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1  INTRODUCTION 

1.1 PROBLEM FORMULATION 

The electric power industry all over the world has been undergoing a principal 
structural change that consists in unbundling the generation, transmission and 
distribution of electricity. This means that once vertically integrated companies 
covering the whole path from generation to customers are split into independent 
parts taking care either about production, transmission or distribution. The aim of 
this process is introducing competition on the side of generation and distribution, 
which should result in increasing the efficiency of the electricity sector and, 
consequently, in decreasing the price of electricity for customers. 

The opening of the power industry to competitive forces – known as the 
liberalization or deregulation of electricity markets – must, however, respect the fact 
that the transmission system represents a natural monopoly. In other words, from the 
economic point of view it is not possible to create another competitive transmission 
system. The transmission system thus plays a special role in deregulated electricity 
sectors because, “in order to ensure transparency and non-discrimination, the 
transmission function of vertically integrated undertakings should be operated 
independently from the other activities” [60]. This is assured by establishing an 
independent transmission system operator that takes care of the operation, 
maintenance and, if need be, expansion of the system. 

One of the important issues connected with the operation of the transmission 
system is the fact that the users of the system, i.e. generators and loads, influence 
power flows in the system and are thus responsible for the transmission losses. Since 
the losses are nonlinear functions of power flows in the lines of the system, it is 
impossible to associate directly a given user (generator or load) with a 
corresponding part of the transmission losses. Still, the transmission losses must be 
covered by the users and, consequently, a procedure that allows assigning the 
responsibility of users for a part of the losses must be found. Such a procedure is 
called transmission loss allocation. 

As we have seen, an absolutely fair allocation method cannot exist, but an 
allocation algorithm should respect the value of bus power as well as the relative 
position of buses in the system (loads close to generators contribute less to losses 
then more distant loads and this should be reflected). Also, losses should be 
allocated both to generators and loads because both of them contribute to power 
flows in the system and this fact should result in balanced allocation of losses 
between generators and loads. 
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1.2 OVERVIEW OF EXISTING APPROACHES 

Transmission loss allocation has been widely discussed in the literature, 
especially over the past five years. The proposed methods of transmission loss 
allocation can be divided into three groups 

• Pro Rata Allocation, where losses are allocated proportionally to the real 
power of generation or load. Usually 50 % of the losses are allocated to 
generators and 50 % to loads, but another distribution between generation and 
load can also found (e.g. in Spain 100 % of losses are allocated to loads). The 
advantage of this method is a very simple algorithm, on the other hand the fact 
that it completely ignores the relative position of buses (i.e. users) in the 
system is considered to be its weak point. See [11], [53]. 

• Proportional Sharing Allocation, where the allocation is based on the idea 
that a contribution of each generator and load to power flow in each line can be 
traced. It offers quite a simple algorithm and in a certain way takes into 
account the relative position of buses. The question is whether the method 
represents really the situation in the system. See [4], [11], [53]. 

• Incremental Transmission Loss Coefficient Allocation, where losses are 
allocated to generators and loads by means of incremental transmission loss 
coefficients. It is believed to be the method that represents in the most accurate 
way physical phenomena in the system. The principal disadvantage is a 
complicated solution of incremental loss coefficients that leads to various 
simplifications affecting – sometimes quite dramatically – the precision of the 
solution. Moreover, in this method one of the buses must be chosen as the 
slack bus with no losses allocated (incremental loss coefficients of the slack 
bus are equal to zero). It should be also noted that the existing methods neglect 
the influence of the bus reactive power on the system losses. See [11], [13], 
[14], [53]. 

Let us emphasize here that none of allocation methods has been fully accepted as 
the ideal one. As the practical implementation is concerned, mostly variations of pro 
rata allocation method are used, mainly because of its simplicity. The only practical 
application of incremental allocation up to now represents the Norwegian power 
system. 
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1.3 GOALS OF THE DISSERTATION 

The primary goal is to propose a new allocation method (or methods) using 
incremental transmission loss coefficients. The last of the possible approaches  
– incremental transmission loss coefficient allocation – has been chosen for two 
reasons. Firstly, as it has been already stated, it is believed to be the most faithful 
method from the point of view of physical phenomena in the system. Secondly, 
while the first two approaches can be taken for theoretically solved problems, 
incremental transmission loss coefficient allocation still represents – due to the 
complicated solution of incremental loss coefficients – a challenging area for 
research activities. The proposed incremental method(s) together with the other two 
known approaches (pro rata and proportional sharing allocation) will be tested on 
sample systems; the results will be analyzed in order to compare the used methods. 

A secondary goal of the dissertation is to introduce voltage-dependent loads in 
load flow solution by a modification of the Newton-Raphson algorithm, which 
should lead to higher precision of the algorithm. 

 

2  LOAD FLOW SOLUTION 
Load flow solution consists of the calculations of the bus voltages in a given 

power system that can be then used for calculating power flows and losses. Load 
flow solution thus provides key data necessary for tasks concerning various aspects 
of the operation of power systems, such as power system control, power system 
expansion analysis or – as it is the case in this work – allocation of transmission 
losses. 

Theoretically, load flow solution can be represented as a linear problem. In other 
words, loads and supplies at buses of the system are given in the form of currents. In 
reality, the real and reactive power of loads and supplies are given, which means that 
the problem is expressed by a set of nonlinear equations. The solution then consists 
in the application of an iterative method. Two methods are mostly used in power 
engineering: the Gauss-Seidel method and the Newton-Raphson method. 

The Gauss-Seidel method offers a very simple algorithm. On the other hand, it 
converges very slowly and it is necessary to use very high precision of the process in 
order to obtain solution (bus voltages) in sufficient precision. That is why the 
Newton-Raphson iterative method is usually applied to load flow solution. 

Generally, it is supposed that the real and reactive power of loads are constants 
that do not change either with voltage or with time. In fact, there is a relationship 
between power and voltage as well as a time dependence of load. These 
dependences can be represented by a load model. A static model describes a 
relationship between power and voltage while a dynamic model describes a 
relationship between power and time. There can also be a model that combines both 
types of relationship. It is obvious that in case of transmission loss allocation (that is 
based on results of load solution) we can talk about a steady state of the power 
system and thus only the change of power with voltage can be taken into account. 
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Thus an appropriate static load model that represents the relationship between power 
and voltage by means of voltage-dependent load characteristics should be found. Let 
us choose an exponential model 
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where Pi real power at bus i at voltage Vi, 

 Qi reactive power at bus i at voltage Vi, 

 Pin real power at bus i at nominal voltage Vn, 

 Qin reactive power at bus i at nominal voltage Vn, 

and incorporate it to load flow solution. This modification was published in [8]. 
Load flow equations can be expressed as 
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where Vi, Vj bus voltages magnitudes, 

 δij = δi – δj difference of bus voltages phase angles, 

 Gij real part of element 
ij

Y  of the bus admittance matrix [ ]Y , 

 Bij imaginary part of element 
ij

Y  of the bus admittance matrix [ ]Y . 

The modified algorithm uses the following equations 
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and it can be written in matrix form as 
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The elements of the Jacobian are derived from Equations (2.3). 
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The iterative process is analogical to the standard Newton-Raphson method. It 
should be noted, however, that during the solution the real and reactive power at 
nominal voltage is used, which means that the iterative process is repeated until the 
following is true 
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where r number of iteration, 

 ε required precision of the process 

 ∆Pin
(r) real power difference at nominal voltage for bus i at iteration  

step r, 

 ∆Qin
(r) reactive power difference at nominal voltage for bus i at iteration 

step r. 

 

3  ALLOCATION OF TRANSMISSION LOSSES 

Generally, losses represent the difference between supplied and consumed power. 
From the point of view of the entire power system, losses can be divided into two 
principal categories: technical and non-technical losses. Non-technical losses are 
mainly caused by improper metering and unauthorized loads. Technical losses 
represent resistive (I2R) losses, losses due conductance (current leakage and corona) 
as well as transformation losses. Technical losses in the power system can amount to 
10 percent of the supply. 

This dissertation, however, deals with the transmission losses that represent about  
1-2 percent of the supply, which corresponds to tens or even hundreds of megawatts 
according to the size of the system. 

As it has been already stated, the purpose of transmission loss allocation is the 
assigning of a corresponding part of incurred losses in the transmission system to its 
individual users. Three basic approaches have been reported in the literature 

• pro rata allocation, with the algorithm based on the value of the bus real 
power, 

• proportional sharing allocation, where it is supposed that a contribution of 
each generator and load to power flow in each line can be traced, 

• incremental allocation, with the algorithm using incremental transmission loss 
coefficients. 

The author would like to reiterate that since losses are nonlinear functions of line 
flows and – consequently – bus powers, it is not possible to find a perfectly fair 
allocation method that could not be questioned. All of the existing methods involve 
a certain level arbitrariness. 

The allocation of losses thus remains an open issue. Still, we can define 
requirements that a loss allocation method should meet 
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• precision, which means that the sum of allocated losses should be as close as 
possible (in the ideal case equal) to the total losses, 

• respecting the value of bus power, 
• balanced allocation of losses to generators and loads 
• taking into account the relative position of buses in the system (the fact that 

loads close to generators contribute less to losses and vice versa should be 
reflected), 

• minimizing arbitrariness, 
• minimizing volatility, 
• using a simple algorithm easy to understand and implement. 

Let us emphasize here that in the following text a single-phase representation is 
used, i.e. the symbols of power in formulas represent single-phase power and power 
losses apply to only one phase. 

 
3.1 PRO RATA ALLOCATION 

This allocation method uses the following formulas 
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where ∆PGi real power losses allocated to generation at bus i, 

 ∆PLj real power losses allocated to load at bus j, 

 ∆P total real power losses of the system, 

 p number of generators, 

 q number of loads, 

 n number of buses of the system (n = p + q). 

It is obvious from Equations (3.1) that losses allocated both to generators and 
loads are always positive. Also, it should be noted that losses are allocated to all 
system buses, including the slack bus. 

 



 12 

3.2 PROPORTIONAL SHARING ALLOCATION 

This method is actually an application of Kirchhoff’s laws. It is based on an 
assumption that power flow entering a given bus from a certain branch is distributed 
among the branches drawing power from the bus in proportion to power flows of 
these branches, which is a hypothesis that can be neither proved nor disproved. 

Let us summarize an approach published in [4]. Losses are first allocated to loads. 
A new quantity, called gross load (i.e. load in an ideal network where there are no 
losses), is defined 
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where P'Lj gross load at bus j, 

 P'L total gross load. 

According to the proportional sharing principle, the power balance at every bus of 
an ideal network can be expressed as 
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where P'i gross power injected at bus i, 

 PGi generation at bus i, 

 Σcji P'j power flow entering bus i from branches connected to it, 

 s set of buses which power flows enter bus i, 

 P'ji gross power flow from bus j to bus i, 

 Pji actual power flow from bus j to bus i (measured at bus j), 

 P'j gross power injected at bus j, 

 Pj actual power injected at bus j. 
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Equations (3.6) represent a set of nonlinear equations. Its solution yields the gross 
power injections. Once gross power injections are known, gross loads and losses 
allocated to loads can be calculated 
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The allocation of losses to generators is calculated in a similar way. 
Also in this case, losses allocated both to generators and loads are always positive 

and they are allocated to all system buses, including the slack bus. 
 
3.3 INCREMENTAL TRANSMISSION LOSS COEFFICIENT 

ALLOCATION 

With this approach, losses are allocated to generators and loads by means of 
incremental transmission loss coefficients (the allocation of reactive power losses is 
not treated in this work, therefore only incremental real power loss coefficients are 
mentioned) 
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It should be noted that the existing methods of incremental transmission loss 
coefficient allocation neglect the influence of bus reactive powers on real power 
losses (see [11], [13], [14]). In author’s opinion real as well as reactive power should 
be taken into account and he incorporated both incremental transmission loss 
coefficients in Equation (3.9) into the methods proposed in this chapter. 

Incremental transmission loss coefficients express the dependence of a total 
power loss change on a bus real or reactive power change (note that the incremental 
transmission loss coefficients of the slack bus are equal to zero). Incremental 
transmission loss coefficients thus represent an indicator of sensitivity of the system 
power losses to power changes at a given bus, but they do not have any quantitative 
meaning. Loss allocation is therefore calculated by integrating incremental 
transmission loss coefficients over the corresponding real and reactive power 
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The total losses allocated to bus i are given by the sum of losses allocated to real 
and reactive power 

QiPii PPP ∆+∆=∆  (3.11) 

However, the practical solution of incremental transmission loss coefficients is 
very complicated and thus simplifications are used. The problem is usually 
linearized. Theoretically, the sum of allocated losses should match the total losses. 
In reality – due to simplifications – they are not equal 
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Therefore a normalization of allocated losses is performed. The normalization is a 
procedure that recalculates the allocated losses so that their sum matches the total 
losses 
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where ∆Pi
N normalized real power losses allocated to bus i. 

The incremental transmission loss coefficient methods may allocate negative 
losses to a certain bus, which means that thanks to the position of the bus in the 
system the generation or load at this bus contributes to decreasing transmission 
losses. These negative allocated losses can be interpreted as cross subsidies. In such 
a case the author proposes a procedure that he has called positive loss allocation. It 
assigns zero losses to all buses with negative allocated losses; the losses allocated to 
the other buses are recalculated proportionally to the ratio of the total losses and the 
sum of positive allocated losses 
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where ∆Pi
NP normalized positive real power losses allocated to bus i, 

 np set of buses with positive allocated real power losses. 

 

3.3.1 Incremental Transmission Loss Coefficient Allocation Based on 

Incremental Slack Bus Power Coefficient Solution 

For a given system, the following conditions of power balance must be fulfilled 

∑∑
==

=∆−=∆−

n

i

i

n

i

i
QQPP

11

00  (3.15) 

Equations (3.15) are differentiated with respect to Pi and Qi for i = 2, 3, ..., n. The 
results in a modified form are 
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The solution of the problem consists in calculating the values of incremental slack 
bus power coefficients and consequently incremental transmission loss coefficients. 
It is described by the following matrix equation 
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The partial derivatives of slack bus power with respect to bus voltage magnitudes 
and phase angles are calculated as 
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The solution of the partial derivatives of bus voltage phase angles and magnitudes 
with respect to bus real and reactive power consists in a complicated solution of a 
set of nonlinear equations. Still, we can simplify it by the following assumption. 
First, let us assume that the real power at bus 2 changes by dP2 while reactive power 
Q2 and the real and reactive power at the other buses remain constant (except the 
slack bus), which leads to the solution of the partial derivatives of bus voltage phase 
angles and magnitudes with respect to variable P2. Similarly the partial derivatives 
with respect to variable P3 can be calculated etc. Then we can proceed to the 
calculation of incremental slack bus power coefficients 

The allocation of losses according to Equation (3.10) cannot be done since it is 
impossible to find an analytical formula for incremental transmission loss 
coefficients that can be integrated. Thus a linear approach is applied. 
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3.3.2 Incremental Transmission Loss Coefficient Allocation Based on the 

Bus Impedance Matrix 

The second proposed approach is based on incremental transmission loss 
coefficient solution using the bus impedance matrix. To simplify the solution, let the 
shunt admittances be neglected. 

If the following coefficients are used 
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incremental loss coefficients can be expressed as 
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and, consequently, allocated losses as 
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If a simplified – linear – approach is applied, losses are allocated the following 
way 
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3.4 SUPERPOSITION ALLOCATION 

It is based on a simple hypothesis that the total influence of all buses of the 
system on the total losses is the superposition of the individual influence of buses. 
Similarly to the proportional sharing principle, it is an idea that is neither provable 
nor disprovable. 

The superposition method compares the total losses of the system with the 
original load distribution and the total losses of the system where the influence of 
generation or load at bus i has been eliminated (i.e. the real and reactive power at 
this bus has been set to zero). According to the hypothesis, losses allocated to bus i 
are given by the difference of these two values 

0ii
PPP ∆−∆=∆  (3.23) 

where ∆Pi losses allocated to bus i, 

 ∆P total losses of the system with the original load distribution, 

 ∆Pi0 total losses of the system where the power at bus i has been 
eliminated. 

Also in this case, it can be expected that the sum of allocated losses will not 
match the total losses and therefore the normalization procedure should be applied. 
It can be also expected that the procedure may allocate negative losses and then 
positive allocation – if required – can be used. 

 
4  PRACTICAL APPLICATION 

The allocation methods treated in Chapter 3 have been tested on three sample 
systems 

• five-bus bus sample system [47], 
• IEEE fourteen-bus sample system [40], 
• IEEE twenty-three-bus sample system [40]. 
 
First, load flow solution is performed. The modified Newton-Raphson method 

using voltage-dependent load characteristics has been applied. The results are then 
used as the input data for loss allocation. Five allocation methods have been tested. 
Two of them are already existing methods: pro rata allocation and proportional 
sharing allocation. The other three are the methods defined by the author. In case of 
the incremental method based on the bus impedance matrix both the integration and 
linear approach have been applied. For each sample system, calculations have been 
done for a case where the dependence of load on voltage is taken into account as 
well as for a system with constant loads. Note that if voltage-dependent loads are 
taken into account, the given load real and reactive power represent the values at 
nominal voltage. 
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All simulations have been done by using Matlab programming language except 
for forming the bus admittance matrices done in the Excel software. 

The following abbreviations and symbols are used in the text 
• PR – pro rata allocation, 
• PS – proportional sharing allocation, 
• INC I – incremental allocation (slack bus), 
• INC II – incremental allocation (impedance matrix), 
• SUP – superposition allocation, 
• ∆P – total losses, 
• ∆Pi – losses allocated to bus i, 
• ∆Pi

N – normalized losses allocated to bus i, 
• ∆Pi

NP – normalized positive losses allocated to bus i. 
 
4.1 FIVE-BUS SAMPLE SYSTEM 

There is only a small difference between the results of load flow solution and the 
allocation of losses for voltage-dependent and constant loads, which is in accordance 
with the declared effect of the modified Newton-Raphson algorithm. 

The first of the incremental methods shows poor precision, relative error (defined 
as the difference between the sum of allocated losses and the total losses in percent 
of the total losses) is 645.3 % for voltage-dependent loads and 638.4 % for constant 
loads. Also, the distribution of allocated losses is significantly different from the one 
for the other incremental approach. The incremental method based on the impedance 
matrix provides much more precise results, surprisingly better in case of the 
simplified linear approach (relative error, as defined above, is –53.7 % both for 
voltage-dependent and constant loads, while in case of the integration approach it 
represents –78.2 % and –78.1 % for voltage-dependent and constant loads 
respectively). This phenomenon could be attributed to the fact that the incremental 
method using the bus impedance matrix involves a simplification that consists in 
neglecting the shunt admittances. 

Superposition allocation provides apparently quite precise results (i.e. the sum of 
allocated losses is relatively close to the total losses), but the distribution of 
allocated losses is very different from the one of the other methods. 

 
4.2 FOURTEEN-BUS SAMPLE SYSTEM 

Also in case of the fourteen-bus sample system only a small difference can be 
found between the results of load flow solution and the allocation of losses for 
voltage-dependent and constant loads. 

The first of the incremental methods shows again poor precision, relative error is 
584.8 % for voltage-dependent loads and 561.0 % for constant loads. The results of 
the incremental method based on the impedance matrix are much more precise, with 
almost same precision for the integration and linear approach. We should point out, 
however, that while the linear approach results in the over-recovery of losses, the 
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sum of allocated losses for the integration approach is less then the total losses. 
Also, it should be noted that this incremental method allocates more losses to 
generators than to loads. In case of the linear approach 81.8 % and 82.4 % of the 
total losses is allocated to generators for voltage-dependent and constant loads 
respectively. The values for the integration approach are even higher: 98.8 % 
(voltage-dependent loads) and 99.0 (constant loads). This phenomenon could be 
partially limited by the application of positive allocation where the losses allocated 
to generators decrease to about 65 % of the total losses. 

As superposition allocation is concerned, it provides extremely volatile results, 
with a relative error of –7669.0 % (!) for voltage-dependent loads, while in case of 
constant load the relative error is equal only to –0.6 %. 

 
4.3 TWENTY-THREE-BUS SAMPLE SYSTEM 

The difference between the results of load flow solution and the allocation of 
losses for voltage-dependent and constant loads is – analogically to the two previous 
sample systems – very small. 

The first of the incremental methods shows now even poorer results, relative error 
is –1514.2 % for voltage-dependent loads and 1538.4 % for constant loads. The 
results of the incremental method based on the impedance matrix are again much 
more precise, with excellent results for the integration approach (relative error of  
8.5 % for voltage-dependent loads and 11.6 % for constant loads). Also in case of 
the twenty-three-bus sample system, the incremental method based on the bus 
impedance matrix allocates more losses to generators than to loads. In case of the 
linear approach 90.1 % and 89.2 % of the total losses is allocated to generators for 
voltage-dependent and constant loads respectively. In the integration approach, the 
losses allocated to generator are even higher than the total losses: 103.9 % (voltage-
dependent loads) and 101.3 (constant loads) of the total losses. The application of 
positive allocation limits these numbers to about 70 % for the linear approach and  
60 % for the integration approach. 

Superposition allocation results in completely inconsistent values with the 
negative sum of allocated losses. 
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5  CONCLUSIONS 

The primary goal of the dissertation was to find a new allocation method using 
incremental transmission loss coefficients. In fact, two allocating methods of this 
type have been proposed. In both cases the influence of the bus reactive power on 
the system losses has been incorporated to allocation algorithms, which is a novel 
approach because the role of the bus reactive power is neglected in the existing 
incremental methods. 

The first of the incremental methods defined by the author is based on 
incremental slack bus power coefficient solution. The allocation of losses in this 
case can be done only for a simplified linear approach because it is impossible to 
find an analytical formula for incremental transmission loss coefficients that could 
be integrated. The second method uses incremental transmission loss coefficient 
allocation based on the bus impedance matrix. The allocation of losses has been 
calculated by integrating incremental transmission loss coefficients over the 
corresponding real and reactive power and, for comparison, also a linear approach 
has been used. In addition to the incremental methods, another method called 
superposition allocation has been proposed. It is based on the hypothesis of the 
linear superposition of the individual influence of buses on the losses. 

A secondary goal of the dissertation was to incorporate voltage-dependent load 
characteristics in load flow solution. A modification of the Newton-Raphson 
algorithm using the exponential load model has been defined by the author. This 
modified method has been then applied to load flow solution. The aim of the 
modification was to make load flow solution more precise. Nevertheless, the author 
would like to emphasize that in case of a real system it would be necessary to 
analyze the availability and precision (or fidelity) of the input data, i.e. parameters 
xi, yi. 

The three proposed methods together with two other known approaches (pro rata 
allocation and proportional sharing allocation) have been tested on three sample 
systems (five, fourteen a twenty-three buses), in each case both for voltage-
dependent load characteristics and constants loads. 

The primary criterion for assessing an allocation method is its precision, which 
means that the sum of allocated losses should be as close as possible (in the ideal 
case equal) to the total losses. From the definition of pro rata and proportional 
sharing algorithms in Chapter 3.1. and 3.2. respectively, it is clear that in these 
methods the sum of allocated losses matches the total losses. An overall comparison 
of relative error (difference between the sum of allocated losses and the total losses 
in percent of the total losses) for the other methods can be found in Table 5.1. 
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Table 5.1. Relative Error of Allocation Methods 

 5-Bus System 14-Bus System 23-Bus System 

Method Volt. Dep. 
Loads 
[%] 

Const. 
Loads 
[%] 

Volt. Dep. 
Loads 
[%] 

Const. 
Loads 
[%] 

Volt. Dep. 
Loads 
[%] 

Const. 
Loads 
[%] 

INC I 645.3 638.4 584.8 561.0 -1514.2 -1538.4 

INC II 
(Lin.) 

-53.7 -53.7 22.6 23.9 146.5 147.3 

INC II (Int.) -78.2 -78.1 -23.0 -21.9 8.5 11.6 

SUP -58.0 39.7 -7669.0 -0.6 -194.0 -170.0 

 
From the results of simulations, the following conclusions can be drawn. 
• It is obvious from extreme volatility of superposition allocation that the 

hypothesis of superposition in case of losses cannot be confirmed. 
• Incremental transmission loss coefficient allocation based on incremental slack 

bus power coefficient solution shows worse results. High volatility of this 
allocation method can be probably attributed to the used simplification 
consisting in the application of linear approach. 

• Out of the two incremental methods, the one using the bus impedance matrix 
should be preferred. Two sets of results for the integration and linear approach 
are available. It can be concluded from the results that the precision of 
allocation (as defined above) for the integration allocation increases with the 
increasing number of buses in the system. This phenomenon should be, 
however, verified by testing in large systems. Please note that also for 
incremental method using the bus impedance matrix a simplification has been 
assumed (neglecting the shunt admittances), which could explain the errors of 
this method as well as the fact that in case of the smallest system the simplified 
linear approach provides better results (from the point of view of the precision 
of allocation). 

It is thus obvious that out of the three allocation methods defined by the author, 
only one can be really taken into account for practical application. 

It should be reiterated here that it is not the aim of this dissertation to take a final 
decision on which of the methods should be chosen. The task was to find a utilizable 
allocation method using incremental transmission loss coefficients, which has been 
fulfilled. Still, the results of simulations should serve as important data for selecting 
an appropriate allocation method for practical application. 
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Let us now discuss the advantages and disadvantages of incremental transmission 
loss coefficient allocation based on the bus impedance matrix from the point of view 
of the experimental results and compare it with pro rata and proportional sharing 
allocation. The following can be stated 

• Pro rata allocation provides a very simple algorithm, but it does not take into 
account the relative position of buses in the network. It should be, however, 
considered if it is really fair that the allocation of losses takes into account the 
relative position of buses in the system. In the opinion of the author it is 
questionable because the user at a given bus cannot affect its situation 
(position). Also, the pro rata method allocates losses to all buses, including the 
slack bus, which can be considered as a problematic issue. 

• Proportional sharing allocation provides a loss distribution that is supposed to 
be a compromise between the pro rata and incremental approach. Since the 
algorithm of this method is based on an assumption that cannot be proved, its 
fairness can be questioned and in case of a practical application, it would 
probably be hardly acceptable for the participants in the electricity market. 

• Incremental transmission allocation is strongly dependent on the selection of 
the slack bus. Finally, we have seen that the incremental method tends to 
allocate more than 50 % of the losses to generators. This could be limited by 
the application of positive allocation, but it would mean a significant arbitrary 
intervention into the method. 

To sum up, it is obvious that loss allocation represents an important technical 
problem and its solution remains open. We have seen that all methods contain 
arbitrary elements and that the results of allocation depend significantly on used 
method. The final acceptation or refusal depends, however, on the participants in the 
electricity market – users of the transmission system. 

Nevertheless, the author would like to emphasize that the theoretical and 
experimental results obtained in this dissertation could be used as a basis for 
deciding on an appropriate allocation method for practical application. It is clear, 
however, that conclusions apply to relatively small systems and therefore further 
research should follow. The future research activities should concentrate on the 
following areas 

• testing in larger systems, 
• incorporating voltage-controlled buses in load flow solution and loss 

allocation, 
• analysis of the dependence of results on the selection of the slack bus, 
• analysis of the role of reactive power in the transmission system, 
• analysis of economic consequences of loss allocation, 
• analysis of other aspects of transmission system operation (congestion 

management, system services etc.). 
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ABSTRACT 

The dissertation deals with the allocation of losses in the transmission system. 
The transmission losses are nonlinear functions of power flows in the lines of the 
system and thus it is not possible to associate directly a given user (generator or 
load) with a corresponding part of the transmission losses. However, a procedure 
that allows assigning the responsibility of users for a part of the losses must be 
applied. This process is called transmission loss allocation. 

The dissertation focuses on allocation methods using incremental transmission 
loss coefficients. Two allocating methods of this type are proposed. In both cases the 
influence of the bus reactive power on the system losses has been incorporated to 
allocation algorithms, which is a novel approach because the role of the bus reactive 
power is neglected in the existing incremental methods. 

The first of the incremental methods defined by the author is based on 
incremental slack bus power coefficient solution. The second method uses 
incremental transmission loss coefficient allocation based on the bus impedance 
matrix. 

In addition to the incremental methods, another method called superposition 
allocation is proposed. It is based on the hypothesis of the linear superposition of the 
individual influence of buses on the losses. 

The dissertation includes also a modification of the Newton-Raphson algorithm 
that incorporates voltage-dependent load characteristics in load flow solution. 

The three proposed methods together with two other known approaches (pro rata 
allocation and proportional sharing allocation) are tested on three sample systems 
(five, fourteen a twenty-three buses), in each case both for voltage-dependent load 
characteristics and constants loads. 

In the final part of the dissertation, the results of simulation are then discussed 
from the point of view of the possible practical application of the treated methods. 
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ABSTRAKT 

Disertační práce se zabývá problematikou alokace ztrát v přenosové soustavě. 
Tyto ztráty jsou nelineárními funkcemi toků výkonu ve vedeních soustavy a nelze 
tudíž přímo přiřadit odpovídající část ztrát danému uživateli přenosové soustavy. 
Přesto je však nutné ztráty v soustavě nějakým způsobem mezi její uživatele 
rozdělit. Tento proces se nazývá alokace ztrát. 

Disertační práce se zaměřuje na alokační metody využívající poměrných přírůstků 
ztrát. V práci jsou navrženy dvě alokační metody tohoto typu. V obou případech byl 
vliv jalového výkonu v uzlech zapracován do alokačních algoritmů, což představuje 
vylepšení oproti stávajícím přírůstkovým metodám, kde se role jalového výkonu 
zanedbává. 

První z přírůstkových metod navržených autorem práce je založena na výpočtu 
poměrného přírůstku výkonu bilančního uzlu. Druhá metoda pak využívá výpočet 
poměrných přírůstků ztrát pomocí impedanční uzlové matice. 

K těmto dvěma přírůstkovým metodám byla v práci navržena ještě metoda třetí, 
nazvaná autorem superpoziční alokace. Je založena na předpokladu lineární 
superpozice vlivu výkonů v jednotlivých uzlech na ztráty. 

Součástí práce je i návrh modifikovaného Newton-Raphsonova algoritmu, který 
respektuje napěťovou závislost odběrů. 

Tři navržené metody byly spolu s dvěma dalšími známými přístupy (poměrná 
alokace a alokace založená na poměrném rozdělení) testovány ve třech modelových 
sítích (o pěti, čtrnácti a dvaceti třech uzlech), vždy jak pro napěťově závislé, tak pro 
konstantní odběry. 

Závěrečnou část práce pak tvoří rozbor výsledků simulací z pohledu možného 
praktického využití jednotlivých alokačních metod. 
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