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ABSTRACT 

Historically, the operation of the distribution network has 

been based on Data Collecting systems. However, the 

tremendous advancements made in data mining 

technologies have shifted from data collection to 

knowledge discovery and patterns recognition. 

The paper deals with an innovative solution providing a 

new level of services to help distribution grid utilities 

easily locate energy losses, improve grid operations & 

efficiency, and reduce enterprise risk. The solution 

defines a set of flexible components providing an efficient 

Digital Platform, but one of the key issues to be solved in 

order to have a reliable and cost effective operation and 

network planning is to have a correct association of 

loads versus feeders and phases. 

Currently Schneider Electric is collaborating with many 

utilities to help them in the transition from Data 

collecting to Business Intelligence and Data mining by 

participating in several R&D projects. 

INTRODUCTION 

Schneider Electric, the global specialist in energy 

management, offers solutions to help customers make 

energy safer, more reliable, efficient and productive. In 

this area, Schneider Electric provides software solutions 

related to metering data collection and LV monitoring 

and control functionalities. 

Based on the experience and expertise dealing with big 

amount of data, Schneider Electric is developing a Digital 

Platform including specific knowledge discovery (KDD) 

tools that will be able to make the most of data that 

electric utilities are already collecting, so they can 

maximize their investment in the field equipment they 

have deployed. 

The large-scale implementation of smart meters and 

smart grid technologies has increased the instrumentation 

that enables the availability of much richer data about 

energy usage at the LV grid. 

Different applications or use cases could be implemented 

with the collected information by the above mentioned 

instrumentation. As an example of those applications, 

Schneider Electric is implementing in its Digital Platform 

an algorithm to identify with a high degree of accuracy 

the LV connectivity of the grid, because an accurate LV 

diagram will enable new services to be provided to the 

utilities and to the end customers. Those new services 

will be explained later on in the paper. 

THE APPROACH 

It’s common that utilities have in their Geographic 

Information System (GIS) information about where the 

LV customers are located within each secondary 

substation. However, some utilities don’t have that 

information or the information they have in the GIS 

system is outdated, so it’s not reliable enough to be used 

for further applications. 

The algorithm, in its basic implementation, will associate 

a list of LV customers to the feeders and phases of a 

secondary substation. Figure 1 depicts the initial situation 

(on the left) before applying the algorithm and the final 

situation (on the right) once the algorithm has been 

applied. 

 

  
Figure 1. On the left, situation before applying the 

algorithm. On the right, situation after having applied the 

algorithm. 

Another implementation of the algorithm allows also the 

allocation of customers in feeders and phases that belong 

to several secondary substations. 

In order to properly allocate the customers within the 

secondary substations, the algorithm that Schneider 

Electric proposes will make use of both smart metering 

and secondary substation data. 

Required Instrumentation 

The first aspect of the overall solution is the required 

instrumentation in the field. This includes the installation 

of smart meters at customer premises, as well as the 

installation of feeder meters at the secondary substations. 

Regarding the customer meters, they have to transmit 

energy and/or power values in a regular basis. Most of 

recent smart meters already embed this functionality. 

On the other side, LV feeders in the secondary substation 

have to be equipped with meters also. For a long time, 

installation of meters in a MV/LV substation was at the 

same time difficult and expensive. However, thanks to 

the last available technologies, it's now possible to find 

easy-to-install wireless meters dedicated to LV feeder 

measurements. 
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They can be installed on live switchboards and do not 

need any additional wiring because they are self supplied 

and are able to transmit their measurement to the local 

RTU via a short range radio connection. By this way a 

complete installation can be done in less than 2 hours on 

a 6 feeders LV switchboard. 

 

      
Figure 2. Example of easy-to-install feeder meters. 

Both elements would be required in order to provide a 

reliable and useful connectivity of the LV grid. 

Required Data 

The algorithm will make use of a great amount of data 

collected by the field devices. In fact, the more data 

available, the better the results the algorithm will provide. 

Based on that, field devices should collect as much 

electric parameters as possible. Moreover, it is also 

desirable that data is collected by the field devices in a 

frequent way (e.g. every hour or every fifteen minutes for 

instance). 

The typical parameters that would be useful for the 

algorithm would be active energy, reactive energy, 

average active power or average reactive power as long 

as available from both data sources. 

Preliminary works 

The field devices that will collect and export the required 

data typically are managed by different systems. For 

instance, smart meter data will be collected by an 

Advanced Metering Infrastructure (AMI) system, and 

data from the feeder/phase meters will probably be 

collected by SCADA systems, being necessary to 

integrate the information from both systems. 

As data comes from different sources, some pre-

processing works are required before applying the 

algorithm. Although those works will change depending 

on the implementation, some typical pre-processing 

activities would be: alignment of timestamps of both data 

sources, as one data source could have timestamps in 

UTC and the other one in local time; treatment of gaps of 

data, as one data source could have data at a specific 

timeframe, but the other one would not contain any data 

at that timeframe because of some error; harmonization 

of data sources, as one could have samples of data every 

30 minutes and another one every 15 minutes as an 

example; or filtering techniques, to remove data with 

values out of the acceptable range for instance. 

Operation of the Algorithm 

The algorithm permits to obtain the topology of the LV 

network. It is based on the conservation of energy 

principle at the different levels of the LV network. This 

algorithm has been patented by Schneider Electric. 

The algorithm considers that the energy given to one 

feeder is equal to the sum of the energies taken by each 

customer associated to that feeder and the losses in the 

feeder. This principle can be generalised by adding a list 

of coefficients aij that represent for one given customer i 

if it is attached to the feeder j or not, being possible for 

the coefficient to change from 1 (associated) to 0 (not 

associated). Then, the formula that is applied is: 

 

   
               

               
       

    (1) 

 

With: 

   
       the energy flowing through the feeder j 

between the times t and t + t. 

   
       the energy taken by one customer i between 

the times t and t + t. 

        
       the energy lost in the feeder j between 

the times t and t + t. 

For a given substation with n customers and m feeders, 

there will be m equations with nm unknown variables. 

To solve these equations, n sets of measurements are 

required, from each feeder of the substation (   
) and 

from the customers (   
). An assessment of losses 

(        
) for each feeder is also provided. Then, the least 

squares method can be used to determine the aij 

coefficients, which are the mathematical translation of the 

network topology. 

Results 

The result of the algorithm is a relationship between the 

customers and each of the feeders/phases of the 

secondary substation or even to which 

substation/feeder/phase among a certain number of 

substations the customers are associated to. 

As a theoretical example, Figure 3 indicates to which 

feeder and phase the customer meters are connected to, 

along with a confidence level of that association. The 

figure shows as all the meters have been successfully 

allocated. 

 

 
Figure 3. Example of the results of the algorithm. 
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Once the LV topology has been obtained, additional 

applications could be implemented by using the topology 

results. 

For instance, Figure 4 shows, apart from a summary of 

the LV topology information, the losses detected on each 

phase of a feeder. Furthermore, an analysis over the 

losses is also performed, and when non-technical losses 

are detected, a warning would be raised on that specific 

phase, so it could be more carefully analyzed in order to 

try to find out the causes for that level of losses. 

 

 
Figure 4. New functionalities based on the obtained LV 

grid diagram. 

EXISTING EXPERIMENTATION 

Several experimentations have been made so far in order 

to validate the accuracy and the robustness of the 

algorithm. 

A first test took place in the frame of Greenlys (a 

collaborative project partially funded by the French 

government through ADEME institution), in 

collaboration with ERDF, the French DNO. The goal of 

the test was to find the connectivity of 74 meters supplied 

through 3 feeders downstream a single substation. The 

substation supplied 89 meters. All of these meters were 

smart, but only 74 load profiles were used for the test. 

The 15 remaining meters were considered as non-smart, 

which is a more representative situation of the current 

reality in most of the countries. 

The feeders in the substation were equipped with wireless 

sensors during the test. The measurement campaign 

lasted 2 weeks. 

As a result, the algorithm was able to locate at the right 

place 68 out of the 74 meters, meaning 92% of success. 

The meters that were placed in a wrong way were caused 

by the 15 missing ones, which increased the difficulty for 

the algorithm to converge, but also because the test took 

place during a vacation period, and several consumptions 

were close to zero, and then impossible to locate for the 

algorithm. 

A second test took place in a substation with two LV 

feeders supplying 68 meters that belong to a French local 

utility. In this case, 100% of the load profiles were used, 

and after 10 days of measurements, the algorithm was 

able to locate at the right place all the meters. It even 

allowed the correction of a mistake in the operator 

database (one given meter supposed to be connected to a 

particular feeder according to the GIS was found by the 

algorithm on another feeder). Verification activities were 

carried out to confirm the results provided by the 

algorithm. 

NEXT STEPS 

Once the LV grid connectivity has been obtained, and by 

making use of the collected data by both customer meters 

and feeder meters at the secondary substation, it would be 

possible to provide further added value to the utility. 

To do that, some advanced data mining techniques should 

be used in order to discover certain patterns and 

anomalies in the collected data to detect fraudulent 

customers or to learn about the behaviour consumption of 

the utility customers for instance. There are plenty of 

techniques that could be used, and the selection of them 

will depend on the specific application, type of data to be 

analyzed and so on. Some of them would be the 

following ones: 

Clustering. Clustering is the unsupervised classification 

of sets of data into groups or clusters, where all the sets 

that are contained in the same cluster should have similar 

features. 

Classification. Classification procedures aim to create a 

model from training sets, so the new analyzed sets can be 

assigned to one of the existing classes based on the 

created model. 

Nearest Neighbour. These techniques obtain the distances 

between two datasets, assuming that normal datasets are 

close to each other, while abnormal datasets would be 

located far from the other datasets. 

Statistical modelling. Statistical modelling assumes that 

normal datasets could be allocated in high probability 

regions of a stochastic model, while suspicious datasets 

would be located in low probability regions of the model. 

NEW SERVICES FOR THE UTILITY 

By having an accurate LV grid connectivity, the utility 

(and their customers) would be able to benefit from the 

following: 

- Better detection of LV outages, by analyzing customer 

meter events. In PLC networks, it is possible to obtain 

information about meters that have lost their connectivity 

with the data concentrator. However, that loss of 

connectivity could come because of PLC disturbances 

and not for real power outages. By having an accurate LV 

diagram, the meter events could be grouped by the 

feeders/phases they belong to and then analyzed to detect 

possible power outage occurrences (several meters 

without connectivity at approximately the same time and 

at the same area of the grid). 

The previous mechanism for an improved detection of 

LV power outages could end up in the reduction of the 

outage time and in the improvement of quality indexes 

(reduction of SAIDI indicator for instance). 



 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper0692 

 
 

CIRED 2015  4/4 

- Improved monitoring on the LV network, by being 

able to associate meter events with the affected 

feeder/phases, allowing for instance the utility to identify 

a problematic feeder in order to prevent future problems 

in their grid. As an example, without an accurate LV grid 

topology, frequent voltage sag events generated by 

several customer meters would allow the utility to suspect 

an area of several problematic substations that should be 

inspected in order to find out where the cause of the 

problem is. On the other hand, with the accurate LV 

topology, the utility would be able to isolate the problem 

to a specific feeder/phase of a substation, being much 

more efficient the inspection tasks to be carried out by the 

utility. 

Feeder meters would help in detecting unbalances in the 

feeders of a secondary substation. With the right LV 

diagram, the loads of the customers could be analyzed 

and a proposal for network rebalance could be made. 

- Updating GIS or AMI information. By analyzing the 

topology information obtained by the algorithm along 

with the one provided by the GIS and AMI systems, it 

would be possible to find mismatches and correct 

erroneous information. 

- A detailed localization of losses in the LV side, by 

phase and by feeder, being possible for the utility to 

better identify with great detail the areas with more losses 

in their LV grid. This is a great added value for the 

utilities, as Schneider Electric estimates that 90% of non-

technical losses occur in LV networks. In European 

countries, losses are assumed to be 1.000 Euros in 

average per ground-mounted substation and per year, and 

could even reach 10.000 Euros in specific areas. 

Therefore, LV networks are a top priority in terms of 

losses reduction. With the proper data mining techniques 

described in the previous section, it would be possible to 

narrow down even more the sources of non-technical 

losses (by detecting suspicious customers for committing 

fraud for instance). 

- Possibility to warn the right customers in case of 

planned outages. With this application, just the affected 

customers would be informed, and the wrong notification 

of customers could be avoided. This would increase the 

customer satisfaction that a customer has towards the 

utility. 

CONCLUSIONS 

This paper has shown as the data collection process is the 

basis for providing additional and advanced services to 

utilities, by making use of the collected data combined 

with data mining techniques in order to provide helpful 

insights to the utilities to improve their operations of the 

network. 

Moreover, it has also stressed the importance of utilities 

having an accurate LV diagram that can be obtained by 

using the available technologies as of today. That LV 

diagram will be the foundation for building new services 

that will help them to better operate and understand their 

LV network, at the same time that they improve the 

quality of service they provide to their customers  
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