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Abstract: In the present open access restructured power system, it is necessary to develop an appropriate pricing and loss allocation
scheme that can provide the useful economic information to the market participants. Transmission system is the most important key for
competition in market. The main objective of the paper is to propose a fair, transparent and equitable method to charge transmission
facility users and to allocate loss for users Here two methods has been proposed 1.Tracing Method 2. Z-bus Method. A numerical

example is considered to demonstrate the proposed method.
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Nomenclature

1,j,k Index for bus GENCO/DISCO

C Cost to be collected for usage of line

[A,] Upstream distribution matrix

[A4] Downstream distribution matrix

pfT > Gross line flow in a line i-m

piet, Net flow in a line i-m

g, Set of transmission lines used by generator at bus r to
supply the demands

x4 Set of transmission lines which are used to feed the
demand at bus r

a]‘fk Electrical distance between bus i and line jk

CS" Total transmission cost allocated to the generator
located at bus i($/h)

CP! Total transmission cost allocated to the demand located
at bus i($/h)

Uj‘,;j Usage of line jk allocated to the generator located at bus
i(W)

U},’j Usage of line jk allocated to the demand located at bus
i((W)

U]-ik Usage of line jk associated with nodal current i(W)

1. Introduction

In the past, the transmission losses arising from vertically
integrated utilities gave rise to the concern for reducing the
costs for the overall system. Attempts were made to use all
kinds of optimization methods to carry out the most efficient
strategy of reducing the production cost to the minimum.
However, the role of system operation has been changed
after the deregulation of the power industry. Its principal
obligation is now shifted to offer a secure and fair platform
for all the market participants as well as to enhance
electricity production efficiency through competition. The
fair allocation of loss and usage charge becomes an
important issue. Here tracing method and z-bus method has
been proposed for loss allocation and allocation of usage
charge.

The tracing method permits calculation of the real and
reactive power contributions of individual generators and
loads to flow in all network lines. hence it can be used to
allocate the transmission loss and use-of-system charges to
individual generators and loads. Electricity tracing is based
on the proportional sharing rule. The rule of proportional
sharing can be extended to all the network nodes and allows
electricity to be tracked in the network by a series of
recursive calculation. There are two algorithms in electricity
tracing, Downstream tracing algorithm and upstream tracing
algorithm. Downstream tracing algorithm is used to trace
electricity from the generator to the load centre similarly
upstream tracing algorithm is used to trace electricity from
the load to the generation centre. Transmission usage pricing
is done by determining contribution of participants by using
upstream and downstream algorithm.

This paper uses loss factors which is representative of the
impact of average system losses caused by participants.
These loss factors computed with reference to a specific
location for balancing generation, load and loss at a unique
delivery/withdrawal point for energy called as “market
centre”. Two sets of average loss factors are calculated with
reference to the market centre. In tracing method loss factor
for genco and disco is different even though they are
connected to the same bus. These loss factors are used to
allocate transmission loss to participants. Z-bus method is
based on the network Z-bus matrix, although all required
computations exploit the sparse Y-bus matrix. One
innovative feature and advantage of this method is that, it
exploits the full set of network equations and does not
require any simplifying assumptions. This method is based
on a solved load flow solution. The method emphasizes
current rather than power injections.

2. Transmission Loss Allocation

2.1 Tracing

Flow tracing method can be used to trace a flow from a
generator to the load centre through various lines in the
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network and is known as downstream tracking. Tracing
method can also be used to trace a flow from a load to the
generation centre through the various lines in the network
and is known as upstream tracking. This flow can either be
gross flow, average flow or net flow. In flow tracing each
branch loss is assigned to one of the adjacent buses in the
direction of tracking, and then redistributed among lines
proportionally to the flows, again in the direction of
tracking.

2.2 Downstream tracing

Loss factor for generators is calculated using gross flows. In
a network of nb buses and n/ transmission lines, the gross
nodal flow at node j is B?"*°. Gross flow is the total power

through the node when the network with actual generation
and no power loss in the network.
While considering inflows to the bus j, is expressed as,

p/ =%, (u)lpgmssl +FPij=1.nb (1)

Relating line flow in the loss incorporated network to nodal
flow,

|pgross
j‘g:rcz’ss = Pg‘ross Prgross (2)
m
gross
P
C;gl;oss = (W) (3)
m
Substituting equation (3) in (2),
gross (Cgross) Prgross (4)
Taking into account (4) and rearranging equation (1),
PngOSS _ Z Cg?]”.OSSpngOSS — pg] (5)
mea®
In matrix form (5) can be written as,
[AU,Ip97%% = py (6)
The elements of AU, is equal to,
1fori=j
[AU,Linj = { —CI*° for j € o @)
0 otherise
The element j of the gross nodal flow vector is,
nb
PO = > (47 Pgn ®
n=1

The (8) shows the contribution of the n*"* bus generator to
the gross nodal flow j. The loss due to the line outflow in the
line m-I from node m can be calculated using the
proportional sharing, as

loss
ploss — Pm—1
-1 = pgross

% P‘rgTOSS (9)
Substituting (8) in (9),
loss
Pfr?fi = Pliqr;lgsls * 11}21[A1_11]mn *DPGn s (10)

The portion of network loss owing to the n‘"* bus generator
due to the flow in line m-/ is

p.
Pg";‘losls * [A ]

* DGn (11)
J

The loss factor of the m!" bus generator is obtained by
adding the contribution of the loss in all the transmission
lines used by the generator to deliver energy to load centre
and is expressed as,

LFg,, = Zmeagr Pgross [A ] (12)
Loss allocated to nt"* bus generator is obtained as follows,

Lgn=LFgy * pgn (13)
2.3 Upstream tracing

Similar to downstream tracing an upstream tracing is done
using net flows to calculate the loss factors for the demand.
The loss factor of the n*"* bus demand is obtained by adding
the contribution of the loss in all transmission lines used by
demand to draw energy from generation centre and is
expressed as,

LFd, = Zmeadr piet [ADd ]mn (14)
Loss allocated to nt" bus demand is obtained as follows,
Ld,= LFd, * pd, (15)

2.4 Z-Bus Method

The Z-bus loss allocation method uses a solved power flow
to systematically distribute transmission losses, P,,ss among
the participants according to,
Plos.? =Xm=1 l:m (16)
The loss component L,, is the fraction of the system losses
allocated to the net injection at bus m. The system real losses
can be expressed in terms of through Z and I.
Pioss = real{¥n,—1 VinIn} 17)
The system looses can be expressed, through Z as,
Pioss = real{Zm 1Im (Z?:lzmj 1]')} (18)
Equation (18) is separated into two summations, one due to
resistance R and other to the reactance matrix, X.

Poss =
real{¥n_, I, (27:1 R I]-)} +
real{Z-1 Ii (Zf=1 Xmj 1))} (19)
Second summation is equal to zero so the equation becomes,
Pioss = real{Shes Iy (Sfoa Ry )} (20)
The loss component associated with bus m can be expressed
as,
= real{Z Ix (Z 1 Rmj I )} (21)
System Iosses in Ioss term depend on complex bus current
injections.

This step assigns to each individual bus m, the responsibility
of paying for L,, at the market marginal price. If the given
bus m has both generation, P, and demand, Py, the
allocated loss component is divided as follows
__ Pgm

Y = o o (22)
Loss allocated to generator at bus m is y,Ln,
allocated to demand at bus Kk is (1-y;,,) Ly,

and loss

3. Transmission Usage Cost Allocation
3.1 Tracing Method

Downstream tracing
Downstream algorithm is used to charge the generators for

usage of transmission network.
(gross) -1
Pz [43" ]

DGi—m,k (23)

P i(gross)

This equation defines DG;_,,, as the tracking-based
generation distribution factor is a proportion of generation
due to k-th generator flows in line i-m. The tracking-based
distribution factors are positive because they are based on
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topological analysis of network flows and represent the
contribution of a particular generation in the total line flow.
Now the transmission charge of the k-th generator can be
calculated by summing up all contributions of the generator
in all the lines of the network,

Uk = Zleocgr DGy * Gy (24)
Upstream tracing
Upstream algorithm is used to charge the loads for usage of
transmission network.
piet) [4a" 1,

Pi(net)

This equation determines DD;_p,, as the tracking based
distribution factor that is the portion of 4-th load demand
that flows in line i-m. The tracking-based factor is always
positive. The total usage of the network, by 4-th load is
calculated by summing up the contribution of the load in all
the lines,

(25)

Di—m,k =

Upk = Zieocg, DDi—jie * Cizjpe (26)
3.2 Z- Bus Method

The method uses the power flow solution to calculate how
line flow depends on nodal current. This result is then used
to allocate network costs to generators and demands.
Consider the complex power
Sji = Vilji
Using the Z-bus matrix, the voltage at node k is given by
Vie = Xiz1 Zyail; (28)

(27)

The current trough the line ij is
Iy = (Vi = V))yioj + Viyi (29)
Substituting (28) in (29)
L = (X Zul; —

Rearranging (30)

L = 211 1(Zji — Zii)yj—i + Zjiy ™)l (31)
First term in (31) is constant as it depends only on network
parameters.

ey Zialy)yj-k + Xiea Ziliyily (30)

L = Xiz1 ejikli (32)
Where .
ejx = (Zji — Zy)yj—r + Zyyit, (33)
Substituting (32) in (27)

Sik = IGZ?:l(ejilzli)* (34)
Then, the active power flow through line jk is
Py = real{Z?leje};I{‘} (35)

Usage of line jk due to nodal current i as the absolute value
of the active power flow component

UBj, = |Pf] (36)
The total usage of line jk is then
Upe = Ziz1 Ujk @37)

If bus i contains only generation, the usage allocated to
generator i to line jk is

UGJ-‘,;; = Uj (38)
On the other hand if bus i contains only demand, the usage
allocated to demand i to line jk is

UDj = Up (39)
If bus i contains both generation and demand, the usage
allocated to the generation at bus i to line jk is

Gi _ |__Pai i
UG]k - [PGi+PDi] Jk (40)
and the usage allocated to the demand at bus i to line jk is
Di _ __Ppi i
UDR' = [;2-Uj (41)

The corresponding cost rate for line jk is

R = G /U (42)
The cost of line jk allocated to the generator located at bus i
is

CGfi, = RuUjy (43)
The cost of line jk allocated to the demand at bus i is
CDR! = Ry UR! (44)

The cost allocated to the generator at bus i is
CGB® = ¥ 1yea, RiUfi; (45)
Similarly, the total transmission cost allocated to the demand
located at bus i is
CDBD" = Z(j,k)EaL R]'kU]ecl (46)

4. Results and Discussion
To illustrate the working of loss allocation methods we
consider the pjm five-bus system depicted in fig. 1. Line

data for five-bus system is given in table 1.

gl=210MW

BUS 1 Q
I

d2=300MW d3=300MW

g3=90MW
feus2 | 'suss
|

[ | J

BUS 5

d4=300MW
g5=600MW

Figure 1: Pjm five-bus system

Table 1: line data

Line no From bugTo bug R(p.u) | X(p.u) |shunt dat{ Tap ratio
1 1 2 | 0.0281| 0.0281| 0.01 1
2 1 4 | 0.0304| 0.0304| 0.01 1
3 5 1 |0.00064| 0.00064| 0.01 1
4 2 3 |0.00108| 0.00108] 0.01 1
5 4 3 |10.00297| 0.00297| 0.01 1
6 5 4 10.00297| 0.00297| 0.01 1

Table 2: loss allocated to generators
Tracing method(MW) | Z bus method(MW)
0.91746 0.9080
0 0

0 -0.4733
0 0
3.0196 3.7901
Total = 3.93706 Total =4.2248

Table 3: loss allocated to demands

Tracing method(MW) | Z bus method(MW)
0 0

1.6684 1.5587

0.94879 1.5777

1.3199 0.3847

0 0

Total =3.93709 Total =3.5211

Total loss in load flow solution is 7.874MW, the total loss
allocated in tracing method is 7.87 MW and the total loss
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allocated in Z bus method is 7.7459. Loss allocated to
generator at bus 3 in Z-bus method is negative because the
generator helps the flow in the line, where as the loss
allocated in tracing method is zero in bus 3 because the
generator is near to the load centre. The loss allocated to
demand at 4™ bus is higher because the load is far away from
the generation centre. Tracing method traces the actual
usage of line and allocates the loss to the participants.
Tracing method is fair method than Z bus method as it does
not allocate any negative loss to participants.

To illustrate the working of transmission cost allocation
method we consider sample four-bus system depicted in fig.
2. The values of resistances and reactances:0.01275 and
0.097 p.u., respectively is same for all lines, and the shunt
admittance is same for all the five lines: 0.4611 p.u., cost for
each line is considered to be proportional to its series
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Figure 2: four-bus system

Table 4: transmission usage cost for generators

Tracing methos($) Zbus method($)
213.0265 131.08
157.33 182.5
0 0
0 0

Table 5: transmission usage cost for demands

Tracing method($) Zbus method($)
0 0
0 0
39.2722 77.92
75.5462 93.55

Total cost collected from participants in tracing method is
485.1749 where as the total cost allocated in Z bus method is
485.05.

5. Conclusion

Transmission usage cost and loss allocation is done by using
tracing method and Zbus method. And a numerical example
is considered to demonstrate both methods. From the
example it is clear that the loss allocation and transmission
usage charging by proposed methods is in equitable and fair.
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