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Abstract 

Distribution network losses can vary significantly depending on the load unbalance. Here, an analysis of distribution system losses is 
presented that considers load unbalance and the effect of explicitly represented neutral wire. A general power flow algorithm for 
three-phase four-wire radial distribution networks, based on the current summation backward-forward technique is applied. Loss 
analysis results obtained from three-phase four-wire medium and low voltage test feeders with unbalanced load scenarios are 
presented and discussed an active power filter is designed, simulated, implemented, and tested.  It can work in different modes: active 
power filtering, power factor correction, and load unbalance compensation.  It is based on a current controlled voltage-source 
inverter with fixed carrier PWM. The control algorithm generates the source reference currents based on the controlled DC link 
voltage. The dimensioning criteria of the inductive and capacitive power components are discussed.  The implementation is validated 
with simulated and experimental results obtained in a 5 kVA prototype. 
 
Keywords: distribution networks, losses, load unbalance, power flow 

---------------------------------------------------------------------***------------------------------ ----------------------------------------- 

1. INTRODUCTION 

Since system losses represent a considerable cost for utilities, 
its evaluation and reduction have been recognized as of 
interest by researchers. There are many distribution network 
devices responsible for energy loss, the most important being 
the primary and secondary lines, due mainly to overloaded 
low voltage (LV) feeders and unbalanced loads. Unbalance is 
a common occurrence in three-phase distribution systems. 
However, it can be harmful to the operation of the network, its 
reliability and safety. Furthermore, measurements show that 
real power losses increase due to unbalanced loads. Thus, a 
distribution system unbalance phenomenon has been the 
focus of research in recent decades [1]-[3].  This problem in 
distribution networks exists due to the fact that loads are 
switched on and off by end users [1]. Therefore, considering 
the importance of loss analysis, the objectives of this work are 
to evaluate losses due to load unbalance and highlight potential 
mistakes in loss analysis. It is assumed here that a load 
unbalance affects only the fundamental component of the 
neutral current since the harmonic power losses are, in general, 
small compared to the fundamental active power losses and 
could be considered as almost negligible. 
 
Different types of compensators have been proposed to 
Increase the electric system quality, [4], [5], [6]. One of those 
compensators is the active power filter. Usually, the voltage-
source is preferred to implement the parallel active power filter 
since it has some advantages, [4]. In this paper it is used the 
parallel topology, schematically shown in Fig. 1. 

 
 

Fig. 1: Diagram of a voltage source active power filter. 
 
The filter generates currents in the connection point in order to 
balance loads. So, the AC distribution system only carries the 
active fundamental component of the load current. A 5 
kVA prototype of an active filter is designed, and tested in 
dynamic and stationary operation with different load types. 
 
2. LOSS EVALUATION 

In general, after solving the respective three-phase (four-
wire or three-wire) power flow of a given distribution  
network,  line  section  loss  calculation  can  be performed 
utilizing one of the following procedures:  
•   Using the original resistances of the wires in the I2R 
formula. The sum of them gives the total losses. Here, phase 
Losses, neutral wire losses and total losses are correct. 
•   Using the difference between input and output power (Sin 
- Sout) in each phase. The sum of the phase losses (a, b and 



IJRET: International Journal of Research in Engineering and Technology                      eISSN: 2319-1163 | pISSN: 2321-7308 

 

__________________________________________________________________________________________ 

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org                                                                                                 433 

c) gives the total losses, and it is not possible to compute the 
neutral losses. In this procedure the value of total losses is 
correct, but the losses in each phase are incorrect [8]. 
 
When four-wire line sections are represented by a reduced 3x3 
matrix (performing Kron’s reduction) in order to use a three-
phase power flow algorithm (such as [9]), phase voltages and 
currents will be obtained with acceptable accuracy. Since the 
neutral wire is explicitly represented in the utilized power flow 
technique [7], neutral currents are calculated directly. Thus, 
with all current values, power losses can be computed by using 
the original phase and neutral wire resistances in the I2R 
formula. System losses are calculated under various scenarios, 
from balanced loads (considered here, as the first unbalance 
scenario) to the highest load unbalance allowed by the 
analyzed system. In that way, the impact of load unbalance 
on system losses can be clearly visualized.  
 
3. TEST NETWORKS 

The proposed methodology for evaluation of power losses 
due to load unbalance is applied on MV and LV distribution 
networks. In this paper the LV 29 bus and MV IEEE 34 bus 
networks are used. The original. IEEE-34 test feeder is 
simplified by replacing the autotransformer (24.9 kV/4.16 
kV) with a line and the network is modeled at the single 
voltage level. 
 

 

 
Fig.2:  LV-29 distribution network 

 

 

 
Fig.3:  IEEE-34 test feeder 

 
Impedances for the four-wire model are calculated 
considering a ground resistivity of 100 Ω-m and using the 
formulation in [7]. 
 

3.1 Active Filter Operating Modes  

Very different control algorithms can be applied to the active 
filter, [10], [11], [12], [13]. The developed control system is 
based on a direct current control strategy that generates the 
reference waveform for the source current. It requires a low 
processing time and allows the calculation of the current 
reference. The current-controlled pulse width modulation with 
a 5 kHz fixed carrier ensures enough bandwidth to implement 
the active filtering.  
 
The control algorithm needs the measurement of several 
variables like the three phase AC source voltages and the DC 
link voltage. In order to impose sinusoidal currents in the 
source it is needed to low pass filter the AC voltage, so 
obtaining the fundamental component. The active power 
balance in the DC link determines the reference current of the 
AC source and the use of a PI controller allows a smooth 
control of the filter current and improves the system 
dynamic response. 
 
3.2 Unbalance Compensation  

As referred, in this paper it is implemented the first operating 
mode: power factor correction, harmonic elimination, and load 
unbalance compensation. So, the source power factor will be 
approximately one, and there in no need to control the voltage at 
the connection point. In this case, the schematic in Fig.3 
represents the essential block diagram of the current reference. 
The error in the DC voltage is transformed in active power to be 
controlled in the AC source. 
 

 
 

Fig. 4: Block diagram for the calculation of the reference 
current. 

 
3.3 Reference Current Determination 

The source voltage amplitude, Vsp is calculated from the 
source phase voltages vsa, vsb, vsc as expressed in equation (1) 
 

                                       (1) 

 
The direct unit current vectors are obtained from the source 
phase voltages and the rms amplitude of the source voltage, 
Vsp. 
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                    (2) 

 
The amplitude of the active component of the reference 

currents of the AC source , ,   is calculated through 
a PI controller with anti-windup as shown in Fig. 4. The 
proportional and integral gains determine the controller 
behavior in dynamic and static operation, [11], [13], [14], 
[15]. As stated before the correct active component  of the 

AC source current is determined from the power balance in 
the DC link. The current reference is then scaled with the unit 
current vectors in phase with the source voltage. 
 

 
 

 
 

                      (3) 
 
In the modulation stage the total reference currents are 
subtracted from the source current, obtaining a current error 
adapted according to the amplitude of the triangular carrier. 
The purpose of introducing the triangular waveform is to 
stabilize the converter switching frequency by forcing it to be 
constant and equal to the frequency of the triangular reference 
signal. Since the current error signal is always kept within the 
negative and positive peaks of the triangular waveform, the 
system has an inherent over current protection. The PWM output 
is completed with the introduction of an appropriate dead time to 
the control signals of the inverter transistors.  
 
4. SIMULATION AND EXPERIMENTAL 

RESULTS 

In this work, power flow algorithm [7] is applied on the MV 
and LV distribution networks presented previously. The 
presentation is focused on the discrepancy of loss calculation. 
The load was modeled as constant power. 
 
The following types of unbalance are considered: constant 
demand: Firstly the overall network load is balanced for the 
three phases. Subsequently, a percentage of the b-phase load 
is increased, while the same value is decreased in phase c. In 
this way, the total network load remains constant under each 
unbalance scenario. 
 
Variable demand: Firstly the overall network load is balanced 
for the three phases. Afterward, a percentage of the load of 

phase b is decreased, while the decrease is twice this value in 
phase c. This kind of unbalance reduces the total network load 
under each unbalanced scenario. 
 
4.1 Analysis of LV Distribution Network 

Figures 5 to 6 present real power losses for the LV-29 
distribution network. Figure3 shows results of the loss 
analysis for the LV-29 distribution network when the 
constant demand was applied. It is noticed that despite 
demand being maintained, total losses calculated by the 
explicit four-wire approach increased by 4.1% for a 15% 
unbalance as compared to a fully balanced system (EQ). This 
is mainly because the neutral wire is being considered. 
 

 
 

Fig 5:  Real Power Losses for the LV-29 distribution    
network with constant demand. 

 

 
 

Fig 6:  Real Power Losses for the LV-29 distribution network 
with variable demand. 

 
Results of the loss analysis obtained by applying variable 
demand for the same distribution network are shown in 
Figure 6.  Using the reduced matrix resistances leads again 
to larger losses than using original resistances. Due to the 
decrease in demand under each unbalance scenario, the 
amount of losses also decreased. Losses computed with 
original resistances diminished 21% at the last unbalance 
scenario, which in terms of demand (17.7 kW) means from 
1.29 (balanced loads) to 1.13%. 
 
4.2 Analysis of MV Distribution Network 

Figures 7 to 8 present real power losses for the IEEE-34 
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distribution network. Results of loss analysis for the IEEE-34 
distribution network applying the constant demand are 
shown in Figure 6. Total losses calculated with original 
phase and neutral wires resistances increased 4.9% 
compared to the balanced load scenario. Using reduced matrix 
resistances into the I2R formula produces much larger results 
than the correct procedure. 
 

 
 
Fig 7:  Real Power Losses for the IEEE-34 distribution 
Network with constant demand 
 

 

 
Fig 8:  Real Power Losses for the IEEE-34 distribution 

Network with variable demand. 
 
Figure 9 shows the results of loss analysis obtained by 
applying variable demand for the same network. Using 
reduced matrix resistances leads again to larger losses (13.3% 
greater in average) than using original resistances.  Losses 
computed with original resistances diminished 12.2% at the 
last unbalance scenario compared to the EQ. scenario. This 
represented, in terms of demand, a reduction from 20.5% to 
18%. 
 
It should be noted that the percentage losses in the IEEE-34 
distribution network are significantly greater than in the LV-29 
network. The main reason for this situation is that load 
concentration in the IEEE-34 is far away from the root node. 
Moreover, the exclusion of the autotransformer and voltage 
regulators from the original IEEE-34 network allowed larger 
voltage drops and losses as well. The SABER simulation 
software package was used to design, simulate, and test the 
filter control algorithm. The static operation tests were made 
putting the active filter in operation when the load was already 
connected to the AC source voltage. The simulation of the filter 
operation in load unbalance compensation is shown in Fig.8.The 
load is connected between two phases; the third phase is an 
open circuit. Due to several factors the unbalance compensation 
is not perfect. It should be referred the DC voltage fluctuation 
caused by the unbalanced filter currents (if this condition 
would be the most important in the filter operation the DC 

capacitor value could be increased), and the effects of the 
asymmetries in the AC inductances.  

 

 

 
Fig 9: Load unbalances compensation 

 
4.3 Experimental Results  

An experimental three phase active filter prototype has been 
designed for a nominal power of 5 kVA. It is based on a 
voltage source inverter with MOSFET transistors and a 
switching frequency of 5 kHz. The experimental tests were 
conducted in a laboratory with an important distortion in the 
mains voltage, due to the proximity of a large number of 
nonlinear loads. However, the mains current waveform  
after  compensation  is  almost  a  sine wave  due  to  the  
extraction  of  the  fundamental component of the mains 
voltage through low pass filters. This filter action allows the 
imposition of sine wave references for the source current; it 
could be possible to impose non sine wave references “in phase” 
with the mains voltage.  
 
CONCLUSIONS 

In this paper we presented a loss analysis in distribution 
systems considering different load unbalance scenarios. A 
general power flow algorithm for three-phase four-wire radial 
distribution networks, this approach improves loss calculation 
due to the explicit representation of the neutral conductor, 
which should be considered since unbalance is a common 
every-day occurrence in three-phase distribution systems. High 
levels of load unbalance produced greater losses while the 
same demand is maintained at each unbalance scenario. This 
means that network reconfiguration considering load balancing 
is highly recommend in order to diminish overall system losses. 
The presented implementation has been validated for 
balancing the loads, single or grouped, which cause great 
perturbation and performance degradation in the power quality 
of an electrical distribution system. 
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