Mansoura Engineering Journal, (MEJ), Vol. 36, No. 2, June 2011. E. 42

Transmission Network Cost Allocation Based

on Superposition Theorem
1l Ayl aladiuly Jall CadlSs &) 5 53

S. S. Kaddah, A. M. Aly, and M. Wahid
Electrical Engineering Department. Mansoura University, Egypt

1Cdl odds

Uyl (g gill ol B g gl (pajlucg plb g puda ol AR 2565 prasal () JRIIH Class A A 3yl Jaalt ol (g 42
At G S G AMCH o p 568 Geadad G dagha jee L8RS B AN A clalpdl § Jlaall A8 Lk wuad 303
Ay 5kl 030 i jpaa pbl Gy, Q1 il S | 1) M) Wggadiione o JRi ASpd ARIST py 3530 Bapap Agange Ziadl 138 puily g
d jgalt dRIS o () ABLSVG Bl Jaghd B o ) el o glady dashdll L dgdalt Gy sudt e aad St dadal
¥ by il gall iy BRIy BN GRS gl pay Anpey A8 a5 por LA BT Y Ll g L g Ladls cilalpally Jaa)
(ashiia (o Lghpkty o Tialt 33, phall A 0ad e ol o5 25, Gkl (B Aadal g WSt LS (Slack bus AR e e
G a Ay Rl o S &) 393 43 fBa 5 By 4-bus bystem, Sy TEEE 24 bus RTS L (uicdd Audl

L R 538 ay 33 e Laddianall (5 A5

Abstract—Due to continuing trend towards deregulation an”' unbundling of transmission services, usage cost
allocation has become critical. In a dereguinted power ,ystem, it is usually required to determine the shares of
each load and generation in line flows, to permit [air allocation of transmission costs between the interested
parties. This paper presents a new methodology for allocatirg the cost of a transmission network to its users
based on the superposition theorem. The suggested methodc:ogy has several desirable properties as it is Now-
based transmission cost allocation (TCA) method, requires only a simple knowledge of load flow and circuit
thearems for its impletnentation; it is independent on the ~hoice of the slack bus; it is straightforward to
apply; depends on the real flow; it is a physical- base.' technique; recognizes of counter-fllows and
transmission use charges that are stable and always positive. . ffectiveness of the proposed method has been
established using both 4-bus system and IEEE 24 bus systein and the results are compared with other
available TCA techniques (Pro-rata, proportional sharing and equivalent bilateral exchange techniques).

Index Termis— DC load flow, Superposition theorem, Transm:ssion cost [location,

1. INTRODUCTION

D]FFERENT proposals for allocating the cost of a
transmission and distribution networks have appeared in the
last years. Clearly, the focus has been mainly on
transmission systcms, due to the large number of agents
with open access to transmission networks. In this way,
several proposals have appeared in the technical literature
[1, 6] and some comparative studies were presented. Cost
allocation methods are aimed at assigning the responsibility
of paying the transmission system total Cost or
reinforcement cost to each generator and each load. The
suitable TCA method should reflect the power injection at
each bus and consider relative position of the bus in the

transmission network. It should be consistent and stable
with respect to small alternatives of network parameters.
Also, it has to provide effective incentives or disincentives
for generators and loads regarding. their relative locations
and finally it is desirable to be simple to understand and
implement.

Several TCA methods have been proposed in the last
few years. There are methods based on the pro-rata (PR}
technique [1], methods based on proportional sharing (PS)
[2, 3], methods based on bileteral contracts (EBE) [4] and
methods based on physical technigue [5]. The Methods
based on the pro-rata technigque [1] have the advantage that
they are simple to calculate and implement. However, it can
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be argued that both generators and loads are charged a flat
rate per megawatt-hour, disregarding to their respective use
of individual transmission lines.

Other more elaborated methods are flow-based methods
as in [6]. These methods estimate the usage of the lines by
generators and demands and charge them accordingly.
Some flow- based methods use the proportional sharing
principle [3). This method implies that any active power
flow leaving a bus is propoitionatly made up of the flows
entering that bus; such that Kirchhoff's current law is
satisfied. The methods, that use generation shift distribution
factors [7], are dependent on the selection of the slack bus
and lead to controversial results. The usage-based method
reported in [4] uses the so-called Equivalent Bilateral
Exchanges (EBE). To build the EBE, each demand is
proportionally assigned a fraction of each generation.
Conversely, each generation is proportionally assigned a
fraction of each demand, in such a way that both
Kirchhoff's laws are satisfied. These techniques require
stronger assumptions (the proportional sharing principle,
the principle of EBE cannot be proved or disproved), which
diminish their practical interest.

This paper presents a new method of allocating the cost

of a transmission network based on the superposition
theorem. It should be noted that the proposed methodology
simply relies on circuit laws while the proportional sharing
and EBE technique relies on the proportional sharing
principle. That’s not needed by the transmission cost
allocation based on superposition theorem (SP).
Transmission use rates derived from the superposition
principle are characterized as simple methodology as it is
easy to understand, implement, and calculate. It is based on
a famous theory in electrical circuits not based on
assumptions (EBE or PS) that can be neither proved nor
disproved and finally it is location- dependent rates.
The proposed TCA based on superposition theorem is
implemented and compared to other existing TCA methods
via a number of simulations on the 4-bus system and on the
TEEE 24-bus RTS system.

2. Mathematical Formulation

Superposition theorem is one of those strokes of genius
that takes a complex subject and simplifies it in a way that
makes common sense. The principle of this theorem states
that a circuit can be analyzed with only one source of power
at a time. The corresponding component voltages and
currents algebraically added to find out what they will do
with all power sources in effect. Knowing this allows one to
consider complicated circuits in terms of simpler
components and then combining the results.

The proposed Transmission cost allocation method uses the
superposition thecrem as a reference in allocating the cost
among the generators and the demands, separately.
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2.I. Transmission Cost Allocation to Generators

The algorithm of transmission cost allocation to generators
based on the superposition theorem is listed in the
following steps:

Step (1): let one source supplies the system demand after
reducing the system demand to be suitable to the value of
the active generator, the new demand is calculated as shown
in Equations 1 and 2.

i _ PdePg{
P k ™ cotal demand (I)
and Zf.,Pdy = Pg, @

Step (2): Run DC load flow to obtain the new flow in tines
as in Equation 3.
Pn =250

and Gm = Gm = Gl - Bk (3)

Check if the gencrator bus number { equals [ go to step (3),
© erwise, go Lo step (1) for the next generator bus.

Step (3): After applying the superposition theorem on the
last generator, get the total use of line m due to generation
cost allocation as in Equation 4.

|UA] = ZicalPal o)
using the absolute value here is to charge for the flow
irrespective to its direction. In other words, the flow and
counter flow are charged for line use indistinguishably.
This property is crucial for the stability of rates of use by
loads and generators, particularly if some line flows are
near zero and can change direction following a small
change ii: the operating conditions.

Step (4): Calculate the total usage of the network by
genergtor as in Equation 5.

]
UgP = 1155':11 (5)

Stejy (5): If the line cost C,, in U.S.3/h, then. TUCG, for the
use of all lines, according to the assumption of a 50/50 split
in transmission costs between generation and demand is
calculated as in Equation 6.

M m
TUCG, = tmm1mler (6)

Where:

k : load bus number = 1..... K,

K : Total number of load buses,

i : Generator bus number= 1...1,

! . Total number of generator buses,

Pd, : Actual demand at load bus k, MW,

Pd}: Demand at load bus k when loads supplied only from
generatori, MW and
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Pg;: Actual generation at generator bus {, MW,

Pl : Line flow in line m when loads supplied only from
generator i, MW,

X Series reactance of the branch m,

m: Linenumber =1 ...... M,

M: total number of lines,

8y, 8y voltage angles at the terminal buses of branch m.

UZ : total usage of line m due to generator cost allocation.

Ugl™: use of line m by generator { as a percentage of the

total usage of line m .
Cp, : cost of line m in US.$/h,
TUCG; : Transmission charge applied to generator, .

2.2 Transmission Cost Allocation to Demands

The algorithm of transmission cost allocation to demands
based on the superposition theorem is listed in the
following steps:

Step (I): let all sources supply one demand at a time after
reducing the system generation to match the requirement of
that demand, the new generation is calculated as in
Equations 7 and 8.

k _ PgyxPdy
P'gl " total generation (7)
and Xi, Pgf = Pd, ®)

Step (2): Run DC load flow to obtain new flow in lines
using Equation 9.

Pn = %70 (9
Where gm = 9;,, = 9( - 9,,

Check if the foad bus number k equals K , go to step (3),
otherwise go ta step (1) for the following load bus.

Step (3): Afier applying the superposition theorem on the
last demand, getl the total use of line m due to demand cost
allocation as in Equation 10.

[Unl = ZkalPal - (10)

The proposed algorithm treats the flow and the counter
flow equatly. As, both being assigned a line-use debit, may
be contentious in systems where counter flow is deemed to
help reduce the use of a line and is, therefore, assigned a
line-use credit rather than a debit. It is argued, however,
that this distinction between flow and counter flow has a
more solid justification when dealing with transmission-loss
allocation, where the net flow is crucial in defining the line
losses. In transmission-use allocation, however, even in a
line with zero flow where counter flows and flows cancel
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out, the generating and consuming agents must be assigned
some transmission use cost for this line,

Step {4): Calculate the total usage of the network by each
demand, Ud* using Equation 11.

k
Udﬁ‘:{zq’:‘-% an

Step (5): If the line cost, €, in U.S5.$/h , then the total cost
allocated to demand Pd, for the use of all lines, according
to the assumption of a 50/50 split in transmission costs
between generation and demand is calculated as in
Equationl2

M m
TUCD, =En=tinl% (12)

Where:

k : Load bus number = 1...., K,

K: Total number of load buses),

i . Generator bus number = 1...1,

I : Total number of generator buses) ,

Pd, : Actual demand at load bus k, MW,

Pgk: Generation at generator bus i when generators supply
<nly demand at bus k, MW and

1'y;: Actual generation at generator bus i, MW

P¥ : Line flow in line m when generators supply only
demand at bus kK, MW ,

Xm: Series reactance of the branch, m

m: Line number=1.....M

M total wumber of lines),

6;, 8;: Phase angles at the terminal buses of branch m.

U : Total usage of line m due to demand cost allocation.

Udg: Hse of line m by demand k as a percentage of the

wotal usage of line m .
Ci : ccst of line m in U.S.%h ,
TUCD, - Transmission charge applied to demand, k.

3. Implementation of the TCA Based on
Superposition

To make th : proposed algorithm clear, the flow diagram of
the process of allocating cost to generators i5 shown in
Figure 1. In similar way, the flow diagram of allocating cost
to demand is shown in Figure 2.
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seti=1
” seth =1
. 2l Te
Apply superposition theorem on Generalor { v
»  Reducing the loads, Pd}, = Apply superposition theorem on detand k
PdyxPyg, . k _ PoixPdy
total demand > Reducmg the gens, Pgl = total gen
where the total demand (MW) equal the where the total gen (MW) equal the
generation of Pg(MW), Lf.., Pd} = Pg, demand of Pdy(MW), £i, Pgk = Pd,
¥ the new loads are in the same original ¥ the new gens are in the same
proportional original proportional
>  Let Pg, supply the new loads Pd} »  Let the new gensPg¥ supply Pd,
Run DC load flow to oblain new flow in lines }
Run DC load flow to obtain new flow in lines

Calculate total use of line m, (U, ,
i loni Calculate total use of line m, |UZ|

_ v

Calculate the usage of network to
h tor U g™ ]ﬁ%]_ Calculate the usage of network to
each generator = X
T each demand UdJ* = ‘-S—’}I-

7 um

Calculate the total eost allocated to each generator ;

Calcuiate the total cost atlocated to each demand

Figure |: Flow Chart of the Proposed Method that Allocate Cost to Figure 2. Flow Chart of the Proposed Method that Allocale Cost to
Generators Demands

4. Case Studies

The proposed transmission line cost allocation based on
superposition is tested for many systems. Here, two of the
tested systems are listed namely; 4-bus test system and
IEEE 24- bus test system.
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4.1, Case 1: 4-Bus Test System

To explain the use of the Superposition theorem in
transmission cost allocation, a simple 4-bus test system is
considered. Figure 3 shows the system including loads,
generations, and line flows, all in megawatt [4]. The line
costs in U.S. $/h are shown in Table (1). MATPOWER
package version 2.0 and MATLAB 6.5 Software [8,9] are
used to Run the DC load flow. Data for buses are given in
Table (2). Table (3) shows the system line data,

Table 1: Line resistance and reactance
FEDET A ; S

RRw S o e

Doy T abibiagtTRd: NG

Ry = Cp 12.75 6 1.7 35 575

Xm 97 69.5 9% Jos 58

400 100

Fig. 3.Real Power Flows in the Four-Bus Test System

Table 2: Bus Data of 4- Bus Test System

1 } 0 400
2 2 0 100
3 | 300
] i 200

Table 3: Line Data of 4-Bus Test System

i | 2 0.0241 0.1834
2 I 3 00113 0.1314
3 1 4 0.0221 0.1815
4 2 L] 0.0066 0.0582
5 3 4 0.0108 0.1096

4.1.1 Charges to Generators

Step (1): By applying superposition theorem on the four-
bus test system, let generator Pg, alone supplies the system
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demand at buses (3) and (4) after reducing the system
demand, the new demand is calculated using equation (1)
as follows: Pdl = 240 MW and Pd} = 160 MW Equation
(2) satisfies the constraint:

Yi.,Pd} = Pd}! + Pd} + Pd} + Pd} =400 (the only
generation in the network and there is no load at buses 1,2).
Note that, the new demand is in the same proportional with
the old demand.

Step (2): Run DC load flow using MATPOWER package
version 2.0 and MATLAB 6.5 Software and using equation
(7), the new flow in lines is obtained, Table 4 presents the
new flow in lines.

Table 4: New Line Flow When Pg, Supplies System Demand

P

ﬁ 1 2 8725
2 | 3 196.6¢
3 1 4 116.14
4 2 4 87.25
5 3 4 -43.39

Repeat step (1): For generator Pg, alone to supply the
system demand at buses (3)&(4) after reducing the system
demand ,the new demand can be obtained from equation (1)
as following Pd? = 60 MW and PdZ = 40 MW while
applying equation (2) to satisfy the power balance.

Repeat step (2): Running the DC load flow, the new flow in
lines are obtained and listed in Table 5.

Table 5: New Line Flows When Pg; Supplies System Demand

1 2 -25.05
1 3 2632
1 4 -1.28
2 4 74.95
L 3 4 -33.68

Step (3); Calculate total use of lines using equation 8 as
shown in Table 6.

Table 6: Total Use of Lines When Applying Superposition on Generators

juz] w)

Step(4): The total usage of the network by each generator is
obtained from equation 9 as shown in Table 7.
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Table 7: Total Usage of the Network by Each Generator Repeat step(l): let all sources of power Pg, & Pg,
supplies one demand Pd, after reducing the system .
generation at buses (1} &(2). The new generation can be '

Line 1 is a direct line between obtained from equation (7) as follows;
! 7169 1231 | Pg,&Pg,& since Pg, > Pg; Pgl =160 MW and Pgi =40 MW while satisfying
so, Ugl > Ug} . Equation (13).
Line 2 is a direct line between
2 B8.19 11.81 Pg,(max gen)& Pd, (Max Repeat Step (2): Run DC load flow to obtain the new flow
demand) So,Ug} > Ug? in lines which is listed in Table (10).
Line 3 is a direct line between ) . . ]
, o891 |09 .Pglv !‘:'da;&PE_z has a dtr-ect Table 10: New Line Flow When Pg? & Pg3 Supplies Pd, onl
line {Line 4)}with Pd & since
Pg, > Pg, so, Ugd > Ug} 1 | 2 41.25
Since Pg, uses linel more L 2 i 3 s1.0!
than Pg,;&Pg; has a direct 3 0 4 6174
4 53.79 4621 line (Line 4)with Pd,
50,Pg, &Pg, contribute in 4 2 4 83
5 56,10 4170 Pg, & Pg,contribute in
J suppling of Pd;& Pd, Step (3): The total use of lines can be obtained from

Step (5): From Equation {(6) the total usage cost allocated to
gencration Pg, for the use of all lines is obtained afler
50/50 split assumption between generation and demand as
shown in Table 8.

Table 8: Total Usage Cost Allocated to generation

TUCG, (3} 15.94 191 19.85

4.1.2. Charges te Demands

Step (1): let all sources of power Pg, & Pg, supplies one
demand Pdj; at a time after reducing the system generation
at buses (1) &(2) ,the new generation can be obtained from
equation {7} as follows:

Pg} =240 MW and Pg3 = 60 MW that satisfies equation
(8).

Step (2): Run DC load flow to obtain the new flow in the
lines thai's shown in Table (9).

Table 9: Line Flow in Lines When Pgl & Pg3 Supplies
Only Load Pd

171.92 ‘

an |

8095

S TR N}
| )W ] e

5 3l 4 -128.08

Equation (10), Table (11) presents the results. .

Table 1]: Total Use of Lines

(U
(MW)

Steg (4): The total usage of the network by each demand .
can be obtained from equation (11). Table (12) presents the
results.

‘Table 12: Total Usage of Network by Each Demand

Demand 3 uses line 2
>line 1 because D3 has a
direct line with Pg; (Max
_generation)

Ud? = Ud; because no
demand at jus 3 when
Pg} & Pg3 supplies one
demand Pd,

Pg,& Pg,contribute in
P3 41.03 5897 suppling of Pd; & Pd, _
Pg, & Pg,contribute in
suppling of Pd;& Pdy
UdZ = Ud3 because no
demand at bus 4 when

z 712 22.88

4 49.91 50.09

5 71.52 28.48

Pg3 & Pg3 supplies one
demand Pd,
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Step (5): From equation (12) the total usage cost aliocated
to demand Pd, according to the 50/50 split assumption
between generation and demand. Table (13) presents the
resuit,

Table 13; Total Cost Allocated to Demand, Pdy

TUCD, (sm)

The results are shown in Table (14). Adding up the total
payments from Table (13} results in U.S.$ 39.7/h, which is
the total network cost.

Table 14: Charges for Use of the Network for 4-Bus Test S stem

TUCG

85
() 19
TUCD

(Sh) - '- ‘|;9.79 10.06 I9.8ﬂ

4.1.3. Comparison between the Proposed SP
Method and Existing Methods

For validation Purposes, the transmission cost allocated for

each load and generator from our proposed superposition

method is compared with the corresponding ones. Here, the

existing methods are equivalent bilateral exchange (EBE),

proportional sharing (PS}, and pro rata (PR). The results of

the previous three methods can be found in [5). This
- comparison is shown in Table 15.

Table 15; Comparison between Different Methods of TCA
for 4-BusTest System

SP V EBE([S] V PS[5] PR[5]

1 1594 16.21 13.8 15.88
2 sl 164 6.05 397
3 979 1119 9.08 1.9
4 10.06 866 10.77 7194
Total 1397 397 397 397

4.2. Result Analysis

Observing Table (15), it can be noted that, all methods
allocate most of the transmission cost to generator at busl.
This is expected because the generator at busl is
electrically close to the high cost lines 1, 2 and 3, and
generator at bus 1 is close to load center. Also, it shows that
the SP and PS methods allocate most of the transmission
cost to demand at bus 4. On the other hand, the EBE and
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the PR methods allocate most of the transmission cost to
demand at bus 3 although the demand a: bus 3 is
comparatively high. This is because that demand at bus 4 is
directly connected to lines 3, 4 and 5. Those have cost more
than lines 2and 5 which are directly connected to demand at
bus 3. Additionally, demand at bus 3 is electrically close to
heavy generation at bus 1by line 2 that has the highest flow
in the network. So, demand at bus 4 use network more than
demand at bus 3.

The above results iflustrate that the adequacy of the TCA
based on SP compared to other methods and show its
appropriate behavior.

4.3. Case 2;: IEEE 24-Bus RTS System

The transmission network cost allocation based on
superpaosition theorem (SP) method is compared with three
alternative TCA methods on the IEEE 24-Bus RTS System
as a bigger system to test the validity and efficiency of the
proposed method.

The system is shown in Figure 4[10]. The costs of the
fines are considered to be proportional to their respective
scries reactance, MATPOWER package version 2.0 and
MATLAB 6.5 Software [8] are used to run the DC load
flow. Data for generators are given in Table {16). Table
(17) shows the system bus data, and Table (18) presents the
line data and the line cost in U.S. &/%.

Table 16: IEEE 24-Bus RTS System Generation Data
; N 3

¢ IR

1 172 0 80 S0 0] 192 ] 624
2 172 0 80 50 | 192 | 624
7 240 0 180 0 00 | 75

13 136 0 240 0 | 2853 | 4533
14 0 353 200 50 0 0

15 | 215 0 210 | -50 | 215 | 66.3
t6 | 155 0 80 -50 155 | 54.3
18 | 4™ 0 200 S50 | 400 | 100
21 | 400 0 200 [ 50 | 400 1 100
22 | 300 0 96 60 | 300 | 60

23 660 0 310 | -125 | 660 | 2486
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9! /,,‘ 1

. -

23

17

24 p—— 12 = 1"

Figure 4. 1EEE 24-Bus RTS System[10]

The proposed transnission cost allocation method based on
superposition is applied on the system. Tables (19) and (20)
show the total transmission cost allocation baseu on the
superposition theorem for all the generators and demands,
respectively.

Table (7: [EEE 24-Bus RTS System Bus Data

1 2

2 2 97 20
3 1 180 37

—
a 1 74 is
5 1 7 14
6 | 136 28
7 2 125 25
8 1 171 35
9 ! 175 36
10 | 195 40
i | 0 0
12 1 0 0
13 3 265 54
14 2 194 39
ts 2 317 64
16 2 100 20
17 i 0 0
I8 2 333 68
- —
19 ! 181 37
n | 128 2%
21 2 0 0
2 2 0 0
1

23 2 0 0
24 ! 0 0
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Table 18; IEEE 24-Bus RTS System Line Data

1ol 2
2 1 3 | 00sa6 | 02112 | 10559
IE 1 5 | 00218 | oomas | 4224
| 4 2 4 | 0038 | 01267 | 6334
5 2 | 6 | 00497 | 0192 | 9599
6 3 | 9 | oots | ore | s940
7 | 3 | 24 | o003 | oos39 | 4194
i 4 9 | o028 | 01037 | 5184
B s | 10 | ooxs | oosss | 4414
Lo | 6 | 10| o039 | oosos | 302
LL 7 8 | ooise | oosia | 3070
12 | 8 | 9 | ooaz7 | aiesi | 8254
13 | 8 | 10 | o427 | oi6si | 8254
4 | 9 | 1 | oo | oos39 | 4is4
s | 9 [ 12 | ooozs | o089 | 4194
16 | 10 | 1 | 00023 | o083 | 4194
17 | 10 | 12 | ooozs | o089 | 4194
8 | 1 | 13 [ ooost | ooar6 | 2380
9 | 1 [ 4 | ooosa | oosis | 209
20 | 12 | 13 | 00061 | 0047 | 23.80
2 | 12 | 3 | ooiza | ooses | 4829
2 | 13 | 23 | 0011 | 00865 | 4324
(3 | 14 | s6 | ooos | oo | 1945
L” 15 | 16 | 0002 | 00173 865
25 | 15 | 21 | ooos3 | o049 | 2450
% | 15 | 21 | 00063 | 0049 | 24.50
21 | IS | 24 | 00067 | 00519 | 2595
28 | 16 | 17 ! 00033 | 00259 | 1295
29 | 16 | 19 | 0003 | 00231 | 1155
30 [ 12 [ 48 | ooois | 00144 720
ERERENEREEEE
32 | 18 [ 21 | 00033 | 00259 | 1295
(33 | 18 | 2t | o003 | oose | 1295
(34 | 19 | 20 | ooost | oose | 1980
35 | 19 | 20 | 00051 | 00396 | 19.80
|36 | 20 | 23 | ooms | oozis | 0w
| 20 | 23 | ooo28 | 00216 | 1080
2 | 00087 | 00678 | 3390
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Table 19: Total Trarsmission Cost Allocated to Generators for Different
TCA Methods

158.8729

120.42

64.27

81.44

2 | 163.0355 | 12194 | 13812 | 8144
1758167 | 161.97 307 | 113.63.

|13 | 5408328 | 76.02 0.0 17.12
15 | 71.28022 | 86.08 0.0 101.8

16 | 4558571 | 5421 2036 | 7339

18 | 1453246 | 17196 | 299 | 18939

21 | 1572469 | 16679 | 309.7 | 189.39
22 | 1714852 | 17907 | 26698 | 142.04

23 | 2309891 | 23524 | 51369 | 284.08
Total | 137372 | 1373.72 | 1373.72 | 1313.72

Table 20: Total Transmigsion Cost Atlocated to Demands for Different
TCA Methods

89,6172 82.15 00 52.06

81.81633 0.0 4675

3 99.47852 102.99 236.99 3.76

4 61.1879 56.95 12066 35.67

5 5188304 49.26 62,43 422

6 99.91401 94.82 19268 65.55

7 99.2057 96.22 00 60.25

8 (23,0226 110.35 99.82 §2.42

5 $3.58901 21562 84.35

19 103.6939 104.89 218.47 93.99

13 108.1787 102.16 17 122.73

14 55.94025 6437 nn 9351

1 §9.30041 101.97 3128 152.79

16 2621621 29.32 0.0 4820
18 107.1016 11581 0.0 160.51
19 52.27256 5526 6224 87.24

20 41.30101 AT 53.05 61.70
Total 1373.72 BBR | BN 13172

4.4, Result Analysis

Table {19) shows that the SP method allocates most of the
transmission cost to generators at buses 21,22and 23. This
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is expected because all these generators are electrically far
away from load centers, and their productions are
comparatively high. Comparing methods SP and EBE, i
can be concluded that the SP method allocates transmission
cost to generator at bus 13 more than transmission cost
allocated to generator at bus 16 .On the other hand, the EBE
method allocates cost o generator at bus 16 more than
transmission cost allocated to generator at bus 13. Although
generation at bus 16 is comparatively high because
generator at bus 13 is directly connected to lines 18, 20 and
22, those have cost more than lines 23, 24, 28 and 29 which
are directly connected to generator at bus 16. So, generator
at bus 13 use network more than generator at bus 16. For
the demands, using the SP method, the network costs are
mostly allocated to demand at bus 8, as shown in_Table
(20). On the other hand, the EBE method allocates cost to
demand at bus 18. This happens because bus 8 is located far
away from the main generators; 21, 22, and 23 but, demand
at bus 18 is close to heavy generations at buses 21, 22 and
23. Therefore, demand at bus 8 use many of the lines in the
network.

Finally, it is observed that the SP obtained resuits near
of the EBE results, without generation shift DF or assume
stronger assumptions (the equivalent bilateral exchange
principle). Also, the Pro rata (PR) and PS procedures are
not advisable because they are unfair for specific groups of
generators and demands. Generators close to load centers
are unfairly treated with respect to generators far away from
load centers. Analogously, demands close to generating
areas are unfairly treated with respect to demands far away
from those areas. The PR and PS methods don’t take into
account the network and produces substantially different
results than other methods.

5. CONCLUSIONS

This paper has developed a new transmission cot
allocation method based on superposition theorem, The
superposition theorem allows one to consider complicated
circuit in terms of simpler components. The theoretical
analysis and numerical results show that the proposed
method has many advantages. It is flow based method,
independent on the choice of a slack bus. Jt is a
straightforward to apply, an appropriate method that could
allocate the costs of transmission services based on the
actual usage by different users. [t is accurate and efficient
for transmission usage evaluation and fair and equitable
pricing rules. Also, it is technically easy for implementation
and transparent to transmission users. However, other
techniques require stronger assumptions, which diminish
their practical interest.

The proposed TCA method is applied on both 4-bus
system and IEEE 24-bus RTS system, The results show the
closeness of the propased method result to the EBE Method
which is the best among the existing TCA method. Even,
our proposed one is more accurate as it is not built on

S. S. Kaddah, A. M. Aly, and M., Wahid

assumptions and it doesn’t have much burden in
calculations.
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