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Transmission Active Power Loss Allocation to
Loads using Power Flow Tracing

N. V. Subba Rao, G. Kesava Rao, S. Sivanaga Raju

Abstract—Now a day, the electrical network was restructured, to
access power from any generator to any load. In real time, it is
very difficult to make this type of transactions because of the
transmission system constraints. Sometimes, thetotal active power
losses may increase and finally system becomes unstable. Further,
the cost of the total power losses should allocate either to the
generators or loads. Normally, the voltage magnitude at
generating plants was controlled but the voltage magnitude at
load buses was not controlled. Hence it is always suggestible in
analyzing the effect of loss allocations to loads. In this paper, a
novel loss allocation strategy is proposed to allocate losses among
the available loads. As the proposed methodology utilizes the
process power flow tracing and increases the effectiveness of the
problem solution. Numerical resultsare provided for the standard
IEEE-5 bus, 30 bus and Indian-24 bus test systems with
supporting validations using Bialek method.

Index Terms—Trace usage based coefficients, Transmission
power flow tracing, Proportional sharing principle, Bialek
downstream algorithm.

[. INTRODUCTION

In the interconnected systems, power flows
transmission lines in which how the power flowswesn

generator/ loads and flows. The tracing of powemits the

system operator to incorporate the level of systsage for
pricing the transmission services. It also helpsestimate
some of the resources required in the form of kil
services. The first and foremost step in the posystem is
unbundling of transmission services. From which,share of
each source in each sink and power flows are detedn
This method can be extended to not only for agiiweer but
reactive power also. In meshed network, the loadgive

power from the sources through many paths of trasssom

lines. With the conventional load flow, it is nobgsible to
know the share of each generator in each loadeawhrflow.

Hence, the importance grows for the tracing of powe
meshed network. In open electricity market, lossstrrhe

allocated for efficient transparent system in wtitehshare of
each generator in each load and line flows is tddtermined.
In the literature, many number of loss allocatienhiniques
are exist but any technique does not give acceptbhll

participants. In short, we need to know the coantidns of

individual generators and loads to line flows amthe losses
in the transmission system. Similarly, the contrakt
obligations of utilities are maintained in deregethsystem
while allocating the loss to consumer/ Discom conigs

Manuscript Received on October 2014.

N. V. Subba Ragq Electrical and Electronics Engineering, LBRCE

Mylavaram, Krishna District, Andhra Pradesh, India.

in th

A graph theory is applied in [1] to solve the peblof active
power flow tracing; the same technique can be edrto
reactive power tracing also. The power losseserlittes are
given to one of the end buses in each line. If spower is
injected at one of the two end nodes of a line, tike
injections are treated as loads at the two nodédtenline is
considered to be open circuit. The methodology kbgesl in
[2] is again considered in [3] for reactive powenf tracing
in networks having convection lines, namely linesahich
the reactive flows at the two ends have opposigztons; for
these lines, an equivalent nominal-T line modelaegs the
nominal II-model. At the central node, a fictitious reactive
load is considered; it is equivalent to the sumomatf the
reactive powers required by the shunt admittandethe
nominalll-model. The original system modified in this way is
solved a second time and the results of the |ktéet flow are
used for reactive power tracing. The mutual infleen
between active and reactive flows in the lines dugtothe
losses is dealt with in [4] where, for each linke ttotal
differential of the active loss and its compongthg partial
Sifferentials) are determined. Starting from
differentials, the complex power flows are detemxinon
each line as the summation of components — alldcatt¢he
single generators — both of the powers sent téotds and of
the losses. The implementation of the methodolagy the
results of some applications are reported in [&thPntegrals
are used in loss allocation which is accurate. Av ne
path-integral method has been discussed by intagréte
partial differential of the system. The accuracy loss
allocation is enhanced by path-integral of nonliitga AC
power flow improves the additional accuracy [6].€Tinajor
factors in the locational spot pricing is transnaesloss
allocation amounting 3-5% of total generation [A]he
Gencos are affected considerably by loss allocatibich is
fair and transparent manner. The transmissiondtgsation
does not include in the spot pricing since losecaltion is
nonlinear and path dependency. In [8], an attempiside that
the difference between the sum of theoreticallpcated
losses and the actual system loss are reducedligtnbuted
slack bus is adopted to remove the slack-bus demeydn
loss allocation. The proposed algorithm providesueate
loss allocation in the sense that the sum of alémtsses is
exactly equal to the actual loss given by the aegueflow. In
[9] the concept of distributed slack bus is introeld. In this
method loses allocated to busses are exactly e¢guadtual
loss which is given by ac power flow. In [10-16]y Bsing
general conventional theories, based on sensitanglysis,
"fail to establish loss allocation, the total lo#isaation is not
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power transactions to determine the loss allocatign
integrating loss with the system trajectory deteedi by the
acceptance order of power transactions. Thoughptiogea
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pair of bilateral transactions has been treatejuaps in
generation and load in the paired busses, resutliscrete
integration which leads to allocations errors.18][ the zonal
loss factors are obtained with the help of nodakgation loss
factors based on electrical proximity of the nodesthe
centers. The loss allocation is done based on zenters.
Further, a method for automated zonal pattern ggttmomic
aspects is presented. The number of zones is datatnBy
performing an exhaustive search using this algaoritbr the
best initial root node, an optimal zonal patterm dae
identified. Real power and real power loss of il

generators to system loads are allocated. Botlcalmn

procedures are conducted independently and it $scan
current operating point of the system, computedugh AC
load flow program [20]. The current of the load &siss
obtained from Y-bus as a function of the generatusent
and load voltage. Modified Y-bus is obtained. Hinaloss
allocation is done based on modified Y-bus. In addito

generators contribution factors to the consumeszsegually
significant
participants. In [21], A market participant who dermmore
losses must be charged more, on the other handsot®
causes less network must be charged less. So,arerany
loss allocation techniques in the literature sustpeo-rata,
marginal loss, proportional sharing assumptionscudi

theory and different techniques for bilateral ta@®nejo et

not only can allocate total loss to either generatoload
node, respectively, but also can distribute itathlgenerator
and load nodes conveniently. In [27], reactive poflew

tracing in electrical transmission networks is dised. For
such systems, the tracing methods used for rei@egobwer
flows cannot be used directly, due to reactive payeaerated
by the line non resistance parameters, these gederactive
power, which flows in the transmission lines, ofteeing
considerable amount to the powers delivered toldhds
causing tracing of reactive power is more critidal.this

paper, a novel transmission loss allocation styateg
presented to allocate losses among the loads albime.
proposed methodology utilizes the real time powew f
conditions. The proportional sharing principle $&d to trace
the active power flow in the transmission lines dadhe
loads. Using Newton Raphson load flow solution, tibigl

active power losses in a given system are calallaf®

allocate these losses among loads, trace usaged base

coefficients are framed. The proposed methodoledgsted

in optimizing the benefit to the marketon standard IEEE-5 bus, 30 bus and real time Ir@#fbus

test system with supporting numerical results amd a
compared with the results of existing Bialek method

Il. POWER FLOW TRACING MECHANISM

Power flow tracing methodology [28] is normally dstr
calculating generator's share in line flows andd$oaAfter

al. [22-24]. An incremental transmission loss (ITL)inding generator's share in loads, traced-usagéficients

coefficient was recently presented by Leite das&Bilmd Costa
[25]. However, this method depends on the locatibthe
slack bus, and hence different slack buses willlteis
different ITLs. The incremental transmission lod3Lj
coefficients are determined and loss allocaticsoise based
on ITLs. The disadvantage of this method is losaes
depends on slack bus. Another drawback of the ndathihat
it gives negative loss allocation. Finally, in [26Jmethod is
used in which individual bilateral
incremented along a path of variation. Individudhteral
transaction may elect to have its losses suppleal deparate
slack generator. Once the path of variation and Itiss
suppliers are specified, the incremental contrazss |
allocations and their sums are calculated. The whifficulty
in allocating line losses to loads, generatorsoobitateral
contracts is that, regardless of the approach, fihal
allocation always contains a degree of arbitragn@sis is
due to the fact that the system transmission logssesa
non-separable, nonlinear function of the bus pamjections
which makes it not possible to divide the systessds into

the sum of terms, each one uniquely attributableato

generation or load. Thus, the issue of fairnesspsiibably
never be fully resolved by any loss allocation rodth
Nevertheless, it is possible to identify a numbédr
characteristics in a loss allocation scheme thatanguably,
reasonable and necessary for the scheme to balelguitr, at
least, acknowledged as equitable. These charaatsrere
also useful in the comparison of the various apghea
proposed in the literature. In [2], transmissiosskes are
allocated and costs are presented taking into atgmol and
bilateral contract hybrid deregulated power markete
transmission loss is allocated according to a nmastieal
relationship between the node power and the lineepdlow
for a DC power network. By the proposed methodathtbors

transactions are

can be framed for the traced-usage methodologythim
section, procedure of power flow tracing and pracedo
formation of traced-usage coefficients can be ftiated.
Consider a bus having two inflows and two outflaagsit is
convenient to analyze and shown in Fig.1.

Fig. 1. Proportional Sharing Principal at Bus Bm

In Fig.1, Bm is the bus at which power flow tracing
explanation is evaluated. i,j,k and | represergsdiiises which
are connected to Bm through power lines. Pim amal &
power inflows to bus Bm. Pmk and Pml are powerlowt

%rom bus Bm. The following mathematical modelingriade,

from Fig.1, the voltage at bus m can be expregséerms of
branch impedance Zmk and its current flow Imk, bzml
and Imk:

Vm = mklmk = ZmlIml

(1)

Above equation can be alternatively expressedeapribduct

of the total injected current into bus m and theieajent
impedance as seen from bus m.

— | ZmkZm
Vin = (Z7nk+Zle> Ir

)
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where I7 = lim + Ijm solution. This algorithm comes in two versions upstream
and downstream looking algorithm based on inflows a

By solving Eq's (1) and (2), gives outflows from a node.

Zm _ Zmi . .
Iy, = (Z,,L,C—&-ZZ,,”) Ir I = (ka—o—kZml) It A. Downstream Looking Algorithm
An expression for the power flow in branch m-k may The nodal through flovP; is expressed as the sum of inflows
derived as a function of the powers contributethfigws i-m P,= > |P_j| + Pri Vi=12,...,n (12)
and j-m: j€af
Sk = Vi It = Vi (z* Z+Z ) (I, + I]*m) Whereai |§ the set of ngdes supplying directly node i
p mk T ml This equation can be written as
= (728 (Sim + Sim) @ D= X CubitPu (13)
jead
Where im = VI, andSJm Vindj Where,C}; = Pz i
Similarly, the power flow in branch m-l is: After rearranging Eqs (12) and (13), becomes
Z:;l‘ . . H
Smi = (Z;k,+%fnl> (Sim + Sjm) (4) P;— Y CuP, = Pp; orsimply,A;P = Py, (14)
i d
Impedances can be written as e o .
P V2 v2 Where A, is the (nxn) downstream distribution matrix and P
Zmk = s;;)'k and Zp = SE (5) is the vector of nodal demands. The (i,I) eleméitds equal
Eqgn's (3) and (4) can be modified by using abowve &9 to ) Fori — 1
— Sm . ori =
Sk = (SmA +Sml) Sim + ( 1nk+s1nl> S]m (6) [Agly = —Cy = —% forl € Ozg (15)
S, = (S fIlS l) S, + ( ;VTS l) Sim -0 Other wzjse N -
kTS SmiFSm (7)  Note thata, is sparse and non symmetric.A; " is exists
The following power conservation relation shouldnoéed as then
Sim + Sjm = Smk + Smi P = A;'Pp, and its ith element is
By using above relation, both Eqn's (6) and (7) &tan n )
rewritten as Py = kZ [Ag likPr Vi=12..,n (16)
: Sim . =1 .
Smk = <S“f}[§jm + Smisg‘m> Sk This equation shows how the nodal power Pi is itisted
g ( im 4 Sim )S between all the loads in the system. On the othedlthe
ml = \ 504 8m T 5o+ Sm ) Oml same Pi is equal to the sum of the generation P@ide i and
Separation of real and imaginary components in @bowll inflows in lines entering node i. Hence, thédw from
equations can be used to further process of lémsatibon. node i from line i-j can be calculated, using pntjpmal
. Pivn Pim sharing principle
Pmk - <P1L7n+ij + Pim+ij> Pmk (8) P n
P; Pim |Pij|l = =5~ Pi O|Pp_j| = 52 57 [Ay ik Pri (17)
Pml = (P17n+zr}r§]m + Pinz‘i’ij) Pml (9) =
Q Q B. LossAllocation to Loads:
Qmk = (sz-‘rQJm + Qim%LQjm) Qmk (10) After knowing, the contribution of loads in lineofls, by
Oyt = ( Qun | Qim >Q using proportional sharing principle, contributiohloads in
T\ QimAQim T QuntQim ) (11) sending end and receiving end flows are determined.
From these above four equations we can use onsEgh |P, _ 1R laend\ P (18)
. . . 7f_lvs‘end,(‘.ontri,load |P,L 1 i— lavg contri,load
and (9), which are real or active power values.sTaper \Pi I‘“’g‘
deals with active power loss allocation only sot timathis | Pictrccecontrivtona| = TPi—tauy| ‘P i—lavg,contri,load (19)

concept, the active power will be traced. Reacfiosver Where,

tracing and reactive power loss allocation is unfigure

work. | Pt contritond
power flows

= Contribution of loads in sending end

IIl.  EXISTING BIALEK M ETHOD FOR L OSSALLOCATION
TO LOADS ‘Pi_lrece,contri,load
power flows

= Sending end power flow

= Sending end power flow

= Average power flow

= Contribution of load in average flow by
downstream looking algorithm Losses allocated smito

= Contribution of loads in receiving end

The power flow tracing is transportation problemickh
determines how power injected by sources is disteidd |Fi—i.....
between the lines and sinks of the transmissiowor&t The |P,_; ..
method works on only on loss less flows. The easvay of |pi_lm
obtaining loss less network from lossy network aguming ‘P-_ ‘ v
that a line flow is an average over the sending end 1~leontri,avg

receiving end flows and by adding half of the lioss to the

power injections at each node of the line. Thispprdonal =‘pi—lsend,cmm,zoad N Pivlrcce contritond (20)
sharing principle starts with results of converdead flow
77X
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C. Algorithm for Loss Allocation to Loads bus-i andbi is voltage phase angle of bus-i.

1. Read input data such as bus data and line data. B. LossAllocation to Loads

2. Initialization of load flow data The injected real power at bus-i is given as

3. Obtain the results of converged load flow soluiti P, = Pgi — Progai (24)

4. Covert the lossy network into loss less netwbik | o 1% pe the traced-usage coefficient that is fractién o
considering average flow. i.g;PP,; ! lied by th i tith bus tddhad

5. Modify the generators power and loads pOWﬁrbSUpQrf y eg_enera.ur)]nba : us Cbpowe]r

6. Obtain the PG matrix with modified generated pmsv atjt fus. € generatlfon atd'_}_f us ;:and ehesp as the
and PL matrix with modified load powers. sumo usage amounts from different loads that is

7. Form- the dewnstream distribution rn.atri-x by Ed!ﬁ)( Z PLoadOj wherei=1,2,....NG  (25)

8. Obtain the inverse of downstream distributioririra

9. Determine the contribution of each generat@aoh line  The |njected powers at every bus can be rewritsdretow by
by Eqn (17) employ above Eqn’s (24) and (25)

10. Obtain the contribution of each generator in segpind _
and receiving end flows by Eqgn's (18) and (19) Fi= Z ;i PLoadj = PLoaai  wherei=1,2,...NB
respectively. The above equation can be rewritten as

11. Obtain the difference of sending end and receiend NG q
flows to get loss allocation to loads using (20). P=5 TiZ'PLaadj wherei=1,2,...,NB (26)

7j=1

IV. PROPOSEDTRACE USAGE BASEDL OSSALLOCATION
TO LOADS

After applying power flow tracing mechanism to thead
flow analysis, the results obtained are, the irtliai
generator's active power contribution in Loadsvacfiower.
Using this information, it is possible to frame ealJsage
coefficients and these coefficients plays emineasie rin
transmission loss allocation in deregulated powstesns by
using proposed methodology. These coefficients ban
formulated as

T =

Active power sharing of ith generator in j”" Load

Total active power at j¢ load

(21)
In this approach, the loss allocation scheme adofrtam
[29]. In power system network, the standard losstda [30]
is expressed in terms of power utilized by conssniesm
each generator. This proposed method emphasis
allocation of total active loss to generators avatls by using
the traced-usage coefficients.

A. Lossallocation Procedure to Loads

Consider a power system network with NG generasms
NB load (no of buses) connected through a transonidiges.
This method separated the non-linear system losshe sum
of NB terms and similarly the sum of NG terms. Thain
difficulty arises in allocation of loss componeatgenerators
and loads because of non linear nature of thedqgsation in
which the combined set of all traced-usage coeffits
interact through the load flow terms. Thus, thes lakbocation
depends on path and the traced-usage coefficiehts
generators and loads. Consider the Generators=<@f, &,,
..... Gyc and the load set L5L,L,, Lgj,.....Lyg. An exact
transmission loss formula using system parametedsbas
injected powers is given [30] as follows

NB NB

Pr =% Y [Aij(PP; + QiQ;) + Bij(Q;P; — P,Q;)]

i=1j=1
Where,

. _ _Ry
Aij = Wiy

(22)

cos(8; — 8;). Bij = %sm(éz —0;) (23)

PL is the real power loss of the power system,sSihe
injected power at buSi = Pi + Qi Zij = Rij + jXij ang
Zij is the i-jth element of Zbus, Vi is the voltagegnitude of

whereT}} = TB for i #j ; Tj} = TB — 1 for i=j.

The injected powers at ith and jth bus can be gagen

NB
P=> TZ;PLOMP wherei=1,2,..... NB (27)

-1

"B
=> T]anLoadq wherei=1,2,....., NB (28)

q=1

The above Transmission loss equation Eqn (22) aan b
modified by using equations Eq's (27) and (28bl®fvs as

. NB([NB (NBENE
P = ZI ZI Zl Zl Aij Ty T4 ProadpPLoadq
p= g=1 \i=1j=
NBNB (29)
w5 Z Z (45 QiQ;)

+ \Z]T ]\Z}j Bij (T5Qi = T5:Qs) Proadp

In the above equation the last term is observettiiesactive

power loss caused because of interaction of reaqtower

ihgections and it is very small compared to totivae power

loss. Hence it is assumed that the loss contribdteécause of
interaction of reactive power can be shared to Ltbads

according to its Load capacity. The loss contritouti
component (Self Component) because of individuallpad

alone is expressed as

P,
+ Loadp

2

VB NB

"
~ Bu ( I)JQL

o) - SESE g po

pitpj Luudp
i=1j= 1

. NB
+ ZZAIJQQ7

ZPL adp 1=1j=

,,,QJ) Proadp
(30)

=1}

<

P’L(p’p) is part of total loss caused by pth load that ddpe
only on its load power value. The loss contribution
&dmponent (Mutual Component) because of interactiguth
load and qth load is expressed as

NB NB

ZZAU(

i=1j=

/(p ) ”T,I + T(;QT:,;IJ) PLoadpPLoadqv p 7é q(31)

Pi(p ) js part of total loss caused by interaction of joéid

and qth load. The loss contribution of load atlpik is given
by adding the half of the amount of mutual loss ponent
because of interaction of load-p and load-q to $hdf
component.

PP — %1:3 P/(p,q)
L = L
q=1,q#p

The above procedure can be used for other gensrédgor

PP 4 (32)
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compute its loss contribution. The total active powss is

NB ,
PT/’loss = Zl PLp (33)
p:

V. ALGORITHM AND FLOW CHART FOR PROPOSED
METHOD

Stepl: Tracing Mechanism
Perform Tracing mechanism on the results of optimul
load flow analysis, we can obtain
» Generators Contribution in active power flow of eac
transmission line
» Generators Contribution in active power of eachd.oa
Step2: Formation of Trace-Usage Coefficients
By considering the result of generators contributiio
each load, Trace-Usage coefficients can be fraraigd)u

Read the output data from
initial power flow

&

Frame A, B matrices as per

Eqn. (23)
N

Read traced-usage coefficients
from power flow tracing
method, 7,/ as perEqn (21)

l

Set iteration count £, Gpp0,

[P’ ]®=0.0 and =103

Egn (21).

Step3: Frame A and B matrices
Form the matrices A and B as per Eq's (23) andsingu Calculate loss allocated 1o eack
data obtained by optimum power flow. load as P*, * as per equation
Step4: Eqn. (32)
Set iteration count 1
€ =0, 6pioss = 0, [PL]* = 0.0 and § = 1078 i
Steps: Ca]culaleﬂlcftotallossPLas n
P . per equation Eqn. (33)
Calculate loss contribution by each generatoP/ sas t=etl

per Eqn (32).

Stepé: | Set [P* [¢*V=P", |
Calculate the total lo<Pr;,ss as per Eqn (33). L
Step7:
=[P~ =) [P, 1®
Setgploss = [PL]E+1 — [PL]E ‘ Setaplbﬁs [P L] [P l_.] ‘
Step8:

Update the loss contribution fP? where p=slack bus Update the loss contribution for

according to [29]. P, P where p=slack bus
Step9: Stopping criteria for loss allocation
Repeat steps from 5 to 8 when it is satisfies eithe
Oploss < 6 or until the maximum number of iterations
reached. No
Stepl0: Check
Output the result of Loss Allocation to loads amihtp Bptoss <O
the result of Load's Loss Allocation.
The corresponding flow chart of the proposel Ves
methodology is shown in Fig.2.
Print the result of load’s loss
allocation

Fig. 2. Flow Chart of Tracing based Loss Allocation
among Loads

VI. RESULTS AND ANALYSIS

The proposed method is tested on three differeameles
namely, IEEE-5 bus, IEEE-30 bus and Indian-24 lystesns
on a PC with Intel core i3-370M Pentium processdh w
2.40GHz frequency and 3GB RAM and installed with
MATLAB environment. After obtaining transmission yger
losses in a given system using Newton Raphson fload
these losses should be allocated among loads. ffore
this, procedure described in section 2 is usedBiatek
method and section 4 for Tracing based method.

3Nano 7,

‘c,,o
g, 2\
g:: I‘::] A ENT

=i [
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A. Example-1:
An |EEE-5 bus network with seven transmission liapd six

Table. 2. Loss Allocation with Existing and Proposg
Methods to Loads for IEEE-30 Bus System

generators is considered [31]. Loss allocations (MW)
. S. No Bus No - - -

1) LossAllocation to Loads: With Bialek | Tracing based
For this system, the total losses are 7.5135 MW, these 1 2 0.27739 0.279808
losses are allocated to four loads at buses 2,a8d4%. The 2 3 0.049179 0.055171
procedure described in section 5 is used to akotzses 3 4 0.20584 0.208843
among the loads. For this system, there are foaniScand 4 5 2.569 2.67314
respective loss allocations using existing and psep S 7 0.95861 0.90529
methods are tabulated in Table.l. From this talilés 6 8 0.38773 0.388783
identified that, maximum losses are allocated &allat bus-5 7 10 0.096526 0.102262
as the amount of load at this bus is high i.e. ¥B@ when 8 12 0.12116 0.11811
compared to other buses. The minimum losses aresadid to 9 14 0.12993 0.117562
load at bus-2 i.e. 40 MW, this is because of tle lead and 10 15 0.20139 0.183194
has an availability of local generation. Henceyeaty clear 11 16 0.069644 0.062507
that, maximum amount of load at bus-2 is suppliedfthe 12 17 0.20887 0.186809
generator at the same bus. The graphical reprémenta 13 18 0.1033 0.096063
loss allocations to all loads is shown in Fig.3. 14 19 0.29043 0.277002

Table. 1. Loss Allocation with Existing and Propose 15 20 0.055251 0.056793

Methods to Loads for IEEE-5 Bus System 16 21 0.41695 0.411245

N N — O Tz [ odew [ oo

No Usage based Bialek Tracing basegq : :

1 2 0.1676 0.1785 0.24377 19 26 0.17561 0.171315

2 3 2.0717 0.5271 0.636986 20 29 0.11474 0.160088

3 4 2.5986 1.4795 1.409643 21 30 0.60842 0.633155

4 5 2.6756 5.3284 5.223124 Total power loss (MW 7.43663 7.4366

Total power

loss (MW) 7.5135 7.5135 7.513523 33— Ty

o

Il Usage based method
[l Bialek method
5 Trace usage based method

G-Ll
2 3 4 5

Load bus number

2

Allocated loss, MW
N (]

[

Fig. 3. Variation of Loss Allocation with Existingand
Proposed Methods to Loads for IEEE-5 Bus System

B. Example-2

Trace usage based method

2.5 5 : - .

|

Fig. 4. Variation of Loss Allocation with Existingand
Proposed Methods to Loads for IEEE-30 Bus System

N
T

Allocated loss, MW
=
- a

0.5

o
2

rnpl.le rﬂnnﬂﬂw

101214 1516 17 18 19 20 21 23 24 26 29 30
Load bus number

|

3 5

C. Example-3

A real time Indian-24 bus system with twenty seven
transmission lines, four generating units is comsd.

An IEEE-30 bus system with six generators, fortye onl) LossAllocation to Generators:

transmission lines, four tap changing transfornaard two
shunt compensating devices is considered [32, 33].

1) LossAllocation to Generators:

For this system, the total losses are 7.4366 MW, these
losses are allocated to twenty one loads and régpdoss
allocations using existing and proposed methodtadrdated
in Table.2. From this table, it is identified thataximum
losses are allocated to load at bus-5 as the anodlodd at
this bus is high i.e. 94.2 MW when compared to otheses.
The minimum losses are allocated to load at bug.32.4
MW, this is because of the availability of locahgeation and
very less load. The graphical
allocations to loads is shown in Fig.4.

representation ofs lo

For this system, the total losses are 44.3339 MW, these
losses are allocated to three generators whictosmeected at
buses 1, 2, 3 and 4. The procedure described fioset2 is
used to allocate losses among the loads. Forytbisms, there
are fourteen loads and respective loss allocatiasiag
existing and proposed methods are tabulated ireTaldFrom
this table, it is identified that, maximum losses allocated to
load at bus-16 as the amount of load at this bhgisi.e. 230
MW when compared to other buses. The minimum loases
allocated to load at bus-21 i.e. 73 MW, this ischese of the
availability of local generation. The graphical megentation
Sof loss allocations to all loads is shown in Fig.5.
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Table. 3. Loss Allocation with Existing and Proposg
Methods to Loads for Indian-24 Bus System

Loss allocations (MW)

S No Bus No With Bialek | Tracing based

1 6 1.9092 1.99913

2 7 8.8754 8.793948
3 9 1.3945 1.413014
4 10 4.4686 4.457155
5 11 0.91117 0.859775
6 12 1.2633 1.230362
7 13 5.5646 5.398661
8 16 10.514 10.41549
9 17 2.8703 2.830825

10 19 1.4879 1.6059
11 20 0.81275 0.945773
12 21 0.65554 0.754431
13 23 1.4217 1.446431
14 24 2.185 2.182986
Total power loss (MW 44.3339 44.3339

Allocated loss, MW

12 T T T T T T T

Il Bialek method
[ ITrace usage based method|

10|

6 7 9 10 11 12 13 16 17 19 20 21 23 24

Load bus number

Fig. 5. Variation of Loss Allocation with Existingand

Proposed Methods to Loads for Indian-24 Bus System

A

VII. CONCLUSION
novel loss allocation methodology has been preddsy

formulating trace usage based coefficients. Thes#icients
are formulated using the real time power flow ctindiof the
given system. In this methodology, power flow traci
mechanism has been adapted to frame trace usage
coefficients. This mechanism in turn uses propogio [23]
sharing principle. Using this methodology, the tatative
power losses in a given system are allocated artienigads.
The proposed methodology has been tested in sthndar
IEEE-5 bus, 30-bus and real time Indian-24 bussgstems
with supporting numerical results and validationighvthe
results of existing Bialek method.
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