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ABSTRACT 

Today, Sibelga is using a fiber network for 

communicating with part of their substations. However, 

the deployment of optical fibre in the whole network 

would be too expensive.    

This paper describes the results of the BPL pilot. Goal is 

to test if the BPL network could be used as an extension 

of the fiber network. Measurements between adjacent 

substations have been executed to understand the 

influence of different parameters like line length, line 

section, frequency mode, coupling devices… 

 

INTRODUCTION 

Broadband Powerline Communication (BPL) allows 
digital data transmission over the electricity network.  
 
A combination of broadband PLC on the Medium 

Voltage network and optical fibre seems to be very 

promising because BPL makes use of the already existing 

electricity network which limits the costs. In order to 

validate this new communication channel, measurements 

have to be performed on the medium voltage lines. 

 

 

As the most crucial characteristics in telecommunications 

are bandwidth and latency, the performance of BPL is 

evaluated by measuring both quantities.  

 

Sibelga has defined two objectives for the new 

technology. The latency between 2 substations should be 

lower than 500 ms. The bandwidth is expected to be 

higher than 2 Mbps. 

 

First, the network architecture used for the pilot will be 

shown. Next the influence of the different parameters on 

the performance of this new technology is investigated. 

Afterwards a function description is derived to estimate 

the throughput of a certain line. 

Finally, the performance of the BPL network has been 

evaluated on a longer line. 

 

NETWORK ARCHITECTURE 

The BPL network architecture is shown in Figure 1. 
 
 

Figure 1: the BPL pilot architecture 
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17 substations have been selected by Sibelga for their 
pilot. At the end of 2013, the Corinex gateways, filters 
and Arteche couplers were installed in the field. Corinex 
grouped the substations into clusters each characterized 
by their frequency mode (Mode 1 from 3MHz up to 
13MHz, Mode 2 from 13.5MHz to 23.5MHz and Mode 3 
from 24MHz – 34MHz). If mode 1 is used for the 
communication between the substations, the background 
colour is green. This mode is typically used between 
substations that are more distant from each other. The 
blue colour indicates that the lines between the 
substations are operating in frequency mode 2. Finally, 
red is used for mode 3 substations. 
As also can be noticed in Figure 1, some lines are 

operating in common mode, others in differential mode.  

To match modem’s and line’s voltage and impedance, a 

coupling device should be used in order to transmit a 

communication signal. For the Sibelga pilot, a mix of 

inductive and capacitive couplers is used. 

 

Next to the overall architecture, a detailed description of 

each line segment was given by Sibelga. As an example, 

the visualisation of the line between substations ‘Grand 

Duc’ and ‘Fétis’ is shown in Figure 2. 

 

 
Figure 2: A detailed description of the line between 

substations ‘Grand Duc’ and ‘Fétis’ 

This line consists of 4 copper sections of the same type 

with one junction in between. For each section, the 

length, the type and the section are specified. 
 

INFLUENCE OF THE INDIVIDUAL 

PARAMETERS 

For the evaluation of the performance parameters, one 

has chosen to use the FTB-860 NetBlazer series as our 

measurement tool. This handheld device contains several 

Ethernet testers. The one used in this project is called 

RFC2544. The Netblazer is used at one side of the line to 

be tested. At the other side, a loopback is installed  to 

reflect the signal transmitted by the Netblazer.  

Using the RFC2544 application, 4 parameters can be 

measured namely throughput, back-to-back, frame loss 

and latency. Only two of them are used to verify whether 

the objectives are met or not. The first important 

parameter is the throughput. The test determines the 

maximum transmission rate at which no errors occur. The 

second important parameter is the latency. This is the 

time taken by a test packet to travel through the network 

and back to the tester. 

The lines in the Sibelga network differ in section, number 

of junctions, material and length. The influence of those 

parameters will be investigated in the following of this 

report. 

First, we have tried to see the impact of each parameter 

individually. To do so, two lines are carefully selected. 

Ideally, the two lines should only differ by one 

parameter. However in real life, this restriction can never 

be fulfilled completely.  As a consequence, the influence 

of each individual parameter is not always clearly visible. 

 

Line length 

To see the impact of the line length, the following two 

lines were selected: the line between Général Fivé and 

Dhanis and the line between Centre Administratif and 

Centre Sportif (see Figure 1). Both lines are operating in 

common mode in the same frequency band, have 

inductive couplers and have 1 junction. The only 

parameter that differs a lot is the line length (290m vs 

116m). The line sections are approximately the same and 

won’t influence the result. 

In Figure 3, the throughput is plotted for both lines for 7 

frame sizes, varying from 64 bit to 1518 bit. 

 

 
Figure 3: the influence of the line length on the 

throughput 

As can be noticed, the influence of the line length is 

significant. The longer the line, the lower the throughput. 

 

mode 

Another important parameter that could influence the 

performance of BPL is the mode. In Figure 4, the 

throughput of a common mode line (the line between 

Général Fivé and Dhanis) is compared with the one of a 

similar differential mode line (the line between Centre 

Sportif and Général Fivé). The frequency mode, the type 

of coupling devices and the number of junctions are the 

same. Unfortunately not only the mode is different, but 

also the line length is slightly different. 

For all frame sizes, the throughput is higher in differential 

mode. In addition, the differential mode line is even 

longer than the common mode line. Consequently, it is 
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obvious that a higher data rate can be delivered if the line 

is operating in differential mode. 

 

 
Figure 4: the influence of the mode on the throughput 

 

Cable section 

To see the influence of the cable sections, the lines 

between Sarma and Centre Administratif (length: 65m) 

and between Wavre444 and Toby (length: 75m) have 

been selected. The only parameter that differs 

significantly is the cable section (95 vs 240). The 

throughput measurements are shown in Figure 5. 

 

 
Figure 5: the influence of the cable section on the 

throughput 

 

For each frame size, the throughput increases if the cable 

section is bigger.  

 

Cable material 

The material of the line could also influence its 

performance. For this investigation, the performance of a 

mixed aluminium copper line (line between Snessens and 

maison de repos) and of a fully aluminium line (line 

between Grand Duc and Fétis) are measured and plotted 

in Figure 6.   

At first sight, the data rate seems to be higher when using 

a mixed aluminium/copper line. However care should be 

taken because also other parameters differ between the 

lines (length, coupling devices, cable section). Also both 

lines operate at different frequencies. 

 

 
Figure 6: the influence of the cable material on the 

throughput 

 

Consequently, with those measurements it is impossible 

to derive a reliable conclusion about the impact of the 

material.   

 

GLOBAL ANALYSIS 

When selecting two lines to see the influence of the 

individual parameters, for some parameters the influence 

is obvious. If the length of the line decreases, the 

throughput significantly increases. Also if the line is 

operating in differential mode, the throughput is higher 

than in common mode. 

For other parameters it is not reliable to derive a 

conclusion about the impact by comparing only 2 lines. 

Other parameters can also influence the performance of 

the line. Measurements on multiple lines will be 

combined to determine its impact. 

The idea is to use one line as a reference line. For this 

reference, a function description will be set up that 

estimates the throughput of the line. Next, this estimation 

will be compared with the measured throughput of a line 

in order to see the impact of other parameters.  

 

Function description of a reference line 

One has decided to use a line with inductive couplers, 

working in common mode as our reference line. It only 

contains copper and operates in the frequency band 

13.5MHz – 23.5MHz. 

Three lines meet the requirements and consequently can 

be used in the regression analysis: the line between 

Sarma and Centre Administratif, the line between Centre 

Administratif and Centre Sportif and the line between 

Général Fivé and Dhanis. 

Because 7 different frame sizes are used to measure the 

throughput of the 3 considered lines, 21 measurements 

will be used to get a function that estimates the 

throughput of the reference line.  
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With Matlab, a regression analysis was performed on this 

set of data. This is the obtained function description: 

Y = -0.019 X1 + 0.0029 X2 + 824.2358 X3 + 0.0472 X4 

Where Y represents the throughput. X is the vector with 

the input variables, consisting of respectively the line 

length, the frame size, the number of junctions per meter 

and the weighted average line section. 

The quality of the regression analysis and consequently 

of the obtained function description can be verified by 

using this function to estimate the throughput and 

compare this value with the measured value. In Figure 7, 

the comparison is shown for the 21 measurements. 

 

 
Figure 7: Comparison of the measured and the estimated 

throughput 

The black crosses should lay as close as possible to the 

red crosses. However since we only performed a linear 

regression, the difference between the measured and the 

estimated value can be relatively high, but in most cases 

the approximation is acceptable. Obviously, if we should 

be able to perform more measurements and use those for 

the regression analysis, the precision of the obtained 

function description would be better. 

 

Frequency mode 

To see the influence of the used frequency mode, the 

function description for the reference line operating in the 

frequency band between 13.5MHz and 23.5MHz, is used. 

It will be tested on the line between Wavre444 and Toby, 

which uses the frequency band between 24MHz and 

34MHz.  

 

The result is plotted in Figure 8. The measured 

throughput of the line operating at the higher frequencies 

is a bit lower than the estimated throughput of the 

reference line working in mode 2. However the influence 

of the frequency mode is limited. 

 
Figure 8: Comparison of the measured throughput of a 

line operating in frequency mode 3 and the estimated 

throughput using the function description of the reference 

line operating in frequency mode 2 

 

Coupling device 

To investigate the influence of the coupling device, the 

function description that estimates the throughput of the 

reference line (with inductive couplers) is used. In Figure 

9, the estimation is compared with the measured 

throughput on the line between Fétis and Maison de 

repos, using 2 capacitive couplers. 

 

 
Figure 9: Comparison of the measured throughput with 

capacitive couplers and the estimated throughput using 

the description function of the reference line with 

inductive couplers 

For each frame size, the throughput of the line with 

capacitive couplers is much higher than the throughput of 

the reference line. Consequently, the performance 

increases if capacitive couplers are used. Note that also 

the frequency mode is different for both lines, but since 

the used frequencies not drastically change the 

performance, the conclusion remains the same.  

 

MEASUREMENTS ON A LONG LINE 

In the previous sections, measurements were executed on 

individual line segments to identify the influence of each 

parameter.  

However to test the performance of BPL, it is important 

to perform measurements on a long line. If the two main 
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objectives (bandwidth > 2 Mbps; latency < 500 ms) are 

still met, BPL is proven to be a reliable communication 

method to be used in the field. 

The line between Dhanis and Fétis has chosen to evaluate 

the performance of the BPL technology on a long line. 

 

Throughput 

Figure 10 shows the result of the RFC2544 throughput 

measurement for 7 different frame sizes. 

 

 
Figure 10: RFC2544 measurement of the throughput 

between Dhanis and Fétis 

Only for very short frames (64 bits) the required 

throughput (2 Mbps) cannot be guaranteed. For all the 

other frames, the throughput is significantly higher. 

 

Maximum Latency 

The second important performance parameter is the 

latency. Using RFC2544, it is possible to measure the 

maximum registrated latency. In Figure 11, this is plotted 

in function of the frame size. 

 

 
Figure 11: RFC2544 measurement of the maximum 

latency between Dhanis and Fétis 

The maximal latency seems to increase for longer frames. 

However, care should be taken because the maximal 

latency is shown here instead of the average latency. One 

expects that this maximal latency, which is a bit higher 

than the acceptable latency, only occurs in a very few 

cases. The average latency will be much lower.  

Consequently, the two main objectives to ensure reliable 

communication, seems to be met in most cases.  

 

 

CONCLUSION 

A pilot with 17 selected substations in Brussels is done 

by Sibelga to test if the BPL network on the MV grid 

could be used as an extension of the fiber network.   

The performance of BPL is evaluated by measuring the 

bandwidth and the latency. A lot of parameters can 

influence the performance of the BPL communication 

between 2 substations. Laborelec investigated the impact 

of each parameter. Measurements show that the 

throughput significantly increases if the length decreases 

and if the section is bigger. Also if the line operates in 

differential mode, the throughput is higher than in 

common mode. Capacitive couplers are recommended to 

obtain higher data rates. The influence of the used 

frequency is limited. 

Finally, Laborelec executed measurements on a long line 

to verify if the two main objectives are met. Only for very 

small frame sizes (64 bytes), the minimal throughput 

cannot be reached. If the frame size is at least 256 bytes, 

the throughput remains above 5 Mbps which is far above 

the required throughput. Also the latency requirement is 

fulfilled. Only for some exceptional cases, the latency 

exceeds 500 ms.  

A combination of broadband PLC and optical fiber seems 

to be very promising. Sibelga’s pilot proves that 

broadband PLC can be used as an extension of the fiber 

network.   
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