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Power Transfer Allocation for Open Access Using
Graph Theory—Fundamentals and Applications in
Systems Without Loopflow

Felix F. Wy, Fellow, IEEE Yixin Ni, Senior Member, IEEEand Ping WeiStudent Member, IEEE

Abstract—In this paper, graph theory is used to calculate the gested method in power flow tracing. Then based on the widely
contributions of individual generators and loads to line flows ysed bus-line incident matrix, downstream and upstream tracing
and the real power transfer between individual generators and gequences are determined at ease. A novel approach is sug-
loads that are significant to transmission open access. Related . o
lemmas are proved which present necessary conditions required geSt_ed to calculate the cpntrlbutlon faCtor_s of individual gen-
by the method. Based on ac load flow solution a novel method €rations and loads to the line flows respectively. The real power
is suggested which can decide downstream and upstream powertransfer between individual generators and loads can also be de-
flow tracing paths very fast and calculate the contribution factors termined. The method can be used for both active and reactive
of generations and loads to the line flows efficiently. The power e transfer allocations. Based on ac load flow solution it can
transfer between generators and loads can also be determined. . . .

The suggested method is suitable for both active and reactive .conS|der§y.stem nonllnearlty accura.tely. The suggested method
power tracings of real power systems. is very efficient and suitable for use in real power systems.

The paper is organized as follows. In Section Il the basic
assumptions are described. Related lemmas are presented and
proved. Directed graphs for upstream and downstream tracings,
the corresponding bus-inflow-line and bus-outflow-line incident

. INTRODUCTION matrices and their usage in power flow tracing are introduced.
OWER system deregulation and transmission open accégsection il through upstream and downstream tracings, con-
Pmake it more and more important to calculate the contfitibution factors of individual generators and loads to line flows
butions of individual generators and loads to line flows and tifg€ calculated respectively. The power transfers between gener-
real power transfers between individual generators and loa@tors andloads are determined as well. A simple example is used
The results can help to allocate the total cost of transmissibhSections Iland lll to help the illustration of the method. Sec-
among all the users in an equitable way. tion IV presents the test results from the IEEE 30-bus system.

Methods based on dc load flow and sensitivity analysis carffonclusions are made in Section V.
consider accurately the reactive power transfer allocation and
system nonlinearity. In [1], [2] a novel method is suggested to Il. FUNDAMENTALS OF LOAD FLOW TRACING
so[ve the proplem however a.matrix inyerse calculation is re- |, order to simplify the problem, we first make the following
quired which is time consuming especially for a large scajg,qic assumptions:

power system. In [3] another approach is presented which in- L . .
. : * An ac load flow solution is available from on-line state
troduces some new concepts such as domain, common, link and - . . .
estimation or off-line system analysis. The studied system

staFe graph and is suitable for large-scale power system appli- has finite number of buses. It is operated properly and
cations. However there are no clear declaration and proof of the . .
there is no loop flow in the system.

conditions required for the method. . . .
X . « Real power and reactive power required by transmission
In this paper graph theory [4], [5] is suggested to solve the . . . :
. ; . . line resistance, reactance and charging capacitance have
problem. Graph theory is quite mature and especially suitable to . . .
i . been moved to the line terminal buses (see Section Il for
tackle such network topology related issue. In our case directed . o . .
. . details) and modeled as “equivalent loads” according to ac
graph is used. The vertices of the graph are system buses and . . . )
. . load flow solution. Therefore the line active and reactive
the edges of the graph are lines and transformers. The direction .
. L o . power flows keep constant along the line, each edge has a
of each edge is the direction of power flow inside. The directed e e N
definite direction and the network is “lossless.

graph of active power flow may be different from that of reactive Agenerator has the priority to provide power to the load on

power flow in edge directions. L .
) . the same bus. The remaining power will enter the network
Related lemmas are presented and proved first which presents . .
to supply other loads in the network to avoid unnecessary

the necessary conditions to guarantee the feasibility of the sug- losses. It is true even according to a fransaction contract

a generator does not sell electricity to the local load. This

Index Terms—Graph theory application, power flow tracing,
transmission open access.

Manuscript received February 19, 1999; revised June 28, 1999. is because electricity has no label and system operators
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The University of Hong Kong, Hong Kong SAR. have the authority to dispatch the power flow. Therefore
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Self-loop Pei=10 Paz=
P.=3 a b ¢ e
Puv=7| Pc=2 v P4=6 1 1 0 0 0
A 2-1 0 1 1 O
(a) Self-loop (b) Upstream tracing path s 3 3lo 0 0 =1 1
Pusto  Puss 40 -1 -1 0 -1
Fig. 1. Diagram for proof of lemmal (a) Self-loop (b) Upstream tracing path.
9 9 P @ P (B)Up ap (a) System graph (P: MW) (b) System BLIM
load buses and network buses based on tietinjection a b cde a b c d e
to the sys_tem. This concept can be applied to both active if1 1 0 00 1To 0 0 0 0
and reactive powgr_flows. _ _ 200 011 0 511 0 0 o o
« The flows of electricity obey thproportional-sharingule
[1][3] 310 0 0 0 1 3]0 0 0 1 0
' . 40 0 0 0 0 40 1 1 0 1
Based on the assumptions made above we can prove the fol-
lowing two lemmas: (c) System BOLIM (d) System BILIM

Lemma 1: A lossless, finite-nodes power system without
loop flow has at least one pure source, i.e. a generator bus Wil 2. Sample system diagram and matrices (a) System graph (P: MW) (b)
all incident lines carrying outflows. System BLIM (c) System BOLIM (d) System BILIM.
This lemma will be proved below. It guarantees to start and
continue a downstream tracing from an existing pure sourcestudied system quickly. This can be shown through an example
Lemma 2: A lossless, finite-nodes power system withoufsee Fig. 2(a)]. The system has 4 buses (buses 1 to 4) and 5
loop flow has at least one pure sink, i.e. a load bus with dihes (lines a to e). The active power flow is used to form corre-
incident lines carrying inflows. sponding directed graph. The bus-line incident matrix (BLIM)
This lemma can be proved similarly as lemma 1. It guaranteigsshown in Fig. 2(b).
to start and continue an upstream tracing from an existing pureBLIM can split into bus-outflow-line and bus-inflow-line in-
sink. cident matrices easily. The former is formed by all elements

Proof of Lemma 1:We start from any bus with an incident“—1"in BLIM. The latter is formed by all elements “1” in BLIM
line carrying inflows. Along this line we gopstreamand come and then all elements—*1" are changed to “1.” The resultant
to a “next” bus. Here we assume in power system there is tvdo matrices are shown in Fig. 2 where Fig. 2(c) is the bus-out-
self-loop [see Fig. 1(a)]. If there is no incident line carrying inflow-line incident matrix (BOLIM) and Fig. 2(d) is the bus-in-
flows to the next bus, then i an existing pure source alreadyflow-line incident matrix (BILIM).

If there is at least one incident line carrying inflow to the next The row with full zeros in BOLIM corresponds to pure sink
bus, then we can continue to gpstreamalong the line to an- bus since there are no outflows from the bus. The row with full
other bus [see Fig. 1(b)]. This upstream tracing can continuezééros in BILIM corresponds to pure source bus since there are
there is no pure source confronted. If the upstream bus is alwaysinflows to the bus. It is clear that bus 4 is a pure sink and bus
a new bus, this will lead to the conclusion that the system hads a pure source in our example. A system might have more
infinite buses. If the upstream bus is an old bus, that is a bus #@pan one pure sink and pure source.

peared in the previous tracing path, then a loop flow is existing The upstream and downstream tracing sequence is deter-
in the system which conflicts with the assumption. Thereforerained based on the two matrices as follows.

pure source does exist to end the upstream tracing. Downstream tracing sequence:

Proof of Lemma 2:We start from any bus with an inci- We start from a pure source (bus 1 for our case). Its outflows
dent line carrying outflows. Along this line we giownstream will bring generator power forward to their downstream buses.
and come to a “next” bus (still we assume there is no self-loof)elete the source bus and its incident lines (This is done by
If there is no incident line to carry outflows from the next busjelete the corresponding pure source row 1 and corresponding
then itis an existing pure sink already. If there is at least oneolumns of its incident lines, i.e. columns with element 1 in the
incident line carrying outflow from the next bus, then we carow 1 of BOLIM). We have a new graph that is a sub-graph
continue to gadownstreanalong the line to another bus. Thisof the original one. Then find the new pure source bus in the
downstream tracing can continue if there is no pure sink cogdrrent graph and its incident (outflow) lines (Since the cur-
fronted. If the downstream bus is always a new bus, this will leadnt graph still satisfies the conditions of lemma 1, a new pure
to the conclusion that the system liafinite buses. If the down- source bus must be existed.) and repeat the deleting process de-
stream bus is an old bus, that is a bus appeared in the previstisbed above again. This process will continue till there is no
tracing path, then a loop flow is existing in the system whiclne existing in the current graph. Then all the remaining buses
conflicts with the assumption. Therefore a pure sink does exée pure sinks. The inter-mediate BOLIM and BILIM in down-
to end the downstream tracing. stream tracing for our example are shown in Fig. 3.

Based on the two lemmas, we can use bus-line incident matrixJpstream tracing sequence:
to form bus-inflow-line and bus-outflow-line incident matrices Upstream tracing can be performed similarly through
respectively and determine the pure sink and pure source of #fi@rting from a pure sink. The tracing ends when there is no
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BOLIM BILIM
a bcde a bcde
111 1.0 0 0 10 0 0 0 0
210 01 10 211 00 00
330 0 0 0 1 310 0 01 0
40 0 0 0 O 40 1 1 01
Step 1: Pure source is bus 1. Lines a and b are deleted.
c d e c de
2[1 1 0 210 0 0O
310 0 1 3j0 1 0
40 0 0 4/1 0 1

Step 2: Pure source is bus 2. Lines ¢ and d are deleted.

€ €

i 1

Step 3: Pure source is bus 3. Line e is deleted.

To solve the problem we first build up two matrices. One is
extraction factor matrix of lines and loads from bus total passing
power. The other is contribution factor matrix of generators to
bus total passing power. The product of these two matrices con-
stitutes the contribution factors of generators to line flows and
loads.

Extraction factors of lines from bus total passing power

We first build up an extraction factor matrix;) of lines from
total passing power of their upstream buses,Fe= A, - P.
HereP; is the vector of line power#t, throughP, for our case);

P is the vector of bus total passing power in the bus sequence of
downstream tracing and calculated from ac load flow solution.
The nonzero element i4; is calculated as follows:

line j's power flow

AN — '
(Ad)tine s, bus i bus t's total passing power P;

where bug is theupstreanbus of linej. P; includes both line

Fig.3. Downstream tracing sequence Step 1: Pure source is bus 1. Lines alBPW power and net generator injection power to hiusal-
b are deleted. Step 2: Pure source is bus 2. Lines ¢ and d are deleted. Stequfated from load flow solution. For our case [see Fig. 2(a)]

Pure source is bus 3. Line 3 is deleted.

P = (108610)T and 4; is

BOLIM BILIM PP P P P
a b cde abcde a [3/10 0 0 0
11 1.0 0 0 1o 0 0 0 0 Azzb 7710 0 0 O
200 0110 21 0000 c| 0 2/8 0 0
30 0 0 0 1 30 0010 d| 0 6/8 0 0
40 0 0 00 401101 e 0 0 1/6 0
Step 1: Pure sink is bus 4. Lines b, ¢ and e are deleted.
Similarly we can form an extraction factor mat(id, ) of loads
a d a d from total passing power of their located buses fg= Ay -P.
o 110 0 The vector of load poweP;, takes the same sequence as vector
§ g (1) ~ § (’) (1) P, therefore matrix4;, will be a diagonal matrix where
Step 2: Pure sink is bus 3. Line d is deleted. 0 i ¢ net load buses
a a Ap. = { net load power on bus i ¢ et load b
] e (3 net Lo USeS
11 1;0 P
2|0 2[1]
Step 3: Pure sink is bus 2. Line a is deleted. For our exampled,, will be
Fig. 4. Upstream tracing sequence Step 1: Pure sink is bus 4. Lines b, cand e h P P Py
are deleted. Step 2: Pure sink is bus 3: Line d is deleted. Step 3: Pure sink is bus Ly O 0 O 0
2. Line a is deleted. Ar =L, |0 0 0 0
L; |0 0 5/6 0
lines existing in the current graph. Then all the remaining buses Ly L0 0 0 10/10

are pure sources. The inter-mediate BOLIM and BILIM in

upstream tracing for our example are shown in Fig. 4.

I1l. CONTRIBUTION AND EXTRACTION FACTORS
CALCULATIONS

A. Downstream Tracing

If we merge matricesl; and Ay, together as extraction factor
matrix of lines and loads from bus total passing power, we have

a=[3]

The downstream tracing (DSTR) is used for calculating thee can prove that each elementdris nonnegative; the sum of
contribution factors of individual generators to line flows anélements in each column of matrik equals one; there is one
loads. The tracing path is determined by the method suggested only one nonzero element in each row of sub-matix
in Section Il and starting from a pure source. For our exampkend the nonzero elements in sub-matiix are corresponding
the DSTR sequence is bus2 bus 2— bus 3— bus 4. The to the nonzero elements in BOLIM.

state variable in DSTR is the net generator power.

Contribution factors of generators to bustotal passing power
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We define contribution factor matri)@) of generators to bus whereK;; is the contribution factor matrix of generators to line
total passing power as flows. Similarly sinceP;, = A;, P andP = B Fg, so we have

P=BeP; Pp=ALP=A.BP; = KrcPs (3)

where the vector of generator powds(Pe; = 0 if busi is not WhereKL_G is the contribution factor matr|>§ of generators to
. loads which shows that each load gets their real power supply
a net generator bus) and the vector of bus total passing pBwe, . oo
rom which generators and at what contribution factors. For our

have same bus sequence as thatin downstream tracing. ¥atrix
example we have

is formed row by row. Itis clear from DSTR that for a certain bus
1 only its upstream generators have impacts on its total injection

(passing) power, so the upper triangular elements of matrix Pei Pa2 FPgs Iga

corresponding to the downstream generator effects on upstream Z i/ 18 8 8 8
bus total injection power should be zero. The diagonal elements  K;; =A;B = /
. . - . c|3/40 1/4 0 0
Bhus i, bus: Will be 1 (or 0) if busi is (or is not) a net generator 4l o/a0 374 0 0
bus. A nongenerator buswill not have any contribution to the / /
e L3/g0 1/8 0 0

total injection (passing) power of any buses. The elementsaillrﬂl

matrix B can be calculated by equation (1): d

Pai Pge Pgz P
Prq 0 0 0 0

Bbus-i, bus-k KLG :ALB = PL2 0 0 0 0
(1 (k =1, k € net gen. buses) Prs | 3/16  5/8 0 0
0 (k =1, k ¢ net gen. buses) Pry L13/16 3/8 0 0
0 (k> 1)
_Jo (k <1, k ¢ net gen. buses) 1) However we are not able to gét_g = _KGLPL and P, =
K P, from the downstream tracing since the state variable
Z(Alj -m in DSTR is the generator power. These relations can only be
ljei obtained from the upstream tracing which takes the load power
\ Bpr) (k <i, k € net gen. buses) as the state variable.

where ‘% < i” meansk is an upstream bus of bisand ‘¢ > " B. Upstream Tracing

meanskt is a_downstream bus of busThe last expressionis for  The upstream tracing (USTR) is used for calculating the ex-
the lower triangular nonzero elements. The teia” means {raction factors of loads from line flows and generators. The
line j is an inflow line of busi. A, .., is the unique NoNZero tracing path is determined by the method suggested in Section Il
element corresponding to linein matrix A; with busm as its  ang beginning from a pure sink bus. For our example, the USTR
upstream terminalB,,,_; is the element in matriB already sequence is bus-4 bus 3— bus 2— bus 1. Usually USTR can
calculated which represents the contribution of generatlr 5Kes the reverse sequence of DSTR.

the total injection power of bug.. The product Ay, —m®Bm—k)  Similarly we first build up two matrices. One is contribution
represents the contribution of generakatio the total injection  factor matrix of lines and generators to bus total passing power.
power of busi through line; (from busm to busq). For our  The other is extraction factor matrix of loads from bus total
example it is easy to form matri& row by row according t0 passing power. The product of these two matrices constitutes

equation (1). The resultatis shown at the bottom of the page e extraction factors of loads from line flows and generators.
Now we are ready to determine the contribution factors of contribution factors of lines to bus total passing power

individual generators to line flows and loads. Based on matricesyye first build up a contribution factor matr¢C;) of lines to
A, Ar, andB, sincel} = A; P andP = B Fg, sowe have  tne total passing power of their downstream terminal buses. i.e.

P,=AP=ABP:=KgcPz ) P,=CieP
Py Pao Pgz Pga

P, 1 0 0 0

B b 3 xl=3 1 0 0

Ps xS =% Sx1=3 0 0
Polfgx1+5xgtexm=1 §x1+gxg=5 0 0
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Here P, andP has the same definition as DSTR but the veétor if bus ¢ is (or is not) a net load bus. A nonload buwwill not
of total passing power of buses is in the bus sequence of USTHave any contribution to the total outflow power of any buses.
The nonzero element ifY; is determined as follows: The elements in matriX) can be calculated by equation (4):

() B line j's power flow Dbus_f’ius_k
Dline j,bus @ = 3, Si's total passing power P

(k =1, k € net load. buses)
(k =1, k ¢ net load. buses)
where bus is thedownstreanterminal bus of lingj. For our (k> L)
J (k <, k ¢ net load buses) (4)

case( is [see Fig. 2(a)]: =

_Mooo

o~

PR B P P

jet

a 0 0 3/8 0 | (Cij—m - D) (k <i, k € net load buses)

o =" 7/10 0 0 0 where % < i” means busk is a downstream bus of busand
c|2/10 0 0 0 “k > " means busk is an upstream bus of bus The last
d| 0 6/6 0 0 expression in equation (4) is for the lower triangular nonzero
ell/10 0 0 0 elements. The terml}.,” means that lingj is an outflow line

of bus:. Cy, _,, is the unique nonzero element corresponding to
Similarly we can form a contribution factor matii€’;) of gen- |ine j (from busi to busm) in matrix C;. D,,_y is the element
erators to the bus total passing power, Pe.= C @ P. Ifthe  in matrix D already calculated which represents the extraction
vector of generator powdfc uses the same USTR sequence dgctor of loadk from the total passing power of bus. The

vector P, matrix C will be a diagonal matrix and product(Cy, _,, ® Dy,_1) represents the extraction of load
. from the total outflow power of busthrough linej (from bus:
0 & net gen. buses to busm). For our example it is easy to form matdX row by
Cg,, = § net gen. power onbusi € net gen. buses  TOW. According to equation (4) the resultafitis
P
1 0 0 0
For our exampl&’s will be B L xl=15 1 00
B —><1+—><L—% Ex1=1 0 0
PPy I Iy 1 31 0 0
Gy TO 0 0 0 X 1+3 %5 g X
Co= Gz |0 0 0 0 Pry PL3 Pry Py
G, |0 0 5/8 0 Py 1 0 0 0
Gy Lo 0 0 10/10 =P |1/10 1 0 0
P, |3/10 1 0 0
If we merge matrice€’; andC¢ together as contribution ma- P L13/16 3/8 0 0

trix C of lines and generators to bus passing power, we have  Now we are ready to determine the extraction factors of indi-
vidual loads from line flows and generators. Based on matrices
C = { C } C;, Cr, andD, sinceP, = C;P andP = DPr, so we have

Cq
Pr=CP=CDP, =K P, %)

It is easy to prove the following. Each elementifis nonneg- where Ky, is the extraction factor matrix of loads from line
ative. The sum of elements in each column of maffiequals flows. Similarly sinceP; = C P andP = D Py, so we have
one. There is one and only one nonzero element in each row of

sub-matrixC;. And the nonzero elements in sub-matfixare Pa =Cgb =CaDPr = Karbr 6)
corresponding to the nonzero elements in BILIM. whereK ¢, is the extraction factor matrix of loads from gener-
Extraction factors of loads from bus total passing power ators which shows how each generators provides power supply
We define extraction factor matr() of loads from bus total to individual loads. For our example we have
passing power as Py Pz P Pry
P Dep a[9/80 3/8 0 0
= [ ] L
Ku=cp= |70 00
where the vector of load powét;, (Pr, = 0 if bus? is not a net d|1/10 1 0 0
load bus) and the vector of bus total passing paiveave same ¢ L1710 0 o0 0
bus sequence as that in USTR. Mate»will be formed row by
row. It. is clear tha't for a certain buonly .its downstream loads Pry  Pus Prs Pry
have impacts on its total outflow (passing) power, so the upper Pay 0 0 0 0
triangular elements of matrik’ corresponding to the upstream Kgp, =CaD = Pas 0 0O 0 0
load effects on downstream bus total outflow (passing) power P | 3/16 5/8 0 0
should be zero. The diagonal elemént, ; 1.5 Will be 1 (or 0) Pei L13/16 3/8 0 0
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SubstitutingPy, in equation (6), o in equation (3), we have TABLE |
the real power transfer between generators and loads as follows ANALYSIS OF TRANSFERREDPOWER (MW)
(in MW):
Bus Ldad Supplied|Supplied|Supplied|Supplied |Supplied |Supplied
by by by by by by
Po=10 _%Pu: Gen. 1 | Gen.2 | Gen.5 | Gen. 8 |Gen. 11{Gen. 13
1513 1 0.00 0.000 0.000 0.00 0.000 0.000 0.00
65/3 2 2170, 0.000 21.700 0.000 0.000 0.00{ 0.00
Pg,=5 >P=10 3 240 240, 0.000 -0.000 0.000 0.000 0.00
15/8 4 7.60. 6.74 0.8 0.000 0.000 0.000 0.00
5 194200 50.77] 18.77] 24.56 0.10] 0.000 0.00
6 0.00{ 0.000 0.000 0.000 0.000 0.000 0.00
It should be noticed that the sum of elements in each colur =7 [ 2280 18.15] 4.46  0.000 0.19 000 000
of matricesK¢ . and K¢ equals 1 which means there is ¢ 8 [ 30.000 0.00] 0.00] 0.00 30.000 0.00 000
nonindependent equation in matrix equations (3) and (6). 9 0.000 0.000 0.000 0.000 0.000 0.00 000

10 5.800 2.78 0.68 0.000 0.03f 2.31] 0.00
C. Handling Power Required by Ling, X andC 11 0000 0.00 0.00 0.000 0.000 0.000 0.00
12 [ 11.200 6.02] 0.76] 0.00 0.000 0.00f 4.42
13 0.000 0.000 0.000 0.00f 0.000 0.00 0.00
14 6.200 3.33) 042 0.000 0.000 0.00 2.45
15 820 4.41 056/ 0.000 0.00 000 3.23
16 3500 1.88 0.24) 0.000 0.000 0.000 1.38
17 9.000 4.49, 091 0.000 0.03) 234 1.23
18 3200 1720 0.22] 0.000 0.00f 0.000 1.26
19 9.50 4.69 1.00  0.000 0.04 2.84 093
20 2200 1.05 026 0.000 0.01] 0.88 0.00
21 [ 17.500 839 2.05 000 009 697 0.00
22 0.000 0.000 0.000 0.000 0.000 0.00| 0.00
23 3200 1720 0.22[ 0.000 0.00f 0.00| 1.26
24 8700 439 098 0.00 0.290 245 0.59
25 0.000 0.00, 0.00| 0.00f 0.00{ 0.00 0.00
26 3.500 2.12) 0.52 0.000 0.8¢ 0.000 0.00
27 0.000 0.000 0.000 0.000 0.00f 0.00f 0.00
28 0.000 0.000 0.000 0.000 0.00f 0.00f 0.00
29 240 145 036 000 0.59 0.00 0.00
30 | 10.600 6.41 1.57 0.000 2.62] 0.00| 0.00
Loss | 7.19) 572 1.02| 0.000 0.15 0.14 0.16
Total [290.59 138.63| 57.56] 24.56 35.00] 17.93] 16.91

A line can be considered as itsr"-equivalence and its
charging capacitance effects can be included in its termir
bus loads according to load flow solution. Line resistance (
reactance) can be treated similarly as follows. If active (¢
reactive) power flow at the two terminals of the line are i
the same direction, the line active (or reactive) power loss ¢
be moved to thesendingbus and the line flow will equal to
receiving endoower flow. The line active (or reactive) power
loss can also be moved to theceivingbus, then the line flow
will equal to thesending engower flow. However if the two
terminals of the line have different active (or reactive) powe
flow directions, i.e. both terminals inject power to the line, th
two injection powers should be treated as equivalent loads
the sendin@ndreceiving buses respectively. The resultant lin
flow will be zero and treated as open circuit. This process is
guarantee that the power flow along the line keeps constant ¢
the line flow has a definite direction.

If loop flows exist in a real power system, the upstream (
downstream tracing can detect their existence (i.e. when th
is no row with full zero elements in current BOLIM or there is
no row with full zero elements in current BILIM).

However to determine the loop flow path and to evalua.c
the amount of the loop flow are not easy, especially when the
loop flows have complicated paths. The issue needs further V. CONCLUSION
investigation.

IV. TEST ONIEEE 30-BJs SYSTEM . . . .
In this paper graph theory is applied to calculate the contribu-
In order to test the feasibility and the accuracy of the algtion factors of individual generators to line flows and loads and
rithm proposed above in real world system, computer softwaee extraction factors of individual loads from line flows and
has been developed and tested on the IEEE 30-bus system. Jémerators. The power transfer allocation between individual
active power flow tracing results are shown in Table I, with thgenerators and loads are significant to transmission open access.
system load flow results attached in Appendix. Related lemmas have been proved to guarantee the feasibility
In Table I, loads on various buses are listed. The powef the method. Bus-inflow-line and bus-outflow-line incident
supplies from individual generators to each load are calculatextrices are built up to fast determine the downstream and up-
through the suggested power tracing method. Both upstreatream power flow tracing sequences. The DSTR is performed
and downstream tracings yield the same results which decedetermine the contribution factors of generations to the line
presented in Table | as well. Table | also shows the loss sharfitmyvs and loads, whereas USTR is performed to determine the
by individual generators and the balance of the system powextraction factors of individual loads from line flows and gen-
The new method is proved to be very simple and quite efficieatators. The suggested method is very efficient and suitable for
in power flow tracing. use in real power systems.
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APPENDIX

TABLE I
LoAD FLow OF THE IEEE 30-BJS SYSTEM

Bus Voltage Generation Load
Amplitude| Angle Active | Reactive | Active | Reactive
(p.u) | (degree) | (MW) |(MVAR)| (MW) |(MVAR)
1 1.05 0.00 | 138.63; 3.13 0.00 0.00
2 1.03 | -2.75 | 57.56 | 13.75 | 21.70 | 12.70
3 | 1.03 | -4.59 (| 0.00 0.00 2.40 1.20
4 1.02 { -551 | 0.00 0.00 7.60 1.60
5 1.01 | -9.04 | 24.56 |,26.88 | 94.20 | 19.00
6 1.02 | -6.43 | 0.00 0.00 0.00 0.00
7 1.00 | -8.02 | 0.00 0.00 | 22.80 | 10.90
8 1.02 | -6.52 | 35.00 | 48.89 | 30.00 | 30.00
9 1.04 | -8.09 | 0.00 0.00 0.00 0.00
10 1.03 {-10.02 | 0.00 0.00 5.80 2.00
11 1.05 | -6.12 | 17.93 | 7.53 0.00 0.00
12 1.03 | -9.09 | 0.00 0.00 | 11.20 | 7.50
13 1.05 | -7.84 | 1691 | 1465 | 0.00 0.00
14 1.02 | -10.04 | 0.00 0.00 6.20 1.60
15 1.02 | -10.18 | 0.00 0.00 8.20 2.50
16 1.02 | -9.78 | 0.00 0.00 3.50 1.80
17 1.02 |-10.17 | 0.00 0.00 9.00 5.80
18 1.01 |-10.85| 0.00 0.00 3.20 0.90
19 1.01 |-11.04| 0.00 0.00 9.50 3.40
20 1.01 |-10.85( 0.00 0.00 2.20 0.70
21 1.02 |-10.50{ 0.00 0.00 | 17.50 | 11.20
22 1.02 |-10.49| 0.00 0.00 0.00 0.00
23 1.01 }-10.67 | 0.00 0.00 3.20 1.60
24 1.01 |-1096 | 0.00 0.00 8.70 6.70
25 1.01 |-10.91 0.00 0.00 0.00 0.00
26 1.00 |-11.33 | 0.00 0.00 3.50 2.30
27 1.03 | -10.60 | 0.00 0.00 | 0.00 | 0.00
28 1.01 | -6.85 | 0.00 0.00 0.00 0.00
29 1.01 [-11.82| 0.00 0.00 2.40 0.90
30 1.00 {-12.70 | 0.00 0.00 | 10.60 | 1.90
Total 290.59 { 114.81 | 286.40 | 126.20
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