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ABSTRACT 

Due to advances in computing technology, Distribution 

System Operators (DSOs) are now able to go one step 

further towards advanced real time representation and 

management of the Low Voltage (LV) network. Through 

improved data processing solutions, the observability, 

management and operation of the LV network can be 

improved. The deployment of smart meters and other 

technologies provides a large amount of data that can be 

used for this purpose. The European Union funded 

UPGRID project provided the vehicle to show how 

existing smart metering deployments can be extended 

towards full observability and remote control of the LV 

network. 

This paper describes the specification and 

implementation of a Low Voltage Network Management 

System (LV NMS) as part of a large-scale trial covering a 

large metropolitan area with close to 400,000 customers 

served by Iberdrola in Bilbao, Spain. The LV NMS is an 

Advanced Distribution Management System (ADMS) 

software solution designed to manage the LV network by 

combining the data from various sources including 

meters, network models and telemetry (SCADA). The 

system allows operators to make accurate and reliable 

operational decisions using a detailed, enriched, 

accurate and complete representation of the LV network, 

something not previously available. 

The results achieved in the Iberdrola demonstrator are a 

step forward to a decentralized LV business process 

where all staff have real time access to information. The 

LV NMS allows Field Crews to complete the full cycle of 

planned and unplanned work on the LV network. All 

these facts facilitate overcoming inefficiencies in the 

processes existing before the improvements introduced by 

UPGRID. 

 

We conclude by outlining the next steps, moving to wide-

scale deployment in the business as usual environment at 

Iberdrola, and estimating the expected efficiency and 

social benefits of deploying such a solution. 

 

This work is supported by the UPGRID project 

(European Commission project 646531, Horizon 2020) 

and is based on the real field deployment and experience 

in the metropolitan Bilbao area.  

 

 

INTRODUCTION 

Iberdrola is one of the largest utilities in Spain, Iberdrola 
Distribución Eléctrica provides electricity to 10 
Autonomous Regions and 25 provinces, covering an area 
of 190,000 km2. 
 
Due to the obligation to provide customers (less than 15 
kW) with smart meters, Iberdrola decided to start a 
project called STAR in 2010. The STAR Project 
(Network Remote Management and Automation System) 
is an ambitious initiative of the Iberdrola group aimed at 
transforming technology in the field of smart grids. 
 
STAR is taking advantage of the opportunities offered by 
new technological developments, with a completion date 
of 2018. It provides overall investment of more than €2 
billion and helps to capitalize on the experience 
accumulated in Spain. 
 
Smart Grid is a technological evolution of the energy 
distribution system that combines traditional facilities 
with modern monitoring technologies, and information 
and telecommunications systems. It offers a wider range 
of client services, improve supply quality, respond to the 
demand for electric power required of society in the 
future and achieve an optimal power distribution 
management. 
 
UPGRID is an innovation project funded by the European 
Union within the framework program HORIZON 2020 
(Grant Agreement No. 646,531). Its objective 
complements STAR’s objectives by promoting the 
development and implementation of real and proven 
solutions to enable the flexible integration of active 
demand management and distributed generation through 
fully controllable LV and MV networks. It is 
characterized by a large practical component, having four 
large demonstrators in Bilbao (Spain), Lisbon (Portugal), 
Åmål (Sweden) and Gdynia (Poland). It is led by 
Iberdrola Electricity Distribution, hereinafter Iberdrola, 
and for its development relies on the experience of 19 
partners from 7 European countries. For more 
information, see: http://upgrid.eu/. The Spanish 
demonstrator of the UPGRID project is developed in the 
city of Bilbao and surroundings. It covers approximately 
2,150 CTs (MV/LV substations) and 400,000 consumers 
(González, A., 2017). The demonstrator is part of the 
developments and deployment carried out in the Bidelek 
Sareak project: http://bidelek.com/ 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 0730 

 
 

CIRED 2019  2/4 

THE LV MANAGEMENT SYSTEM CONCEPT 

A core part of the Spanish demonstrator in UPGRID was 
concerned with the implementation of an advanced tool 
for management of the LV network. This tool – the LV 
Network Management System (LV NMS) – provides a 
reliable and consistent graphical representation of the LV 
network ‘as-operated’ and provides tailored work-flows 
for increasing the efficiency of work on the LV network. 
 
The key features required of the LV NMS are listed as 
follows: 
1. Provide an accurate operational representation of the 

LV network to both office-based and field engineers. 
This is updated close to real-time, showing the status 
of the network in a geographic context 

2. Maintain a valid electrical model, allowing for 
detailed assistance when diagnosing and restoring 
faults on the LV network 

3. By interfacing to the Smart Meter system, allow 
engineers to utilize smart meter information to aid 
restoration of outages 

4. Provide all operational functions on mobile devices 
(tablets) which are used by field engineers working 
autonomously without interaction with central 
control. 

 
The LV NMS was implemented using GE’s Advanced 
Distribution Management Solution (ADMS) as a base 
platform. Key functions provided in the base platform 
include: 
• Electrical and visual modelling of all objects found 

in LV networks 
• Application support on office and mobile computing 

environments 
• Integrated Switching Management and Outage 

Management modules 
• Capability for mobile functions to work in off-line 

mode, catering for areas where no mobile coverage is 
available 

 
Work on the design of the LV NMS project highlighted 
the importance of access to the central system via mobile 
devices used by field staff. The use of technology in this 
manner is vital to enabling efficient operation of a 
digitized low voltage network, without increasing the 
size, staffing, and cost of a centralized control center 
environment [1]. The use of mobile operations enables 
that field staff may act more autonomously as 
independent ‘field-based control engineers’. 
 
 
 
 
 
 

System Interfaces 

A critical part of the project was the integration of the LV 
NMS to other pre-existing systems in Iberdrola. The 
overview of the interfaces is shown in Figure 1. 
 

 
Figure 1 - Simplified interface diagram 

The nature of the interfaces is given as follows: 
• Geographic Information System: Derivation of the 

‘as built’ network model and layout 
• Customer Information System: Database of customer 

details, addresses and smart meter IDs 
• SCADA: Real-time feedback from sensor data 

installed in MV/LV substations 
• Outage Management System: Information on trouble 

tickets and trouble calls is sent to the LV NMS. The 
LV NMS sends outage restoration information back 
to the OMS as the fault resolution proceeds 

• Smart Meter System: Updates from meters installed 
in customer premises, as well as substation 
concentrators and LV lines are received from the 
smart meter system. Users of the LV NMS may also 
send ‘poll’ requests to concentrators and meters 

Basic Work Flow 

The LV NMS is designed to support both planned and 
unplanned workflows. Within the context of the project, a 
focus was placed on using the system to assist with 
outage detection and restoration work (unplanned). 
 
The LV NMS system interfaces to the existing Outage 
Management System (OMS) of Iberdrola. This informs 
the LV NMS when there are disturbances on the network 
which affect the LV network (in case of MV incidents the 
system informs about the transformers out of service and 
this situation is shown in the LV NMS). 
 
The LV NMS is able to connect outage events with the 
electrical objects and places graphical indications where 
there is loss of supply. The tool automatically traces 
outages to make predictions on where protection has 
operated on the LV network and creates an LV 
“Incident”, which is assigned to a field team to 
investigate. 
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When LV incidents are assigned to field teams, they may 
be dispatched to the mobile device used by the field team. 
This generates an alert to the field engineer using the 
device. The field engineer can view details of the 
incident, including the network diagram display showing 
the predicted fault area, the customers affected and 
associated notification events. The engineer can 
subsequently accept the assignment or reject it, giving a 
valid reason. If accepted, the engineer may provide an 
estimated time of arrival which can be recorded into the 
OMS. 
 
The engineer is able to make on-going updates of their 
restoration activities using the mobile device. This 
includes recording switching actions such as fuse 
removal or replacement, cuts to cables, the placement of 
jumpers and general comments. In each case, the action is 
recorded directly to the central system, and results in on-
line updating of the network diagram, topology and 
coloring. Where customers are affected (e.g. restored by a 
fuse replacement action), the system records this and 
passes the relevant information to the OMS, recording the 
restoration times for reporting purposes. 
 
An important aspect in the success of the solution is that 
engineers can use the mobile devices even in areas where 
no mobile connectivity is available. This is not 
uncommon in rural areas where there may be no mobile 
data services available. The solution allows that field 
engineers can still view the diagram and record updates 
on the mobile device which are subsequently 
synchronized with the main system once a mobile data 
connection is re-established. Critical to this process is 
that both field engineers and control engineers can see 
where there is loss of connectivity, allowing them to 
revert to phone or radio communications for safety-
related activities. 

MANAGING SENSOR DATA 

A core aspect of the trial project was to interface the LV 
NMS with a new generation of remote metering and 
control devices in the LV network. Smart meters in 
Iberdrola communicate using Power Line Carrier 
technology PRIME. The meters communicate to a data 
concentrator in the MV/LV substation by sending signals 
over the LV conductors. A new generation of equipment, 
PRIME Gateway (GTP), has been designed and 
developed as a compact and installable solution in the LV 
network, providing the IP capacity over PRIME. One of 
the most interesting applications that allows IP traffic 
over PRIME in LV is the remote control of network 
devices (RTUs, switches, inverters, etc.) using an existing 
infrastructure and widely deployed (PRIME network) by 
Iberdrola in its Spanish LV network for compliance with 
the installation mandate and effective integration of smart 
meters [2]. 

 
This capability meant that users of the LV NMS had 
access to meter data and capabilities which had either not 
previously been possible or were cumbersome to access.  
Capabilities implemented were: 
 
1. ‘Loss of Supply’ events from meters or data 

concentrators in substations are fed to the system as 
‘calls’ which are subsequently used to predict 
outages 

2. Operators can ‘poll’ smart meters in order to 
ascertain if they are supplying the correct voltages (3 
phase) and power (3 phase). This feature is useful to 
determine outage scope and to validate that 
customers have been restored 

3. 3-phase current and voltage measurements and 
historical trends from each LV feeder in transformer 
stations 

PROJECT TRIAL 

The trial of the LV NMS was made over six months 
during 2017. Two field teams, each consisting of two to 
three engineers were selected to use the mobile devices as 
part of trial. Teams were selected based on their 
familiarity with using mobile devices in order to limit the 
effort required for training as part of the trial period. The 
mobile software was installed on tabled devices using the 
Microsoft Windows 10 operating system.  
 

 
Figure 2 - The LV NMS Tool in the Control Centre (left) and in 

the field (right) 

Additionally, the tool was installed in the control centre 
at a dispatch workstation. 
 
In 6 months of operation, a total of 583 low voltage 
incidents were registered in the tool, of which 52 were 
managed with the mobile device by trained personnel. 
Most of the incidents are located in risers and joints or 
are related to fuses both in CTs and in general protection 
boxes (CGPs). One aspect of the project which has 
proven difficult to implement was the capability to 
automatically dispatch incidents to crews as they are 
received. While this capability has been implemented 
previously [3], it was not possible to sufficiently 
configure the capabilities taking into account the 
requirements of Iberdrola field teams within the scope of 
the pilot trial. 
 
Based on the positive outcomes of the trial, it was 
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decided to extend the trial area covered to include an 
additional region (Barakaldo) giving visibility of the 
solution to additional users within Iberdrola, as well as 
validating the scalability of the solution. 
 

CONCLUSION AND NEXT STEPS 

The operational tests carried out with the LV NMS are a 
qualitative step for the support of a decentralized LV 
management business process which allows access at all 
times, by all involved parties, to up-to-date information. 
With this process, the management of the LV network is 
made from mobile terminals, with the work automatically 
dispatched to the mobile devices of field teams. The 
experience gained in the demonstrator has allowed for 
creation of a specification of an LV NMS tool for 
deployment to the entire LV network in the coming years. 
 
Compared with the traditional LV outage management 
process, the LV NMS has shown considerable benefits in 
improving restoration times and data reporting accuracy.  
Based on the data analyzed to date in the demonstrator 
(comparative between 35 incidents managed with the 
mobile device and a group of similar incidents a year 
before), the result is an improvement, on average, of 16 
minutes in the management of the incidents. 
Additionally, the ability to record the exact scope of 
affected clients in an incident is a clear benefit for the 
DSO when presenting individual quality reports. 
Previously, all the customers were counted downstream 
of the affected element in the network, due to the excess, 
due to lack of sufficient detail in the information. Based 
on 212 incidents analyzed, a 32% improvement in the 
accuracy of the report has been obtained. 
 
The increased visibility of the LV network due to the 
additional sensor information resulted in a reduction of 
the uncertainty of the capacity of the LV lines before the 
integration of distributed generation. Without sufficient 
knowledge of the state of the network, the criteria for the 
injection of this generation was typically conservative. As 
the observability increases, the uncertainty is reduced, 
and the allowed injection can be greater while 
maintaining the safety of the network. In the future, there 
is scope to use the communication capabilities 
demonstrated in the project to remotely control other 
devices on the LV network. For example, by sending 
controls to inverters in photovoltaic installations, the 
injection according to the state of the network can be 
managed, allowing a greater injection by default, being 
managed in case of restrictions techniques (according to 
regulation). This would achieve a greater effective 
distributed generation integration.  
 
The feedback from users of the mobile LV tool has been 
generally positive, demonstrating its availability in using 
a tool that they consider beneficial. The aspects of the 

tool highlighted specifically by users included: 
 
1. the ability to reliably represent temporary maneuvers 

(cuts, jumpers) performed in the field (before it was 
done on paper and subsequently updated in systems)  

2. the request for on-demand measurements meters to 
limit incident scope. 

Future improvements to the mobility solution were noted, 
and these included: 
• neutral conductor management capacity,  
• possibility of representation of maneuvers in LV 

risers, joints and fuses of supply points ,  
• reduction of the time of read requests to counter on 

demand (perhaps through a more direct interface 
with the Smart Meter platform)  

• Capabilities for on-line tracing of the network using 
the mobile application 

• ability to perform load flows on mobile devices to 
analyze if adjacent circuits have sufficient capacity 
for restoration. 

 
A full description and evaluation of results for the 
UPGRID project are published [4] which give a wider 
context. 
 
As a result of the positive outcomes of the trial, Iberdrola 
has defined a requirements specification for a production 
LV management tool and has engaged the market with a 
view to procuring a commercially supported tool to roll 
out the solution across all LV networks managed by 
Iberdrola in Spain. This implementation is expected to 
start in 2019. 
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