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ABSTRACT 
 In the open access restructured power 

system market, it is necessary to develop an 

appropriate pricing scheme that can provide the 

useful economic information to market 

participants, such as generation, transmission 

companies and customers. In this work two 

methods using DC Power flow and AC power 

flow have been attempted. GGDF method and 

Bialek Tracing method. Bialek Tracing method 

applies AC power flow and considers apparent 

power flows.. The technique presented in this 

work is related to the allocation of the cost to 

GENCO’s TRANSCO’s and DISCO’s. A 

technique for tracing the flow of electricity of 

lines among generators with GGDF and Bialek 

upstream looking algorithm is proposed. With 

these methods correct economic signals are 

generated for all players. All these methods are 

tested on 6 bus  systems    

    

Keywords:-Bialek, Bus, DISCO‘s, GGDF, 
Generation, TRANSCO‘s Transmission 

 

 I. Introduction 

 De regulation of the electricity industry has 

been taking place in many countries. It will bring 

about significant changes in generation and 

transmission patterns. Customers will no longer deal 
with an integrated electric utility, but trade in a free 

market. As a result, customers will get power 

through wheeling. 

 The pricing of wheeling services is an 

unresolved issue. The cost of power wheeling 

includes fixed and variant costs. The fixed cost 

means that it does not increase or decrease with the 

change of wheeling power. On the contrary, the 

variant cost means that it changes with the variation 

of wheeling services. This research will focus on 

variant cost only. 
 In Eighties, almost all electric power 

utilities throughout the world were operated  with an 

organizational model in which one controlling 

authority—the utility—operated the generation, 

transmission, and distribution systems located in a 

fixed geographic area and it refers to as vertically 

integrated electric utilities(VIEU). With the example 

of the economic benefits to society resulting from 

the deregulation of other industries such as 

telecommunications and airlines, electric utilities are 

also introducing privatization in their sectors to 

improve efficiency. Deregulation word refers to 
unbundling of electrical utility or restructuring of 

electrical utility and allowing  

 

 
private companies to participate. The aim of 

deregulation is to introduce an element of 

competition into electrical energy delivery and 

thereby allow market forces to price energy at low 

rates for the customer and higher efficiency for the 

suppliers  

 

   II. Transmission pricing methods 

 An efficient transmission pricing 

mechanism should recover transmission costs by 
allocating the costs to transmission network users in 

a proper way. The study objectives and structures 

are main factors for choosing algorithms in the 

evaluation of transmission pricing. Regardless of the 

market structure, it is important to accurately 

determine transmission usage in order to implement 

usage-based cost allocation methods. To 

determining an accurate transmission usage could be 

difficult due to the nonlinear nature of power flow. 

This fact necessitates using approximate models, 

sensitivity indices, or tracing algorithms to 
determine the contribution to the network flows 

from individual users or transactions. 

 

III. PERFORMANCE OF GGDF 

 Distribution factors are calculated based on 

linear load flows. In general, generation distribution 

factors have been used mainly in security and 

contingency analyses. They have been used to 

approximately determine the impact of generation 
and load on transmission flows. In recent years, 

these factors are suggested as a mechanism to 

allocate transmission payments in restructured 

power systems, as these factors can efficiently 

evaluate transmission usage. To recover the total 

fixed transmission costs, distribution factors can be 

used to allocate transmission payments to different 

users. By using these factors, allocation can be 

attributed to transaction-related net power 

injections, to generators, or to loads. The 

distribution factors are given as follows: 
1.1 Generation Shift Distribution Factors (GSDFs or 

A factors) 

 GSDFs or A factors provide line flow 

changes due to a               change in generation. 

These factors can be used in determining maximum 

transaction flows for bounded generation and load 

injections. 

 GSDFs or A factors are defined as 

,l k l k i iF A G   
  

 

r iG G    

Where 
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l kF   Change in active power flow between 

buses l and k 

,l k iA  =A factor (GSDF) of a line joining buses l and 

k corresponding to change in generator at bus i 

iG =change in generation at bus i, with the 

reference bus excluded 

rG =change in generation at the reference bus 

(generator) r 

,l k iA  is calculated using the definition of a 

reactance matrix and the dc load flow 

approximation. The A factor measures the 

incremental use of transmission network by 

generators and loads (consumers). We also notice 

that GSDFs are dependent on the selection of 

reference (marginal) bus and independent of 

operational conditions of the system. 

1.2 Generalized Generation Distribution Factors 

(GGDFs or D factors) 

 They determine the impact of each 

generator on active power flows; thus they can be 

negative as well. Since GGDFs are based on the dc 
model, they can only be used for active power 

flows. GGDFs or D factors are defined as 

,

1

N

l k l k i i

i

F D G 



  

Where 

, , ,l k i l k r l k iD D A     

0

, ,

1 1

( ) /
N N

l k r l k l k i i i

i i
i r

D F A G G  

 


    

l kF   total active power flow between buses land 

k 
0

l kF   =power flow between buses land k from the 

previous iteration 

,l k iD   D factor (GGDF) of a line between buses 

land k corresponding to generator at bus ‗i‘ 

,l k rD  GGDF of a line between buses l and k due 

to the generation at reference bus ‗r‘ 

iG     =total generation at bus ‗i‘ 

1.3   Algorithm for transmission cost allocation 

using dc load flow 

Step1: Run the DC load flow for base case data. 

Step2: Evaluate the line flows of each line and slack 

bus power in the given power system. 

Step3: Read the line lengths in miles of the system. 

Step4: Fix the unit rate i.e.,$/MW/Mile 

Step5: Calculate A factors. 

Step6: Calculate D factors using A factors. 

Step7: Evaluate the tracing of line flow of each line. 
Step8: Evaluate total cost of each generator. 

Step9: Evaluate the transaction cost for each 

generator. 

𝒕𝒓𝒂𝒏𝒔𝒂𝒄𝒕𝒊𝒐𝒏 𝒄𝒐𝒔𝒕 ($) =
𝐭𝐨𝐭𝐚𝐥 𝐭𝐫𝐚𝐧𝐬𝐦𝐢𝐬𝐢𝐨𝐧 𝐜𝐨𝐬𝐭 𝐨𝐟 𝐞𝐚𝐜𝐡 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫

𝐭𝐨𝐭𝐚𝐥 𝐭𝐫𝐚𝐧𝐬𝐦𝐢𝐬𝐬𝐢𝐨𝐧 𝐜𝐨𝐬𝐭 𝐨𝐟 𝐚𝐥𝐥 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫𝐬
 *total line cost 

Step10: Calculate cost ($/MW) for each generator.  

 𝒑𝒆𝒓 𝒖𝒏𝒊𝒕 𝒄𝒐𝒔𝒕  $/𝑴𝒘 

=
𝐞𝐚𝐜𝐡 𝐭𝐫𝐚𝐧𝐬𝐚𝐜𝐭𝐢𝐨𝐧 𝐜𝐨𝐬𝐭

𝐩𝐨𝐰𝐞𝐫 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫
 

 

IV. BIALEK TRACING METHOD 
 Tracing methods determine the 

contribution of transmission users to transmission 

usage tracing methods may be used for transmission 

pricing and recovering fixed transmission costs. In 

this section, we will discuss Bialek‘s tracing 

method. And it is generally based on the 

proportional sharing principle. 

 

4.1 Proportional Sharing Principle Method (PSP-

Method) 

 Proportional Sharing Principle method 

determines the contribution of transmission users to 

transmission usage. This method may be used for 

transmission pricing and recovering fixed 

transmission costs. 

 In this method, it is assumed that nodal 

inflows are shared proportionally among nodal 

outflows. This method uses a topological approach 

to determine the contribution of individual 

generators or loads to every line flow based on the 
calculation of topological distribution factors. This 

method can deal with both dc-power flow and ac 

power flows; that is, it can be used to find 

contributions of both active and reactive power 

flows. Proportional Sharing Principle method 

considers: 

 Two flows in each line, one entering the 

line and the other exiting the line. 

 Generation and load at each bus. 

 
Figure 1. Illustration of Proportional Sharing 

 The main principle used to trace the power 

flow will be that proportional sharing. This principle 

follows the Kirchhoff current law as shown in Fig. 

3.1. The figure shows four lines connected to a 

node. The outflows (f1 and f2) can be represented in 

terms of the inflows (fa and fb); in other words, we 

can determine how much of f1 comes from fa and 

how much of f1comes from fb,               

f1= f1
ba

a

ff

f


+ f1

ba

b

ff

f


                          (1) 
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f2= f2
ba

a

ff

f


+ f2

ba

b

ff

f


                   (2) 

4.2 Performance of Bialek’s Tracing Method 

 In Bialek‘s tracing method, it is assumed 

that nodal inflows are shared proportionally among 

nodal outflows. This method uses a topological 

approach to determine the contribution of individual 

generators or loads to every line flow based on the 
calculation of topological distribution factors. This 

method can deal with both dc power flow and ac 

power flows; that is, it can be used to find 

contributions of both active and reactive power 

flows. 

 In this method algorithm works, we define 

the gross demand as the sum of a particular load and 

its allocated part of the total transmission loss. The 

total gross demand in a system is equal to the total 

actual generation. Topological distribution factors 

are given by the following equation in which 
,

g

ij kD

refers to the 
thk generator‘s contribution to line i–j 

flow. 

1

, ;

1 1

[ ]

g n n
ijg g d

ij u ik Gk ij k Gk ig
k ki

p
p A p D p j

p


 

   
+

 

Where                                                     

;
u
i

g g

i ij Gi

j

p p p


          i=1,2…..,n 

 
And 

g

ijp An unknown gross line flow in line i-j 

g

ip = an unknown gross nodal power flow through 

node i 

uA = upstream distribution matrix 

Gkp = generation in node k 

d

i = set of nodes supplied directly from node i 

u

i = set of busses supplying directly bus i 

,

g

ij kD = Topological distribution factors 

 The gross power at any node is equal to the 
generated power at the node plus the imported 

power flows from neighboring nodes. The total 

usage of the network by the kth generator (UGK) is 

calculated by summing up the individual 

contributions (multiplied by line weights) of that 

generator to line flows. This is given by: 

1

,

1 1

[ ]

d d
i i

n n
g g u ik

Gk ij ij k Gk Gk ijg
i ij ji

A
U w D p p C

p 



  

  
   

  
  

 

Where 

ijC = total supplement charge for the use of line i–j 

g

ijw = charge per MW of each line i–j 

 The method can be summarized as follows: 

1. Solve power flow (either ac or dc) and define line 

flows (inflows and outflows). 

2. If losses exist, allocate each line‘s loss as 

additional loads to both ends of the line. 

3. Find matrix Au . 

4. Define generation vector PG 

5. Invert matrix Au(i.e., 
1

uA
) 

6. Find gross power Pg using Pg= 
1

uA
PG . The 

gross power at node i is given as 

g

ip 
1

1

[ ]
n

u ik Gk

k

A p



  

7. The gross outflow of line i–j, using the 

proportional sharing principle, is given as 

1

, ;

1 1

[ ]

g g n n
ij ijg g g

ij i u ik Gk ij k Gkg g
k ki i

p p
p p A p D p

p p



 

   

Where                            
1 1

,

[ ] [ ]g

ij u ik ij u ikg

ij k g

i i

p A p A
D

p p

 

   

andjis the set of nodes supplied directly from node i. 

 The downstream-looking method that 

allocates usage charges to individual loads would 

use the same methodology. Allocation of generators 
to branch flows as, (Up Stream) 





n

k

Gkkiu

i

ij

mk PA
P

P
P

1

1

),( ][ for    j
d

i  

Where,                 αi
d = set of nodes supplied directly 

from node i 

                               m =   Branches  

                                k =   Buses (Generator Bus) 

                               Pi =   Nodal power 

                            PG k =   Generating power at bus k 

Pij =   Branch power flow ( i upstream, j
downstream) 

 

4.3  Algorithm for bialek method 

Step1: Run the AC load flow for base case data. 

Step2: Evaluate the line flows of each line and slack 

bus power in the given power system. 

Step3: Read the line lengths in miles of the system. 

Step4: Fix the unit rate i.e.,$/MVA/Mile 

Step6: Evaluate the tracing of line flow of each line 

with Bialek method. 

Step8: Evaluate total cost of each generator. 
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Step9: Evaluate the transaction cost for each 

generator. 

𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑐𝑜𝑠𝑡 ($) =
totaltransmisioncostofeachgenerator

totaltransmissioncostofallgenerators
 *total line cost 

Step10: Calculate cost ($/MW) for each generator.  

 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡𝑐𝑜𝑠𝑡  $/𝑀𝑊 

=
each transaction cost

power generation ofgenerator
 

 

V. RESULTS  
5.1 Transmission cost allocation using 

GGDF method (Upstream ) for 6 bus system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Transmission cost allocation using 

Bialek tracing method (Upstream ) for 6 bus 

system 

 

VI. CONCLUSION 
 In this paper embedded cost based methods 

of transmission pricing have been discussed. 

Different cost components incurred by the 

transmission transaction were explained. 

Distribution factors method and Bialek tracing 

method for 6bus  are presented. Bialek tracing 

method is the best way of transmission pricing, 

among all embedded cost based methods.  
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