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Abstract— One of the key problems of energy transmission system in an independent 
environment refers to necessity to establish a cost for system services on nondiscriminatory 
bases. The prices must to be simple and transparent. A properly established cost provides 
economical signals for short-term and long-term recovery current expenses and for a fair cost 
allocation for participants. This paper presents allocation of transmission costs to consumers 
and to generator using the distribution factors method. A detailed comparison between regime 
with active losses and the regime without active losses are presented. A case study based on a 
12-node system is provided.   

I. INTRODUCTION 

The transmission cost  is the most complicated issues in power system restructuring, because of physical laws, 
which governs the transmission network power flow. Since generators and consumers are connected to the 
transmission network, a participants action has consequences to other participants too, making difficultly the 
investigation of components price, which cost one to each participant Transmission active loss allocation is the 
process of assigning to each individual generation and load the responsibility of paying for a part of the system 
transmission active losses. Transmission active loss allocation is not an easy task. Loss allocation between the 
generator and the load has to be agreed upon as there is no physical measurement or mathematical method that 
determines the loss shares in a unique manner. In a real system, matters get more complicated because of 
nonlinear function of the line power flow, and hence cannot be separated between partial flows through the same 
line in a unique convincing way. In this paper an analysis of the allocation method using distribution factors is 
proposed. The distribution factors method was extended to calculate the AC power flow,  heaving the object the 
calculus of the system cost allocation for the regime with active power losses. The distribution factors are the 
relative change of power flow on a network element, causing by the change of power generated and / or those 
consumed. Generally speaking, they depend on the power system topology, the operating system and the 
direction of power flow. The There are three categories of factors [IO]: 

 Generation Shift factors (A factors), which provide line flow changes due to a change in generation 
(without changing of overall of system power balance). They depend on the selection of reference bus, 
but are independent of the system  

 Generalized Generation Distribution Factors (D factors)  determine the impact of each generator on 
active power flow through network elements. They depend on network elements and operating regime 
and not on the choice of reference bus.  
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 Generalized Load Distribution Factors (C factors) reflect the participation of each consumer to active 
power flow through networks elements. They depend on network elements and operating regime and 
not on the choice of reference bus. 

II. PRESENTATION OF DISTRIBUTION FACTORS METHOD 

Generatio Shift factors (A factors) [II] are defined as: 
Pe,jk = Ajk,i • Pgi , jk€ R , i€ N\e   

 Pge+ Pgi =0    (1) 

Where: jk - change in active power through network ele- ment jk;  Ajk,i - generation shift factors through 
network element jk, Corresponding to change in generator at bus i;  DPgi – change In generation at bus i  (i  e) ,  
DPge - change in generation at Slack bus. The A factors are determined by DC power flow (which means the 
neglecting of longitudinal resistance, transversal susceptances and conductances of network elements, neglecting 
reactive power flow and considering all voltages equal to unity). 

P =-B -1s                                (2) 

Where: P - vector of injected power in system buses; 6 – vector of nodal voltage angles; B - nodal susceptance 
matrix. The voltage angles result: 

d - -B-1. P                                            (3) 

Which means (with b, j e N, i e N - B 1 matrix elements): 
With same conditions, the relation (2) becomes: 

Pl - -Bl ' 6l                                            (5) 

Where: Pl - vector of active power through network elements;  s vector of difference of voltage angles from ends 
of network element jk; Bl - diagonal matrix of longitudinal susceptances of network element jk. 
Writing in extended variant the relation (5) lead to: 

PtJk      Bl jk '(dj - dk), jk e R                        (6) 

Using the relation (, relation (6) becomes:     

Pl jk  =Bl jk .| ∑ (b jil-  ' Pi) - ∑ (b ' Pi)|= 
Li eN ieN _\                 (7) 

=Bl jk '~  NS[(b j-il - bki-I)' Pi  ,jk – 

Relation (7) is linear and the modification of power through network element, DPl jk , due the injected power in 
bus i,  Dpi Can be expressed: 

PE jk    Bl jk ' (b jil- bkil-).pi                        (8) 

Comparing the relations (8) and (I), the expression of a factors for network element jk, corresponding to the 
change of generated power in bus i: 

A]"k, i - Bl jk. (b ji-1 – bki-1 ), jk € R , i € N \ e       (9) 

Generalized generation distribution factors (D factors) [II] determine the impact of each generator on active 
power flow on network elements (so, they can have negative values). They are determined in conditions of DC 
power flow too, being defined by the relation: 

Pt,jk=∑ (D jk,i ' Pgi) , jk € R                                 (10) 
                                                       i€N 

Where: Pl, jk - active power flow through network element jk;  Pg! - generated power in bus i; Djk,i - D factor of 
the network element jk, corresponding to the generated power in bus i: 
      
                             (11) 
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(7) 

Where: Pj - power flow through network element jk from The previous iteration; e - the slack bus.D factors 
reflect the utilization rate of electricity transmission capacity epending on generated power (unlike the A factors, 
which indicated the incremental rate of use). They depend on network elements and operating regime and not on 
the choice of reference bus. 
Generalized load distribution factors (C factors) [II] are very similar to D factors and determine the contribution 
of each load to network elements (so, they can have negative values). They are determined in conditions of DC 
power flow too, being defined by the relation: 

Pt, jk=∑ (Cjk, Pct) j. €R  (12) 
                                                                            ieN 

Where: Pl, jk - active power flow through network element jk; Pct - power consumed in bus i; Cjk, i - C factor of 
the network Element jk, corresponding to power generated in bus i: 

 
Where PQk - power flow through iEnNetWork element jk from the previous iteration. C factors reflect the 
utilization rate of electricity ransmission capacity depending on consumed power. They depend on network 
elements and operating regime and not on the choice of reference bus [11]. 

III. CASE STUDY 

The test system with 12 buses is shown in Fig. I. Bus I am the slack bus. The network elements parameters are 
presented in Table I. Table 2 contains the initial data of buses and the results of power flow for considered 
operating regime. Table 3presents the power flows through network elements. 

TABLE I. NETWORK ELEMENTS P~TERS 

TABLE II. DATES AND RESULTS FOR BUSES 

 

 
 
 

 

 
 

 
 
 

Bus i 
 

Bus j 
 

R 
[p.u.} 

 

X 
[p.u.} 

 

B 
[p.u.} 

 

L 
[km} 

 

 Bus i 
 

Bus j 
 

R 
[p.u.} 

 

X 
[p.u.} 

 

B 
[p.u.} 

 

L 
[km} 

 
1 2 0.00415 0.02500 

 
0.04000 

 
30 

 
 6 

 
5 
 

0.00554 
 

0.03335 
 

0.05379 
 

40 
1 6 

 
0.00969 

 
0.05838 

 
0.09490 70 

 
 6 

 
9 
 

0.00415 
 

0.02500 
 

0.04000 30 
 1 

 
7 
 

0.01660 
 

0.10000 
 

0.16132 
 

120 
 

 6 
 

11 
 

0.00692 
 

0.04170 
 

0.06725 
 

50 
 2 

 
8 
 

0.00415 
 

0.02500 
 

0.04000 30 
 

     10 7 
 

0.00554 
 

0.03335 
 

0.05379 
 

40 
3 
 

7 
 

0.00526 
 

0.03169 
 

0.05110 
 

38 
 

 9 
 

10 
 

0.00277 
 

0.01667 
 

0.02690 
 

20 
 8 

 
3 
 

0.00623 
 

0.03752 
 

0.06000 
 

45 
 

 10 11 0.00692 
 

0.04170 0.06725 
 

50 
 5 

 
4 0.00830 

 
0.05000 

 
0.08000 

 
60 

 
 10 12 0.00484 

 
0.02912 0.04700 34 

 7 
 

4 0.00387 
 

0.02335 
 

0.03765 
 

28 
 

       11 
 

12 
 

0.00346 
 

0.02080 
 

0.03360 
 

25 
 11 4 0.00830 

 
0.05000 

 
0.08000 

 
60 

 
       

Bus 
 

U 
[kV} 

d 
[grd} 
 

Pc 

[MW"} 

Qc 
[MVar} 
 

Pg 
[} 

Qg 
[MVAB} 
 1 231.000 

 
0.00 
 

  490.89 
 

285.76 
 2 220.000 

 
1.68 
 

300.00 
 

35.00 
 

340.49 
 

122.84 
3 220.000 

 
-2.08 
 

  350.00 
 

13.37 
 4 220.000 

 
-4.28 
 

  293.72 
 

41.82 
 5 220.000 

 
-2.61 
 

350.00 
 

25.00 
 

600.00 
 

15.82 
 6 

 
220.000 
 

6.39 
 

230.00 
 

60.00 
 

200.00 
 

126.57 



 
256 

TABLE III.  POWER FLOW RESULTS FOR NETWORK ELEMENTS 

 
Fig. I. Test system with 12 brises, normal operation regime [11] 

For the calculation we used Mathematica @ environment, application software DFPQ (Distribution Factor for Active 
and Reactive Power) being developed by the author [l1]. fhe obtained components of the power vector P injected the 
buses (except slack bus), are given the table [V]. fhe nodal susceptance matrix B is given below. 

TABLE IV. ACTIVE POWER FLOW THROUGH NETWORK ELES 

 

 
 

 
From nodal susceptance matrix is removed the line I and column I, corresponding to slack bus (de - 0) and the 
matrix Obtained is inversed, resulting B -/ using the relation (4), The values of voltage angles are calculated, 
resulting finally, based on relation, the power flow through network elements. 
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TABLE V.  ACTIVE POWER FLOW THROUGH 

 
Then, the longitudinal susceptance matrix of network elements Applying relation (9), we can calculate the A 
Distributio Bl is built. Factors. 

 
 
The D distribution factors matrix is the following: 

 
Using the relation (13) we will be determine the C distribution These factors are calculated only for consumer 
buses 7, factors (Table VI). 8, 9, 10, II and 12. 
After that it goes on to present the allocation of electricity Total transmission cost was calculated based on unit 
cost transmission costs to energy market participants - in om case, and on the active power flow (Table IV), 
results being presented for producers and consumers. It is considered as a basis for in Table 7. Calculating a unit 
cost of transport lines 2 $/MW'km. 
Using D distribution factors, there is determining the transmission factors, it determines the transmission costs 
allocated to costs allocated to generators (Table VIII). Using C distribution consumers (Table IX). 
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TABLE VI. THE C DISTRII3UTION FACTORS 

 

TABLE VII. THE TOTAL FNERGY 

 

TABLE VIII. TRANSMISSION COSTS ALLOCATED TO GFNERATORS 

 

TABLE IX. TRANSMISSION COSTS ALLOCATED TO CONSUMERS 

 
 
Obviously, costs allocation was done separately for sources can be weighted differently (in the range 0-: I, their 
sum is  (sources share I, consumers share 0) and consumer (consumer obviously I). Share I, sources share 0), 
identifying active power tracing for losses regime it obtained the following results for  Cost flow. The two 
components of the transmission cost allocation allocated to generators (Table X and Table XI): 

TABLE X. TRANSMISSION COSTS ALLOCATED TO GENERATORS (REGIME WITH LOSSES) 
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TABLE XI. TRANSMISSION COSTS ALLOCATED TO CONSUMERS (REGIME WITH LOSSES) 

 

IV. CONCLUSION 

This paper presents allocation of transmission costs using an extended version of distribution factors methods. 
The proposed method takes losses into consideration during the calculus process based on the following 
hypothesis very realistic,  especially if one takes into account the lowest share of losses in power flow through 
network elements. It is considered only change of active power generated in slack bus, distribution factors 
remaining unchanged Regarding the method of distribution factors, applied to 12 nodes test system, it is notable 
difference of generators and consumers transmission costs allocation, between the cases without and with active 
power losses. The recommendation is clear: do not neglect the active power losses. 
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