C®MM"y 5 = Cloyinzs = 0.4450 and bus 4 to the lines and the line losses caugedith
COM = Claynizs = 0.0886 integrated generator and original generator. Itlmaseen
. int,2- .

that line 1-2 has no contribution from generatos Hu

The contribution of integrated G1 and G4 to thiswhile for line 4-2, 4-3 and 4-5, there are no cituiion

line can be obtained using Equation 9 as: from generator bus 1. From this table also it carséen

that no contribution from both generators to lir8 tlue

o = (0.4450x17.889) x14.822 =10.698 to said that this line is totally supplied fromdicharging
(0.4450x17.889) + (0.0886x 34.639) megavars of this line. The comparison with the méth

‘ 0.0886x 3463914822 proposed in [8] shows big different results. It ¢enseen
26_25'“ = =4. some of the results has negative values. This mieans
(0'4450x 17'889) + (0.0886>< 34'639) the current flow is backward for that particulangeator

integrated G1 and G4 is equal to the receiving powel0OW is not equal with the power flow solution (Eig 5)
flow in line 2-5, which is 14.822 MVar. To obtaihe due to effects of shunt admittance at each linerwhe

contribution of original G1 and G4 to line 2-5, Egion  calculating the current flow tracing [8].

10 is used as: To calculate the actual generators’ contribution to
the loads, the same method is used as above. Again,
o1 _14.518x10.698 _ o ooy iy /o referring Figure 8, the contribution factor fromegrated
s 17.88¢ ' G1 and G4 for load 5 is calculated as follows:
o L 2857554124 o ) Clotins = Q012 X Q0o5 XQdk = 0.4450
34.63¢ ClGAint,LS = Qo2 X Qo5 XQd; = 0.0886

To trace the contribution of integrated G1 and G4 t CaaintLs = Q0us XQds = 0.3229
the loss at line-5, Loss, s whereGkint is the integrated
reactive power from generaterandNg is the number of
generator bugquations 11 and 12 are used as follows:

Clo1in LOSS, 5 = Q01 X QLOSS,.5 = 0.0713

The total contribution factor from integrated GHan
G4 toload 5 is:

CGlimLs = ClGlim,Z-S = 0.4450

G4t _ ~L 2
Closn LSS5 = Q045 X QI0SS,5 = 0.0142 C™™i5= Clatint2s + Caaint25= 04115

The total contribution factor from G1 and G4 to
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Table 1. Reactive power contribution from individual generatorsto line flows and losses in megavolt amperereactive (Mvar)

for 5-bus system.

Line power Line loss Line power

. Line power Total Line loss p supplied by Total

Line - Total supplied by caused by
supplied by Power caused by T e (results from  Power
ID Loss original original
Flow [8) Flow
Glint Gdint Glint Gdint Gl G4 Gl G4 G1 G4

Iil_ge 14605 0.000 14.605 3.987 0.000 3.987 11.853 0.0(0235 0.000 12.664 5.851 18.515
Ii'_ge 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000.00.000 5.205 -3.149 2.056
I;'_';e 0.000 5630 5.630 0.000 0.213 0.213 0.000 4.644 000.00.175 -2.037 7.848 53811
I;_r;e 10.698 4.124 14.822 1.715 0.661 2.376 8.683 3.4023921 0.545 9.117 8.039 17.156
I;'_ge 0.000 14.872 14.872 0.000 0.532 0.532 0.000 12.2TB0O00 0.439 2.016 13.388 15.404
Ii'_ge 0.000 11.186 11.186 0.000 2.201 2.201 0.000 9.2280000 1.816 3.285 9.974 13.259

The contribution of integrated G1 and G4 to this
line can be obtained using Equation 17 as:

Glint _ (0.445%x17.889) x 26.008

¥ (0.445x17.889) + (0.4115x 34.639)
cam _  04115x34,639x 26008

> " (0.445x17.889) + (0.4115% 34.639)

= 932MVar

=16.688MVar

Finally, to obtain the actual contribution of Gldan
G4 to load 5, Equation 18 is used as follows:

o _ 14518x 932
17.88¢

LS

Ls —

34.63¢ =13767MVar

O Gl PTM @ Total GQ1

0 G1 Method proposed in [8] B G4 PTM

El Total GQ4 O G4 Method proposed in [8]

20

17.634

18
__ 16
= 13.7674
> 14
= 12.393
= 12
5]
Z 10
o 7.5631
o 8
2
c 6
g 4 2.9215
= 1.756

2

0 ]

Load 5

= 7.563MVar

The contribution of the generators to the Load 5 is
shown in Figure 9 where the comparison of PTM with
the method as proposed in [8] again is done.

It can be seen that the total contribution for Pfb¥
Load 5 is equal to 26.008 MVar while for method
proposed in [8], the total contribution is equal 306
MVar. Discrepancies are expected due to effectingf |
charging megavars that taken into account in PTWM. B
referring back to Figure 6, the demand in bus 5 is
changed to 26.008 due to line charging megavars tha
introduced in equivalent model of a line. Howevecan
also be seen that generator 4 contributes moreaa 5
compared to generator 1 for both methods. Thisiestd
the location of Load 5 being nearer and connected
directly to generator bus 4.

Fig. 9. Reactive power contribution by each generator toload 5in MVar.
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Basically, several testing system have been carriedt2 are zero. This is because of equivalembodel that
out to see the veracity and feasibility of the mwgd applied to these lines. Lines 1-5 and 2-3 are edgint to
method. The method is developed in Matlab. Table 2odel type 3 while for line 4-2 is equivalent to debd
shows the integrated generators’ contribution éarctive  type 4 that have been discussed at early sectidghi®f
line flows and losses for IEEE-14 bus system. i ba  paper. Thus the reactive power flows for thesesliase
seen that there is no contribution from generatw b.  treated as losses.

This is because from power flow solution, generdiaos Table 3 shows the results of original generators’
1 has negative value and it means that this gesved&d contribution to line flows and losses for IEEE-14sb
not supply any reactive power into the system. Tdiide system. This result is obtained using Equationsad@
also shows that reactive power flow at lines 1-8,&nd 14.

Table 2. Reactive power contribution from integrated generatorsto line flows and losses in megavolt amper e reactive
(MVar) for IEEE-14 Bustest system.

Line Line power supplied by Total Line loss caused by Total
D Glint G2int G3int G6int G8int F}?Wﬂ Glint G2int G3int G6int G8int |gss
ow

2-1 0.000 17.434 0.000 0.000 0.000 17.434 0.000 1288. 0.000 0.000 0.000 13.129
1-5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.753.401 0.000 3.248 11.403
2-3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.953.834 0.000 0.000 9.786
4-2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00Q0.440 0.000 3.342 4.782
2-5 0.000 0.300 0.000 0.000 0.000 0.300 0.000 2.759.000 0.000 0.000 2.759
3-4 0.000 0.000 4.177  0.000 0.000 4.177 0.000 0.000.946  0.000 0.000 0.946
8-7 0.000 0.000 0.000 0.000 17.160 17.160 0.000 000.0 0.000 0.000 0.460 0.460
7-4 0.000 0.000 0.000 0.000 9.680 9.680 0.000 0.000.000 0.000 1.700 1.700
4-5 0.000 0.000 4.280 0.000 9.920 14.200 0.000 (0.000.488 0.000 1.132 1.620
5-6 0.000 0.238 2.355 0.000 5.457 8.050 0.000 0.131.293 0.000 2.996 4.420
6-11 0.000 0.025 0.250 2.587 0.578 3.440 0.000 10.000.009 0.090 0.020 0.120
6-12 0.000 0.017 0.171  1.767 0.395 2.350 0.000 10.000.011 0.113 0.025 0.150
6-13 0.000 0.050 0.493 5.113 1.143 6.800 0.000 30.000.031 0.316 0.071 0.420
7-9 0.000 0.000 0.000 0.000 4.980 4.980 0.000 0.000.000 0.000 0.800 0.800
9-4 0.000 0.000 0.000 0.000 0.430 0.430 0.000 0.000.000 0.000 1.300 1.300
9-10 0.000 0.000 0.000 0.000 4.180 4.180 0.000 (00.000.000 0.000 0.040 0.040
9-14 0.000 0.000 0.000 0.000 3.360 3.360 0.000 (00.000.000 0.000 0.250 0.250
11-10  0.000 0.012 0.118 1.218 0.272 1.620 0.000 000.0 0.002 0.015 0.003 0.020
12-13  0.000 0.006 0.054 0.564 0.126 0.750 0.000 000.0 0.000 0.000 0.000 0.000
13-14  0.000 0.012 0.119 1.233 0.276 1.640 0.000 010.0 0.008 0.083 0.019 0.110

Table 3. Reactive power contribution from original generatorsto line flows and losses in megavolt
amperereactive (MVar) for |IEEE-14 Bustest system.

Line Line power supplied by original Line loss caused by
ID G1 G2 G3 G6 G8 G1 G2 G3  G6 G8
2-1 0.000 14.972 0.000 0.000 0.000 0.000 10.941 000.00.000 0.000
1-5 0.000 0.000 0.000 0.000 0.000 0.000 5.801 1.2B6000 3.248
2-3 0.000 0.000 0.000 0.000 0.000 0.000 5.111 3.488000 0.000
4-2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.291000 3.342
2-5 0.000 0.258 0.000 0.000 0.000 0.000 2.299 0.0@0000 0.000
3-4 0.000 0.000 3.746 0.000 0.000 0.000 0.000 0.848000 0.000
8-7 0.000 0.000 0.000 0.000 17.160 0.000 0.000 00.00.000 0.460
7-4 0.000 0.000 0.000 0.000 9.680 0.000 0.000 0.0@0000 1.700
4-5 0.000 0.000 3.838 0.000 9.920 0.000 0.000 0.488000 1.132
5-6 0.000 0.205 2.112 0.000 5.457 0.000 0.109 1.189000 2.996
6-11 0.000 0.022 0.224 2587 0578 0.000 0.001 80.00.055 0.020
6-12 0.000 0.015 0.153 1.767 0.395 0.000 0.001 (0.0D.069 0.025
6-13 0.000 0.043 0.442 5.113 1.143 0.000 0.003 70.0D.194 0.071
7-9 0.000 0.000 0.000 0.000 4.980 0.000 0.000 0.0@0000 0.800
9-4 0.000 0.000 0.000 0.000 0.430 0.000 0.000 0.0@0000 1.300
9-10 0.000 0.000 0.000 0.000 4.180 0.000 0.000 00.00.000 0.040
9-14 0.000 0.000 0.000 0.000 3.360 0.000 0.000 00.00.000 0.250
11-10 0.000 0.010 0.105 1.218 0.272 0.000 0.000 010.00.009 0.003
12-13 0.000 0.005 0.049 0.564 0.126 0.000 0.000 000.00.000 0.000
13-14 0.000 0.010 0.107 1.233 0.276 0.000 0.001 070.00.051 0.019




52

6. CONCLUSION

[4]
This paper has presented a method for calculatieg t
contribution from individual generators to reactilee
flows, transmission losses and loads. The methed as
convention proposed in [2], [3] and [10] with some
modifications. In addition, the equivalent transsios
models are introduced and have been applied in this
tracing method. The method is simple and accurat .]
Accordingly, illustrative network is selected asttease

to show the feasibility and veracity of the method.

(5]
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APPENDI X

Table A. Busdata of | EEE-14 Bus system.

Voltage Generation Load Injected
Bus No. Mag(p.u)  Ang(deg) P(MW) Q(MVar) P(MW)  Q(MVar) Mvar
1 1.06 0 232.39 -16.55 0 0 0
2 1.045 -4.983 40 43.56 21.7 12.7 0
3 1.01 -12.725 0 25.08 94.2 19 0
4 1.018 -10.313 0 0 47.8 -3.9 0
5 1.02 -8.774 0 0 7.6 1.6 0
6 1.07 -14.221 0 12.73 11.2 7.5 0
7 1.062 -13.36 0 0 0 0 0
8 1.09 -13.36 0 17.62 0 0 0
9 1.056 -14.939 0 0 29.5 16.6 21.2
10 1.051 -15.097 0 0 9 5.8 0
11 1.057 -14.791 0 0 35 1.8 0
12 1.055 -15.076 0 0 6.1 1.6 0
13 1.05 -15.156 0 0 135 5.8 0
14 1.036 -16.034 0 0 14.9 5 0
Total: 272.39 82.44 259 735 21.2
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TableB. Linedata of | EEE-14 Bus system.

Line No From To From Bus Injection To Bus Injection Loss

Bus Bus P(MW) Q(Mvar) P(MW) Q(Mva) P(MW)  Q (Mvar)
1 1 2 156.88 -20.4 -152.59 27.68 4.298 13.12
2 1 5 75.51 3.85 -72.75 2.23 2.763 11.41
3 2 3 73.24 3.56 -70.91 16 2.323 9.79
4 2 4 56.13 -1.55 -54.45 3.02 1.677 5.09
5 2 5 41.52 1.17 -40.61 2.1 0.904 2.76
6 4 3 23.66 -4.84 -23.29 4.47 0.373 0.95
7 8 7 0 17.62 0 -17.16 0 0.46
8 4 7 28.07 -9.68 -28.07 11.38 0 17
9 5 4 61.67 -14.2 -61.16 15.82 0.514 1.62
10 5 6 44.09 12.47 -44.09 -8.05 0 4.42
11 6 11 7.35 3.56 -7.3 -3.44 0.055 0.12
12 6 12 7.79 2.5 -7.71 -2.35 0.072 0.15
13 6 13 17.75 7.22 -17.54 -6.8 0.212 0.42
14 7 9 28.07 5.78 -28.07 -4.98 0 0.8
15 4 9 16.08 -0.43 -16.08 1.73 0 1.3
16 9 10 5.23 4.22 -5.21 -4.18 0.013 0.03
17 9 14 9.43 3.61 -9.31 -3.36 0.116 0.25
18 11 10 3.8 1.64 -3.79 -1.62 0.013 0.03
19 12 13 1.61 0.75 -1.61 -0.75 0.006 0.01

N
o
[any
w
[y
SN

5.64 1.75 -5.59 -1.64 0.054 0.11
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